No. 695,220. Patented Mar. II, 1902.

L. LYNDON.
ELECTROMECHANICAL WATER WHEEL GOVERNOR.

(Application filed Sept. 13, 1900.)
(No Model.)

4 3heets—Sheet |,

il
(! R
Y-+

N T “»
1\! Ul
S~

«l!'

7/5'}’255555: YEL Iz
y@ L oo A et gl

THE NORRIS PETERS CO., PHOTO-LITHD., WASHINGTON, D, C.




No. 695,220. Patented Mar. I, 1902.
L. LYNDON. -

ELECTROMECHANICAL WATER WHEEL GOVERNOR.
(Application filed Sept. 13, 1800.)
(No Model.) 4 Sheets—Sheet 2,

WITNESSES: . E\| INVENTOR

s b Pty s

' T BY
TORNE

THERORRIS PETERS CO., PHOTO-LITHD,, WASHINGTON, D, C.




No. 695,220.

Patented Mar. Il, 1902.
L. 'LYNDON.

ELECTROMECHANICAL WATER WHEEL GOVERNOR.

(Application filed Sept. 13, 1800.)

(No Model.) 4 Sheets——Sheet 3,
Lz 7‘ 3.
%73
w o I}
A 77 7J6‘ 2 ,f8
= —— el - —— “E E-:: — S =
24 — ! — = =
—— o o/ —
= = — B GEA AT —
i — e
7 LT : 7 Z —
7 : ! =
. ey A it é =
4 / 0 ' 72 ]
13 M— z | ; ¥ % 7
l 7
2
= I \ ; )
65— 52 | P
~ 63 6#
37 1 6o
Iz o 4. !
A 20
> 7. B 54
. i
/0 \ /\\ Y oy _ 80
/| /4 - g - R 24
) \iE'= =% N L =
£y (T TR T . 1 = ==l = —— = = = ___g
i ), = — =
[:V // M/ /s /7 77 /2 LRIl | 77727, ///////////////_//://
N ey e Ip =il 1 = /
1 AN .7 D 7 g /
/ N\ T \
Z W ¢l 7 2,
NMNENN g % I} =
11T 1N 7 il XA . §
7 ;
70 ° : P o”o’/ h._f/
— B
WITNESSES : INVENTOR

¢

Aﬂ««/ﬁn:(%
BY

=

ATTORNEYS.

THE NORRIS PETERS CO., PHOTO-UITHO., WASHINGTON, D. .




No. 695,220. Patented Mar. 1, 1902
L. LYNDON.

ELECTROMECHANICAL WATER WHEEL GOVERNOR.

(Application filed S8ept. 13, 1900.)
(No Model.) 4 Sheets—Shest 4.

&5
T2

. WITNESSES .
ce. . //W

INVENTOR

}@*“v//-é-rj‘dm—

8y

=

ORNEYS.

THE NORRIS PETERS CO., PHOTO-LITHO., WASHINGTON, D. C..




Io

20

25

30

35

45

UNITED STATES

PaTENT OFFICE.

LAMAR LYNDON, OF NEW YORK, N. Y.

ELECTROMECHANICAL WATER-WHEEL GOVERNOR.

SPECIFICATION forming part of Letters Patent No. 695,220, dated Marck 11, 1902.
Application filed September 18, 1900, Serial No. 29,880, o model)

To all whomy it may concermn:

Be it known that I, LAMAR LYNDON, of the
borough of Manhattan, in the city, county,
and State of New York, have invented certain
new and useful Improvements in Electrome-
chanical Water-Wheel Governors, of which
the following is a specification.

The governors at present employed toregu-
late the water-supply to the water-wheel in
general simply operate to open or close the
water-wheel gate, thereby allowing of the ad-
mission of a greater or less supply of water.
Now the first effect of such opening or closing
of the gate, owing to the inertia of the water,
is always the opposite to that which it is de-
sired to bring about—. e., the opening of the
gate operating to momentarily cause less ve-
locity of water at the wheel, owing to the
greater orifice the water has to flow through,
and, vice versa, the closing of the gate oper-
ating to momentarily cause an increase of ve-
locity, owing to the contraction of the orifice.
Moreover, these contrary effects will last un-
til the changed conditions can be imparted to
the sounrce of supply of water. :

One object of my present invention is the
overcoming of these opposite effects, and for
this purpose I provide a by-pass inserted into
the penstock or flume at a point near the wa-
ter-gate and a gate in the said by-pass con-
trolled by the same governing mechanism
that controls the water-gate and operating to
allow a greater or less flow through the by-
pass, according as the water-gate is being
closed or opened.

