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lient elements and a damping element.
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VERTICAL AXIS WIND TURBINE WITH VARIABLE PITCH MECHANISM

[0001] The present invention relates to vertical axis wind

turbines (VAWTs).

BACKGROUND : '

[0002] The importance of harvesting renewable enerqy continues
to grow valong with the concerns over carxbon emissions and the
threat of serious climate chahge resulting from fossil fuelled
power generétion and transport. An imbortant contributor to the
mlx of renewable energy sources 1s that of wind energy which has
led to the development of increasingly efficierﬁ: and larger wind

energy generators.

[0003] Laxge tower—-mounted, tﬁree-bladed horizontal axis wind
turbine power generators however, are ‘only suitable for rural
installations. Numerous attempts have Bean .made to develop and
improve the efficiency of more compact vertical axis machines
which more readil} lend themselves to urban installations, being

particularly suitable for fluctunating, turbulent wind conditions,

[0004] output of VAWT machines can be significantly improved if
the pitch of the blades can be optimised relative to the range of
wind velocity at which maximum energy extraction is possible.
Control is complicated by the-vafying loads placed on the blades

as they present at varying angles to the wind during rotation,
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inducing & tendency to “oscillate” with attendant vibration, noise
and wear. Additionally, the system mnst be able to withstand high
winds and still nmintéin peak power output, while not allow the
gspeed of rotation to exceed that which can be accommodated within
the mechanical éonstraints of the turbinevstructure, transmission

and electrical generator.

{0005] It is an object of the present invention to address or

at least ameliorate some of the above problems.

Notao

[0006] Ths term “compriéing" {(and grammatical variétions
thereof) is used-in.this specification in the inclusive sensa of
“having” or “including”, and not in the exclugive sense of

“consisting only of”.

' [0007] The above discussion of the prior art in the Background
of the invention, is not an admission that any information
digcussed therein i3 citable prior art or part of the common

general knowledge of persons akilled in the art in any.country.

BRIEF DESCRIPTION OF INVENTION

[000B] Accordingly, in a first broad form of the invention,
there 1is provided a vertical axis wind furbine; said turbine
including a vertical ‘central shaft and a plurality of vertical
blades; eacﬁ of said vertical blades supported by at least one

radial supporting arm extending from said central shaft;
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characterized in that angular disposition of each of said blades
relative to ité respective said gt least one radial supporting
arm, J1s controlled by a control mechanism; said mechanism
including at least two differentially. resiiient Qlaments and a

damping element.

[0009] Preferably, the horizontal sections of each of said

blades are airfoil shaped.

{0010} Preferabiy, each of said blades ia pivotable about a
vertical pivoting axis; said verticai pivoting axis passing
through a primary pivot locatsd at an outer end of each sald

radial supporting arm.

{0011] Preferably, the centre of gravity of each said blade
lies between said primary pivot and the leading edge of said’

blade.

[0012] Preferably, the centre of gravity of each sald blade
lies between said primary pivot and the trailing edge of sgsaid

blade.

[0013] Preferably, sald angular diéposition of each of said
blades relative to its said radial‘supporting arm varies 6ue to
aerodynamic forces as said turbine is driven idto rotational -
motion; outward rotation of said blade increasing with increasing

rotational velocity of said turbine,
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[o014] Preferably, said angular disposition of each of said
blades relative to a said radial supporting arm varies due to a
combination of centrifugal force and said aerodynamic forces
generated by said airfoil shape of sald blades; outward rqtation
of said blade increasing with increasing rotational velocity of

sald turbine.

f0015] Preferably, a first resilient element of said at least
two'differentialiy resilient elements controls variations in
angular dispoéition of sald blades for a first rangekof wind
velocity; a second resilient element of said resilient elements
»controlling a further variation in said éngulaf disposition of
said blades to restrict maximum rotational velocity of said
turbine; said first range of wind velocity lying betwéen

predetermined values V1 ang V2.

[0016] Preferably, said contr§1 mechanism is supported by a
éub-structure rigidly mounted in éaid outer end of each said
supporting arm; said sub-structure including‘three pivot bearings
domprising said primary pivot, a second pivot bearing for a second
of said differehtially resilient elements and a third pivot

‘bearing for one end of said damping element.

