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UNITED STATES PATENT OFFICE.

EDWIN P. BALL, OF CHICOPEE, MASSACHUSETTS.

IMPROVEMENT IN STEAM-ENGCINES.

Specification forming part of Lelters Patent No. 9,489, dated May 25, 1869,

To all whom ©t may concern :

Be it known that I, EDWIN P. BALL, of
Chicopee, in the county of Hampden and State
of Massachusetts, have invented a new and
useful Improvement in Steam-Engines; and I
hereby declare that the following is ‘a full,
clear, and exact description thereof, reference
being had to the accompanying drawings, mak-
ing a part of this specification, and to the let-
ters of reference marked thereon, in which—

Figure 1, Plate 1, shows a side elevation of
the apparatus ready for operation. Tig. 2,
Plate 2,is a vertical section through the cylin-
ders, showing the details of construction, as
seen from the opposite side to that shown in
Plate 1. TFig. 3, Plate 3,is a similar sectional
‘view, showing the piston and valves in another
position. Fig. 4, Plate 3, is a front view of

the connecting-trunnion on the valve-rod. Fig.

9, Plate 3, is a front view of the fulecrum or
bearing for the lever which operates the valve;
and Fig. 6, Plate 4, is a sectional view of the
- cylinders, showing the piston and valves in a

different position from that shown in Plates 2

and 3.

My invention relates to steam-engines; and
consists in the construction and arrangement
of the same whereby the piston is connected
with a primary valve by suitable rods, an in-
termediate valve being introduced between
sald primary valve and piston, the primary
valve serving to coutrol the exhaust-steam
passing from the cylinder containing the in-
termediate valve, and said intermediate valve
serving to control the admission of steam to
the cylinder containing the piston, while both
the valves and piston govern and control each
other in their movements, and the whole oper-
ate with great regularity, precision, and ease,
and without much of the jar and wear and tear

of parts usually attendant upon the quick and

rapid movement of heavy machinery operated
by steam.

That others skilled in the art may be able
to make and use my invention, I will proceed
to describe its coustruction and the mode of
1ts operation. |
~In the drawings, A represents the piston-

cylinder, which is cast hollow and open at
both ends, and with the flanges k* and ° there-
on, said cylinder having upon one side the
wing-piece If, with the ports ¢ and ¢! therein;

to the main cylinder A.

and for greater facility in making an examina-
tion as to the condition of the piston A! and
its rings, when desirable, the piece AS is cast.
separately, with the flanges %? and %3 thereon,
by which flange %° the said piece AS is secured

Yo the upper flange, %2, is secured the head
k, having the stuffing-box A? thereon, through
which passes the piston-rod A2 and to the
lower flange, &% upon the eylinder A is secured

‘the head A7 having the stuffing-box A¢ there-

on, through which passes the rod AS, to the
lower end of which may be attached a stamp-
head for crushing or stamping ores ; Ora ham-.

mer or die may be attached thereto, which ~~
‘may be used as in the ordinary operations of

a steam-hammer; or the lower head, A7, may
be solid, and without the stuffing-box A%, and

‘the piston may be used for any propelling-
power desirable.

The outside of the wing-piece E is made

plane or flat, and with a flange, {, thereon, as

shown in Plate 1. |
The cylinder B is cast hollow, open at both

ends, and to each end is secured a head, A2 5.

The middle portion of the bore of said eylin-
der B, from # to «}, is made somewhat larger
than the part nearer the ends, and the aper-
ture B° 1s made in-the side of said eylinder.
One side of this cylinder B, on the outside,
is made plane or flat, with a flange, 1!, there-
on, by means of which said cylinder B is se-
cured to the wing-piece E of the cylinder A
by bolts passing through said flange i, and
also through the flange { on the wing-piece L.

In the upper part of the said eylinder B are
made the annular grooves, s, s!, s?, and %, and
in the lower part of said cylinder B are made
the annular grooves, st, s°% and s Direct
communication is made from the groove s3
to the interior of' the cylinder A, at its upper
end, through the port a!, and also from the
groove s* to the lower interior portion of said
cylinder A through the port «. The small

port ¢* is made through the lower head, /2, and

up into the side of the cylinder B, communi-
cating with the groove s, and the said hole,
through the head 72, has a screw-thread made
therein, and ascrew, ¢’, having a conical end,
1s turned into said hole; and the same arrange-
ment 1s made at the upper end of the cylin-

| der, where ¢” 1s the small port, communicating
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with the groove s* through- the head 77, and

¢® the serew fitting into the threaded hole made
through the head /. |
Operating within the cylinder B is the rod
Be, upon the upper end of which are the two
cylindrical flanges or piston-heads B? and B,
the thickness of B® being suafficient to cover
the grooves s and s', while the thickness of
the flange B* is sufficient to occupy the space

between the top of the groove s> and the top

of the groove s°.
Upon the lower end of the rod B2 are the
two cylindrical flanges or heads B! and B?