Other features of my invention relate to
means for preventing excessive action of the
goveruor in either direction, so that the gov-
ernor is not allowed to pass beyond the proper
point for regulation, by reason of the iner-
tin of the parts or for other eauses, thereby
preventing the cscillation on either side of
the regulating-point wstial to such devices.
Meauns are also provided fer arresbing the ac-
tion of the governor when the water-gate is
fully opened or closed.

Another feature of my invention relates to
the control of the governor by a dynamo

driven by the water-wheel and 8o wound that
the electromeotive force at the terminals is
substantially independent of the load and
varies with the speed, but at a rate greater

“atrightangles to themain shaft 3.

than ‘the speed variation, so as to obtfain
greater sensitiveness in regulation.

Other features of myinvention relate to de-
tailsof constructionand arrangement, ashere-
inafter set forth. ,

Referring to the accompanying drawings,
Figure 1 is a perspective and somewhat dia-
grammatie view of my improved water-wheel
governor, [Fig. 2 is a plan view showing in
detail certain parts of same. Fig.3 isaver-
tical section on the line X X of Tig. 2. Fig.
4 is a vertical section on the line Y Y of Fig,.
2. Tig. 5 illustrates a part of my compensat-
ing device. Ifig. 6 illustrates in detail a part
of my controlling device. Fig.7is adiagram
of the circuit connections.

InFig. 1 Thaveshown the penstock 1 lead-
ing into the eylinder 2, the latter containinga
turbine water-wheel. (Not shown.) 3 isthe
main shaft, connecting at one end with the
water-wheel and carrying a bevel-gear 4, en-
gaging with another bevel-gear 5 on a shaft
6, as shown in Fig. 1, or connected to drive
such shaft 6 in any suitable manner by belt
or rope connection toasheave 5%, (see Fig. 2,)
this latter shaft being situated, preferably,
The shaft
G carries a pulley 7, which is connected by
belting to a dynamo 8. This shaft 6 also
carries loosely-mounted bevel-gears 9 and 10.
These bevel-gears are adapted to mesh with
a third bevel-gear 11, mounted on a shaft
12, preferably at right angles to the shaft 6.
Mounted on the shaft 6, so as to move longi-
tadinally, but splined thereto, so as to rotate
therewith, and located beiween the bevel-
gears 9 and 10, is a sleeve 13, haviag friction-
disks or chamfered ends 13* 13° or other
torm of cluteh adapted to engage in holes in
the bevel-gears 9 and 10, respectively. A
lever 14, fulerumed ab 14", engages at one end
in an annular groove in the sleeve 13, while
the other end carries an armature 17, adapt-
ed to oscillate between the clutch-magnets 15
and 16.

On theshaft 12 ismounted a worm 18, mesh-
ing with a worm-wheel 19 on a shaft 20. The
shaft 20 also carries a bevel or spur gear 21,
which meshes with another bevel or spur gear
91°, situated onh the shaft 21°, which operates
the water-wheel gate, (the latter not shown.)

A disk 22 is mounted on shaft 12, s0 as o
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be free-to rotate, but is held from endwise
movement by collars, one of which is shown
at 22%  On the same shaft is a disk 28, nor-
mally out of contact with disk 22, but mqv-
able endwise on said shaft into contact with
said disk, the disk being caused to rotate with
the shaft by a spline connection 23*, A le-
ver 24, fulerumed at 24* to a fixed frame part,
has-a yoke 24" engaging in an annular groove
in the hub of disk 23 and carries the arma-
ture 31 of amagnet 32, herein termed the “‘re-
turning-magnet.”
sisting of a rod 25, connected by a pivoted
link or connecting-rod 25* with the disk 22,
passes through a hole in the controller-lever
26, pivoted at 26* to a fixed support, and
through a fixed abutment or frame-piece 30.
Springs 27 28 arearranged on the rod between

lever 26 and respective collars 27* 28* on the-}.

