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UNITED STATES

PaTENT OFFICE.

FRANCIS A. CALVERT, OF LOWELL,

MASSACHUSETTS.

'IMPROVEMENT IN STEAM-ENGINES.

"~ Specification forming part.of.Lettﬁrs Patent N

0. 39,710, daf;eﬂ-Septémbe_r 1, 1863.

To all whom it mMaly CONCEr:
‘Beé it known that I, FRANCIS A. GALVERT

a resident of Lowell, in the county of Middle- |

- sex and State of -Massachusetts, have made
an invention of a new and useful engine to be
propelled or operated by the percussive and
expansive power of either steam, air, or gas;
and I do hereby declare the same to be fully
- described in the following specification, and

represented in the acwmpauyum dI’&WII]“b,_

of which—
Figure 1 is an elevatlon and Tig. 2 a \’E‘I‘tl
~cal seection, of it. Fig. 3 18 a horizontal sec-
tion tahen through the steam-chest and the
annular valve thereof. |
- The nature of my invention consists as fol-
lows—that is to say, in the combination of an
anxiliary piston and its operative mechanism
with the cylinder and the primary piston pro-
vided with a steam-chest, valve, and valve-

actuating apparatus, to operate substantially .

as hereinafter specified ; also, in the combi-

nation with the steam- chest clﬂd the cylinder

of @« means by which steam, vapor, or gas in
the cyhinder shall not only be caused to cush-

1on the piston at or about the termination. of
each stroke thereof, but be transferred or

forced into the stea,m chest ; also, in the com-

bination of a hot- -vapor chamber with the en-
gine, when made in manner and arranged

in such chamber SL‘Ll)St‘IlltIELH} as hereinafter

described ; also, in the combination: and ar-
~ rangement of certain valves and valve-pas-
- sages with the cylinder and its pistons, the
same beilng for the purpose OT purposes to. be
hereinafter specified.

‘In order that the purpose and Opemtlon of |

- the auxiliary piston may be clearly under-
stood, reference may be had to Kig. 6, which
1S . & sketeh of a cylinder, A, piston B con-
nectmg rod C, and crank D, 'such as are in
use in ordmary steam- engmes - In thisfigure

the circle of revolution of the cremk 18 shown

at 1. The two points of this circle, where the

‘power of the steam can be apphed to the |

crank with the greatest amount of leverage
or to the best advantage, are at d and e. TIn

this engine the stroke of the piston is com-
plete when the crank is at either of the dead-
‘points @ b. The steam is let into the eylinder
at or about at such times and before it can

act on the piston with the greatest useful ef-
o fect The crank, if the pIStOIl be ascendmg, |

must have arrived at the position e. ‘Thus,

the piston during the “up stroke” will have

passed over the length f ¢ of the stroke bhe- -
fore thie steam can be used to the greatest
practical effect, and consequenty there would

be a large space, F, of the cylinder—that

1s, all the space below the piston—tilled with

steam. 1f, when the crank is at the position

e, .the lower end of the cylinder could be
raised upward within the eylinder and to the
piston and there held firmly and the steam

| be next let in between it and the piston, it
will be seen that the steam on its admission = |
‘will aect to the best advantage in propelling
| the crank.
proved engine is intended to act as such-.a

The auxiliary plthIl of my im-

movable lower end or bottom to the c¢ylinder, -
and, as it moves upward with the primary

piston until the latter may have reached the
desirable position for the application of the
steam and there is stopped and remains atrest

during the further ascent of the primary pis- |
ton, it will -be seen that the steam-space

(marked I in Fig. 6) becomes practically ob-

literated by the action of the aumhmry piston.

In the operation of the motive power on the |
piston of my engine, whether that power be

steam, gas, or compressed or heated air, the
said poweris intended to act, at first, with ﬂrear |
effect percussively and, in a small quantlt},
possessing a very high elastic force.
having thus acted on the piston, the amount-

of the motor introduced into the cylinder is

retained for a while within it and is  allowed

to expand, and by its expftnswe foree to atd

in pmpellmg the piston. | -
In the drawings, A denotes the c;y lluder B

the primary piston thereof. This cylmder is

open at its lower end, and contains also a sec-.
ondary or auxiliary plqton, ¢, the two pistons:
being arranged within it as shown in Tig. 2,
Surrounding the . cylinder is an annular steam
or motor ehest D, to which the steam or mo-

tor is to be properly supplied by either oneor
more pipes leading from a boiler or generator.

