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UNITED STATES

PaTENT OFFICE.

ANTHONY 8. HILL, OF KALAMAZOO, MICHIGAN.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No, 646,663, dated April 3, 1900.
C Application filed Moy 27, 1899, Serial No, 718,488, (No model)

To all whom it may concern:

Be it known that I, ANTHONY SALTSMAN:
HILL, a citizen of the United States, residing’
at Kalamazoo, county of Kalamazoo, State of :

Michigan, have invented a certain new and

useful Improvement in Steam-Engines; and |
T declare the following to be a full, clear, and

exact description of the invention, such as
will enable others skilled in the art to which
it pertains to make and use the same, refer-
ence being had to the accompanying draw-

ings, which form a part of this specification.
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My invention relates to improvements in
direct-acting steam-engines which are espe-

cially adapted for use in actuating drag-saws |

and for similar uses. Its objects are to pro-
vide a structure of the valves and ports en-
abling the engine to run at a high rate of
speed without unduly increasing the length,
thickness, and weight of the cylinder and
other parts, also to provide in such an engine
an improved cushioning means for the piston
in combination with the valve and valve mo-
tion, and also to provide an improved valve
mechanism, all of which is hereinafter seb
forth in the accompanying specification and
pointed out in the claims. o

In the drawings, Figure1is a side elevation
of the engine adapted for use in connection
with a drag-saw: Fig. 2 is a longitudinal ver-
tical detailed sectional elevation through the
cylinder and adjacent parts, the piston, pis-
ton-rod, connecting mechanism, and valve
mechanism being left in full lines. Fig. 3 is
a detailed side elevation of the base by means
of which the engine is supported and adjusted
when used to operate a drag-saw. Fig. 4 is
an end elevation of the mechanism shown in
Fig. 3. Fig. 5 is an end view of the steam-
cylinder, showing the trunnions. Fig, 6 isa
detailed view of the cam-rod for actuating the
engine-valve.
the slide secured to the c¢ross-head of the en-
gine and adapted to reciprocate upon the
cam-rod. . Fig. 8 is a detailed end view of the
bracket secured to the cam-rod, earrying an
angular journal-pin by means of which the
cam-rod actuates the valve mechanism. Fig.
9 is a detailed view of the bell-crank by means
of which the bracket of Fig. 8 acts upon the
valve-tod. Fig. 10 is a longitudinal detail

at the rear of the valve.
' port S is made by constricting the center of

Fig. 7 is a detailed view of’

sectional view of the valve, the stem being
shown in full lines. :

A represents the base, carrying a pillow-
block B, which is adjustable back and forth
by the pinion B? acting’on the rack A, the
pinion B? being actuated by the hand-wheel
B% by means of the shaft B', the shaft being
appropriately journaled at b b on the pillow-
block B. This adjustable feature is not
claimed in the present application, as it is
the subject-matter of an application already
filed, being Serial No. 676,435,

The steam-cylinder C is supported on the
pillow - block by means of the trunnions ¢
and in this adaptation of the engine carries
a framework C?,which is supported by a coun-
terbalance C?® and controlled by hand-wheel
C%, by which the same can be raised or low-
ered. As shown in this application, also, it
carries a drag-saw S?, which is rigidly at-
tached tothe eross-head G2 traveling upon a
guide G%, the cross-head being attached fo a
piston-rod G', as shown in the drawings, Fig.
9. A steam-chest M is supported upon the
top of the cylinder, to which steam is ad-
mitted by apivoted steam-pipe M'. This pipe
is jointed ab the trunnion and receivessteam
trom ‘the fixed pipe M?, controlled by the
throttle-valve N, which may be operated by
a reach-rod N2 These features of construec-
tion are incidental to the use of this improve-
ment in' connection with the drag-saw, as
illustrated. Of course it will be understood
that if the cylinder were fixed in its position,
as in a steam-pump or other analogous struc-
ture, much of the detail of the jointing of
the steam-pipes would not be required.

