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1o all whom it may concerw:

Be it known that I, LLOUIS LACOIN, a citizen
of the French Republie, residing in the city
of Paris, department of the Seine, France,
have invented a new and useful Apparatus
for Automatically Regulating the Supply of
Water Under Pressure to Hydraulic Ma-
chinery and Motors, of which the following
18 a speelﬁeatwn

This apparatus is intended to govern and

- regulate the speed of hydraulic engines and

£S5

to utilize to the best possible adva,ntage the
energy contained in the water under pressure;
to govern speed means to obtain a regular
and constant speed for any performance of
work required of the machine within the lim-
its of its power; toregulate the speed means
to modify or vary the speed 1n such a man-

- ner that the governor may be placed in anal-
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ogy with thegovernors of steam-engines which
act upon the expansion-gear, but offering the
advantage that the running speed of this new
apparatus can be changed very easily and
speedily. Its principle is entirely different
from the prineiple of steam governors or regu-
lators.
kinds of hydraulic engines just as well for
engines with rectilinear displacement, as for

elevators, and also for hydraulicengines with

continuous rotary movement, as in (,apsmns

In the drawings, Figure 1 1s a sectional
viewthrough the ccmnﬂ'eonta,mmn' the vaives.
Iigs. 2 and 3 are side views of dif
of the appamtus and Iig. 4 1s a p]an view of

Kig. 3.

The invention consists, ﬁrst of a eylmdel_

A, in which a piston Il moves 'with the least
poasible friction. At one of the extremities
of this cylinder are provided necks for the
admission of water under pressure through
the valve B, for the admission of supple-
mentary water through valve D, and the pas-
sage of water by the regulating-valve C. At
the otherextremity of the cylinder A isa neck
N, which communicates with the outlet of the

eﬂ‘ulatmﬂ*-valve C and thestarst of the stroke-
pipe G. Thus it becomes readily apparent
that the piston H receives at each surface the

‘same pressure as exercised on each of the

o sides of the valve C and that whatevel loss

‘Tt can be used in connection with all

erent forms i

| in Fig. 1.

in pressure occurs at the passage from this

valve the loss will bear upon the piston H.
Second. The invention consists, further,of
a valve B, controlled by the piston Il and the
springs K and I., the water under pressure
arriving through said valve.
Thlrd I‘mbhel there is a piston H, which
ordinarily has nelther' segment- paekmﬂ* nor

other packing to avoid fricbion in the ¢ylin-

der A. This piston may be formed, as in Fig.
1, of a heavy casting turned on the outside
and of sufficient wewhb to open the valve B
when the dif

The drawing represents a connection be-
tween piston H and valve B, established by
means of two springs K L. This arrange-
ment is specially applicable when the piston

| operatesbyitsown weight. Oneof the springs

L tends constantly to hold the valve on its
seat. For that purpose it presses, on the one
hand, on the guide 4 of the rod of the valve
and, on the other hand, on the interior bot-
tom of a brass top fixed behind that rod. A
second spring K passes around the brass top

‘erence 1n water-pressure on the
| two gides of the piston H is not 1n the way.
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or lid 5 and presses, on the one hand, on the

lower rim of this lid and, on the other hand,
on the piston H. Asthelatter presseson the
spring K it compresses it, and so can open
the valve B by means of the lid or cap, as

will be set forth when the operamon of the

apparatus is described.

Fourth. Then there 1s another valve D,
through which the supplementary water ar-
riv.es. This is an ordinary valve which opens
and shutsautomatically. It playsveryireely,
so as to allow easy passage for the water
which arrives through the pipe I and then
passes through the valve C atter having com-
municated, as above stated, with the extrem-

ity of the cylinder A, where the valve B is

already provided. |

Fifth., There is a regulating - valve C,
through which the water arriving from B or
D passes. This valve can be closed by a disk
6, having openings to correspond to the per-
fommons of theseat 7, on which 1t i1s applied,
said disk closing them when it is turned
around its axis. This device 1s represented
The size of this opening is regu-
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Jated by means of the fly R, as shown in |

the view of the fotal combination in Fig. 2,
or by means of the rod ¢, as shown in the