Within the chest D there is an annular valve,
E, which encompasses the cylinder, is made
w1th a slightly conical internal surface to it
on a. corresponding conical seat, a, applied to
and extending around the outer surf‘me of the

cylinder. The valve-seat has a series of ports

or holes, b b b, each of which extends through
and mto the cylmder

After

- This valve is furnished .
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with a valve-operating apparatus, which may |

be thus described: Fig.4 is a transverse sec-
tion taken through the cylinder. Fig.5is a
top view of the valve mechanism. The valve
is supported, as shown in the said Figs, 4

~and 5, by two vertical rods, ¢ ¢, which play

through stufting-boxes or guide-holes of the
cap d of the chest D. Two arms, d d, from a
shaft, e, project horizontally through eyes of

the rods ¢ ¢, the said shaft being sustained by

brackets ff, projecting from the cap c¢f the
chest. Ifurthermore, anarm, g, extends down-
ward from the shaft-e, and through an eve on
one extremity of a horizontal lever, &, whose
tulerum 4is at its opposite extremity. A frie-
tion-roller, &, within thelever, has its periph-

~ery resting against a cam or tappet, [, carried

by an upright shaft, F, the said cam or tappet
aud the shaft having what is termed a spline
or‘feather”connection, and the cam being sus-
pended by rods m m from the inner ends of
twobent levers, n ». The fulcra of these levers
are supported by a cross-piece, o, affixed to
and extended from the shaft IF, as shown in
Fig. 1 or more properly by dotted lines in Fig.
2. The longer arm of each lever hasa ball or
weight, p, fixed to it. These weighted levers

- revolve with the shaft, and with the cam con-

stitute a “‘governor” for regulating the operat-
ing of the valve. Asthe balls of the governor

-Hly apart from one another the cam will be de-

pressed.

‘ther constructed in such manner as to raise

The greater the velocity of revolu-
tion of the shaft the more the balls will be
thrown outward or asunder by .centrifugal
force, the shaft being supposed to obtain its
rotary motion indirectly from the main shaft
of the engine, propelled or rotated by the pri-
mary piston. ' L

The cam or tappet [ is to be so constructed

_ that it will Giminish the raising of the valve

more and more as the balls of the governor
may be thrown asunder. It is also to be fur-

the valve and close it suddenly, the period of
time the valve may be raised being longer or

storter in accordance with the amount of

steam that may be required to produce the

‘necessary percussive effect to insure, as near

as possible, a constant velocity of the main
shatt of the engine. There is also another
cam, (x, fixed on the shaft I, the said cam be-
ing formed as shown in Figs. 1 and 4. The

auxiliary piston O is provided with a friction-

roller, s, whose periphery rests directly on the
operative surface of the cam G. Within a
short distance of each end of the cylinder a
series of holes, ¢ ¢ ¢, is made through the sides
of the cylinder. Between éach series of the
holes and the next adjacent end of the cylin-
der a hole, u,leads laterally out ot the e¢ylinder
and into a box, v, within which there is a
valve, 1w, covering the said hole. The said
box is affixed to the outer end of the cylinder
and has a conduit, #, leading from it to and
opening into the chest or chamber D. The
head y of the cylinder has one or more open-

ings, each being provided with one or more

spring-valves, arranged as shown at 2 z in
IFig. 2. The auxiliary piston C has one or
more passages, a’, made through its head, each
of the said passages being provided with a
vacuum-valve, i, to open upward. The whole
engine so made is to be placed in a vapor-
box or chamber I. Tfurthermore, the said en-
gine may bave applied to it another cylinder
containing & primary and an auxiliary pis-
ton, made and furnished with a steam-chest
and valve and valve-operating mechanism,
as hereinbefore described, they being so ar-
ranged as to be worked by the cams ! and
G. In this latter case the primary-piston

would be connected with another crank of

the main shaft, the two cranks being sup-
posed to project from opposite sides of the
shaft. Under these ecircumstances both en-

gines would be placed within a chamber, I.
I herein mention this arrangement of two en-
gines, as such is shown substantially in Pat-

ent No. 2,625 of DBritish patents for the year
1361, such patent having been granted to me
and being illastravive of my present inven-
tion. At the period of admission of the steam
or motor into the cylinder the main-shaft
crank, usnally connected with tne primary pis-
ton, should be in or nearly in that position

