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Wind-driven generator apparatus
with variable pitch blades. The apparatus inc-
ludes a yaw damping arrangement (60) for re-
sisting weathervaning rotation of a head as-
sembly (18) of the apparatus about a vertical
axis and the apparatus further includes a
pitch control mechanism (102) for the blades
which maintains the pitch substantially con-
stant during normal operating r.p.m. of the
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IMPROVEMENTS RELATING TO WIND-DRIVEN
GENERATOR APPARATUS

SPECIFICATION
Background of the Invention .
This invention is a modification of the
invention disclosed in U.S. Patent Application Serial

No. 037,774 filed May 10, 1979.
In general, the invention is concerned with

improvements in the generation of electricity using
wind power and more particularly with apparatus for
achieving such generation.

Shortages and increased costs of fossil fuels
have stimulated renewed interest in the use of wind
power to generate electricity. Electrical generators
mechanically coupled to wind-driven rotors have been -
the subject of intense research and development but '
problems of cost, reliability, efficiency, and
safety have limited the adoption of such wind-

generator apparatus.
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In an effort to accommodate a wide range of
wind velocities, to provide self-starting blades,
and to solve overload and overspeed problems, com-
plex and expensive pitch changing mechanisms have

5 been proposed. Fixed-pitch blades, while generally
less expensive than variable-pitch blades, have not
had the desired efficiency and safety and in some
instances have not been self-starting. Manual or
motor-driven yawing devices have often been required

10 in order to orient rotors relative to the wind.
Expensive cantilever tower support arrangements
have been employed that are difficult to erect and
that create difficulties in servicing the rotor
and head assembly.

15 In order to obtain maximum benefit from a
wind-driven generator, it is desirable that the
generator be capablé not only of supplying local
reeds when the wind velocity is sufficient but also
of feeding excess power to the AC utility lines.

20 When connected to the AC lines, the generator must
generate electricity that is compatible with the
AC on the lines and must not constitute a hazard
to power company personnel.

In general, the prior art has failed to £ill

25 the need for a practical wind-driven generator.

The above noted application, hereinafter
referred to as ''the parent application," is directed
toward providing improved wind generating apparatus,
with a view to at least minimizing the deficiencies

30 of the prior art and producing an apparatus which .
effectively optimizes the balance between economy . :
of production and maximum operating efficiency. To
this end, the invention disclosed in the parent '
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application relates to various aspects pertaining
to the construction of wind-generating apparatus and
also to methods of manufacturing component parts

thereof.

Summary of the Invention
The present invention seeks to modify certain

aspects of the wind generating apparatus disclosed
in the parent application, in a continuing effort

to improve performance and/or production economy.
The teachings of the parent application are still
considered relevant to the production of efficient
wind generating apparatus, and the present invention
at least in certain of its aspects, merely offers
alternative constructions, which may be preferable
in certain applications. In other of its aspects,
the present invention is directed towards features

of construction not specifically referred to in the
parent application.

In one of its aspects, with a view to improving
the weathervaning characteristics of a wind gener-
ator, particularly to obtain greater stability and
smoothness of operation in light gusty winds, the
invention provides a novel form of yaw damper, i.e.,
a damper which resists rotation of the generator
head assembly about the vertical axis upon which it
is mounted.

In another aspect, the invention provides a
novel form of overspeed'control for the blades of
a wind generator, which causes the rotor to stop in
an overspeed condition and allow the rotor to come
back up to speed after a predetermined length of time.
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A further aspect of the invention relates to
a mechanism for retaining the pitch of the rotor
blade substantially constant during normal operating
r.p.m. but which allows the blades to pitch up when
an overspeed condition occurs.

Yet another aspect of the invention relates to
a novel mechanism for controlling the pitching up
of a rotor blade in an overspeed condition and the
subsequent pitching down of the blade when the
overspeed condition is eliminated.

The invention further relates in another
aspect, to a system whereby the rotor blades are
caused to change pitch during coning changes so
that the blade pitch is optimized in different wind
conditions.

In still a further aspect, the invention
provides a novel form of self-adjusting brake, .
particularly suitable for use as a disk-type brake
for stopping the rotor of a wind generator apparatus
when required.

The invention thus resides in a number of
aspects which may be used separately or in different
combinations in wind generating apparatus so as to
collectively contribute to the overall operating
efficiency of the apparatus.