rod, while springs 29 29 are placed between
eollars 20* 292 on the rod and the fixed abut-
ting piece 30, these latter springs serving to
restore.the returning device 25 to normal | po-
sition after it has been displaced in either di-
rection by the operating-clutch means 22 23.
The springs 27 28 enable the returning-rod
25 to exert pressure on the controller 26 to
return it to normal position, while permitting
displacement of such controller from normal

position under the action of its electromag-.

netic operating means. Such means consist
of the solenoid 33, with its soft-iron core
34, earrying a rod 35, springs 37 38 being

connected to said core and to a link 36, con- |

nected to said rod, so as to act reversely
thereon and maintain the core in normal posi-
tion when the water-wheel is at normal speed,
the energization of the solenoid being respon-
sive to such speed. The springs 37 38-are
supported by serew-rods 37> 38%, adjustably

secured by nuts 36° to fixed supports onframe-

pieces 37° 38°. The rod 35 is pivotally or
loosely.connected at 39 to the lever 26, which
acts as a circuit-controller for the magnets 15
16 of the clatch-reversing gear, said leverecar-

.rying -contacts 40 41 at its respective ends

adapted to engage with fixed contacts 40* 412,
connected to the respective magnets afore-
said. The solenoid 33 also.serves to control
the action of the compensator-magnets and
returning-magnets through-a secondary con-
trolling-lever 43, pivoted at 43* to a fixed sup-
port-and baving a widened portion with a
slot-44, engaged by a pin or roll 44* on one
end of a bell-crank 42, which is pivoted to a
fixed part at 42*, and whoseother end is con-
nected by link 36 to the rod 35, the slot being
curved reversely to the arc of movement of
pin or roll 44* on the bell-crank, sothat when
the lever 26 and rod 35 move in.either direc-

-tion the lever 43 will be moved in one given

65

direction::

contacts 45* 46 100 101, carried thereby, will:
connect with fixed contacts 45-46.103 104 to
close the circuit of the returning-magnet and
the compensator-magnet, respectively.

The compensating devices ecomprise a by-

A returning device con- |

75.

In such movement of the lever 43

605,220

'pass 47, connected around the wheel and lead-

ing from the feeder-pipe or penstock at a
pomt; near the wheel-gate, the latter, how-
ever,being between the by-pass and the wheel.

70

This by-pass is of an area which is a small v

percentage of the area of the feed-gate. A

valve 48 in this by-pass is operated by ropes .

"51 52, attached to opposite ends of a lever 50

on the stem 49 of said valve, these ropes pass-
ing over idlers 53 and around pulley 54, be-
ing secured at the ends to said palley. The
double sheave or pulley 5% is mounted on
shaft 20, so as to be free to rotate thereon, be-
ing held from endwise movement by collars
56. A clutch consisting of corresponding
disks or cones 57 58, respectlvely on said

75

8o

sheave and on hub 59 mounted on the shaft -

20, so as to move endw1se, but compelled to
rotate therewith by spline connection 58,

‘85

enables the sheave to be elutched to the shaft e

this operation being controlled by a lever 61,
pivoted at 62 and havmcr a 'fork engaging in
an annular groove in sald hub. The othel

.90

end of this lever carries the armature 63 of =~ .

the compensator-magnet 64. On theropes 51

52 are lugsor clamps or stops 65 66, adapted .

to engage under and lift weights 7070 when
the sheave is turned either way from normal
posmlou these weights being. guided in cas-
ings 69 on a smtable fixed support.- Means
may be provided for easing off the descent of
these weights, if desired. For example, the
casings .69 may constitute dash- -pots.

95

Ice

Upon one side of the sheave 54 are pins,

one of whichis shown at 73.

to lift same from contact with a contact-piece
The said slide-bar is returhed toits nor-
mal position (Whlch is in engagement with

These pins are .
adapted to alternately engage a slide-bar 74

105

said contact-piece) by. any ordinary. means, ’

such as gravity or a spring.

