Dec. 27, 1927, | 1,654,165

D. E. FELT
WINDMILL -
Filed June 18, 1924 4 Sheets-Sheet 1
& 7 I /E = 10 23
b] ol [ | 1
' Z9H- i 57
recy-1 Al

2Z

|
2 l - -
‘ |

67
L 66
|65

, Lreneril o7~

r'—%zf/i/m:jﬂ/r CQ,VLZ( s @f %
It

iy A Lo

]



Dec. 27, 1927, 1,654,165
D. £ FELT

WINDMILL

Filed June 18, 1924 4 Sheets-Sheet 2




Dec. 27, 1927. - 1,654,165
D. E. FELT

WINDMILL

Filed June 18, 1024 4 Sheets-Sheet 3

T2 037t EFei—

ﬁy"W’ vlade %5 :




Dec. 27, 1927. | 1,654,165
: D. E. FELT T

WINDMILL

Filed June 18, 1924 4 Shsets-Shasi 4




1(¥

i

23

30

35

i
[ast

Patented Dec. 27, 1927. |
'UNITED STATES

1,654,165

PATENT OFFICE.

DORR E. FELT, OF CHICAGO, ILLINOIS.

WINDMILL.

Application filed June 18,

My invention relates to windmills of the
vertical axis type adapted either for pump-
ing or for generating power, and the object
of the invention, broadly, is to increase the
efficiency and practicability of such appara-
tus; both with regard to construction and
prineiples of operation.. :

The general construction of the windmill
provided by the invention  consists of .a
frame, or tower, preferably:of triangular
form; within. “which. one or more paddle
wheels arve mournted for: rotation under the
influence of the wind, and the invention re-
sides primarily in- the means by which the
paddles of said wheel, or wheels, are mount-
ed and controlled, though certain features of
novelty are also present in other parts of the
construction and plan of operation. =

Aovery valuable feature of the invention is
in the hinging of the paddles at their outer
edge, ‘which cobtains certain marked advan-
tages in operation which will presently ap-
pear.  YWith the paddles so mounted, they
are subject to effective wind pressure
throughout the greater part of their rotation
around  the axis of the. wheel and they
feather much’ more satistfactorily than if

they were hinged at their inner edge, or me-

dielly.  Hinging the paddles in this maviner
also ‘contributes materially to the function-
ing of the speed governing device to be later
deseribed and to starting the mill up after
1t hag been thrown out of operation.. This
hinging of the paddles at their edges also
eliminates the presence of a projecting blade
surface on the opposite sides of the pivotal
point. - In other words, there is no short tail
surface projecting from the opposite side of
the pivotal point of the blade.

An important object of the Invention is to
provide such a device that will utilize a
greater volume of wind. passing there-
through than has been possible heretofore.
This ig accomplished by arranging and.con-
structing vanes or paddles so that they will
he controlied by centrifugal force and so

- A further object of ‘the invention is the
sion of a wind engine which may be
throwin out of the wind to a large ‘extent
“when not in operation, thus overcoming the
principal objection heretofore attributed to
vertical axis mills, namely-that they run
continnously whether or not their service is
needed and, therefore, soon wear out. The

1924: - Serial No. 720,748, .

mechanism employed for this purpose per-
mits the stopping of the mill in convenlent

manner, provision being made for causing

the paddles, or vanes, of the rotatable wheel

to assume a position which not only stops

the rotation of said wheel, but also relieves
the wheel and tower from  excessive wind
pressure, thus rendering it possible to use a
light frame structure which will offer mini-
mum: obstruction to the free passage of the
wind to and from the vanes of the wheel.
.The invention also contemplates the pro-
vision of means for governing the speed: of
the mill so that it will not race in a high
wind
since all mills of this general type, of which
1 am aware, have been subject. to this diffi-
culty of racing,
particularly in generating electricity. .