 Exemplary embodiments of a wind generating
apparatus in accordance with the invention will be
described with reference to the accompanying draw-
ings, and it is to be understood that features of
such apparatus may not be described herein in detail
where these are contained in the parent applicationm.
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Brief Description of Drawings
Figure 1 is a perspective view illustrating the

apparatus, overall, of wind generator apparatus in

accordance with the invention;
Figure 2 is a perspective view of a portion of

the apparatus forming the head assembly of the wind

generator;
Figure 3 is a vertical sectional view illus-

trating a yaw bearing and yaw damper at the top of
a tower;

Figure 4 is a plan view illustrating a wind-
driven rotor blade in accordance with the invention,

part of the blade being broken away and shown in

'

section;
Figure 5 is a cross sectional view through the

blade taken substantially on line 5-5 of Figure 4
and w1th an airfoil section of the blade being re-
moved for clarity;

Figure 6 is a longltudlnal sectional view orf

line 6-6 of Figure 5;

Figure 7 is a cross-sectional view of a spring
toggle;

Figure 8 is a longitudinal sectional view of a
pitch damper; '

Figure 9 is a cross-sectional view on line 9-9
of Figure 8;

Figure 10 is an exploded perspective view
illustrating parts of the blade shown in Figures 5-9;

Figure 1l is a diagrammatic view illustrating
the manner in which the rotor blades may bend or cone

in use;
Figure 12 is an exploded perspective view of a

self-adjusting brake;
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Figure 13 is a longitﬁdinal sectional view of
the brake shown in Figure 12; and

Figures 14 and 15 are diagrammatic views on the
inboard and outboard ends of a blade showing how the
blade changes pitch.

Description of Preferred Embodiment
The illustrated wind generator apparatus is of
the same overall design and construction as that

disclosed in the parent application, the entire
disclosure of which is incorporated herein by ref-
erence, and accordingly only modified aspects of
the structure and features not specifically dis-
closed in the parent application will be described
herein in detail. For a more detailed description
of tgg construction and operation of the apparatus
in general, reference may be made to the parent
application. |
Referring now to Figure 1, the illustrated
wind-driven generator apparatus comprises a rotor 10
supported on a tower 12. In the form shown, the rotor
has a pair of blades 14 and 16 and is part of a head
assembly 18 mounted on top of the tower. The tower
base 20 is supported on the ground and is stabilized
by guy wire elements 22, 24, 26, and 28. A gin
pole 30 is employed in raising and lowering the
tower as fully discussed in the parent application.
As shown in Figure 2, the head assembly 18

- comprises a streamlined housing or pod 32 which may

be formed of fiberglass, for example, and which may
include upper and lower sections that are bolted

together, the upper section being shown in phantom
line. Located in the housing is an AC generator 34
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driven by rotor 10 via a gear box 36. Head assembly
18 is supported on the tower for yawing movement
about the longitudinal axis of the tower, and a slip
ring unit 38 and associated brushes permit elec-

5 trical connections to generator 34 and other elec-
trical apparatus designated generally by reference
numeral 40 without concern for yawing movement of
the head assembly.

AC generator 34 is preferably an induction

10 generator, that is, an induction motor that is driven
above synchronous speed, when the slip becomes nega-
tive. The induction generator cannot generate its
own exciting current; the exciting current 1s sup-
plied by AC power .lines. The frequency and voltage

15 of the induction generator are those of the AC lines
to which it is connected for excitation. Details
of the generator and its electrical control are
described in full in the parent application.

Rotor 10 is supported on a rotatable shaft 42

20 by means of a teetering hub 44 as fully described in
the parent application and which allows limited
rocking movement of the rotor on the shaft. ‘Shaft
42 is supported by conventional bearings (not shown)
in a tubular housing extension 46 of the gear box 36.

25 The hub may include -a pair of parallel metal plates
48 and 50 spaced apart by spacers 52 which may be
welded to the plates. The plates are angled as
shown to provide for pre-coning of the rotor blades
at a small angle which may, for example, be in the

30 range of 2-5 degrees and is preferably about 3 degrees. -
Blades 14 and 16 are attached to the hub through a
central spar of each blade substantially in the
manner disclosed in the parent application, the root
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block of each spar being embraced between plates 48
and 50.
As shown in Figure 3, generator 34 is supported

cantilever-fashion on a yaw-bearing structure 60

5 including, inter alia, an inner bearing tube 60a
projecting -from the top of tower 12 and an outer
bearing tube 60b fixed to generator 34. A yaw damper
assembly 60c is provided for damping rotational yaw-
ing movement of the genmerator about the vertical

10 axis of the tower, for example, during weather-
vaning of the head assembly 18. Damper 60c may, for
example, comprise upper and lower disks 62 and 64,
respectively, which are caused to rotate with outer
bearing tube 60b relative to a central disk 66 em-

15 braced between upper and lower disks 62 and 64. Disks
62 and 64 define an annular chamber which in use is
filled with thick silicome o0il of, for example,
60,000 centistokes viscosity. Damping'is achieved
by a sheafing action imposed on the oil through ro-

20 tation of disks 62 and 64 relative to disk 66. An-
nular brackets 68 connected to the tower structure,
as by screws, as shown, clamp the inner periphery
of disk 66 therebetween and have annular seals 70
to seal the o0il within the annular chamber. Sgals.

