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To all wlhom it may concerr:

Be it known that I, ALVIN LAWRENCE, a
citizen of the United States, residing at Lowell,
in the county of Middlesex and State of Mas-

5 sachusetts, have invented a new and useful
Impr ovement in Speed-Governors for use up-
on Steam-Engines and other Motors, of which
Lhe following 1S a specification.

My invention is intended to more perfectly

1o effect the regulation of the speed of the motor
to which it is applied than 18 now commonly
the practice. as well as to provide a more con-

venient method of varying the mean speed of

the motor than has hitherto been available.
r5 It is also intended to prevent injury to the

engine or its surroundings in case the belt or

ether mechanism which drives the oOVernor

should fail of operation by breakage or other-

wise, which 1t does by stopping the motor un-
20 til the trouble is rectified. I attain these ob-
jects by the use of mechanism illustrated 1n

the accompanying drawings of a governor
adapted for use in connection with a steam-
engine furnished with an automatic cut-off de-
vice, and In which—

Figure 1 is a side elevation of portions of
the 1mp10veed speed-governor, including all
the new and useful improvements, and 1s the
view to which reference is always made in this
specification when the right or left hand end
of the eylinder C is mentioned. Iig. 2 1s an
elevation of the same as seen from the cylin-
der end of the engine. Iig. 3 18 a silde eleva-
tion of a cam which I sometimes use in the
mechanism. Fig. 4 is a side elevation of a
bell-crank lever sometimes used in the mech-
anism, and is drawn to show the slot 7 1n its
end. Fig. b is asection at the line z ¥y 1n Fig.
1. Tig. 6 is a section at the line u w in Fig.
5. TFig. 7isa plan of the cock K drawn 1n
Fig. 2, showing an attached graduated disk.

- Similar letters of reference refer to similar
parts throughout the several views.

AB DB replesent an ordinary centrifugal
regulator of approved construction, the driv-
ing portions of the same being omifted, be-

- ¢ause such portions are now well known

This regulator is of such construction that cer-

tain of its movable parts will be found at a
50 certain definite position when the regulator 1s
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rotating at a suitable speed, while they will be
in some other equally well-defined position
when running at any other speed within the
limits of speed where the regulator is designed
to be used. Other forms of centrifugal regu- 55
lators than that shown in the drawings satisty
equally well the requnirements of- my inven-
tion. This one is chosen for illustration sim-
ply because it is an excellent form of such
regulators. “With this form of regulator a pin, €o
T, serves as the point of appllcablon to bhe
centrlfucral regulator of other portions of the
mechfn,msm and this pin rises above the po-
sition cmreSpondmg to the proper speed of
rotation of the regulator when that speed 1s 65

| increased,and it falls below that position when
“that speed is diminished.

The amount of this
rising or falling depends upon the amount of
the chanﬂ‘e of speed. Similar action takes
place in some portion of the mechanism of all 70
other centrifugal regulators.

Working upon the pinT isa piece furnished
with an eye, @, as is shown detached in Ifig.

3, connected by a stud, b, to the cam-plate .
This cam-plate £ 18 g-uided by a guide, &, S0 75
that it can in the case illustrated move only 1n

a vertical direction.

For convenience of adjustment, the stud b,
which is interposed between the eye ¢ and the
cam-plate k, is furnished with a right-handed 3o
screw at one end and aleft-handed screw at the
other, both screwsbeing furnished with check-
nuts. By the use of this stud 6 the said cam-
plate may at any time be easily adjusted with
reference to the pin T.

Within the cam in the cam-plate L there
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.works a pin, m, which is rigidiy fastened in

one end of the bell-erank lever I.. The lever

L rocks upon the pin n, and is furnished at
one end with the slot 4. Through the slot ¢ go
there passes a pin, which is in the end of the
valve-rod V, and which causes the latter to
rise or fall with theslotted end of the lever 1.
when the pin m is moved by the cam in the
cam-plate £.