10017} Preferably, sald control mechanism further includes a
_pivoting linkage arm; one outer end of said piveting linkage arm

pivotally connected to said primary pivot; said pivoting linkage
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arm pivotally supporting said firsﬁ resilient element at a first
pivot bearing of said pivoting linkage arm; an outer end of said
- first resilient element pivotally connected to said blade forward

of said primary pivot.

[00168] Preferably, said second resilient element is pivotally
connected to said second pivot bearing of said substructure; an
outer end of said second resilient element pivotally connected to

a second pivot bearing of said pivoting linkage arm.

[0619] Preferably, said damping element provides resistance to
rapid changes in said angular disposition of a said blade; said
damping elesment pivotally connected between said third pivot
bearing of said substructure and a pivot bearing proximate the
trailing end of said blade; said damping element axxanged 50 as to :
allow unrestricted outward rotation of said blade but damping

restriction on inward xotation.

[0020] Preferably, each of said differentially resilient
elements comprises an assembly of an‘eiongate shaft and a
compression spring; said elongate shaft free-~sliding through a
shaft bearing block located at the ;espective pivot points of said
resilient elements; saidhcompression spring installed between said
shaft beariﬁg block and a retainer element at the outer end of
said shaft; said retainer element adjustable for calibrating

installed spring force of said compression springs,
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[0021] Preferably, when installed for use, said compfession
spring of said first resilient element, is of a rélatively greater
spring rate with lower preload than said compiession‘spring of
said second resilient element when installed: said compression
spring of éaid second resilient element being pf a relatively
lower spring rate with greater preload when installed, than said

compression spring of sald first resilient element.

[0022] Prefefably, rotation of said blades about a central axis
of said turbine is transferred to an electrical generator mounted

- to a support pylon of said turbine.

[0023]  In another broad form of the invention, there is
provided a method for controlling a vertical axis wind turbine:
said method including control of angular disposition of blades of
said turbine relative to radlal supporting arms of said blades;
sald method including the steps of:
| {a) pivotally connecting said blades at outer ends of
respective said radial supporting arms,
(b) controlling changes ln said angular position about
a vertical axis of a said_biade by at least two |
differentially regilient elements of a control
méchanism,
(c) controlling rapid changes in said angular
disposition by a damping element,
wherein a first ¢f sald at least two differentially resilient

elements controls said angulax disposition in a first stage for
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rotational velocity of said turbine between zero and a maximum
desired rotational velocity; a second of said at least two
differentialiy resilient elements controlling in a second stage an
additionzl angular disposition tending to aerodynamic stall of

said blades.

[0024] Preferably, said conﬁrol méchanism, in said first stage
controls variation in said angulax aisﬁosition to produce a power
producing curve ranging between a first power outputvPl and a

second power output P; for a predetermined range of wind velocity

between V; and V.

10025] Preferably, said control mechanism in said second stage

maintains peak power at approximately P, for wind speeds.above Va.

[0026] In another broad form of the invention, thére is
>provided a method of maintaining peak power ocutput frqm é vertical
axis wind turbine in high velocity wind conditions; said method
including the steps off | | '
{a) controlling anqular dispositién of blades of said
turbine about a vertical axis by means of at least two
differentially resilient elements,
(b) calibrating a first of said resilient elements to
allow outward rotation.of'BAid blades to produce a power
curve in which generated power increases at a reducing

rate as peak power is approached,
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(c) calibrating a second of séid reailient elements to
allow a further outward rotation of said blades: angle
of attack of said blades tending to aerodynamic stall;
rotational velocity of said turbine maintained as at
sald peak power for wind speeds exceedipg wind speed at

said peak power.