It 1s also an object of the invention to pro-
vide a construction which utilizes, in’ most

‘practical manner, the advantages of the ver-

tical axis type of windmill; among which the
following may be mentioned: By using a
vertical shaft, the great loss of power at-
tendant. upon the use of miter gears to trans-
mit power from - the wheel down to the

ground, may be avoided without placing the

generator at the top of the tower—the only

~means heretofore attempted by manufactur-

ers, so-{ar as I am aware, for avoiding this
difiiculty. The vertical axis . construction
also makes it possible to employ a wheel of

smnll diameter ‘and long axis in order to at-

tain relatively high speeds, which are desir-

able in generating electricity and alge in-

pumping where the elevation is slight and a
screw o1 helicoidal tube is used for raising
the water, it being, of course, possible to
use a larger diameter when a slow speed is
desivable.  Another advantage is that such
a mill will operate regardless of the direc-
tion in which the wind blows, being always
orientated and thus avoiding the use of a fan

and cther complicated mechanism for rotat- -

ing the mill to present the proper face to the
wind. : R
Another object of my invention resides in
the arrangement whereby a plurality of mill
units may be vertically superimposed. so as

to be clutchable to the given vertical power

shaft, whereby these units may be independ-
ently clutched or connected to this shaft.
- Numerous other objects and advantages
of the invention will be apparent ‘as it is
better. understood from the following de-

o feature of very. great importance,

which is very objectionable;
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scription, which, taken in connection with
the accompanying drawings, discloses a pre-
ferred embodiment thereof.

Reterring to the drawings,

Figure I is a side elevation, partially
broken away, of a windmill apparatus in
which my invention is embodied, one of the
units thereof being shown out of action and
the others set to opevate;

Fig. 2 is a plan view of one of the paddle
wheels, being taken transversely through the
frame substantialy upon the section line
2—2 of Fig. 1 and showing the arrangement
of the parts when the wheel is not operat-
ing;

Fig. 8 is a similar view, faken substan-
tially upon the line 3—3 of fig. 1 and show-
ing the arrangement of the pavts swhen the
wheel is operating; ,

Fig. 4 is an enlarged sectional view, talen
substantially upon the line 4—4 in Hig. 3;

Fig. 5 is a transverse sectional view, talen
substantially upon the line 5—5 in Fig. 1
and showing the throw-out and clutch oper-
ating lever;

Fig. 6 is an enlarged sectional view, taken
substantially on the line 6—6 of Fig. 5; and

Fig. 7is a detail sectional view, taken sub-
stantially upon the vertical line 7T—7 of
Fig. 6.

The tower, in the present instance, is of
triangular form and comprises angular up-
rights 11, connected by horizontal bavs 12,
which are turned down at their ends, as
dicated at 138, and secured to said uprights
by means of bolts 14. The mill preferably
consists of a plurality of separate units ai-
ranged upon a sectional vertical shaft 15,
which is journaled in bearings 16 and 17 at
the top and bottom of the stracture and in
trinngular reinforcing plates 18 disposed
between the different units of the mill and
secured at their corners to the bars 12 (see
Fig. 5). :

The different units consist primarily of
wheels formed by upper and lower members
19 and 21, which are secured at their center
to a section of the shaft 15 and have hinged
thercto, near their periphery, the vanes or
paddles 22 which operate in the wind and
produce rotation of the wheel. These mem-
bers are shown on the drawings zs solid
disks, though it is contemplated that spoked
or open wheels might be used quite as ad

in-

LU
vantageously, if desired. Said paddies 22 are
pivoted upon shafts 28, extending through
and secured to the upper and lower members
19 and 21. Tt will be noted, from an in-
spection of Fig. 3, that in the construction
here illustrated, the paddles or vanes opex-
ate almost wholly within the periphery of
the members 19 and 21 and that the pivot
point is, therefore, at the outer edge there-
of. Said paddles are preferably foimed of
sheet metal and are curved, as indicated in
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Figs. 2 and 3, the edges thereof being bent
around the shafts 23 and back upon the
body, ag indicated at 24.