Theslot ¢ in the lever L is used as a simple
equivalent of a link for the purpose of con-
necting the valve-rod V with thelever L. This
lever I, is not an essential part of my inven-
tion, since I sometimes dispense withitand al- 100
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low a pin in the valve-rod V to work directly
1n the cam in the plate %. In this case the
valve-casing M would be horizontal,instead of
vertical, as in the drawings. The cam-plate
k may also be sometimes advantageously omit-
ted, and the valve-rod V be directly connect-
ed to the pin T, or connected to the pin T
through the intervention of a suitable lever.
The valve-rod V is furnished with a stud,
/'y, which is, like the stud b, furnished with a
right-handed serew at oneendand a left-hand-
ed screw at the other,each being furnished with
a check-nut. By means of this stud ' the po-
sition of the valve ¢ f ¢’ may at any time be |
readily adjusted with reference to the lever L.
| Upon the end of the valve-rod V isthe valve |
9/ ¢, which is shown in detail as a piston-
valve, and in its middle position in Figs. b
and 6. This valve consists of a eylinder hav-
ing an internal passage, f, which communi-
cates with the interior of the valve-casing M
at 0. o', 0, and o’. It alsohasthe exterior pro- |
Jections, v and ', which control the motion of
a fluid through the passages p and p’. The
25 projections ¢ and ¢’ upon thevalveservetoaid
1n guiding the valve within its casing M, and
In gniding the fluid through the passages p and
- p'.. These projections are sometimes grooved
circumferentially in a way well known to mak-
ers of this classof pistons,inorder to diminish
the escape of fluid by leakage between the |
projections g and ¢’ and the casing M. This
exact construction of thevalve is not essential
to the successful use of my invention, since
some other forms will answer the purpose.
The supply-pipe S, is filled with a fluid un-
~der pressure, and is furnished with a cock, K, {
which may be used as a throttle-valve, by
means of which the pressure in the pipe S
between the cock K and the cylinder C may
be reduced to any desired amount when mo-
tion of the fluid is taking place. D’ is a grad-
uated disk attached to the body of the cock K,
~ and serves as a guide for the proper adjust-
45 ment of the handle of the same. The fluid
in the supply-pipe S may be either liquid or
gaseous; but I usually prefer to use water in
the liquid state. When the valve ¢ f¢ is
raised by the rod V, the fluid in the pipe S is
allowed to flow through the passage p to the
right-hand end of the c¢ylinder C, while at the
same time any fluid which might be in the left-
hand end of the cylinder is allowed to flow out
through the passage p’, the holes o’ o', the
central passage, f,of the valve and the exhaust-
pipe E. The piston F will then of course move
to the left with a speed and ferce dependent
upon the condition of the fluid in the supply-
pipe S between the eylinder Cand the cock K.
sShould the valve ¢ f¢” be depressed in its chest |
M, the flow of fluid would be through the pas-
sage p’ to the left-hand end of the eylinder C,
‘the fluid in the right-hand end passing out
through the passage p, the holes o 0, the cen-
tral passage, f, and the exhaust-pipe E. In
this case it is evident that the piston F will
be driven toward the right-hand end of the

S

15

30

335

40

50

ISE

‘lngs i constrained to move in a straight line

335,228

cylinder C with a speed and force dependent
upon the condition of the fluid in the supply-
pipe S, as in the first case. |

The cylinder C is shown as being horizontal
and cast in -one piece with the valve-chest M;
but this method of construction is not essen-
tial, since the same may be arranged in any
equivalent and convenient manner.. For in- 7c¢
stance, the valve-chest M may be cast by itself
and connected to the eylinder C, placed at a
considerable distance from it, by means of
pipes. The cylinder C is usually secured in a

70

firm manner to some portion of the frame-work 8o

of the motor with which the regulator is to be
used. . - , |
The piston F is furnished with the rod »,
which in the example illustrated in the draw-

by passing through stuffing-boxes on each
head of the cylinder C. This may, however,