- modifications of the apparatus shown in ele-
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ijs enhanced.

vation and plan in Figs. 3 and 4 of thedraw-
ings herewith or by any other arrangement.
The water passing through this valve under-
coes a very slight loss in pressure. 1heinten-
sity of the loss depends upon the size of the
opening and varies in the same sense as the
speed of the water—that is, for a certain size
aeiven to the port the loss of pressure 18 80
much greater as the speed of the water rush
I will state here that in no
case will this loss of pressure be as much as
two per cent. of the total water-pressure.
Hence it is very slight. The loss of pressure,
as we have seen, acts upon the piston H in the
opposite sense of the weight of this piston or
such elements which substitute this weight.
These explanations show that with a given

speed of the water in the valve C the piston
H is balanced and will not move. When the

speed is greater, the etfect of the loss in pres-
sure carries it on, and when the speed, on the
other hand, is lower than the given speed the
weight of the piston or the eiements taking
its place are, to the contrary, greater than the
effect produced by the loss of pressure on the
1ston.
I call ““normal speed” such given speed for
which the piston H is at equilibrium, and 1
call ““ normal delivery” such quantity of water
as passes each second through the valve C
when this quantity of water therein has nor-
mal speed. The normal speed varies some-
what with the size of the port, but follows the
same relation. The normal delivery, to the
contrary, varies much and also in the same
relation, as it is proportionate to the product
of the speed multiplied by the section of the
opening, said speed and section varying both
in the same relation. Ilence it results that
the normal delivery can be changed at will
by modifying the section, which means the
size of the opening.

Sixth. There is a pressure-pipe G running

from the valve C and running into the dome

J, Fig. 2. This pipe consists of a long tube
with small diameter. It is as straight and
smooth inside as possible, so as to facilitate
the rapid movement of the water in its path
notwithstanding its length and slight diam-
efer. ‘

Seventh. There is a dome or equalizing ap-
paratus J, into which the water arrives from
(x by rapid pulsations and running from there
continuousiy to the hydraulic engine which it
actuates. Iig. 2 repsesents an equalizer con-
sisting of a simple air bell or chamber, as in
the ordinary pumps.

Eighth. Then there is a series of pipes E I
O P Q, which connect the regulator with the
supply of the water under pressure and the
supplementary water,ontheone hand, and,on
the other hand, with the hydraulic engine and
the exhaust. On the admission-pipe E for

720,231

the water under pressure a dome or equalizer
I, like the dome or equalizer J, may be ar-
ranged so as to take up any shocks or jars
and prevent them from affecting any other
apparatus controlled by the same hydraulie
plant, This dome should give as constant a
pressure as possible. The function of these
domes or equalizers is as follows: The dome
J tends to render more uniform the pressure
in pipe O, and the dome I tends to similarly
equalize the pressure in the supply-pipe be-
hind it. The conduit F carries the feed-
water. Under ordinary circumstances this
water comes from the exhaust of the engine.
In that case, as shown in Figs. 3 and 4, the
exhaust-pipe Q need only be connected with
the pipe I, which will deliver the necessary
water.

Figs. 2, 3, and 4 representat M the distribu-
ter of the hydraulic apparatus, on which the
regulator or meter is arranged. This dis-

tributer receives through the pipe G O the

water coming from the regulator. It com-
municates by the pipe P with the hydraulic
engine and lets off the exhaust-water by the
pipe Q. This distribater is operated either
by a lever S, Fig. 2, or by a fly, Fig. 3, or in
any other manner; but, as will be set forth,
it is advantageous that the distributer should
be either entirely open or entirely closed, so
as not to interfere with the passage of the

water, and if it is desired to change the speed

of the machine it should be done by means
of the valve C. This valve is operated In
Fig. 2 by the fly R. To facilitate the opera-
tion of R and S, Fig. 2, they may be connected
with a single fly-wheel, as shown in Iigs. 3
and 4.

