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UNITED STATES

PaTent OFFICE.

F. A. CALVERT, OF LOWELL, MASSACHUSETTS.

IMPROVEMENT IN STEAM-ENGINES.

Specification forming part of Letters Patent No. 43.568,‘(1513(3{1 July 19, 1264.

To all w?wm it may COnCeri:
Be it known that I, . A. CALVERT, Of

Lowell, in the county of Middlesex and State
of Massschusetts,; have invented certain new
and useful Improvements in Steam-kEngines;
and I do hereby declare that the following de-
seription, taken in connection with the accom-
panying drawings, hereinafter referred to,
forms a full and exact specification of the
same, wherem I have set forth the nature and
plmelples of my said improvements, by which
my invention may be distinguished from all
others of a similar class, together with such
parts as I claim and desne to have secured to
me by Letters Patent.

In steam-engines as heretofore constructed
it has necessarily followed, from the manner
of working the steam and the arr angement of
the parts with relation to each other, that the
power—that is, the steam—should be applied
at such a posnmn of the piston as to overcome
the more or less perfect vacuum which would
otherwise be formed in the cylinder; but
when a vacuum occurs in the cy]inder the pis-
ton is at or near the end of its stroke,and con-
sequently the crank of the engine is at or near
its *“dead-point” or cenier, where the least
possible leverage can be obtamed and the pis-
“ton in the most dlsmlvantageous situation to
receive an impetus from the steam. Thus, in
high-pressure steam-engines the ports and
~ valves for the sdmlsslon and exhaustidn of
steam are generally so arranged as that the
steam is admitted back of the piston while a
full head of steam is yet acting in front of the
piston. Thus a large percentage of the effect-
ive force of the steam has been unavoidably
lost and the expense arising {rom the con-
sumption of fuel increased eccordmglv while
the same difficulty has occasioned an unsteadl
ness ‘and irregularity of motion, which has
been only partially overcome by the moment-
nm of the fly-wheel. The speed also at which
an engine could be run has been limited from
the same canse, because if linpetus were given
to the piston at ver y quick intervals by the
frequent and sudden admission of steam, there
would, as the case may be, either sueh wear
and tesr of the parts as to soon render the ma-
chinery inoperative or most of the power neu-
,;trahzed and a very limited useful efiect ob

__tamed

My invention has for its ultimate object the
following desideratum—rviz., the keeping of
the piston evenly balanced, as it were—that
is, always perfectly free and ready to receive
an impetus from any force of steam that may
be applied to it, at whatever part of its stroke
it may be, without any counteracting or draw-
ing-back power, caused by back-pressure or

vacuum, acting upon it. I effect this result
by supp]yin o hot air or vapor to the cylinder

just when the piston reaches the extreme end

of the stroke, so as to allow the piston tomove
as freely back and forth as though it were
loose in the eylinder, instead of bemfr tightly
fitted therein. This effect being produced 1t
will be evident that the full force of the steam

can be instantly, and in any position of the

crank of the engine, applied to the piston, or
as suddenly cut off therefrom, without danger
of giving too sudden a jerk theleto, so that
steam can be admitted and cut off at any In-
tervals of time, however short they may be,
and at such pressure as the speed of the en-
gine may require, and during such positions

of the crank as will give the most leverage or

effective force, this following from the fact

‘that the piston 1is mvarlably in readiness to

rcceive its blow or impetus at whatever point
of its stroke it may be, a result which, pre-
vious to my invention, has never berore been
accomplished.

There are a variety of arrangements of me-
chanical devices by which the purpose of my

‘invention may be accomplished ; but in order

that the operation of an engine constructed
in accordance with my mnew improvements
may be fully understood, 1 will now proceed
to describe in detail one form of apparatus
constructed upon my improved plan.

In the accompanying plate of drawings,
IFigure 1 is a central long1tudmal verfical sec-
tion of the steam chests, cylinder, &c., of a
stationary engine. Fig.21s a transverse Ver-
tical section through one of the steam chests.
TFig. 3 is a side view of the cylinder, steam-
chests, &e. Fig. 4 is an end view of the steam-
chest, &e., showing the mechanism for operat-
ng the induction and eduction valves.

a in the accompanying drawings is the pis-
ton; b, the piston-rod; ¢, the c}hndel e and
e stesm chests placed 't opposite ends of the
eylinder ¢. d and d’ are induction-valves for
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the admission of steam to the cylinder ¢, |

placed in the steam-chests e and ¢/, respect-
1vely. |

The admission or steam-induction valves
d and d' are constructed and arranged as fol-