‘be effected by other well-known means, such

as a cross-head or other guide outside the cyl-
inder C. | |

| | | . 90
- The counecting-rod z serves to ‘transfer the

motion of the piston-rod » to one end of the

equalizing-lever Q. A slot in the end of the -
lever Q, within which might work a pin in
the end of the piston-rod », is asimple equiva-
lent to this rod z, which I sometimes use.
This lever Q is shown as a bell-crank lever,
and has some advantages when made in that
form; but it may be made straight or of any
other suitable shape if the cylinder C is only roo
placed in the proper position. To one end of
this lever @ is attached the rod R, which con-
nects it with the centrifugal regulator at the
pin 1. This rod R may sometimes be ad-
vantageously omitted, and the equalizing-le-
ver () directly connected with the centrifugal
regulator by means of the pin T,working ina
slot in the lever Q,or other equivalent method.
The lever Q is also connected with that mech-
anism,which serves at all times to determine
how much energy shall be expended upon the
motor by the driving agent, in order that the
proper speed of the immotor may be maintained.
‘This. mechanism, which may be called the |
' power-regulator’’ of the motor, is the throt- 115
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tle-valve of a throttling-engine, the cut-off

mechanism of an automatic cut-oftf engine, or
the supply-gate of a water-wheel. With other
motors equivalent devices are in use. -

. Inthegovernor shown in the accompanying 120
drawings the power-regulator is the cut-off

mechanism ofan antomatic cut-off engine ofthe

well-known Corliss type. Inthiscasethe pow-
er 18 regulated by the angular position of the
shaft 2, to which are fixed thelevers eand N.
The lever e carries the rods d d, which con-
trol the tripping-cams that cause the steam
to be cut off at the proper position in the.
stroke of theengine. TheleverN isconnected
by the rod D with adash-pot regulator,which 130
serves to modify any tendency to a too sudden
change of the point of ¢ut-off. The otherend
of the lever N is with the ordinary governor
directly connected with the centrifugal regu-
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lator A B B by means of a rod having an eye
at one end working upon the pin T, and an-
other at the other end working upon the pin
T. The action of the ordinarygovernor isfor
the balls B B to separate and rise with an in-
crease of speed of the engine, thus raising the

pin T,and with it the directly-conneeted pinT’.

By this means the shaft 2 is rotated slightly,
carrying with 1t the lever ¢, and shortening
the cut-off of the engine. When the speed
of the engine diminishes, the reverse action
takes place, and the steam follows the piston
in the cylinder an increased distance before
being cut off. |

With my improved governor the rod R, in-
stead of being attached at its lower end di-
rectly to the pin TV, is attached to the equal-
izing-lever Q. 1n consequence of this method
of construction the lever N or the power-
regulator in any different case is capable, when
the dimensions of the parts are properly
chosen, of being under the direct control of
the centrifugal regulator A I B by means of
the rod R, just as if the same were connected
to the pin T in the manner which has hith-
erto been common.
ually happen when a liquid is used in the cyl-
inder C if the cock K should be fully shut off
ab any time, sitce the piston F would then be
locked in position by the liquid on each side
of it in the cylinder C; but the action is dif-
ferent when the cock K 'is open and the sup-
ply-pipe full of ligquid under pressure. In
this case the piston If 18 locked in the cylin-
der by the liquid when the valve g f ¢ is in
the central position, asshown in Figs. 5 and 6.