25 70 slide on Teflon (T.M.) tapes bonded to the outer
surfaces of disks 62 and 74. Disks 62 and 64 are
connected to outer tube 60b so as to rotate there-
with, by a diametrically extending arm 72 (only one
half of which is shown in the drawing) attached to

30 outer tube 60b and by.pins 74 slideably mounted in
bushes 76 carried by the arm and in bearings 78 formed
in the disks 62 and 64. An oil reservoir (not shown) ,
having a gravity feed may be attached to the top
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disk 62 to replenish any o0il which may leak out from
the annular space. A brass lightning brush 80,
carried by arm 72 is spring urged into engagement
with the upper surface of top most bracket 68.

Also shown in Figure 3 is a flange 82 mounted
at the rear end of shaft 84 of the AC generator.
Flange 82 serves as a disk for a self-adjusting disk
brake arrangement shown diagrammatically at 86, and
the construction of which will be described in
detail hereinafter. Shaft 84 is also provided with
a one-way clutch arrangement 87 which prevents the
rotor from turning in the wrong direction once it
has stopped. .

The yaw damping arrangement shown in Figure 3
is intended to reduce friction compared with the
equivalent arrangement disclosed in the parent
application and also reduce yaw dampening deteriora-
tion due to" leakage. Further, the yaw damping
arrangement makes the ﬁeathervaﬁing rotation of the
head assembly more smooth and helps keep the wind
generator down wind in light winds.

Reverting now to a discussion of blades 14
and 16, the construction, of these blades, apart from
modifications in a pitch control mechanism, is sub-
stantially identical to the blade construction dis-
closed in the parent application. Accordingly, such
construction will not be described herein except as
necessary to explain the modified pitch control
mechanism. Full details of the construction of
the blade and its method of manufacture may be ob-

tained by reference to the parent applicationm,

Blades 14 and 16 are identical and only blade
14 is, therefore, illustrated in Figures 4-10. As in
the parent application, the blade consists of a
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torsionally soft spar 90, an airfoil 94 and ribs
including a root rib 96, a median rib 98 and an out-
board rib 100. Airfoil 94 has a hollow inboard
portion, for example, extending between ribs 96 and
98 and a solid outboard portion. The inboard portion
has an initial degree of twist and the outboard
portion is substantially flat., Further, the out-
board portion of the airfoil is attached to spar 90, -
while the respective inboard portions of the spar

and airfoil are free to twist relatively during
changes of pitch, Airfoil 94 is secured to root

rib 96. The construction of the blades is such

that during changes of pitch, the entire blade twists
about a longitudinal twist axis TA and further the
inboard portions of the spar and the airfoil (along
with root rib 96) twist relative to one another.

In accordance with the invention, and as ‘
egplained fully in the parent application, a pitch
control mechanism is provided for each blade which
has the effect of maintaining substantially con-
stant pitcﬁ during the normal operating r.p.m. of
the generator despite the tendency of increased
centrifugal force acting on the blade to pitch the
blade up, the mechanism allowing the blades to pitch
up, however, in overspeed conditioms. The pitch
control arrangement disclosed in the parent appli-
cation utilized a torsion bar associated with the
blade spar to maintain comstant pitch during
normal generator r.p.m. The pitch control mechan-
ism hereinafter described with particular reference
to Figures 4-10 is a modification of the torsion
bar system disclosed in the parent application.
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Referring now in particular to Figures 5, 6, and
10, upon rotation of the blade about the rotor axis,
increase in centrifugal force has the tendency to
cause the blade to pitch up by twisting of root rib
96 relative to spar 90 in the direction of the
arrows shown in Figures 5 and 10. In accordance
with the present invention, this tendency of the
blade to pitch up is resisted by the pitch control
mechanism at normal operating r.p.m., whereby the
blade rotates at substantially constant pitch during
the normal operating range of the generator. In
an overspeed condition, however, the pitch control
mechanism allows the blade to pitch up into a stal-
ling condition and then, once the rotor stops, the
pitch control mechanism allows the blade to return
slowly to its normal operating pitch. Details of
the pitch control mechanism will now be described.

Basically, the pitch control mechanism comprises
a spring toggle assembly 102 connected between root
rib 96 and spar 90 for resisting pitching up move-
ments of the blade during normal operating r.p.m.,
this assembly, however, allowing the blade to pitch
up in an overspeed condition until an upper pitch
stop 106 carried by the root rib engages spar 90.
The pitch control mechanism further includes a piston
and cylinder-type hydraulic damper assembly 108 also
connected between the root rib 96 and spar 90 which
effectively does not resist pitching up movements
of the blade but which damps pitching down movements
thereof as will be described. .