BRIEF DESCRIPTION OF DRAWINGS
[0027] Embodiments of the present invention will now be

described with referénce to the accompanying drawings wherein:

[0028] Figurxe 1 13 a perspective view of a vertical axis wind

turbine according to the invention,

[0029]) Figﬁre 2 1s a perspective partly secticned view of one
of the blades of the turbine of Figure 1 showing a preferred
embodiment of a pitch control mechanism according to the

invention,

[0030] Figure 3 is an orthogonal view of the control mechanism
of Figure 2 mounted at the outer end of a radial supporting arm of

the turbine of Figure 1, in a neutral position,

{0031] Figqure 4 is an orthogonal view of the control mechanism
of Figures 2 and 3 in a first stage éf response to centrifugal and

zerodynamlc forces,
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[0032]  Figure 5 is an orthogonal view of the contrel mechanism
of Figures 2 and 3 in a second stage of response to centrifugal

and aerodynamic forces,

[0033]  Figure 6 is a graph of a projected power output curve

for the wind turbine of Figures 1 to 5,

DETAILED DEBCRIPTIO& OF PREFERRED EMBODIMENTS

[0034] With ;eference to Figures 1 to 5, in a preferred
embodiment of ‘the invention, a vertical axis wind turbine power
generatqr 10 is comprised of a plurality, preferably three,
substantially vertical blades 12 mounted to radial supporting arms
14 extending from a central hub 16. Rotation of the blades 12
provides rotary input to an electrical power-generator {not shown)

mounted to the support pylon 18.

[0035] In the exemplary arrangementvfor a wind turbine shown in
Figure 1, each blade 12 is supported by a single support arm 14
but it will be understocd that blades may be supported by more

than one radial supporting arm.

[0056] Blades 12 are mounted to tﬁe support arms 14 such fhat
they are pivotable about a vertical pivot axis 20 (see Figurest)
so as to vary the pitch dr.angular disposition of the biades
xelative to their supporting arms. Again, in the exemplary
arrangement. of the preferred embodiment, the centre of gravity of

a blade lies between the blade pivot point 22 (the primary pivot)
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located at the outer end of the supporting arm 14 and the blade’s
leading edge 24, The blades 12 are of airfoil shape in section so
that as they rotate in response to wind air flow, each blade is

subjected to both centrifugal and aerodynamic forces.

[0037] 'In the presentbarrangement, with the centre of gravity
forward of the primary pivot pbinﬁ 22, and with a “concave ouﬁ”
airfoll (with respect.to the turbine axis of rotation), both these
forces tend to change the pitch of the blade, rotating it
outwardly; that is, as indicated by the arrows in Figures 4 and 5,
the distance of the leading edge 24 of the blade from the central
axis of hub 16 increases with increasing rotational velocity ofv

the blade,

{0038] The change of pitch of the blades 12 is controlled to
optimlse the output torque of the turbine in accordance with the
maéhine's dimensions and electrical generator capacity. The outer
end of each supporting arm 14 is provided with a control mechanism
30 as shown in Figures 2 to 5 mounted to a substructure 32,
rigidly connected to the supporting arm 14. Control mechanism 30
includes at least two, differentially resilient elements, in this
instance, two resillent elements 34 and 36, as well as a damping

element 38.

[0039] Also included in the control mechanism 30 is a pivoting
linkage arm 40. A first linkage arm pivot point 42 pivotally

supports the first resilient element 34,



WO 2013/000041 - PCT/AU2012/000792

11

[0040] One outer end 44 of the pivoting linkage arm 40 is
pivotally connected to the primary pivot 22 of the bladevlz. The
primary pivot 22 at this outer end of linkage arm 40, provides
angular roﬁation of the blade 12 and of the linkage arm 40. As
well as the primary pivot 22, two other pivot points 48 and 50 are
provided on the substructure 32. The first of these two pivot
peints 48, pivotally supports the second resilient element 36,
with the second of pivot point 50 anchoring one end of the damping

element 38.