- The valve D is fixed to a stem D’, as shown
in section in Fig. 10. A passage o extends
through the stem, having an opening ¢’ atthe
torward end of the valve and an opening ¢
A broad annular

the valve, and also annular ports S and 8*
are formed by constrictions at either end
thereof. . In the port S there is a small hole
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o® through the valve-stem, communicating -

with the interior passage. Aswill be noticed
particularly in Figs. 2 and 10, the body of the
valve is rounded off at its ends s s, leading
into the annular ports §' and S? thus secur-
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ing, when operated by the cam-rod and in
conjunction with the valve-seat, a gradual
opening of the ports which in some instances
is very desirable. Italsosecures afree action
of the valve with little friction,

The valve - casing M is provided with an-
nular ports, that to the rear being marked e
and that to the front of the casing marked
€. The port e connects with the passage E,
leading to the extreme rear end of the eylin-
der C, while the port ¢ connects with the pas-
sage E', leading to the extreme front end of
thecylinder. Abroad annular eduction-port
R is centrally located in the steam - chest M.,
The steam -chest M receives steam through
the steam-pipe M' at N’, which divides into
Dassages n 7/, the terminals of these passages
forming annular ports p " around each end
of the body of the valve D.

With the valve in the position shown in
2 1t will be noted that there is a free pas-
sage for steam from the opening N’ through
the passage »' and port p' past the rounded
end of the valve and its port 8" and thence
through the port ¢’ and E'to the forward end
of the eylinder while the passage . and the
corresponding port p are closed off by the
valve, although the port ¢ and passage E are
open to the port S?at the opposite end of the
valve. There is therefore no passage at the
opposite end of the valve between the port E
and any port in the steam-chest. In the body
of thecasting forming the steam-chestand pas-
sages there are formed ports f and 5/, which
by meauns of the bassages I and ¥’ lead, re-
spectively, to the front and rear ends of the
cylinder, but terminate therein at a little
distance from the extreme end and from the
ports K and E/, respectively. As shown in
Fig. 2, the port f and passage I' are closed
by the valve D, whereas the port ' is open
to the exhaust-port R.

The valve-stem D' extends through the
usual stuffing-box in the steam-chest and is
pivoted to a pitman T, which in turn is piv-
oted to the bell-crank V, fulerumed at any
convenient point, as on the end of the eylin-
der. The opposite end of the bell-crank V
is provided with a slot V',

A curved rod II is pivoted at its rear end
at any eonvenient point at the top of the eyl-
inder, the pivot being substantially on the
same horizontal plane as the valve-stem, as
shown at II'. Thecurve in this rod is pecul-
iar and preferably only involves the other
half or third of the cam-rod, and in conse-
quence of its action I term it a *“cam-rod,”
The curved forward end of the rod extends
through a guide K, which is pivoted to the
cross-head G? of the piston-rod, although it
might be to some ofher connected moving
part, and therefore the guide reci procates
upon therod H inaccordance with the stroke
of the piston and piston-rod. Adjustably
secured to the rod H is a bracket L, having
apin I, which engages in the slot V' of the
bell-crank V. It is obvious that when the