76 is a serew-threaded sleeve mounted upon
and firmly secured to the shaft20. A collar
or sleeve 77, having a female screw part, is
adapted to engage the serew- -threaded sleeve
76.
side a projecting part 78, having a hole 79,
through which passes an end of a rod or lever

80. This collar will therefore-be prevented.

from rotating and will be constrained to move
loncltudmally of the sleeve.

ries on either side of the part 78 tappets 83
83.
jects between contact-levers 84 85, pivoted at

This sleeve is.
fulerumed at 81.to a fixed piece 82 and ear--

I10

This collar of sleeve 77 has upon one .

115

I20

“The other end of therod orlever 80pro- . . .

84* 85* and caused to normally.press against - \

the contact-points 86 87 by springs 89 90.

A hand-wheel 91 is adapted to. engage the
end of the shaft 12." This hand-wheel is read-
ily removable for reasons herema,fter de-
seribed.

125

The dynamo Whlch I employ is compound. .

wound and in a manner to give constant po-
tential at the terminals With constant. speed
independent of the variation of the current.

Wires 92 93 lead out from opposite sides of
To these wires are connected,

the armature.

130
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first, wires 94 95, leading to the contacts 40;
second, the wires 96 97, leading to the con-
tacts 41, and, third, the wires 98 99, leading to
to contacts 45* 46* on thelever 43 and also to
contacts 100 and 101, situated on the same le-
ver. Thecontacts4546,which codperate with
contacts 45° 46°, are connected together by
wire 102, leading through magnet 32. Con-
tacts 103 104, whieh codperate with lever-con-
tacts 100 101, are connected together by wire
105, leading through compensating magnet 64
and eireuit-breakers 74 75, I'rom therespec-
tive sets of contacts 40* and 41* wires 106 107
lead through clutch-magnets 1516, such wires
including the civeuit-breakers 8486 and 8587,
Wire 332 leads from the dynamo tosolenoid 33.

The operation of the device is as follows:

When the speed of the main shaft 3, owing.

to an increase or decrease of the lead there-

2070n, is 'caused to fluctuate, the speed of the
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shaft 6, and consequently that of the arma-
ture of thedynamo8, willalso fluctuate. The
dynamo which T employ is of the divect-cur-
rent type, preferably of between three hun-
dred and five hundred watts capaeity. Itis
compound wound, the field-magnet being
made up of soft laminated iron. The series
winding is to be sufficient only to compensate
for drop due to the internal resistance of the
machine and to give at any givenspeed prac-
tically a constant potential at its terminal
without regard to the quantity of current de-
livered by it when operating within its capac-
ity. The fields are so proportioned that the
magnetic density whenthe dynamois running

at normal speed is low and below the ““knee”.

of the magnetic curve, say, ten thousand to
twelve thousand lines per square centimeter
in soft laminated iron. It is evident that a
slight increass in speed of the armature will
give an increase in voltage, due, first, directly
to the increase in speed, and, second, to the
inerease in magunetic density, which latter in-
creases because of a greater current flowing
through the shunt-windings caused by the
slight increase of voltage. Therefore a va-
riation in speed of the armature will give a
variation in voltage which will change much
more rapidly than directly as the first power
of the speed variation. Thevariation in vol-

" tage will be approximately as the square of

55
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the variation in speed of the armature. As
the controlling-solenoid 83 responds directly
to the square of the variation of voltage it
will be seen that its control will be more sen-
sitive than a control due simply to direct ef-
fect of the speed. »

We will now assume the main shaft to be
revolving clockwise as we look down upon it
and also that it revolves at normal speed.
Under these cirenmstances the solenoid 33 is
energized to such an extent as to hold the
controlling-lever 26 in its mean position, not
making contaet at either end, and the valve
48 in the by-passis half open. Suppose thab
theload in theshaft hasbeen decreased. The

speed of shaft 6, and consequently of the pul-

3

ley 7, will be inereased, which will cause an
inerease of speed of the armature of the dy-
namo, and consequently of the electromotive
foree thereof. This will canse a greater than
usual energizing of the controlling-solenoid
33, which will cause the core 34 to be drawn
farther within it against the tensile force of
the spring 37°. The operation of the solen-
oid-core causes the contacts 40 to come in
touch with their opposing contact-piece 40%,
thereby causing an excitation of the elutch-
magnet 15, The armature 17 will now be
drawn toward the magnet 15, thereby caus-
ing the end 13* of the sleeve 13 to clutch the
gear-wheel 0. The gear 9 will now be con-
strained to rotate with the shaft 6, and this
will cause the gear - wheel 11, and couse-
quently the shaft 12, to also rotate. The
shaft 20 will therefore, through the worm 18
and worm-wheel 19, be caused to rotate and
the water-gate will be closed.