[0041] The differentially resilient elements 34 and 36 of the
control mechanism 30 of the invention, can take various forms,
includihg elastomer and pneumatic springs, but preferably each
element 1s an assembly of an elongate shaft 5?/54 and a
compression spring 56/58. The shafts are free sliding through
shaft bearing blocks 60 and 62 respectively, pivotally mounted to
the piyot points 42 and 48 supporting the resilient elements 34
and 36. The compression springs 56/58 locate over the elongate
shafts 52/54’and are retained between the respéctive shaft bearing
blocks 60 and 62 and retainer elements 64 and 66 at the respective
- outer ends of the shafts, These retainer elements 64 and 66
provide adjustment for preioading the compression springs, for
example by being in the form of a threaded block running on a

threaded section of the shaft.
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[0042] . The other ends of the elongate shafts 52/54 are provided
with clevis fittings 68 and 70 respectiVely.‘In the case of the
first resllient element 34, éhis clevis fitting 68 is pivotally
connected to the blade iz at a point forward of the primary pivot
22, while in the case of the secoqd resilieﬁt element 36,7the
clevis fitting 70 is pivotally connected to a second linkage arm

pivot point 72 at the other outer end of the linkage arm 40.

[0043] The resilient elements 34 and 36 are differential in
that the spring rate of the first resilient element spring 56 is
_relatively greater and with a lower preload as compared to the |
second resilient element 36, the spring -58 of which has a

relatively lower spring rate but higher preload.

[0044] Preferably, the damping elemenf 38 may be in the form of\
a single acting pneumatic or hydraulic actuator, a clevis fittiné
74 at the rod end of’which is connected to a plvot point 76
proximate a trailing end of the blade 12. The single action of the
damping element 38 is érranged so thatbéutward rotation of the
blade i2 is not restricted, but inward rotation is slowed by
reaction of the actuator, minimising blade oscillation and

maximising pitch angle throughout the turbine rotation cycle.

In Use
{0045) In use, the geometry of the control mechanism and the
adjustable characteristics of the two resilient elements and

damping element, provide pitch control of the blades in two
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stages. In a first stage, the first resilient element 34 allows a
gradual outward rotation of the blade 12 commensurate with an
increasing wind speed. With reference to Figure 6, outward
rotation of the blades commences at a predetermined initial wind
speed (V;,, when combined centrifugal and aerodynamic f&rcés exceed
the calibrated préload of the first resilient element spring 56.
Outward rotation proéeeds gradually as wind speed increases to a
point where the calibrated preload of the spring 58 of the second

resilient element 36 is exceeded at a predetermined rated wind

speed (V,),

[0046] ~ Asa can be seen from Figure 4, up to this point, no
pivoting rotation of the»linkqge arm 40 has occurxed. Although
subjected to moment about the primary pivot 22, the preload of the
spring 58 of the second resiliebt element 36 was sufficient to

prevent rotation of the linkage arm,

[0047] As indicated by .the performance power curve of the
turbine shown in Figure 6, power output between P, and P, increases
with wind speed between V) and V,, but the rate of increase is

gradually reduced as wind speed approaches Vi.

[0048] As wind speed approaches V,, the preload of spring 58 the
second resilient eleﬁent 36, is overcome by the forces acting on
the blade, allowing rotation of the linkage arm 40 and a
consequent further rapid increase in outward rotation of the blade

12, tending towards aerodynamic stall. At the maximum rotation
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allowed by the combination of the two resilient elements, the
pitch of the blades is such that further increases in wind speed
do not translate into significantly higher rotational velocity of
thevturbine, which continues to rotate within a predetermined
maximum within the capacity of the turbine structure and connected

transmission and electrical generator.

SUMMARY
[0049f The variable pitch mechanism according to the invention,
) is a passive device that provides overspeed protection and power
regulafion for a vertical axis wind turbine. The characteristic
power curve is modified by action of the vafiable pitch mechanism
to achiave an optimisedbpower curve that maximises power
generﬁtion in accordance with turbine dimensions and generator
capacity. The mechanism, consisting of a linkage system, two
resilient elements in the form of preloaded springs and an
extension damper, adjusts the blade pitch angle with respect to
wind velocity. The meqhanism operates according to the following

stages:

[0050] Stage 1 - Again with reference to Figure 6, combined
aérodynamic and centrifugal forces acting on the blade exceed the
preload of the spring of the first resilient element (high
stiffness and.low preload) at a specific predetermined wind speed
A4 cérresponding to power él' The blade pitch angle gfadually
increases with increasing wind speed due to increasing aerodynamic

and centrifugal forces, resulting in the gradual decrease of the
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effective angle of attack. Power is gradually decreased in
relation to the characterxistic power curve euch that powor output

remains within electrical generator limits,

[10051] Stage 2 - Combined aerodynamic and centrifugal forces
acting on the blade exceed preload of the spring of the second
regilient element (low‘stiffness and high prelocad) at a wind speed
V2 corresponding to peak power P2. The blade pitch angle rapidly
increases with increasing wind speed due to the increasing
aerodynamic and centrxifugal forces, resulting in a rapid decrease
"in the effective angle of attack (towards aerodynamic §ta11). Peak
power and rotational speed are maintained automatically at higher
wind speeds ln accordance with electrical generator and turbine

structural limits.