engine is in operation and the slide K re-
ciprocates upon the ecam-rod II it swings up
and down upon the pivot H', the movement
and character of this oscillation depending
upon the curvature given the rod and upon
theadjustmentofthe bracketT.. The bracket
L being adjustable longitudinally upon the
rod I and its office being to connect the bell-
crank V with the rod in such a way that the
vertical oscillation of the rod will transform
the vertical reciprocations to horizontal re-
ciprocations of the valve by means of tho
connected bell-erank and valve-stem, it is
obvious that the amplitude of the vertical
reciprocations can be adjusted by means of
the adjustable bracket, as it can be moved
longitudinally along the rod, approaching to
or receding from its center of oscillation at I
Of course this would correspondingly vary
the amplitude of the motion of the valve, and
as a means of adjustment it may be used in
conjunction with that of bending the rod as
described. Thusit will be seen that the bend-
ing of the rod at its extremity may be utilized
to vary the rate of motion at different por-
tions of the travel of the valve, making it
slower or quicker, as desired, while the am-
plitude of that motion ean be varied by means
of an adjustment of the bracket I. uapon the
rod, as described. The oscillation of the cam-
rod IT thus produced is transferred into the
reciprocating action of the valve D by means
of the adjustable bracket I, bell-crani V,and
pitman T, and it is obvious that the recipro-
cation of the valve can be controlled and ad-
justed by means of the curvature given to
the rod II, and thus almost any assignable
variation of motion can be created by vary-
ing the curves of the rod I, and this in itself
is a valuable feature of adjustment, as the
rod H is capable of being sprung more or less
as a method of adjusting the motion of the
valve.

In the operation of the valve in connecetion
with the ports E E' F F' the position shown
in Fig. 2 i3 that of the beginning of the re-
turn stroke, with the ports Jelosed and ¢’ open
and with the ports 7' open and e closed. As
the return stroke proceeds the cam-rod II
will be drawn downward, so that each por-
tion of it as the bracket K passes over it will
bein ahorizontalline established by the recip-
rocation of the point of engagement with the
bracket. Thisgraduall y draws the valve for-
ward by means of the connections deseribed
until as the piston approaches the opposite
end of the cylinder the port ¢ is closed and
the port f is opened into the exhaust-passage
R; but as the piston G approaches the end
of the cylinder, the port e not being opened,

(or, if opened, connected with the live-steam
passage n,) the piston is cushioned after pass-
ing the passage I/, while the port fis-opened
into the exhaust-port R. On the return of
the piston the action is to gradually foree the
valve backward by the rising of the cam-rod
IT and then to sharply accelerate its motion
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by virtue of the cirvature at the extreme end
of the rod, it being obvious that the curve of

" the rod can be so proportioned as to give al-

v

most any assignable range or quality of mo-
tion to the valve at different portions of the
stroke, so as to insure the best results. The
rounding of the ends of the valves leading
into ports §' S? tends to admit steam gradu-
ally, and therefore prevent sudden shocks
which would otherwise be caused by the sud-
den admission, and this insures smooth ac-
tion even under very rapid reciprocations.
Tt will be noted that the elongated opening
V' in the cam V may also be so proportioned
and arranged as to allow the valve to remain
quiescent duaring a certain portion of the
stroke by permitting a cam-rod H to pass
through a certain range of movement before
actuating the bell-crank and valve, and this,
if properly done, would also result in a grad-
ual action in starting the valve, inasmuch as
the opening can be so proportioned as to pre-

vent sudden shocks by starting it gradually.
The hollow valve-stem through the valve,

communicating, as it does, by means of the

" opening a? with the exhaust and by means of
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the openings a’ a* ¢
chambers formed at each end-of the steam-
chest, permits a certain'degree of cushioning
and balancing of the valve,which adds greatly
to its smoothness of action, especially with an
engine running rapidly. s .

Tt will be noted that the steam-passages E
and E are always induction-ports, and Fand
F' are always eduction-ports. Steam is al-
ways admitted through passages E and E"and
always exhausted through F and F'. Thisof
itself insures either the confinement of steam
before and behind the piston after it passes
the ports F and ¥’ or contact with live steam,
depending on whether or not the ports e and

¢ are opened by the valve in the steam-chest.
If when the piston reaches and passes the-

ports T and ¥’ in the cylinder the ports e and

¢', respectively, are not yet opened, the steam -

will be confined between the piston and the
headsof the eylinderateach end.of the stroke.
If, however, the ports e and ¢ are already
opened or opened to a slight extent, the pis-
ton will be met by live steam and will be
cushioned thereby. : '

It is obvious that by changing a curvature
of the cam-rod II and adjusting the connec-

tions the valve may be adjusted to meet any

required condition in this respect.