Referring now to Figs. 2 and 8, the reia-
tive positions of the vanes when the wheel
is out of the wind and when it is operating
muy be observed. Assuming that the wind
is blowing in the direction indicated by the
arrows 1n Hig. 3, the paddles 22 (ezeepr
those retwrning against the wind) will be
disposed with their inner ends in contact
with fixed stops 25 or the ends of levers 26
which may be of any suitable shape and are
preferably of bell-crank shape as shown ave
pivoted at 27 on the upper surface of the
member 21 and corvespond in number to the
aumber of said paddles 22 The avc de-
scribed Dy the inner edges of the paddles
as they feather when returning against the
wind 1s indicated by dotted lines in Fig. §,
and it will be seen that this arrangement
canses said paddles to be subjected to effec-
tive wind pressure throughout the major
portion of their travel about the axis of the
wheel. With the wind blowing as indicated,
the vanes or paddles on the windward side
ave against the levers 26 and form baffles,
the angle of which gradually increases as
they travel about the center of the mill un-
til they present a full face to the wind, and
then gradually decreases until they ave sub-
stantially in line with the wind. After pass-
ing the point at which the paddles are in
line with the wind, the wind engaging be-
hind the paddle, which is free to turn about
its pivet, swings the paddle outwardly and
against the fixed stop 25. The motion of the
paddle between the stop 26 and the fixed
stop 25 is controlled by the centrifugal ac-
tion of the weight 49 which is of sufficient
weight to slow down this action so that the
motion of the paddle will be gradual, the
paddie coming In contact with the fixed
stop 25 substantially at the position shown
in Fig. 3 or later. This operation accom-
plishes u yeversal of the paddle so that it
‘orms a baflle to the wind on the return side
of the wheel and assists in turning the mill
until after the position shown at the upper
right hand side of Fig. 3. From the posi-
t'on just mentioned around to the windward
side the vane mevely feathers in the wind
and gradually veturns to the position against
tlie stop 26 at the windward side of the mill.
From the above description it will be noted
that throughout the first 90 degrees of revo-
tution 2 twrbine effect is obtained, which
gradually develops into direct pressure and
that throughout the next 90 degrees the di-
rect pressure gradually develops into a tur-
bine, and at approximately 180 degrees the
blede reverses and a turbine eiffect is ob-
toined throughout approximately 60 de-
grees more of revolution, and since the shift-
mg of the blade on the side of the mill op
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posite the windward side is not. idle but.is:
so arranged: that the motion of the paddle
being counteracted by the weight is trans-
ferred through.the ghaft 23 to the mill-and:

. force is exerted in the direction.of rotation:

thereof. By this arrangement approximate-
ly 250 degrees of revolution of each blade is
effective and a greater power may be ob-
tained. from-a given volume of ‘wind with a:
small unit. ' co
When it is desired to stop: the mill, the
levers 26 are moved from the position shown
in Fig. 3 ta that shown in Fig. 2, which per-
mits all the paddles; except those on the lee
side of the wheel, to feather at the: same
time, thus offering slight obstruction to the
wind and relieving the wheel from effective
pressure. The strain on the tower is'also:
greatly reduced. ' The arc described by the
inner ends of the paddles when thus. per-
mitted.to featheris indicated by dotted lines
in Fig.2,the limits of this arc being the stops
25 at one end and stops 25" (the purpose of
which will presently appear) at the other
end. Tt will be obvious that, regardless of
the way in which the wind blows, said pad-
dles: may feather in the manner and with
the: results just indicated: ~This is-a very
important advantage, since it permits of the
use of a lighter frame and avoids:danger of
the structure being torn to pieces-in a-gale.
The manner in which: the levers 26 are
controlled to stop the mill and to throw the
paddles out of the wind . will now be de-
seribed, reference being had particularly to
Figs. 8, 4 and 6. Said levers 26 have inner
extensions 28 disposed above apertures 29
in the mewmber 21 (see Fig.: 4), the ends: of
said extensions being disposed benéath straps
31 having their ends turned -down and se-
cured to said member 21, as indicated at 82.
Said éxtensions 28 normally are held against
the side walls of said straps by means of
springs 85 secured at one end to said exten-

" sions and at the epposite end to studs 36 up-

standing from the - disk 21 This disposes.
the levers 26 in the path of the paddles 22
and provides for the operation of the latter
in the manner previously- deseribed. When
it is desired to throw the paddles-out of the
wind, said levers are acted upon hy means:of
inclined fingers 387, extending through the
apertures 29 ‘and secured to the upper sur-
face of a vertically movable digk 88. »Said
disk is slidably mounted upon the shaft 15
above a supporting disk 39 and said disks
are adapted to be lifted together by means
of & throw-out and clutech operating lever
41 pivoted at 42 to a depending ear 43-on
the plate 18 (see Fig. 6) and having a bi-
furcated, upwardly turned inner end portion
44 extending through slots 45 in said plate
18 and adapted to contact with the under
surface of said disk 39 (see Fig. 7). The
outer end of said lever 41 i$ normally held

in raised position. by means of a spring 46

secured thereto at one end and secured at its:

opposite. end to-a hook: 47 provided upon
one of the uprights 11. A wire, or cord 48
is secured to-the outer end of each lever: 41
and’ carries at its Jower end an.apertured

strip 48" adapted.to hook over a.prejection:

50 provided near:-the base of one of: the up-

rights 11 to hold the lever down against the.
tension of the spring 46: When said lever
ig dravwn downwardly, the: disk 38 and fin~
gers 37 arve raised, said fingers, in' rising
through the apertures 29, having a cam ac-
‘tion upon the lever. extensions 28,. forcing

them against the tension of: the springs- 35
to the position shown in - Fig. 2. .This
promptly brings the wheel to substantial vest,

m which condition it:remains until:the lever:

41 is again raised.
When it is desired to again start operation
of the wheel, the appropriate wire 48 may

be released, allowing thie lever 41 to assume
the normal raised position which withdraws:

the fingers 37 from engagement with the le-
ver extensions 28 and permits the springs 35

to restere the levers 26 to the operative po--

sition of Fig. 8. ‘Such: of the paddles as are
at this time swung around beyond the ends
of said levers 26 must obviously be.meved
back to the position of Fig. 3, and this is

accomplished in a short time by the wind

itself ‘acting upon the paddles and foremng
the levers 26 inwardly coainst the tension of
the springs 35 to. provide clearance. The
levers 26 are curved inwardly at 60 and are
forimed with: notehes 60, whieh serve to re-
tain the paddies 22 i contaet with said le-
vers in the eveat that said paddles strilee
against the levers but do not meve them
sufficiently to produce the’ necessary clear-

ance.. With the paddles held in said notehes,
the wind blowing thereagainst will help to

rotate the wheel,  From this position, the
paddles, when suitably presented: to the

wind, may readily be moved past the ends

of the levers and into the positien of Fig.

3. Furthermore, the stops 257 are provided

to hold said paddles within the circumfer-

ence of tlie wheel, in order that they may .

be readily restored to this position.

In order to-control the speed and power:

of the mill and prevent racing in a high
wind, 1 provide governing means, compris-
ing weights 49 carried upon supporting rods
51 projecting from the outer edge of the pad-
dles. $Said weights may be positioned at de-
sired distance from the paddles and when
the ‘wheel attains & predetermined rate of

peripheral speed, the weights by. centrifugal

action serve 'to-tegulate the action of the
paddies and to increase the range of action
thereof. ~With this simple form of govern-
ing wechanism, a degree of uniformity of
speed, which is highly desirable in generat-
mg electricity, is obtained and the apparatus
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is protected from the results of excessive
speed.

The machine as shown in the drawings is,
for certain uses, preferably constructed of
a plurality of units, each involving inde-
pendent paddle wheels and controlling
mechanism. In order that the different
units may be used separately or in unison,
I employ clutch mechanism associated with
each throw-out lever 41, and perhaps best
illustrated in Figs. 1, 6 and 7. The shaft 15
is formed in sections and clutch members 52
and 53 are secured to the adjacent portions
of said sections between the different units
of the mill. The lower end of each shaft
section is journaled in suitable bearings 55
provided in bearing plates 56 secured to the
under side and extending downwardly from
the plates 18. Said bearing plates are sup-
ported from the uprights by means of
twisted bars 57, bolted at their outer ends
to the uprights 11 and secured at their in-
neér ends to the under surface of said plates
56. Referring now particularly to Fig. 7,
it will be noted that the inner bifurcated
end of the lever 41 is provided with in-
wardly extending pins 58, engaging in a
groove 59 in the clutch member 53. De-
pression of the outer end of said lever 41,
therefore, results in lifting said clutch mem-
ber 53, which is splined on its shaft section,
out of engagement with the member 52, lis-
connecting the wheel next above from the
next lower section of the power shaft. This
movement of the lever 41, as hag been here-
tofore stated, also stops the wheel, permit-
ting the vanes 22 to feather and thereby re-
lieving the wheel and tower from excessive
wind pressure.

The shaft 15, at its lower end, carries a
pulley 61, over which takes a belt 62 driving
a smaller pulley 63 mounted on an armature
shatt 64 of a generator 65, which is posi-
tioned in a frame 66 on the ground.. The
armature 67 of said generator has been dia-
grammatically shown in Fig. 1 and it is
contemplated by the present invention that
this armature may be of relatively large di-
ameter so that the peripheral speed thereof
may be definitely related to the peripheral
speed of the wheels formed by the disks 19
and 21. The ratio may be obtained by ap-
propriate relative sizes of the pulleys 61 and
63_and by the diameter of the armature, the
approximate relation, in the present in-
stance, being on the basis of three revolu-
tions of the armature 67 to one of the wheel.