where the full leverage or greatest useful ef-

fect of the steam may be exerted on it.” The

duration of the admission of the steam or

motor to the cylinder will be regunlated by the
action of the governor and the cam while the

engine may be in the act of giving motion to

a load, but should the load besnddenly thrown
off the increased velocity of the piston would

canse the cam to be elevated out of actionon

the rest of the valve-operating mechanism,
in which case the valve will be inoperative

and no admission of steam to the cylinder will
take place. | -
~In the operation of my engine the percus- °
sive action of the steam or motor is to be ap--

plied so as to produce on the primary piston
a-result similar to that of steam in a steam-
gun or air in an air-gun on a ball or ballet in

the act of being discharged through and from .

such gun. During the admission of the steam

the auxiliary piston should Dbe stationary.
The upper or primary piston having been pro-

pelled by the steam will rise in the cylinder.

Should the expansive foree of such propelling

steam 1n the cylinder be reduced below the
pressure of the atmosphere, the vacuum valve
or valves 1n the lower or auxiliary piston will

rise off it or their seats and admit vapor from

the vapor-chamber or hot-well I, to rush into
the cylinder to preserve the equilibrium on

‘the ascending piston untilit may have passed

by the upper exhaust-ports, ¢ £. During the
remainder of the stroke of the piston the

steam, which may be above those parts, will
be compressed in the npper part of the eylin--

der so as to ‘“cushion the piston.” In case

the condensation of the said steam by the
momentum of the piston should impart to the
steam a greater pressurethan thatof the steam
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in the steam-chest, the flap-valve w of the
passage % will open and allow part of the
steam to pass into the steam-chest. The re- |
mainder of the steam during the descent of
the piston will escape into the hot-well T
through the holes ¢ . During the ascent of
the primary piston the auxiliary piston should
be held at rest, after which it should fall in
the cylinder and remain stationary during the
descent of the primary piston. In descend-
Ing, the primary piston will be cushioned by
the steam whieh may be between the auxiliary
piston and the lower exhaust openings, ¢ ¢ t,
the overpressed steam being forced back into
- the steam-chest. The steam which may be
between the two pistons during the descent of
the upper one will exhaust, through the lower
‘orifices, tt, While the upper piston may bein
the act of rising up to a position to receive
the next percussion of steam the lower piston
Should follow it. The object of the lower pis-
ton, therefore, is not only to obviate the
necessity of supplying the cylinder with
steam until the crank may have attained its
~ proper position for receiving the full force or |
greatest useful effect of it, but to preserve
this effective force by avoiding any undue ex-

pansion of thesteam priortoits being brought |

to act on the pisten at the period when the
crank may have attained the position above
mentioned. o . '
Another advantage of my invention is that
. little or no packing becomes necessary to the
piston or pistons, as the effect of the steam is.
S0 sudden when first allowed to impinge on
- the piston-head that its blow thereon will
have taken place before any great amount of
steam can have passed by the piston. By .

making one or more shallow grooves around
the piston-head and in its periphery water
will econdense or collect in such grooves and
operate as a packing to prevent the escape of
steam. - | - -
- Havingthus described my improved engine,
what I claim as my invention, is as follows:

1. The combination of the auxiliary piston
and 1ts operative mechanism with the primary
piston and the cylinder, made as described,
and provided with a steam-chest, a valve, and
a valve apparatus, to operate substantially as
and for the purpose specified. | |

2. In combination with the steam-chest and
the eylinder, made with reduction or exhaust

openingsarranged init, as described, a means,

substantially as explained, for cushioning the

| piston and introducing the overpressed cush-

loning steam into the steam-chest. |
~ 3. The combination of the vapor-chamber
or hot-well I, the cylinder, its steam-chest,
valve and valve apparatus, the primary and
auxiliary pistons, and the mechanism for ele-
vating and depressing the auxiliary piston,

.the whole being constructed and arranged

together as specified. | o
4. The combination of one or more induc-
tion-passages and their valve or valves with
the cylinder, the main and auxiliary pistons,
and as applied to the head of the cylinder
and to that of the auxiliary piston, substan-
tially as and for the purpose or purposes
above specified. ) ' '

substantially in manner and so as to operate

~F. A. CALVERT.

W it'nlesses:_ |
- R. H. Eppr,
FP Havge, Jr.
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