The drawings show a fly R S, by means of
which a toothed sector X is actuated. This
sector gears, on one haud, with another sec-
tor Y, which actuates the valve C by means
of a rod ¢, and, on the other hand, it gears
with a sector Z, which actuates the distribu-
ter M. The number of teeth of the pinion X,
as shown in Fig. 4, is 8o arranged that this
sector operates thesector Y, and consequently
opens the valve C only when the sector % has

| been guided to the end of its run and has
‘consequently opened entirely the distributer

M. Inthe opposite direction the distributer
M is only closed by actuating the sector Z
after having closed the valve C, while guiding
the sector Y to the end of its run. Thedraw-

ings represent the sectors in position at the

moment when the distributer M is wide open
and the valve C closed. As shown, by turn-
ing the sector X in one direction the distribu-
ter M would be closed, while the valve C re-

mains unmoved, and when the same sector 1s

turned the other way the valve C would be
opened and the distributer M would remain
unmoved. This position is assumed at low
speed. When the sector X is turned in the
direction as followed by the hands of a clock,
the machine would stop. If it is turned in

| the opposite direction, the speed would be
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continuously iﬁcreas'ed. When the valve C
18 closed, the machine runs along slowly, be-

- cause the piston H is not tight, and the water
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full power, the water should have full
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passes around 1t, though in exceedingly small
volume. Nevertheless it was necessary on
this account to use the distributer M in the
manner as it existsin the hydraulic machines
which are not provided with this regulator.
The valve B is not closed, so as to prevent
any operation of the driven machine when
the valve C is closed, because the piston H is
not tight, and even if the valve C is closed
water passes around H and comes back to the
pipe & by the conduit N. o
Foran understandingof the operation of the
regulator we will now examine Fig. 2. Inthe

ordinary arrangement without the regulator |

the water under pressure would flow directly
from Einto O,and thedistributer M would con-
stantly receive water under high pressure.
When the hydraulic engine, being connected
by the pipe P with the distributer M, acts with
_ pres-
sure; but when the strain which the hydraulic
engine must overcome grows weaker it is no
mnore necessary that the water in the pipe P
should have as high a pressure, as otherwise

the engine would clog. As a rule the pres-

sure is reduced by choking or narrowing the
water admission by closing more or less the
distributer M—by means of the lever S, forin-
stance. In this manner the water-pressure
is reduced as muech as required; but never-
theless water under pressure passes in the
same volume. I haveaimed at reducing the.
pressure at P to a given volume; but to this
end I would only use for this purpose a quan-
tity of water under pressure in better propor-
tion to the work to perform. Asa given vol-
ume of water must be supplied for this pur-
pose, the necessary volume to make up the
quantity should be taken from anothersourece,

~and I call this water the ‘“‘supplementary wa-

ter,” whichisfed in by the valve D. This total
quantity of water, as can be readily under-
stood, 18 in absolute proportion with the speed
of the engine, and it will be sufficient to regu-"
late the speed of the water arriving through

the pipe O to obtain regulating of the run of

the engine. Hence I set my regulatoron the
water-admission pipe so that all water com-
ing to the hydraulie machine is compelled to
pass through the same and to pass thereafter
specially through the regulating-valve C, and
I regulate the opening of the valve so that
the output, which I call the ‘“ normal supply ”
of C,should agree with the speed which I in-

tend to give to the hydraulic engine.

The regulator receives water under high
pressure at K, low-pressure water at F, and
supplies 1t at O at any desired pressure to
impart to the machine such pressure as may
be intended. To examine into the aection
how this effect is brought about, I take in

[illustration the regulator represented by Figs.