It should be noted that a further distinct
advantage occurs from the hinging of the
vanes 22 at their outer edge, since this over-
comes the difficulty heretofore experienced
of having the vanes returned on one side of
the mill against the wind, with consequent
great loss of power. -

The frame, or tower is constructed in such

1,854,165

manner as to offer slight interference with
the wind approaching the wheel, thus mak-
ing it possible to use relatively light con-
struction materials and also avoiding the
danger of being blown to pieces in a gale.
In the construction here shown, the frame
is of triangular form and the uprights 11
extend radially with respect to the wheel so
that the wind will either pass between said
uprights, or, if it strikes directly there-
against from one of the angles of the tri-
angle, the surface encountered will be small
and will offer ¢light obstruction to the free
passage of the wind to and from the wheel.

It is thought that the invention and many
of its attendant advantages will be undex-
stood from the foregoing description, and
it will be apparent that various changes may
be made in the form, construction and ar-
rangement of the parts without departing
from the spirit and scope of the invention,
or sacrificing all of its material advantages,
the form hereinbefore described being mere-
Iy a preferved embodiment thereof.

I claim:

1. A windmill, comprising, a support, a
rotatable member having a vertical axis in
said support, a plurality of curved vanes
pivoted at their outer edges to said mem-
ber and disposed about the circumference of
said member so as to be accessible to the
wind from all points about such circumfer-
ence and devices constructed and arranged
to be operatively associated with said vanes,
whereby said vanes are adapted to receive
power from wind passing through the mill
throughout a major portion of a revolution
of said rotatable member.

2. A windmill, comprising, a frame, a ro-
tatable member having a vertical axis in said
frame, a plurality of vanes hinged at their
edges to said rotatable member, and devices
rigidly attached to the vanes opposite their
hinges and adapted to control the vanes by
centrifugal action to receive power from
wind passing through the windmill through-
out the major portion of a revolution of sajd
rotatable member.

3. A windmill, comprising, a support, a
rotatable member having a vertical axis in
said support and open to the wind at all
points, a plurality of curved vanes hinged
at their peripheries to said member and
means for controlling said vanes, whereby
the wind pressure acts on said vanes with
both direct and turbine effect during the
travel of said vanes around the axis of said
member. )

4. A windmill, comprising, a rotatable
member, having a vertical axis, a plurality
of vanes pivoted to said rotatable member
and adapted to rotate said member in the
wind, and means for governing the speed of
rotation of said member, said means com-
prising devices rigidly attached to said vanes
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and arranged:toresist movement of the vanes:

with' respect to said rotatable member by
centrifugal action.
5 A windmill, comprising; a  rotatable

member having a vertical axis; a' plurality

of vanes pivoted at their edges in said' wheel
for the operation: thercof and'having a: plu-
rality of operating positions, fixed and mov-

able stops for liolding- the vanes in' a plu-
rality of operating: positions, and' movable-
stops: for holding: said vanes in-another op--
erating position;. said: movable: stops being:
movable: from: the path of movement of the.

vanes:to permit said: vanes to feather in:the
wind:and: offer substantially: equal-and rela-
tively-slight:obstruction thereto: -

6: A windmilly- comprising: a- rotatable
member- having-a: verticali axis; a plurality

of vanes hinged to said-member and operable:

in:the wind to rotate the latter, means: for
limiting the movement of'said:vanes to cause
them: to remain’ in the wind; and means for
shifting said: last-mentioned means to per-
mit substantially all the vanes: to feather
where operation of the mill is not desired..

. A windmill; comprising as rotatable
member: having a vertical axis; a plurality
of vanes pivotally secured to-said member
androperable inithe wind to rotate the latter,
fixed' outer stops for said. vanes; pivoted
levers disposed- inwardly’ from: said stops
and: adapted to- limit' the inward movement
of the vanes, and means for turning said
levers upon: their: pivots to- move them: to
nomn-obstructing position permitting substan-
tially all the vanes to' feather in the wind
when' it is: desired' to stop the operation- of
the mill: - ‘ -

8. A" windmill, comprising a rotatable
member having a: vertical- axis, a: plurality
of vanes pivotally secured to:said member
and operable in'the wind to rotate the lat-
tery fixed' outer stops for'said vanes, pivoted
levers:disposediinwardly from said stops and
adapted: to limit the inward movement of
the" vames, spring means- for  holding said

- Jevers normally in: obstructing position, and

a vertically movable controlling: device: for
shifting: said:levers to non-obstructing posi-
tion permitting substantially all the vanes to
feather in the wind' when it is' desired to
stop  the operation of the mill.