As shown particularly in Figures 5 and 10, J
spar 90 extends through a cut-out 110 in root rib 96
so that root block portion 92 is located on the

© WIFQO
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inboard side of the root rib and a band 112 encirc-
ling the spar is located substantially in the region
of the root rib cut-out. On the outboard side of
band 112, spar 90 is itself provided with a cut-out

5 1l4. Band 112 carries upper and lower mounting
brackets 116, 118 secured together through spar 90,
for example, by screws 120, and bracket 118 itself
carries on its undersurface a mounting block 122
attached, for example, by screws 124. Mounting block

10 122 has a post 126 welded or otherwise secured to
its outboard edge. As shown, post 126 has a spheri-
cal end forming an attachment between spar 90 and
spring toggle assembly 102, An attachment for the
other end of the spring toggle assembly takes the

15 form of a plate 128, welded or otherwise attached to
the tip of root rib 96 and carrying a threaded post
130 also having a spherical end. Spring toggle
assembly 102 is secured between the spherical ends
of post 126 and 130 and the screw adjustment facility

20 of post 130 allows for adjustments in the length of
the spring toggle. As shown particularly in Figure
7, assembly 102 comprises a pair of hollow frusto-
conical cups 132, 134 embracing the spherical ends
of the respective posts 126 and 130, a central rod 136

25 connected between cups 132 and 134 and an outer coil
compression spring 138.

Plate 118 has an upwardly extending outwardly
inclined arm 140 with a rod 142 at its outer end
forming a mounting for a piston assembly 144 of hy-

30 draulic damper 108. A cylinder assembly 146 of the -
damper is connected to root rib 96 by a mounting
bracket 148. Further, arm 140 has a circular opening
150 receiving a swivel bearing 152. The swivel
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bearing connects with a spherical-ended swivel rod
154 carried by a plate 156 attached to root rib 96,
for example, by screws 158.°

Pitch up stop 106 is in the form of a screw

5 which threads into a bore 105 in root rib 96 and a
jam nut 104 is provided for locking screw 106 in
position. The position of the stop can thus be
adjusted by screwing screw 106 in bore 105 to the
desired position and then screwing nut 104 tightly

10 against the face of rib 96.

The inboard face of root rib 96 may be provided
with a spring cover plate (not shown) of the type
referred to in the parent application, for preventing
extraneous objects from entering the blade interior

15 through opening 110.

The construction of hydraulic damper 108 is
illustrated in Figures 8 and 9. Cylinder assembly
"146 of the damper.comprises a housing 160 defining
a cylinder chamber 162 which in use is filled with

20 _high viscosity 0il, for example, of 60,000 centi-
stokes viscosity, housing 160, further defining an
extension 164, the end of which is attached through
a rod end bearing 166 to boss 148. Cylinder chamber . °
162 is closed by an end plate 167. Piston assembly

25 144 includes.a piston rod 168, a piston 170, carried
by rod 168, and a valve plate 174 spring urged
into face-to-face contact with one side of piston
170 -by means of a coil spring 171. Spring 171 fits
in a recess in plate 172 and acts between an internal

30 shoulder of plate 172 and a collar 173 carried at

~the-end of a tubular extension of piston 170. Piston
rod 168 has a screwed end attached to rod 142 by a
rod end bearing 174 into which the end of piston
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rod 168 is screwed. Conventional O-ring seals are
provided between piston 170 and housing 160 and
also between the piston rod, housing 160 and end
plate 167.

Piston 170 has a series of openings 176 and
valve plate 172 has one or more constricted openings
178 aligned with openings 176. With this arrange-
ment, when the piston is moved to the right as
shown in Figure 8, liquid in chamber 162 can flow
relatively freely through the openings 176 and around _
valve plate 172 which moves away from engagement
with piston 170 against spring 171.

Thus, movement of the piston to the right is
relatively unimpeded. When the piston is moved to
the left, however, liquid must flow through the re-
stricted opening 178 in valve plate 172 thereby im-
peding movement of the piston in this direction.
Opening 178 may, for example, be 0.025 inches
internal diameter and 0.3 inches long, and these
dimensions combined with the above-menticned high
viscosity liquid may impose a time period of about
30 minutes on right to left-hand strokes of the
piston. It will be appreciated that during pitch
up movements of the blade, the damper assembly is
extending, i.e., the piston moves to the right as
shown in Figure 9, and this motion is relatively
unimpeded. During pitching down movements of the
blade, the damper assembly retracts with the piston
moving to the left, and this motion is thereby im-
peded by orifice 178. Further, with the configura-
tion of the pitch control mechanism, and the above
described linkage of the hydraulic damper between
root rib 96 and spar 90, the damper itself forms a

BUREAR
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pitch down stop for the blade when the damper reaches
its maximum retracted position, i.e., when the
piston "bottoms out' as illustrated in Figure 8.
Moreover, the facility for adjusting the effective

5 length of piston’rod 168 by means of its screwed end
received in rod end bearing 174, provides adjustment
for normal operating pitch configuration of the
blade whereby the operating pitch of the respective
generator blades may be balanced.