‘tion to this model alone, as the varying con-
‘ditions of pressure and water-supply call for

slight changes in shape and arrangement,

which do not interfere in any way with the
underlying principle of the apparatus. . The
- water arrives through the conduit E and
strikes against the valve B. We will as-
‘sume this valve to be open. The water pen-
I etrates into the cylinder A, communicates its
pressure to one of the sides of the piston H,

i it communicatesits reduced pressure through

the conduit N to the other side of the piston

the equalizer J. ’

power, the speed will be normal, the supply
at C will be up to normal rate, the piston H
will be in place and will hold the valve B
open. The water will therefore pass freely
from K to J and from J-to the machine, just
as 1f there were no regulator.  The only dif-
ference arising is derived from the veryslight
decrease in pressure from the insertion of the
regulator, and these are scarcely greater than
‘the-losses in pressure arising from the pipes,
elbows, and ordinary distributers, in° which
the port’s sections are generally so very re-

duced. Hence the hydraulic engine will run

at whatever speed is required. | |
Assuming that the resistance tothe engine
becomes less, the necessary consequence will
be that the water-pressure in the engine de-
creases, and as the distributer M is left wide
open the pressure in the equalizer J will also
fall -off as it communicates freely with the
engine. As the pressure is very low in the
equalizer J and as all its strength issues

water in this pipe will rush into the equal-
1zer J with increasing speed; but this water
| must of necessity pass first through the valve
C. Consequently thereisa gradually-increas-
ing speed in this valve.
sare grows gradually as the speed increases.
The two sides of the piston H are subjected
t0 pressures varying gradually, so that at a
| glven time these forces are sufficient to over-
come the weight of the piston, which ascends
and allows the valve B to close.
does not arrive any more by B; but into G it
has a certain speed which it cannot loose so
suddenly, and as a consequence a certain rel-
ative vacuum results behind this pipe—that
18, in the whole cylinder A around the valve

sufficient to allow the water in the pipe F to
pass through the latter valve. To increase
the intensity of this vacuum, the conduit G
must be long, so as to hold a great volume

the water should run at great speed, and con-
sequently with great active power. Thecon-
-duit should be straight and smooth, so that

1 and 2, although I do not limit 'my”inven---l'th‘e ‘movement of the water be unimpeded,

and thereupon runs through the pipe G into

If the hydraulic engine works at its full

from the starting-point of the pipe G, the

The loss in pres-

The water.

C and under the valve D—said vacuum being.

of water, and it must also be narrow, so that
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passes through the valve C, and there under-
| goes the loss in pressure referred to. Then
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 subjected on one side to the pressure of the
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and, on the other hand, a quick cut-off or rushes again through the valve C into the
closing must be produced at B, because the | pipe G on its way to the equalizer J. The
water which arrives through B while this | same events as described before are repeat-
valve is half closed is not at full pressure, be- | ed. "B is again closed by the ascent of I,
cause it passes with difficulty only through | owing to the decrease in pressure at C pro-
this reduced opening, and as soon as it ar- duced by the increase of speed and the admis-
rives through B the valve D cannot open, and | sion of the supplementary water through D,
thereis nosaving of the water under pressure. &e. TFinally I will show that my apparatus
To obtain this quick cut-off, thesprings K and | governs and regulates by these operations
I, have been arranged conveniently. When i the speed of the hydraulic engine, while re-
the piston H is at the bottom of 1ts stroke and | ducing to a minimum the consumption of wa-
the valve B is open, the springs K and L are | ter under pressure.

both pressed down. When the piston H as- . It is readily manifest how the speed of the
cends, the spring X begins to distend; but it | hydraulic engine is governed and regulated,
still presses sufficiently upon the hood orcap, I as the speed depends upon the medium sup-
and consequently uponthespring L,toprevent ply at C,and if the water passes at Cinrapid
the valve from rising. When the piston H has | pulsations its supply is but very little at va-
almost reached the end of its travel, the pres- | riance of the su pply which T have called *“ nor-
sure of K on L becomes weaker still. The | mal”supply, which is regular and regulative,
spring L is thus enabled to raisethe valve B. | and the same holds good of the medium sup-
The water arriving through E begins to be | ply, which the damper converts into continu-
choked off when passing into B, and the de- | ous supply, and consequently the speed of the
crease in pressure resulting therefrom acts hydraulic engine 1is regular and subject to
with gradually-growingintenseness to the in- regulation. Economy of the water under pres-