~ lows: f is an aperture for the admission of

steam from the Dboiler to the steam-chest, m
which is placed, as Lefore stated, the indue-
tion-valve. - -- |

g is a tapering cylindrical sbell, firmly se-
cured in the steam-chest. |

I is a hollow tapering cylinder placed
within the shell g, so as to turn freely therein
npon bearings 4 ¢. In the cylinder & are ap-
~ ertures j j and 7/, one of which, j/, communi-
cates with the aperture k, formed in the shell
¢, when the two are in apposition, as repre-
sented in Figs. 1, 2, and 3. 11!, &e., are a
scries of apertures formed in the opposite side,
- or nearly so, of the cylinder % to the ports )
and 7/, and which communicate with the ports

m m, &c., of the cylindrical shell g when the |

~ valve is turned so as to admit of the same.
The area of the apertures ! {, &c.,in the bot-
tom portion of the c¢ylinder £, should be of
about the same amount as that ot the aper-
tures j j and §/ in the upper portion thereof,

" in order that the pressure of steam upon the |-

valve may be equalized, leaving it perfectly
- free to move in either direction. 7 isacham
ber formed below the shell g, into which the
- ports m m, &e., of the same open, and which
“is in communication with the cylinder ¢ by
" means of the ports or apertures o o o, &c.

- Having thus deseribed the arrangement of
. the two admission or steam-induction valves,
d and d’, I will now proceed to explain how
- the exhaust or steam-eduction valves are con-
© 8'ructed, &ec. o -

» and p’ are two eduction-valves, one of
which is placed at or near each end of the
eylinder c. |

q q, &c., are a scries of boles or ports in the
bottom portion of the steam-cylinder, oppo-
site, or nearly so, to the ports ¢ 0 0, &e.,in the
top portion thereof. These ports ¢ ¢, &c.,
communicate with a chamber, . In this
chamber -+ is a sliding plate, s, having aper-
tures ¢ and <. | |

4 u are apertures or ports in the bottom of
the said chamber », communicating with a
hot well, v, below the cylinder. This plate s
. is operated in such a manner in a rectilinear
direction as to establish and shut off at proper
intervals of time the communication between
the eylinder and hot-well, for the purpose ot
accomplishing the exhaustion of the steam
- fiom each end of the cylinder. The plate sis
also so arranged with respect to the devices,
 to be hereinatfter described, for 1mparting a
rectilinear motion to the same, that, for the
. yurpose of destroying the vacuum in the cyl-

inder for which it is designed, as well as for

exhausting, it can be moved in a vertical or
up-and-down direction without interfering
with its travel in a rectilinear direction,

The particular mechanism which 1 have em-
ployed and represented in the accompanying
drawings for the purpose of imparting the
‘necessary motion to the induetion and educ-
tion valves, and also to accomplish the ob-
jects aimed at in the present invention, 18 as

follows, viz:

w.is the crank-shaft of the engine, turning |

in bearings . On thiscrank-shaft « is placed
a cam, 2, with projections a’ and §” diametri-
cally opposite to each other, but in different
vertical planes, and which, as the shaft w0 re-

volves,respectively abut againstright-angular

levers ¢/ and d”, turning upon-a fulcrum at e”
of the standard f, theends ¢’ and A’ of the
same being attached to spiral springs ¢’ and
4, To the top endsof theright-angularlevers
¢ and d’’ arerespectivelyattached the connect-
ing-rods &/ and U/, the other ends being secured
so as to swing thereon to the eranks m/ and »/
of the bearings ¢ of the admission-valves d
and d’. | .
The above-described mechanism by itself, it
is evident, is sufficient to operate the admis-
sion steam-valves.  The particular manner in
which they are operated is to be hereinafter
described. o SR
- For the purpose of operating the exhaust or
steam-eduction valves, I employ the following

mechanism in addition to that already de- -

sceribed, viz: | - _
z1s a tappet, placed upon one surface of the
cam 2, and which by its (the cam’s) revolution

o’ o' of the furked-shaped lever p/, turning upon
a fulerum, ¢’. The lower end of this lever p/
is attached to the rod #/, so as to cause the
same to be moved in a rectilinear direction
when the lever p’ is operated by the abutting
of the tappet z against either one of the two
prongs o’ ¢’.. To this rod »’ are attached by
forked stems 7’ the plates s,the nuts ¢/ ¢/, &c.,
on the rod #/, or other suitable mechanical de¢-
vices, serving to keep the stems #// in proper
position to 1 e acted upon in a horizontal di-
rection by the motion of the rod #/, while the
stems 9/, bccause of their forked shape, allow

of a vertical or up-and-down motion to be im-

parted to the plates s and raise them tfrom
their seats when nccessary to destroy the
vacuum, as will be hereinafter described.