[0052] The operation of the variable pitch mechanism of the
present invention and its influence on the power curve is

illustrated in Figure 6.

[0055] . The outward normal forces component of the combined
aerodynamic and centrifugal forces determines the blade angular
position. The outward normal force varigs sinusoidally with
angular position throughout the rotation cycle; The single acting
damper allows the blade to rotate outwards:without damping, and
resists inward blade rotation with damping resistance, makimizing

blade pitch angle throughoﬁt the rotation cycle.



WO 2013/000041 PCT/AU2012/000792

16

[0054] The above describes only some embodiments of the present
invention and modifications, obvious to those sgkilled in the art,
can be made thereto without departing from the scope 6f the
present invention., For example, although the above description is
‘for control of outward rotation of the turbine blades, with a
movement of the cenﬁre of gravity of the blgdes to a position‘
rearward from the primary pivot point and the airfoil‘configured

" “eoncave in”, tﬁe principles of the mechanism could be applied to
control an inward rotation of the blades. In that case the
compressibn aprings of the control mechanism could be replaced

with extension aprings to achieve the same functionality.

[0055] It will further be understood by those skilled in the
art that the mechanism of the invention may also be effectively
used with blades_of a symmetrical profile, or that the effect of
centrifugal force can be neutralised by placement of the pfimary
pivot at the centre of gravity of the blade so that its rotation

is only due to aerodynamic forces.
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CLAIMS

1, A vertical axie wind turbine; said turbine inclﬁding a
vertical central shaft and a plurality of vertical blades; each of
said vertical blades supported by at least one radial suppétting
arm extending from sald central shaft; characterized in that
angular dispositidn of each of said blades relative to its
respectivg sald at least one radial supporting arm, is controlled
by a control mechanism; said mechanism including af least two

differentially resilient elements and a damping element.

2, The turbine of claim 1 wherein the horizontal sections

of each of said blades is airfoil shaped.

3 The tuibine of claim 1 or 2 wherein each of said blades
is pivotable about a vertical pivoting axis; said vertical
pivoting axis passing through a primary pivot located at an outer

end of each said radial supporting arm.

4. The turbine of any one of claims 1 to 3 wherein the
centre of gravity of each said blade lies between sald primary

“pivot and the leading edge of said blade.

5. The turbine of any one of ¢laims 1 to 3 wherein the
centre of gravity of each said blade lies between said primary

pivot and the trailing edge of said blade.
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63 The turbine of any one of claims 1 to 5 wherein said
angular diaposition of each of said blades relative to its said
radial supporting arm varie; due to aerodynamic forces as said
turbine is driven into rotational motion; outward rotation of said
rblgdgrinc;eaging with‘increasing rotational veloclty of said

turbine.

7. Thekturbine of any one of claims 1 to 6 wherein said
angular disposition of each of said blades relative to a said
radial supporting afm varies due to a combination of centrifugal
force and sald aerodynamic forces generated by said airfoii shape
of said biades; outward rotatiop of said blade increasing with’

increasing rotational velocity of said turbine.

8. ~ The turbine of any one of claims 1 to 7 wherein a first
resilient element of said at least two differentially resilient
elements controls variations in angular disposition of said biades
. for a first range of wind velocity; a second resilient element of
sald resilient elements controlling a further variation in said'
angular disposition of‘said blades to ¥estrict ma#imum rotational
velocity of said tu:bine;vsaid first range of wind velocity lying

between predetermined values V1 andlvz.