When the motor to which this governor is
attached is running at its proper speed, the
studs b and §" must be so adjusted that the pin
m1s inthe position inthe cam in the cam-plate
k shown in Fig. 3. Whenthe pin m is in this
position in the cam, a very slight increase of
speed of the centrifugal regulator and conse-
quent raising of the pin T and the cam-plate
L will cause the valve ¢ f¢' to move down-
ward. The piston F will then be driven to
the right, and the pin T" will be raised exactly
as it would have been raised by a much greater
increase of speed of the centrifugal regulator
had the rod R been directly connected to itin
the usual manner. Ifthespeed ofthe centrifu-
gal regulator should diminish slightly from its
proper amount, the reverse action would oc-
car. The valve ¢ f ¢ would be thrown up-
ward, the piston F would be driven to the left,
and the pin T would be depressed exactly as
it would have been depressed by a much
ogreater diminution of speed in the case where
the rod R is directly connected to the pin T".
It will thus be seen that the entire regulation
of the cut-off of the engine can be controlled
within the extreme limits of its variation by
a very slight ehange of speed of the engine,
and it is entirely practicable to adjust the
mechanism so that this change 1s hardly to be
detected by ordinary means. In this case the

action of thegovernor will be tokeep the speed |

fer what changes of load may occur.

This 1s what would act- |

W

of the engine practically unchanged, no mat-
This 18

what cannot possibly happen when the rod R 70

is directly connected to the pin 1" in the usual
manner, since in that case the engine must
run at a different speed for every different
load.

The action of my invention upon the power-
regulator described above is entirely similar
to its action upon the power-regulator of other
motors, the power-regulator in those cases be-
ing attached to the equalizing-lever () in a way
similar to that above described. 1t will be ob-
served that the lever Q rocks upon the pin'l,
which passes through it at a point interme-
diate between the points of connection between
zand Qand R and Q. Thisisnot aninvariable
way of attaching the lever Q to the pin T,
since, if the other parts are suitably adapted
to it in-a way similar to that above described,
the pin may,without detriment to the success-
ful use of my invention, pass through the lever
at some point in it not intermediate between
these points.

The adjustable cock K serves to regulate
the time occupied by the changes of the posi-
tion of the piston I, thus putting it 1n the
power of the attendant to adjust his governor
in the most advantageous way to meet the
changes of load to which the motor is usually

. to be subjected.

The cam in the cam-plate & is shown as be-
ing so made that when the regulator A B B
drops much below its normal position for any
reason—such as the slowingdown of the motor
or the failure of the mechanism which drives
the centrifugal regulator—the cam will move
the valve ¢ f ¢’ so as to drive the piston F to
the right. Thus the power-regulator will be
placed in such a position as to stop the motor,
and also to prevent it from being againstarted
antil the piston F is replaced nearthe middle
of the cylinder C. This portion of the cam
thus forms a safety attachment to the gov-
ernor, and is so styled in my claims, and 1t
prevents the motor to which it is connected
from ever running too fast in consequence of
the failure of the centrifugal regulator to turn
at the proper speed on account of breaxage
or for other reason. This construction of the
cam in the cam-plate & 1s not always neces-
sary, since, if the safety element In the gov-
ernor is not required, a straight inclined slot
in the cam-plate will be all sufficient for the
proper control of the valve g f ¢'. ‘

The action of the governor in placing the
power-regulator in such a position that the
motor cannot be again started whenever the
motor is purposely stopped may be prevented
by closing the cock K before stopping the mo-
tor. DBy this means the piston F will be re-

tained by the fluid in the cylinder C in the
position which it at that moment occupies,and
the rod R will place the power-regulator in
such a position that the motor can be again
started without trouble.

The graduated disk D’ on the cock K, In
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connection with the pointer shown on the |

handle of the cock, gives the operator of the
motor a means of accurately setting the cock
and of quickly resetting it when it has for any
reason been displaced. o

The necessity of displacing the handle of
the cock K may be obviated by placing in the
supply-pipe S a second cock, which may be
closed at the pleasure of the operator without

~disturbing the adjustment of the cock K.