In order that the shafts 12 and 20 may not
tend to continue to revolve in either direc-
tion after the complete opening or closing of
the gate, means must be provided for inter-
rupting the cireuit controlling the clutch-
magnets. To this end I provide the screw-
threaded sleeve 76 and collar 77, herein de-
seribed. A certain number of revolutions
of the shaft 12 will completely pen or close
the gate.
will cause the eollar 77 to travel the entire
length of the sleeve 76. When the said col-
lar arrives at a point near the end of the said
sleeve, it will come in contact with one of the
tappets 83, causing it, and consequently the
rod or lever 80, to move with it.. The other
end of the rod, projecting, as it does, between
the ends of the contact-levers 84 85, will cause
one or the other of said levers (depending
upon the direction of revolution of the shaft
12) to be lifted from contact with the contact-
points 86 87, which operation will break the
cireuit of the corresponding elutch-magnet.
This contact-lever will be kept outof contact
until the shaft 12 is revolved in the opposite
direction, when the collar 77 will travel away
from it, thus allowing it to again comein con-
tact with its contact-point. The rod 25, disks
29 and 23, and the controlling cluteh-magnet
32 constitute a returning device for prevent-
ing the governor from overrunning—that is,
moving the water-wheel gate a greater dis-
tance than is actually necessary for proper
regulation—this necessitating a second move-
ment of the gate in an opposite direction,
which in turn may overtravel and require
the gate to be moved back again. With an
“overrunning” governor the gate movement
is to o certain extent oscillatory, the ampli-
tude of movement decreasing until the proper
position of the gate is finally reached. When
she governor-shafi 12 is set in operation in
gither direction by the controlling-solenoid
33, the rod 86 operates the lever 43 to close
the cireuit of the clutch-magnet 32, which
causes engagement of disks 23 22 and canses

The same number of revolutions
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the disk 22 to be carried slightly around one
way or the other, according to the direction
of movement of the governor-shaft 12, there-
by returning the leve1 26 to normal posmon
This movement of the returning-rod 25 is re-
sisted by spring 28 or 29, accordmcr to the di-
rection of operation. As soon as the lever
26'is returned to normal position it operates
dlrectly through contaets 100101 to deéner-
gize the clutch magnet which set the gover-
nor in operation and indirectly throu vh lever
43 and contacts 46° 46° to deenerolze the
clutch-magnet for the returning dev1ce, the
latter bemO' thus released and returnlno' to
normal posm1on under the influence of its
spring. - When the gate is operated, as above

. described, the lever 43 is moved to close the

20

.25

contacts 45“ 462 100 101, this closure being
effected whatever the d1recmon of movement
of the controlling-lever 26 by reason of the
pin and curved-slot connection between such
levers. Current will therefore flow from the
dynamo through wires 92 98, contacts. 100
and 103, to wire 105, leading through the com-
pensatmg magnet 32, and thence through
contacts 74 75 and 104 101 to wires 99 93
back to the dynamo. Magnet 32 then en-

- gages clutch 58, and thus bhrows the by-pass
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.not be accomplished instantaneously.