10 “To compensate for any oil losses from chamber
162, housing 160 may be provided with a series of
intercommunicating o0il reservoir bores 180 connected
with chamber 162 via a central duct 182. In actual
use of the damper, bores 180 may be'pdsitioned rela-

15 tive to chamber 162 so as to top it up by the actiomn
of centrifugal force acting on the oil in bores 180
as described in the parent application.

From the foregoing, it will be apparent that
when the generator apparétus is operating at normal

20 r.p.m., the pitch of the blades is maintained sub-
stantially constant due to the force of toggle spring
assembly 102 acting to hold the blade against the
pitched-down stop constituted by the hydraulic damper
assembly 108 as described above. When the generator

25 accelerates, however, into an overspeed condition
above a predetermined r.p.m., the centrifugal force
tending to pitch the blades up is sufficient to
overcome the force of the spring toggle assembly,
and accordingly, the blade commences to pitch up.

30 This movement effectively alters the :condition of .
the spring toggle assembly until the assembly )
toggles over-center and then assists in pitching
the blade up, thus reducing the pitching moment

~
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required to pitch the blade up. (If required, a
weight may be attached to the trailing edge of the
root rib to increase the pitching-up moment.) The
result is that once the blades start to come off the
pitched down stop, in an overspeed condition, they
pitch all the way up to pitch stop 106 with véry
little increase in r.p.m. In the pitched up conditiom,
stop 106 engages spar 90. It will be appreciated
that the force of spring 138 of the toggle linkage
is suitably chosen to provide sufficient resistance
to pitching up of blades only up to a predetermined
T.p.m. '

The blades pitch up into a stalling condition,
and once the rotor stops turning and there is no
centrifugal force causing the blades to pitch up,
the twist moment developed between the spar 90 on
the one hand and root rib 96 and the blade airfoil
on the other hand, acts to return the blade to the
pitched down condition against the force of spring
toggle linkage 102 and against the action of damper
assembly 108. As indicated, the restriction in
the damper assembly may be such as to delay return
of the blades from the pitched up to the pitched
down configuration up to approximately 30 minutes.

Operation of the pitch control mechanism is
illustrated diagrammatically in Figures 14 and 15.
At least in the preferred arrangement, the config-
uration of each blade and pitch control mechanism is
such that during normal operating speed the root
rib 96 is held by the spring toggle assembly in a '
position (shown in solid line in Figure 14) in which
it is pitched down by about 35° with respect to the
plane of rotation of the rotor. In this condition,
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the inherent twist in the blade previously referred
to is such that the outboard end of the blade is
pitched up by about 1° with respect to the plane

of rotation (as shown in solid line in Figure 15).

When the blade goes into an overspeed condition,
in which centrifugal force overcomes the force of
the spring toggle, the blade pitches up, until at
the inboard end, when pitch stop 106 is encountered,
the root rib may, for example, be pitched down by
only about 18° (shown dotted in Figure 14) while
the outboard end of the blade is pitched up by about
18° (Figure 15). Shims 127 (Figure 5) may be pro-
vided for accurately setting the angle at which the
spring toggle moves overcenter to assist in the
pitching-up movement of the blade.

It will be understood that the above-quoted
angles are only exemplary and may be varied on either
side of the plane of rotatiom. .

The pitch control mechanism as described above,
has the additional effect that as the blade comes
due to changing wind velocities (as shown diagram-
matically in Figure 11), the blade pitch will also
change, resulting in an optimum pitch for either
low or high winds. This is due to the fact that as
the blade cones, the angle between root'rib'gé_and
spar 90 changes. Arm 140 being attached to the spar
moves away from the root rib as coning increases.