‘What I élaim is— v

1. In an engine, the combination of a cyl-
inder, a piston, an engine-valve, valve-seat,
and steam-chest, a cam-rod pivoted at one end
and movable at the other end as specified and
having a curvature as deseribed, means car-
ried by the moving part of the engine to re-
ciprocate over said rod, and means adjust-
ably attached to said rod and connected to

the valve-stem to actuate the engine-valve,

substantially as described.

communicating to -small

o

9. In an engine; the combination of a eyl-
inder, piston, and valve-chest, double steam-
ports at each end of said eylinder, induction-

ports adjacent to the cylinder- head, and

eduction-ports a short distance therefrom, a
piston-valve having a central strieture con-

necting with the discharge-port and an an-

nular stricture at each end adapted to codp-
erate with the induction- ports, a cam-rod
pivoted at one end and’ carrying adjustable
means engaging a reciprocating part attached
to the cross-nead and connected to said valve,
said rod being adapted for changing its curva-
ture whereby the motion of the valve may be
effectuated and controlled, substantially as
specified. :

3. Inan engine, the combination of a eyl-
inder, piston, piston-rod, and cross-head; a
steam-chest, a valve located therein, a cam-

rod pivoted at one end near the steam-chest, -

means connected with a cross-head adapted
to engage and reciprocate upon said cam-rod,
and means longitudinally adjustable thereon
connecting said cam-rod to the engine-valve,
said rod being straight for a large portion of
its length adjacent to the cylinder, and the

.

© 4, Inan engiie, the combination of a cyl-

inder, piston, piston-rod, and cross-head, a .
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~outer portion of the rod being curved snbstan-
tially as deseribed.
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piston-valvelocated ina steam-chest contigu-

ous to said cylinder, induction-ports leading
from the extremities of: the valve-chest and
valve to near the piston-heads in said cylin-

I0D

der, eduction-ports leading from a short dis--

tance from the.cylinder-heads to a central
discharge in said steam-chest, said valve hav:
ing annular strictures near its ends, the in-
ner faces of said strictures being rounded off
for the purpose of codperating with the action
on said valve of the adjustable cam-rod, sub-
stantially as and for the purpose described:
5. In a steam-engine, the combination of a
steam-cylinder, piston and piston - rod oper-
ating therein, a steam-chest, a piston-valve
seated therein with an annular bearing, pas-
sages for the admission of steam to the valve-
seat, means for actuating said valve, indue-
tion-ports leading from the extremities of the
eylinder to the extremities of the valve-cham-

ber, eduction-ports leading from points lo-

cated at a short distance from either end of
the cylinder, and to substantially the central
portion of the valve-chamber,
the piston passes the eduction- ports it is
cushioned by confined steam due to the loca-
tion of the valve over the induction-port, the
said valve being incapable of being raised to
liberate the confined steam, substantially as
described. -

6. In a steam-engine, the combination of a
eylinder, piston and piston-rod, a steam-chest
in which the steam-space is largely filled by
a piston-valve with an annular central strie-
ture and two elongated heads, ports leading
from the steam-pipe to either end of the

whereby when
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steam-chest, induction-ports leading from the
extremities of the steam-chest to the extremi-
ties of the cylinder, the passages leading from
the steam-pipe and the induection-ports in the
steam-chest not being coincident, the steam-
ports being located at a short distance beyond
the passages from the stean - pipe in such
manuner that the passages from the steam-pipe
may be closed by the valve while the indue-

tion-port is open to the steam-cylinder, sub- 1
stantially as and for the purpose deseribed.

In testimony whereof I sign this specifica-
tion in the presence of two witnesses,

ANTIIONY 8. HILL.
Witnesses:

JAY D. DRIVER,
FrANK S. WrsToN.