valve into operative relation through the
ropes 53, sheave 54, and clutch 58 Wlth the
gate- operatlnfr shafs 20. Consequently the
bv-pass valve will be turned toward open or
shut position, acecording to whether the gate
is elosing or opening, for the purpose above
stated. N ormally the gate orvalvein the by-
pass will be half-way open, so that the amount
of water flowing through the by-pass and
around the wheel Wlthout doing work will
be half the amount which the by-pass is ca-
pable of carrying. When the governor acts
to close the main gate, the compensating de-
vice will open more widely the by-pass. The
rapldlty with which the valve in the by-pass
opens is such that the increased volume of
water which it allows to pass through is pro-
portional to the decrease in area Whlch the
main gate effécts by reason of its closing.
Should the main gate open, a reverse acmon
takes place. The object of this compensat-
ing device is to take care of the inertia effect
of the column of water in the feed-pipe. As
is well known, if a water-wheel gate be sud-
denly opened to increase the vpeed of the
wheel the first effect will be to actually de-
crease the speed of the wheel, for the reason
that the velocity of the watel through the
gate drops, because alarger area for the water
to pass through is prov1ded and a larger vol-
ume of water is notiinmediately prov1ded be-
cause there is a time element required, which
time element is thelength of time required for
gravity to accelerate the entire volume of
water contained in the feed-pipe, which can-
If the
water-wheel gate be closed, a reverse effect
will be notlced—thatls, 1nstead of decreasing
the speed of the wheel the speed will actually

605,220

rise, owing to increased velocity, through the
water- Wheel gate, due. to.a decreased .area
of opening, while thevolume of water remains
for the time constant, the volume decreasing
only:after a short time has elapsed, which
length of time is required to arrest the col-
umn of water in the feed-pipe. It isobvious
that the by-pass, arranged as described, open-
ing or closing in a manner opposite to that in
which the main gate opens or closes will, if
properly adjusted, admit of the main gate be-
ing rapidly opéerated and the governing of the
water-wheel -quickly acecomplished. After
the governing takes place the by-pass gate
is either open or closed, or nearly so, and in
order to be useful for a second governing
must return to its normal position.
ever, must return slowly in order that the
effect of increased or decreased speed of wa-
ter. through both the by-pass gate and the
water-wheel gate will not take place. It is
here to be noted that all water-wheel govern-
ors as made to-day must accomplish their
governing only-at such a speed as the accel-
eration or retardation of the water in the col-
umn of the pipe can be accomplished, where-
as in the case of the governor hereinbefore
described, with the compensation - gate and
acbuatlnw apparatus, the time element is re-
moved from the main gate and the water-
wheel and taken care of in the by-pass.
. When the governingis completed, the con-
trolling-solenoid allows the lever 26 to return
to mormal position, the. circuit of the com-
pensating magnet is broken by the return of
rod 36 and lever 43, and the butterfly-valve
returns slowly under the. influence of its
weight 70 to normal posmon

Ha,nno thus deseribed- my invention, the
followmrr is what I claim as new Lherem and
desire to secure by Letters-Patent:

1. In a governor for water-wheels, the com-

bination. with a water-gate- operatmc shaft
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and a driving-shaft, of a reversing clutch- -

gear,; adapted to-connect the water-gate- -0p-
erating shaft to the driving-shaft-in reverse

trolhnv the operatlon of such cluteh-gear, a
dynamo connected to be driven from the wa-
ter-wheel and wound to maintain constant po-

“driving relations, means for reversely con- -

a 115

tential for varying -currents therein, bat to -
vary the potential in a greater ratio. than the ..

speed, an electroma«netlc device connected
to such dynamo, and controlling the cluteh-
gear-controlling means, and means for resist-
ing the action of said electromagnetic device
in such manner, that at normal speed the
cluteh mechanism will be disengaged, buton
increase or decrease from -normal speed the
cluteh will be operated to govern the water-
gate through its operatlnv-shafb

2. In a governor for water-wheels, the com-
bination Wlth a water-gate- operamn(f shaft
and a driving-shaft, of a reversing clutch-
gear, adapted to connect said shaftsinreverse
driving relations, electromagnetic means con-
trolling such clutech-gear, a dynamo connect-
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ad to be driven by the water-wheeland wound
s0 as to deliver an electromotive foree vary-
ing in a greater ratic thian the speed of the
water-wheel, a solenoid connected to sald dy-
namo and a device controlled by said solenoid
and carrying a contact desvice, and energiz-
ing connections for the electromagnetic gear-
controlling means, controlled by said contact
device.