So long as the spring toggle assembly 102 holds the
damper assembly 108 in its fully retracted condition,
when arm 140 moves away from root rib 96 during
coning changes by swiveling on the spherical end of
rod 154 (see particularly Figure 6), the end of arm
140 attached to rod end bearing 174 moves fore and
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aft, resulting in a change of pitch. In accordance
with the invention, the blade hub 44 (see Figure 2)
has a built-in precone of approximately 3 degrees.
The correct blade angle of attack for a 25 mph wind
is set when the spar is prebent to a cone of 12
degrees (the approximate blade cone at 25 mph).
Therefore, at a cone of 3 degrees (approximately

7 1/2 mph) the blade is pitched down approximately

2 1/2 degrees from the blade angle of attack at

25 mph. With the present arrangement, therefore, the
coning angle will be 3 degrees from zero to 7 1/2
mph and then increased, reaching 12 degrees at

25 mph, with a maximum cone of 14 degrees at approxi-
mately 30-40 mph. By arranging the damper assembly
108 in the above-described manner and using this as

a pitch stop for controlling the blade pitch during
normal operating r.p.m., the correct angle of attack
(to a tolerance of within about 1/2°) is achieved

at wind speeds between 10 and 25 iph. '

In accordance with a further preferred aspect
of the invention, there is provided, as previpusly
indicated with reference to Figure 3, a self-adjusting
brake mechanism acting on the brake disk 82 attached
to generator shaft 84. This brake mechanism is
shown diagrammatically at 86 in Figure 3 and is
further shown in phantom in Figure 13. Referring
particularly to Figures 12 and 13, brake mechanism 86
includes a brake block 190 having a fixed puck 192
and a moving puck 194 which, in use, embrace disk 32,
with block 190 being mounted in any suitable manner
in head assembly 18. Block 190 is provided with
bores 196 accommodating sleeves 198 and internal
floating pins 200 which fit in the sleeves and rest

¥
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on the upper surface of puck 194 through a steel
washer 195. To apply the brake, pressure is applied
to the tapered upper ends of pins 200 by means of

a cam disk 202. Cam disk 202 is screwed to an oper-
ating lever 204, and the disk and lever have
aligning plain central bores 206, 208 by which the
lever and cam disk are carried on a screw shaft 210
projecting from block 190. Screwed onto shaft 210
above lever 204 is a ratchet gear 212, and lever

204 carries a post 214 with a spring 216.engaging
the external teeth of ratchet gear 212. A friction

disk 218 is screwed onto shaft 210 above the upper

surface of gear 212 and screws 220 pass through

plain openings 222 in disk 218 and are screwed into
aligned bores 224 in ratchet gear 212. Belville
washers 226 are interposed between the heads of screws
220 and disk 218. '

To apply the brake, lever 204 is pivoted about
shaft 210 in the counterclockwise direction causing
cam disk 202 to press against pins 200 and apply
pressure to puck 194, with the cam disk reacting
against ratchet 212 which thus constitutes a reaction
member. 'During this brake applying movement, gear 212
is prevented from rotating counterclockwise by the
friction disk 218. If the play in the brake is in-
sufficient, during a brake applying movement of
lever 204, to cause spring 216 to move over a gear
tooth of gear 212, then, when the brake is released,
no movement will be imparted to the ratchet gear. On
the other hand, if during a brake application, there
is sufficient play in the brake to cause spring 216
to move over one of the gear teeth, then, when the
brake is returned to the off position, by clockwise
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movement of lever 204 about shaft 210, such movement
will be accompanied by slight clockwise rotation of
gear 212 on shaft 210 through the ratchet action of
spring 216 in engaging a further tooth or teeth.
Thus, the brake is self-adjusting and automatically
accommodates wear taking place between the pucks and
brake disk 80 so that arm 204 will always move through
the same distance in applying the brake irrespective
of any brake wear.

As in the parent application, the brake may
be applied manually by a cable attached to lever 204

"via opening 230 or opening 232 and extending'down
the generator tower or alternatively or additiomally

an automatic system may be provided for operating
the brake in response to an abnormal imbalance
occurring in the generator head assembly.

In accordance with a further feature of the
invention, it is preferred to pitch the rotor axis .
of the generator apparatus down from the horizontal
as shown diagrammatically in Figure 1l.  Further,
it has been found that for optimum results in track-
ing the wind, the axis should be pitched down at an
angle up to about 5° and preferably at an angle of
about 2 1/2°. Pitching the generator axis either
up from the horizontal (as shown, for example, in
Figure 3) or down from the horizontal leads to im-
proved wind tracking compared with a horizontal
axis, insofar as in either case the generator will
tend to track downwind better than a horizontal axis
from an upwind condition in relatively light winds.
The downwardly pitched axis, however, is found to
provide more accurate tracking in the downwind
condition than the upwardly pitched axis by as much
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as 35 degrees in winds of 7-10 mph. The reason for
this characteristic is a state of uneven loading

on the blades due to wind shear. (Wind velocity is
higher in the upper rotor quadrant than the lower.)
This increase in wind velocity in the upper quadrant
over the lower causes the upper blade to produce
more 1ift. Because of this unbalanced load on the
blades, the upper blade will pull away from the
plane of rotation perpendicular to the rotor axis.