fluence of the spring L. It closes the valve b | sure is alsoshown, as a certain part of the sup-
suddenly, notwithstanding the growing resist- | ply required for the operation of the machine
ance of the spring K, provided that the piston | 18 furnished by the supplementary water, and
H has been removed far enough from the ex- { without entering into consideration of a more
tremity T of the rod of the valve B. This dis- theoretical character I will only state that
tancing can be easily obtained by calculating the losses in supply between the hydraulic
appropriately the dimensions of the springs | engine and the valve B are but very slight.
K and L. - The water under pressure acts always with

We spoke last of the water of conduit & full energy, which when in excess i3 employed
when by its vis viva it sucked up the supple- | to give vis viva to the water in the conduit
mentary water by the valve D; but the pres- &, the vis viva serving thereafter to intro-
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sure of the supplementary water is very weak duce supplementary water, and consequently |

and insufficient to set the engine going. It | the yield of the apparatus must run very
is lower than the pressure in J, which is just | high. This is really the case. |
apt to set the engine to work, and as a con- In a steam-engine todecrease the discharge
sequence the speed in the conduit G and in of steam its expansive force 1s utilized, and
the valve C will necessarily decrease, and the | as the water cannot expand its energy is con-
loss in volume, which varies in the same man- \ verted into vis viva to better advantage. In
ner as the speed, will also fall off. The pis- | either case the motive fluid is introduced un-
ton H, which is subject to the effects of this | der full pressure and in small volume, and
loss in volume, is held above with gradually- | the apparatus supplies fluid at a medium
decreasing power, and at a given time this lower pressure and with greater volume.
power becomes insufficient to hold 1t raised, I claim—
and the piston H descends and opens the 1. In combination in a hydraulic regulator
valve B. It may be stated that the opening | for apparatus actuated by water-pressure, a
of this valve is also sudden, as a great effort | pipe G leading to said apparatus, a supply-
is required to open the valve B, which 1Is pipe E, a cylinder or casing interposed be-
tween said pipes E and G, a valve C for re-
ducing the pressure in the cylinder and reg-
ulating the flow of the water in the pipe G,
a valve B regulating the admission of the
\ water under pressure from the pipe E, areg-
ulating apparatus controlling the movements
of the valve B and controlled in turn by the
difference in pressure of the water on each
of the faces of the valve C, a supplemental
I supply-pipe entering the casing or cylinder
between the valves B and C and a valve D

water at E and on the other side it is In-
fluenced by the pressure of ithe water com-
ing from F. This is not the case when the
valve is open. The first water parts passing
through B bring about the closing of the valve
D and also the increase of pressure in the
whole eylinder A. Thus the spring K,which
was completely pressed down for the purpose
of opening the valve B,needs only slight stress
to push it to the end of its travel and to easily

press down the spring L. This sudden open- controlling the water admission, substantially
ingis asserviceable as the quick closingabove | as described.

referred toand for the same reasons. W hen 2. In an automatic regulator for hydraulic
the valve B is open, the water under pressure | apparatus, the combination of a casing hav-
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ing a pipe G leading therefrom to the engine,
means for throttling the water passing to said
pipe, a supply-pipe E leading to the casing,
an inlet-valve controlling the water-supply
from said pipe to the casing and means corn-
nected with the said valve for controlling the

inlet-valve, said means consisting of a piston

exposed also to the pressures on the opposite

'qside of the throttle-valve from the conduit-

pipe G, substantially as desecribed.

LO

- In-witness whereof 1 have hereunto set my

hand in presence of two witnesses.
| LOUIS LACOIN.

Witnesses: - |
EDWARD P. MACLEAN,

JULES FAYOLLET.
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