3. In a water-wheel governor, the combina-
tion with a water-gate-opsrating shaft, and
means for operating same in either direction
to govern the water-wheel, of a controller for
said operating means, responsive to changes
of speed of the water-wheel, & returning de-
vice for said controller provided with a eluteh
connection tosaid operating-shait,and means,
actuated by said controller on movement
thereof from normal position to engage said
cluteh with the said shaft, so as to cause the
return of the centroller to normal position
and interrupt the governing action before it
hasoverrun the proper amount, substantially
as and for the purpose set forth.

4, Ina water-wheel governor, the combina-
tion with a water-gate-operating shaft, a driv-
ing-shaft and reversing clutch-gear, adapted
to turn the watber - gate-operating shaft in
sither direction, a controller, responsive to
changes of specd of the water-wheel and con-
trolling such reversing-gear, and a refurning
device for said controller provided with ac-
tnating means contrelled by said controlling
means to return the controller to inoperative
position, so as to prevent excessive move-
ment of the governor.

5. In a water-wheel governor, the combina-
tion with a water-gate-operating shaft, a driv-
ing-shaft and a veversing cluteh-gear, adapt-
ed to connect said shafts so as to cause the
water-gate-operating shaft to move in either
direction, a dynamo operatively connected to
produce an clectromotive force responsive
t6 the speed of the water-wheel, a solenoid
device energized by sald dynamo, a core for
said solencid and a elrcuit-controiler actu-
ated thereby, springs for holding the circuit-
controller in normal position, two electro-
magnetic devices for reversely operating the
reversing eluteh - gear, a returning device
adapted, when operated, to return the cir-
cuit-controller to normal position, a clutch
adapted to bring said returning device into
operative connection with the water-gate-op-
erating shaft, a magnet controlling said cluteh
and a circuit for sald magnetincluding a cir-
cuit- closer operatively connected with the
aforesaid circuit-controller and adapted to
energize said magnet on movement of the eir-
cuit-controller in either direction.

6. In a water-wheel governor, the combina-
tion with means for operating the water-gate
ip either direction, a by-pass for the water-
wheel, and a valve controlling said by-pass,

)

of means connected fo the water-gate-oper-
ating means and operating the by-pass valve
inversely to the operation of tho water-gate.

7. In awater-wheel governor, the combina-
tion with means for operating the water-gate
in either direction from mnormal position, a
by-pass for the water-wheel, and a valve for
sueh by-pass, of means connected to the
water-gate-operating means and adapted to
operate the by-pass valve from normal posi-
tion in either direction, so as to control such
valve infiversely to the control of the water-
gate,during the governing action of the water-
gate, and means for returning the by-pass
valve to normal position on completion of
governing movement of the water-gate-oper-
ating means.

8. In a water-wheel governor, the combina-
tlon with a shaft for operating the water-gate
in either direction from mnormal position, a
by-pass for the water-wheel and a valve for
such by-pass normally held in partly-open
position,of an operating device for said valve
provided with means for returning the valve
to normal position, a cluteh, adapted to con-
nect said operating device for the by-pass
valve with the water-gate-operating shaft to
control the by-pass valve inversely to the
waber-gate, reversing means for operating
the water-gate-operating shaft in either di-
rection, a controller, responsive to the speed
of the water-wheel and controlling said re-
versing means, and means operated by said
controller to bring the aforesaid clutch into
operation and to release said eclutch when
the governing action is effected.

9. In awater-wheel governor, the combina-
tionwith ashaftadapted to operate the water-
gate in either direction from normal position,
a by-pass for the water-wheel and a valve
for such by-pass, normally held in partly-
open position, of means adapted to operate
said valve in either direction and provided
with means for returning the valve to nor-
mal position, a clutch, adapted to connect
such operating means with the water-gate-
operating shaft, a driving-shaft, and a re-
versing-gear for turning the water-gate-op-
erating shaft in either direction, a dynamo
connected to the water-wheel, so as to be re-
sponsive to the speed thereof, an electromag-
netic device connected to said dynamo, a con-
troller operated by said electromagnetic de-
viee and controlling the said reversing-gear,
a magnetic device controlling the aforesaid
eluteh for the by-pass-operating means, a cir-
cuit for said magnet and means operated by
said eontroller in its movement in either di-
rection to close such eireuit.

LAMAR LYNDON.

Witnesses:
A. P. Kx16HT,
HarrY E. KNIGHT.
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