' The maximum deflection occurs 90° after the point of

greatest lift, so in this case it would occur when
the blades are horizontal. Since the 1ift on the
rotor is perpendicular to the plane of rotation and
since the plane of rotation is no longer perpendic-
ular to the shaft axis, the wind generator is pulled
around out of the wind until the 1lift of the bottom .
blade which is now slightly advancing into the wind
equals the 1lift on the upper blade.

To correct this problem the rotor axis is
tilted down slightly. This causes the bottom blade
to be more nearly perpendicular to the wind direction
than the upper blade because the rotor operates
with a cone. The bottom blade, because it is more
nearly perpendicular to the wind direction is sweep-
ing a greater area and thus has the potential to
produce more lift. From experiment, it was found
for our generator operating at a hub height of 60
feet that a rotor axis tilt down of 2 1/2° causes
the lower blade to have the same lift as the upper
blade in light winds and thus track the wind more
accurately than a rotor axis which is horizontal or
pitched up. The pitch up rotor axis is the worst
case for tracking in light winds, although any
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configuration of rotor tilt axis tracks weil in winds
greater than 20 mph.
The optimum rotor pitched down axis may vary
‘between different styles of wind generators and with
5 different rotor hub heights and ground terrain.
While only preferred embodiments of the
invention have been described herein in“-detail, it
will be understood that the invention is not limited
thereby and modifications can be made within the
10 scope of the attached claims.
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CLAIMS:

1. In wind-driven generator apparatus including
a head assembly supporting a rotor shaft, variable-
pitch rotor blade means, a hub means supporting said
blade means on said shaft with said blade means
located externally of said head assembly and with
said blade means having an angle of precone relative
to a plane of rotation of the blade means, means
for supporting said head assembly with said shaft
extending downwardly towards said blade means and for
weathervaning rotation about a substantially vertical
axis, and damping means for resisting such rotation.

2. Apparatus in accordance with Claim 1,
wherein said damping means includes means for apply-
ing shearing forces to a high viscosity liquid
responsive to rotation of siéd assembly- about’ said

substantially vertical axis.

3. Apparatus in accordance with Claim 2,
wherein said damping means includes disk means carried
by said head assembly and said supporting means
respectively, said disk means defining a reservoir
for high viscosity liquid, whereby relative rotation
between a pair of said disk means produces a shearing

action on liquid in said reservoir.

4. Apparatus in accordance with Claim 3,
wherein said reservoir includes liquid having a
viscosity of about 60,000 centistokes.
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5. In a wind-driven generator apparatus, a
rotor blade adapted to change pitch from a given
pitch configuration responsive to an increase in
rotational speed of the blade and to return to said
configuration responsive to a reduction in rotatiomal
speed wherein said blade includes a spar, a root
rib, said root rib twisting relative to said spar

" to provide pitch changing movements of the blade,

and an extending and retracting damper connected
between said spar and said root rib for damping re-
turn movement of the blade to said given configura-
tion, said damper having a fully retracted position
limiting return movement of the blade so as to
define a pitch stop means for arresting the blade
in said given configuration.

6. The improvement as defined in Claim 5,
including biasing means for maintaining said blade
in said given configuration below a predetermined

speed of rotation.

7. The improvement as defined in Claim 6,
wherein said biasing means is adapted to resist
pitch-changing movement of said blade below said
predetermined speed and to assist pitch-changing
movement of said blade subsequent to initiation of

such movement.

, 8. The improvement as defined in Claim 7,
wherein said biasing means comprises a spring toggle
means connected between said root rib and said spar.
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9. In a wind-driven gemerator apparatus
including a head assembly supporting a rotor shaft,
variable pitch rotor blade means, a hub means sup-
porting said blade means on said shaft with said
blade means located externally of said head assembly
and with said blade means having an angle of precone
relative to a plane of rotation of the blade means,
means supporting said head assembly for weather-
vaning rotation about a substantially vertical axis,
damping means for resisting weathervaning rotation
of the assembly, means constraining said blade means
to rotate at constant pitch below a predetermined
speed of rotation of the blade means, said constrain-
ing means being overcome by centrifugal force when
the speed of rotation of the blade means exceeds
said predetermined speed whereby said blade means
pitches up into a stalling configuration when the
speed of rotation of the blade means exceeds said
predetermined speed, said.blade means being adapted
to pitch down from said stalling configuration .
responsive to a reduction in rotational spéed of the
blade means to below said predetermined speed and

~means for damping pitching down movement of said

blade means.