90 A windmill, comprising a rotatable
member having a vertical axis, a plurality
of ‘vanes pivotally secured to said member
and’ operable:in the wind to rotate the lat-
ter; fixed outer stops for said vanes; pivoted
levers disposediinwardly from said'stops and
adaptedto limit the inward movement of the
vanes; spring means for holding said levers
normally in obstructing position, and a man-
ually operable device for shifting said'levers
to non-obstructing position permitting sub-
stantially all’ the vanes to feather in the

wind: when. it is desired’ to:stop ‘the opera-
tion of the mill; - :

'10. A windmill, comprising a rotatable:
member having a vertical axis; a plurality
of: vanes: pivotally. secured to said member
and operable in the wind to rotate the lat-
ter,” fixed outeér stops for said vanes, bell-
crank levers disposed inwardly from said:
stops and adapted to have one arm thereof:
normally positioned in the path of movement
of said vanes to maintain the: latter in the
wind, and mannally operable means adapted
to act upon the other arms of said. levers-to:
move. the latter-to non-obstructing position.
permitting substantially all' the vanes. to.
feather in- the  wind when it is- desired. to
stop the operation of the mill.

11: A windmill; comprising. a: vertical
shaft, a rotatable miember mounted. on: said:
shaft, a plurality of vanes pivotally secured:
to saild member and- operable in the wind
to rotate the latter, fixed outer stops for
said: vanes, movable inner stops adapted. to
normally .confine saidi vanes-within a limited
path of movement, means for moving. said
mner -stops to non-obstructing: position per-
mitting substantially all the vanes to feather
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in the wind, and a clutch device associated -

with. said last-mentioned means- for discon-
necting said rotatable member from said
shaft. V ‘

12: A windmill, comprising 'a vertical
shaft, a plurality of vrotatable wheels
mounted -on-said shaft, wind vanes hinged to
said wheels’ near thé  periphery. thereof
means for confining said: vanes within. a
limited path of movement to maintain them
in the ‘wind, means. associated with. each. of
said wheels for releasing said. vanes to: per-
mit them to feather in-the wind, and-a clutch
device associated with each- of said last-

amentioned means for disconnecting the asso-

ciated wheel from said shaft.

13. A windmill, comprising a. rotatable
member having a-vertical axis, a plurality of
vanes pivotally secured to said' member and
operable in.the wind to rotate the latter,
fixed ‘stops on said: member at the opposite
sides of the pivot points of the- vanes; and
means arrangeable in the path- of movement
of said vanes as they would normally feather
between said stops for holding tlie vanes in
the wind, one of said stops cooperating with
said last-mentioned means for holding the
vanes in the wind and thé other assisting in
restoring the vanes to operative position
when the mill is started up-after being out
of operation. :

14. A windmill, comprising 'a- rotatable
member having a vertical axis, a plurality of
vanes pivotally secured to said mermber and
operable in the wind to rotate the latter, fixed
outer stops for said vanes, pivoted levers dis-
posed inwardly from said stops and adapted
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to be moved to and from position obstructing
the movement of the vanes whereby to main-
tain said vanes in the wind or to permit the
vanes to feather when operation of the mill
is not desired, said lo"exs being notched at
their outer ends and being y:dchb]e undler
pressure of the vanes to pnlmli the latter to
be restored to operative posmon after said
levers have been set to cause the mill to
operate.

15. A windmill, comprising, a frame, a
rotatable member having a vertical axis in
said frame, a plurality of vanes hinged to
said member adjacent the periphery thcrcof
spaced means for controlling said vanes to
produce effective pressure in “at least two po-
sitions, and meang for governing the move-
ment of the vanes between said spaced means
to control the speed of rotation of said mem-
ber.

16. A windmill, comprising, a {rame, a
rotatable member having a vertical axis in
said frame, a plurality of vanes pivoted to
said member near to the periphery thereof,
spaced means for controlling said vanes to
produce effective pressure in at least two
pivotal positions, and means for governing
the movement of the vanmes between said
spaced means to control the speed of rota-
tion of said member, said means comprising
devices adapted to control the movement of
said vanes between the spaced means by
centrifugal action.