From the above description of thisgovernor
it will be seen that when thespeed of the motor,
and consequently the speed of the centrifugal

regulator 1s exactly right, the valve ¢ f ¢ will

be in its middle position. The power-regu-
lator will have been previously placed by the
piston I in the proper position to maintain
that speed with the existing load upon the
motor, and very slight changes of load will be
provided for by the direct action of the cen-
trifugal regulator upon the power-regulator
throngh the rod R. This latter action is

caused by the projections » v" being made of

such size that they will slightly lap by the
edges of the ports in the casing M when they
are 1n their middle position,and consequently
the valve g f ¢’ does not cause any change in
the position of the piston I for minute changes
of speed of the centrifugal regulator.

To adjust the improved governor so that it
will cause the motor to which it is attached to
run at a different speed from the one at which
1t 1s found to be running, it is only necessary
to properly adjust either one or both of the
studs b 0" so that the valve ¢ f ¢’ will bein its
middle pogition and the pin m in the proper
working position in the cam, as shown in Fig.

3, when the pin T is in the position due tothe

desired speed of the centrifugal regulator.
~ Such being a description of the construction
and methods of working of myimprovedspeed-

~governor, what I claim as new, and desire to

secure by Letters Patent, is—

- 1. A centrifugal regulator, in combination
with a cylinder having a piston that is driven
by fluid-pressure, a valve that controls the
motion of the said piston, and a cam that is

connected with the said centrifugal regulator

and which fixes the position of the said valve,

substantially as deseribed,and for the purposes

specified. | o

2. A centrifugal regulator, in combination
with a cylinder having a piston that is driven
by fluid-pressure, a valve that controls the
motion of the said piston, and a cam that is
slotted as shown, and which is connected with

the said centrifugal regulator and which fixes
the position of the said valve, substantially as |

described,and for the purposes set forth.

335,228

3. A centrifugal regulator, in combination

by fluid-pressure, a valve that controls the

6o
~with a eylinder having a piston that is driven

motion of the said piston, a cam that fixes the

position of the said valve and thatis connected

with the said centrifugal regulator, a power-

regulator of a motor, and an equalizing-lever
that is connected with the -said piston, the
sald centrifugal regulator, and the said power-
regulator, substantially as deseribed, and for

“the purposes specified. | -
4. A centrifugal regulator, in combination

with a cylinder having a piston that is driven
by fluid-pressure, a valve that controls the
motion of the said piston, a cam that is slotted
as shown, and that fixes the position of the
said valve and which is connected with the
said centrifugal regulator, a power-regulator
of a motor, and an equalizing-lever that is
connected with the said centrifugal regulator,

the said piston, and thesaid power-regulator,

substantially as described,and for the purposes
set forth.

5. A centrifugal regulator, in combination
with a cam that is connected thereto, a cyl-

inder having a piston that is driven by fluid-
pressure, a valve that controls the motion of

the said piston and whose position is fixed by
the said cam, and a motor power-regulator
which is connected with the said

set forth. .
6. A cylinderhaving a piston that is driven

. a1d piston, sub-’
stantially as described, and for the purposes

6
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in both directions by fluid-pressure, a valve |

that controls the motion of the said piston, a
centrifugal regulator that is connected with
the said valve and which actuates the same, a

power-regulator of a motor, and an equalizing-

95

lever that is connected with the said piston,

thesald power-regulator, and the said centrifu-
gal regulator, substantially as described, and
for the purposes specified.

7. A cylinder having a piston thatis driven

. by fluid-pressure, in combination with a valve

that controls the motion of the said piston, a
centrifugal regulator, a eam that is connected
with the said centrifugal regulator and that

fixes the position of the said valve, an adjusta--

ble means of regulating the supply of fluid
that drives the said piston, a power-regulator
of a motor, and an equalizing-lever that is
connected to the said power-regulator, the said
piston, and the said centrifugal regulator, sub-
stantlally as described, and for the purposes

speciied. |
| ALVIN LAWRENCE.
Witnesses: | B
WM. H. ANDERSON,
GRANT M. PALMER.
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