9. The turbine of any one of claims 1 to 3 wherein said
control mechanism is supported by, a sub-structure rigidly mounted
in said outer end of each 'said supporting arm; said sub-structure

‘including three pivot bearings comprising said primary pivot, a



WO 2013/000041 PCT/AU2012/000792

19

gecond pivot bearing for a second of said differentially resilient
elements and a third pivot beaiing for one end of said damping

element,

10. . 'The turbine of claim B or 9 wherein said control
mechanism further includes a pivéting linkage arm; one outer end
of said inoting linkage arm pivotally connected to said primary
plvot; séid plvoting linkage arm pivotally supporting sald first
resilient elément at a first pivot bearing of sald plvoting
linkage arm; an outer end of said first resilient element

pilvotally connected to sald blade forward of said primary pivot.

11. The turbine of any one of claims 8 to 10 whefein said

~ second resilient element is pivotally connected to sald second
pivot bearing of said substructure: an outer end of said second
resilient element pivotally connected to a gecond pivot bearing of

said pivoting linkage arm.

12. | The turbine of any one of claims 9 to 11 wherein said
damping element provides resistance to rapid changes in said
angular disposition of a said blade; Said damping element
pivotally connected between said third pivot bearing of said
substru&ture and a pivot bearing proximate the trailing end of
said blade; said damping element arrangéd so as to allow
unrestricted outward rotation of»said blade but damping

restriction on inward rotation.
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13, The turbine of any one of claims 1 to 12 wherein each of
said differentially resilient elements comprises an assembly of an
elongaﬁe shaft and a compression spring; said elongate shaft free-
gliding through a shaft bearing block iocated at the respective
pivoi points.of-said resilient elements; said compreasion apring
installed between said shaft bearing ﬁlock and a retainer elemené
at the outer end of said shaft; said retainer element adjustable
for calibrating installed spring force of said compression

springs.

14, The turbine of claim i3 wherein, when installed for use,
said compreséion spring of said first xesilient element, is of a -
rélatively greatei spring rate with lower preload than said
compression spring of sald second resilient element when
installed; said compression spring of said second resilient
element being of a relatively lower spring rate with greater
preload wheﬁ installed, than said compression spring of said first

resilient element.

15. The turbine of any one of claims 1 to 14 wherein
rotation of said blades about a central axis of said turbine ig
transferred to an electrical generator mounted to a support pylon

of said turbine.

l¢, v A method for controlling a vertical axis wind turbine;

said method including control of angular disposition of blades of
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said turbine relative to radial supporting arms of said blades;
said method including the steps of:
(é) pivotally connecting said blades at outer ends of
respective sald radial supporting arms,
(b} contrclling changes in said angular position about
5 vertical axis of a said blade by at least two
differentiaily resilient elements of a control
mechanism,
(c) controlling rapid changes in said angular.
disposition by a damping element,
,wherein a first‘of said at least two differentially resilient
elements controls sald angular dispésition in a,fifst stage for
rotational velocity of sald turbine between zero and a maximum
desired rotational velocity; a second.of_said'at least two
differentially resilient elements controlling in a second stage an
additional angular disposition tending to aerodynamic stall of

said blades. , - : | \

117. The method of claim 16 wherein, said control mechanism,
in said first stage controls variation in said angular disposition
to produce.a power producing curve.raﬁging between a first power
output Py and a second'power‘output P; for a predetermined range of

wind velocity between V; and Vi.

18, The method of claim 16 ox 17 Qherein said control
mechanism in said second stage maintains peak power at

approximately P, for wind speeds above V.
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19, " A method of maintaining peak power 6ﬁtput from é
vertical axis wind turbine in high velocity wind conditions; sald
method including ﬁhe steps of:

{a) contfolling angular,disposifion of blades of said
turbine about)a verﬁical axis by means of at least
two differentially resilient elements,

(b) calibrating a firstlof sald resilient elements to
allow outward rotation of said blades to produce a
power curve in which generated power increases at a
reducing rate as peak power is apppoached,

{c) calibrating a second of ;aid resillent elements to
allow a further outward rotétion of said blades:
Angle of attéck of said blades tending to
aerodynamic stall; rotational velocity of said
turbine maintained as at said peak power for wind

speeds exceeding wind speed at Qaid peak power.
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