To admit steam to the piston through the
induction-valve d from the steam-chest ¢, the
necessary (o nmunication of the ports '], &c,
with the ports m m, &c., is established (Fig. 1)

by the reciprocating rotary motion imparted
tothe valve by therevolutionofthecama. The
projection a' of the cam x as it revolves abuts
against the right-angular lever ¢/, causing it
t) turn upon its fulerum, and thereby rotat-

ing the valve d by means of the connecting-rod

k' sufficiently to open the communication with
the cylinder and allow ot the passage of steam
to the same. This projection a’ is so arranged
upon the cam x that it will reep the valve

| open a sufficient length of time to allow of

abutsagaiust, successively, the sides or prongs.
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the passage of any desired amount of steam.
The longer the projection the more time the
valve will remain open, and consequently the
more steam 1n proportion will enter the cyl-
“inder. The right-angular lever ¢/, when not

acted upon by the cam #, 1s retracted by the.

spring 4. And for the admission of steam at
the opposite end of the eylinder the induction:
valve d’ 1s operated substantially in the same

manner by means of the connecting rod U,

right-angular lever d'/, and projection 0.

At the moment, or nearly so, when the pis-
ton has reached the end of ifs stroke in the
cylinder the exhaunst-valve nearest the same is

closed, and the one at the opposite end of the
~ cylinder 1s at the same time opened, and both
SO remain durmg the whole time occupled by
the piston in again moving through the cyl-
inder, when they are reversed they being con-
tmually thus opemted while the en gine is ran-
ning.

This opening and shuttmg of the exhaust-
valves 1s accomplished by means of the tap-
pet z abutting against the prongs o’ of the
forked lever p/, which thereby serves to turn
the said lever back and forth upon its fulcrum,
and as its lower end is attached to the rod »'—

to which the plates s are secured, as above de- .

scribed—tlhe plates are moved back and forth
in a horizontal direction upon their seats.
The plates s are so arranged with regard to
the yorts of the exhaust-valves that when
one valve is opened the other is closed by the
horizontal movement of the said plates, as
will be evident upon an inspection of the
- drawings.

The cﬂmder as above described, and reple
sented in the drawings, togethel with its
valves, both induction and exhaust, is in-
tended for a double-acting engine, and the pe-
culiar operation ¢f my Improvements in the
cxhaust-valves, whereby the objects aimed at

in the present invention are secured, is as fol-

lows, viz, the general operation, so far as re-
lates to the admission-to and exhaustmg of
steam from the cylinder, being substantially
{he same as now occurs 1in enn‘ines worked
1 po)n the expansive principle, and I will not,
- tneretore, describe 1t any turther in detail :
The piston, after having reached the end of
1ts stroke 1n the cylinder, at which time the
c:ank of the engine 1s at its dead-point,
commences to recede from the head of the
cylinder nearest the same, and it is evident a
‘“vacuum” would be formed between the pis-
ton and said eylinder-head unless some means
were employed to preventit. Now, to destroy
that vacuum without being obliged to admit

steam from the induction-valve to the piston, :

as 1s now the case In engines, the disadvan-
tages and deteriorating effects of which have
been hereinbefore particularly alluded to and

set forth, the pl&te s of the said exhaust is

raised from its seat, its peculiar arrangement

hereinabove described permitting of the same,
because thie pressure of the vapor, hot air, &e.,
in the hot-well below, is greater than that of
what little steam or hot air as may be left in
the cylinder upon the top of the plate s, and
thus opening the ports « consequently ad-
mits sufficient hot air or vapor to the piston
as will supply the vacuum as fast as it would
otherwise be formed. This admission of the
hot air or vapor from the hot-well below, as
above deseribed, continues to take place untll
steam 18 admltted to the piston, to whatever
extent the piston may have tmveled previous
to such admission of steam.

It is evident that by my improved ethau%t
valves the arrangement of the cylinder and
its 1nduction and exhaust valves may be so
made as to enable the full power of the steam
to be applied to the piston at the time when
the erank of the engine is at its most advan-
tageous position, and it may be remarked that
when the piston has reached the end of its
stroke, and before steam is admitted to the
same, the space between the piston and |
the head of the cylinder is nccessarily fi led
with hot air or vapor from the hot well or
chamber below the cylinder, and that this
body of air or vapor pervades the entire space
and cannot escape; consequently the quantity
of steam necessary to be admitted to the eyl-
inder is lessened by just the amount of air or
vapor therein, and therefore the air or vapor
will be comprebsed by the steam when ad-
1111’(ted, andreact upon the same—that is, both
receiving from and giving pressure to the
steam in exact ratio to the pressure of steam
applied, whatever this force of steam may. be.
Thus, it steam e admitted to the cylinder at
sixty pounds to the inch, the air or vapor be-
tween the piston and the head of the cylinder
will be compressed Ly the steam admitted
until 1t reacts with the sasie force—viz., sixty
pounds to theinch upon the steam, and there-
tore upon the piston.

Having thus described my unplm ements, I
shall state my claim as follows:

What 1 claim as my invention, and desire
to have secured to me by Letters Patu:lt 18—

Supplying warm air or vapor to the c}*linder
previous to the admission of steam thereto by
means of such an arrangement of meechanical
devices as will permit both the ingress and
shutting off of such supply of air or vapor at
the proper time to accomplish the deswed re-
sult, as set forth.

F. A. CALVERT.

Withesses: |
' JOSEPH GAVETT,
 ALBERT W.. BROWN,
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