10. In wind-driven generator apparatus having
a rotor blade adapted to change pitch by relative
twisting of a pair of blade sections responsive to a
change in rotational speed of the blade, the improve-
ment comprising means connected between said sections
for resisting pitch changing movement of the blade

“up to a predetermined twist configuration of said

sections and for assisting such movement when the blade
pitches up to beyond said predetermined configuration.
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11. Apparatus in accordance with Claim 10,
wherein said resisting and assisting means includes
a spring toggle means connected between said sections
of the blade, said spring toggle means moving over-
center from a first condition resisting pitch
changing movement of the blade to a second position
assisting such movement responsive to twisting

movement of said sectioms.

12. In wind-driven generator apparatus having
a rotor blade adapted to change pitch from a given
pitch configuration responsive to an increase in
rotational speed of the blade, said blade developing
a twisting force tendihg to return the blade to the
given configuration responsive to a reduction in the
rotational speed of the blade, the improvement
comprising extendable and retractable damper means
connected between relatively twisting sgctions of
the blade for damping return movement of the blade
to said given configuration, said damping means
having an extreme condition establishing said given
pitch configuration of the blade.

13. In wind-driven generator apparétus having
a rotor blade adapted to change pitch responsive to
changes in the rotational speed of the blade, the
improvement comprising extendable and retractable
damper means connected between sections of the blade
adapted to twist relatively during changes of pitch
in the blade for resisting pitch changing movements
of the blade in one direction, said damper means
having a limit of movement defining a maximum pitch




WO 82/00496

10
11
12
13
14

O 00~ WU W N

o e
W N o

O 00 ~N O U1 B W

-
o

PCT/US81/01000

27

changing movement for said blade in said one direc-
tion and means connecting said damper means to said
sections for adjusting the pitch of the blade
responsive to changes in the cone angle of the

blade.

14. In wind-driven generator apparatus, a
generator shaft and brake mechanism for applying a
braking force to said shaft, said brake mechanism
including a movable brake member, a brake actuator,
a cam means operative between said brake member
and said actuator for applying a braking force to
said brake member responsive to movement of said
actuator, a reaction member against which said cam
member reacts to apply said braking force, and con-
trol means for adjusting the position of said
reaction member responsive to movement of said
actuator so -as to compensate for wear in said brake

mechanism.

15. Apparatus in accordance with Claim 14,
wherein said reaction member is screwed on a shaft
and said control means includes a ratchet mechanism
between said actuator and said reaction member for
screwing said reaction member on said shaft in one
direction responsive to movement of the actuator when
wear occurs in said brake mechanism and friction

- means associated with said reaction member for pre-

venting the reaction member from being screwed on

said shaft in the other direction.
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16. In wind-driven generator apparatus
including a head assembly supporting a rotor shaft,
a generator and a generator shaft, variable-pitch
rotor blads means, a hub means supporting said blade
means on said rotor shaft with said blade means located
externally of said head assembly and said blade means
having an angle of precone relative to a plane of
rotation of the  blade means, means for supporting
said head assembly for weathervaning rotation
about a substantially vertical axis, damping means
for resisting rotation of said assembly about said
substantially vertical axis, a brake mechanism for
applying a braking force to said generator shaft,
said brake mechanism including a movable brake
member, a brake actuator, and means responsive to
movement of said actuator to compensate for wear in

said brake mechanism, a pitch control mechanism for

said blade means, said pitch control mechanism includ-
ing means for maintaining a given pitch of said blade
means below a predetermined speed of rotatiom of

said blade means and for permitting said blade

means to change pitch above said predetermined

speed, and damper means for delaying return of said
blade means to said given pitch.

17. 1In wind-driven generator apparatus
including a head assembly supporting a rotor shaft,

'a.generator and a generator shaft, variable-pitch

rotor blade means, and a hub means supporting said
blade means on said rotor shaft, the improvement
wherein said rotor shaft is pitched down towards
said blade means at an angle to the horizontal up
to about 5°.
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18. The improvement as defined in Claim 17,
wherein said angle is about 2 1/2 degrees.

19. In wind-driven generator apparatus having
a rotor blade adapted to change pitch responsive to
changes in rotational speed of the blade, the improve-
ment comprising means for adjusting the pitch of the
blade responsive to changes in the cone angle of

the blade.

~ 20. In wind-driven generator apparatus
including‘a head assembly supporting a rotor shaft,
rotpr'bladeiméaEE; a bﬁbnmeans supporting said blade
means on said shaft, and clutch means permitting said

shaft to rotate in one direction only.

21. The improvement as defined in Claim 20,
wherein said blade means is adapted to pitch up from
a given pitch coﬁfiguration into a stalling config-
uration responsive to an increase in rotational speed
of said shaft above a predetermined speed, the
apparatus further including damper means associated
with said blade means for delaying return of said
blade means from said stalling configuration to said

given configuration.
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