17. A windmill comprising a frame, a ro-
tatable member having a vertical axis in
said frame, a plurality of vanes hinged at
their edges to said rotatable member, and
means rigidly attached to the vanes oppo-
site their hinges and arranged to have rela-
tively slight wind rvesistance and relatively
great centrifugal action, and to control the
speed of rotation of said rotatable member.

18. A windmill, comprising a frame, a ro-
tatable member having a vertical axis in said
frame, o plurality of vanes hinged at their
edges to said rotatable member, and means
rigidly secured to the vanes and extending
opposite the hinges thereof adapted to con-
trol the speed of said rotatable member by
controlling the.operating movement of the
hinged vanes.

19. A windmill, compmqm g, a frame, a ro-
tatable member having a vertical axis in
said frame and a plurality of vanes hinged
at their edges to said rotatable member, and
means for controlling and regulating the
speed of said rotatable member, said means,
comprising, adjustable balancing weights
rigidly attached to the vanes and positioned
opposite the pivots thereof.

20. A windmill, comprising, a frame, a ro-
tatable member having a vertical axis in said
frame and a plurality of vanes hinged at
their edges to said rotatable member, and
means for adjusting the speed of said rotat-
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able member, said means,
arm secured to the vanes and extending
across the pivot thereof n(‘ 2 bqhncm"
weight attachable to said arm at varying dis-
tances from said pivot.

21. A windmill, comprising. a frame, a
rotatable- member having s vertical axis in
said frame. n plurality “of vanes hmoed at
their edges to said rotatable member, and
means for regulating the speed of de ro-
tatable membor, said means comprisine bal
ancing weights rigidly secured to the vanes
and extendmg opposfce the pivots thereof.

22. A windmill, comprising, a frame. a
rotatable member h‘lVlDP‘ a vertical axis in
said frame, a plurality “of vanes hinged at
their edges to said rotatable member, and
means for regulating and assisting in the ro-
tation thel'eof said means comprising de-
vices rigidly attached to the vanes and
adapted to control the movement thereof
about their hinges by centrifugal action.

23. A wmdmﬂl comprising a rotatable
member having a vertical axis. a plurality
of vanes p1vot‘111v secured to said member
and operable in the wind to rotate the latter,
fixed stops on said member at the opposﬂe
sides of the pivot points of the vanes and in
the path of movement thereof, and means ar-
rangeable in the path of movement of said
vanes as they would normally feather be-
tween said stops for holding the vanes in
the wind.

24. A windmill, comprising, a_frame and
rotatable member having s vertical axis in
said frame, a plurality ‘of vanes hinged at
their edges to said rofatable member “and a
weight attached to each vane, said Wewht
bemo constructed and arranged to shift in
a horizontal plane when acted upon by said
centrifugal force. whereby to automatically
cause a pwoml movement of said vane.

25. A windmill, comprising, a_frame and
rotatable member havine .a vertical axis in
said frame, a plurality of vanes hinged at
their edges to said Totatable member, a
weight for each vane, fixed and shiftablo
stops for each vane, said shiftable stops be-
ing capable of movement so as to be out of
contact with said vanes in one position and
to he movable into contact with said vanes
to form rigid abutments, whereby to cause
the wind qotlnrr on said vanes to rotate said
member at a qnbshntmﬂv uniform speed.

26. A windmill, comprising. a rotatable
member having a vertical shaft. a plurality
of vanes pwotfﬂly secured to said member
and operable in the wind to rotate the latter,
fixed and movable stops on said member, n
clutch for connecting said rotatable member
to said vertical axis and means for shifting
said clutch and said movable stops.

27. A windmill. comprising, a support. a
rotatable cage having a vertical axis on said
support, said cage being open to the wind

comprising, an
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from all sides and a plumlity of vanes hav-

ing one edge of each vane pivotally mounted
on said cage, said vanes being relatively thin
and being curved so as to be substantially
cradle shape in cross-section and a plurality
of stops on said cage for determining cer-
“tain positions of said. vanes.

28. A windmill, comprising, a - rotatable
cage open to the wind from.all sides and

10 having a vertical axis, a plurality of vanes

7

pivotally mounted at their edges to said cage,
said vanes being curved and devices con-
structed and arranged to cooperate with said
vanes; whereby to produce effective wind
pressure of alternately direct and turbine
effect upon said vanes throughout the major
portion of their travel around the axis of
said cage.
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