the thickness of B! being sufficient to cover the

annular groove s, and the thickness of B* be-
ing sufficient to cover the annular groove s°.
The distance between the flanges B! and B?
is such that when the upper side of the lower
flange B? is on the same horizontal plane

with the lower side of the groove s°, as shown |

in Plate 2, the lower side of the flange B!
shall be a little above the lower side of the
oTo0VvVe S*

The distance between the heads or flanges

B3 and B¢ is such that when the lower side of
- the flange B?is upon the same horizontal plane

with the upper side of the groove s?, as shown
in Plate 3, the upper side of the flange B* is

upon the same horizontal plane with the lower

side of the groove s and the length of the
whole rod B?, with the flanges B!, B? B, and
B¢ thereon, is such that when the rod B%isin
the position shown in Plate 2, the top of the
upper flange, B?, being upon the same hori-
zontal plane with the upper side of the groove
s, the upper side of the lower flange, B?, shall
be on the same horizontal plane with the lower
side of the groove s

The length of the rod B?, with the distances

- Detween the flanges, as thus explained, will
 determine the relative proportion: of the rod

B? with its flanges, which I denominate the

~“intermediate valve,” to the cylinder B, with-
~ the grooves s, s', &c., made therein.

The bore of the cylinder B, in 1ts'upper and
Jower part, should be the same in diameter,
and the flanges B3 B! &ec., should fit said

~ _bore properly to make them steam-tight, and

said flanges may be cast somewhat hollow, as
indicated by dotted lines in Plates 2, 3, and 4,
if desirable, to save stock and give lightness
to the valve. - S

- The apertures d d' d*> d* are made in the
lJarger part of the cylinder B, through which

the exhaust-steam escapes from certain por- |-
tions of the machine, as will be hereinafter |

explained. | .

An aperture, z, is made in the upper part of’
the cylinder ‘B at such height.that when the
valve B? is at its lowest position in the cylin-
der, as shown in-Plate 3, Fig. 3, said aperture
shall be just above the upper surface of the
flange B3, and an aperture, ', is made in the
lower part of said cylinder at such height
that when the said valve is in its highest po-
sition, as shown in Plate 2, Kig. 2, said open-
ing shall be just below the lower surface of

]

| made. partly

ing into the annular groove o°.

90,480

the lower flange, B?, so that the exhaust-steam
may escape from the upper and lower parts of
the cylinder through the pipes and apertures
d and @& into the exhaust-pipe.

The guide-rod B* operates through a stuff-

'ing-box, g, in the upper head of the cylinder

B, by which to try the valve when necessary

to ascertain its condition in its eylinder. The
ports b, bl, b2, %, and b* are made in the cylin-
der B, and that side of said cylinder B is made

flat, and having the flange m thereon, as shown
in Plate 1. -

The cylinder C is made smaller than B,and
| hollow, with the heads 2 and k! bolted to the

upper-and lower ends, the stuffing-box ¢ being

made in the upper head, A!, through which

operates the rod D% One side of the cylinder
C is made flat, with a flange, m!, thereon, by
which it is secured to the cylinder B.
‘Within the cylinder C, and extending arouncd
its entire interior circumference, are made the
annular grooves o, o', 0%, 0% 0%, and 0°, the an-
nular grooves s, s, 8% §°, s%, &% and s® extend-
ine around the entire interior circumference
of the cylinder B. In the same manner com-
munication is made between the annular
grooves o! and s, 0% and s!, and o* and s® through
the ports b, b, and b2, respectively, which are

the eylinder C, for facility in casting.
The cylinder C has the aperture J° therein,

‘which communicates with the annular groove

s? in the upper part of the cylinder B through
the port 0% and also with the annular groove
s5 in the lower part of said eylinder through
the port b | | | - -
Upon the outside of the cylinder C, at the
upper part, is the protuberance d°, as shown
in Plate 1, which is hollow from top to bottom,

only communicating with the interior of the

cylinder C through two apertures, one at the
top, opening into the annular groove o, and
one at the bottom of said protuberance, open-
Another aper-
ture is made in the outside of said protuber-

ance, which communicates with the enlarged

middle portion of the cylinder B through the
pipe and aperture d. |
Another protuberance, d°, is made upon the
outside of the cylinder C, at the lower end,
which is also hollow, and only communicates
with the lower interior portion of said cylin-
der C through an aperture which opens into

the annular groove o°. x
A threaded hole is made in the edge of the -

protuberance d°® just below the annular groove
0,into which is turned a screw, d% which is of

sufficient diameter and length to entirely fill

the hollow in the protuberance d° when said

| serew is turned in, and a similar serew is ar-
ranged for the lower part of said protuberance:

@5, just above the annular groove ¢° and also

for the lower protuberance d° just above the
annular groove ¢°. Communication 1s made

from the interior of the protuberance d® with
the middle interior portion of the eylinder b,

| or with the exhaust-pipe B® through the pipe

in the eylinder B and partly in



and aperture d?. Upon the rod D? are the | B remaining in its highest position until the

cylindrical flanges or projections C!, C?, and
(3 the lower side or end of the projection (3
being upon the same horizontal plane with
the upper side of the annular groove o*,. When
‘the rod D? is at its highest position, as shown
in Plate 3, the top of theupper flange, C!, should
be upon the same horizontal plane with the
upper side of the annular groove o, the lower
end of said flange C! being a little below the
groove o', and the extreme top of the flange
(C? should be at about the lower side of the

annular groove 0% said flange extending down

to a point below the groove 0% The length of
the lower flange, C?, should be such that when
- its extreme lower end is upon the same hori-
zontal plane with the upper side of the groove
0° the top of said flange should be above the
groove 0%, as shown in Plate 2, the small rod
I, which connects the flanges C', (2, and C?,
atfording ample space for the steam to pass
In through the pipe 5.

- To the upper part of the cylinder C, upon
- the side, is secured the stud or bearing D,
which may be of sufficient length to accom-
modate the length of stroke, and at the top
of which stud is the bearing 4® in which are
made two vertical slots parallel with the rod
D, one in each side of the bearing , through

which are passed bolts or screws securing the
A trunnion, ¢, having an | _
1 the valve I isalso carried down until the lower
end of the lower flange, C?, passes the annular
the port 0% and the upper

sliding bearing . f
aperture, f, therein, has its bearings in the
slide ¢°, caps ¢ being secured to the slide # to
keep the ends of the trunnion always in place.
At the top of the rod D? are the bearings ¢,
with caps 4!, securing a similar trunnion, e,
with an aperture, f, therein, properly in place.
Both the trunnions e and ¢* are so properly
secured 1n their bearings as to admit of a ver-
tical reciprocating movement, and a guide, F,
‘having a vertical aperture therein, is attached
to the stud, through which guide passes the

rod D? to keep it steady and in its proper verti-

cal position. To the top of the piston-rod A2
1s attached a similar trunnion, ¢3, to which
trunmon is firmly attached the rod D!, said
rod passing through the apertures in the trun-
nions ¢ and ¢? sliding freely to and fro in said
apertures. A rod, AS, attached to the piston
A, passes down through the stuffing-box A4
in the lower head of the cylinder A, and a
stamp-head for crushing ore may be attached
to the lower end of said rod. S

Having thus described its construction, I
will now proceed to describe the mode of its
operation. |

- The parts of the machine being fegétl'ler_i

and ready for operation, the piston A! being
in the lower part of the cylinder, as shown in
Plate 2, the intermediate valve, B?, being in
its highest position within the cylinder B,
steam 18 admitted through the pipe 05, passing
through the port &*into the eylinder B between

the flanges B' and B?, through the port «, and |

into the cylinder A underneath the piston Al
This forces the piston Alupward to the upper

!

haust-pipe B®.

-piston A! has performed its entire upward

stroke. This upward movement of the piston
Al, with its rod AZ carries up also that end of
the lever D! which is attached to the upper
end of the rod A? and as the lever D! passes

‘through the aperture in the trunnion at the

top of the rod D? said rod D?is also carried
upward, and with it the valve 1, the wvertical
movement of the rod D? and the valve I being
in proportion to the vertical movement of the
piston-rod A? as the distance from ¢? to e is to
the distance from ¢ to ¢>. The valve I being
carried upward, thelower flange, C3, is brought
above the annular groove o*, and the exhaust-
steam passes out from beneath thelowerflange,
B through the port #?, into the lower part of

the cylinder C, through the orifice in the lower

annular groove, o°, chamber d% pipe d?, into
the large exhaust-pipe B The intermediate
valve, B? then drops, and as the annular
groove s is a short distance above the bottom
ot the cylinder B, the said valve B® cushions
against the steam which is collected in the
lower end of the cylinder B below the annular
groove s°, and the steam which enters the small

upper port ¢’ ¢!, to force down the intermediate

valve, B3 escapes through the aperture z in

the side of the cylinder B, thus preventing any

further downward force being exerted upon
sald valve B% As the piston A! moves down

groove o*, closing
end of the flange C? passes below the annular

groove o°, which opens the aperture in said

groove 0% communicating with the small ex-

‘haust-chamber d° on the outside of the ¢ylin-
der C. This position of the valve I is shown

in Plate 4. The exhaust-steam is then free to
pass out from the space in the upper end of
the cylinder B, above the upper flange, B3,
through the port b!, space in the cylinder C,

between the two flanges C! and (2, and small -

exhaust-chamber d° and pipe d!, into the ex-
The steam admitted to the
lower end of the cylinder B, beneath the flange
B2, through the port * and smaller ports ¢t
and ¢, forces up the intermediate valve, B2,
(the lower port, 1%, being stopped,) until the

top of the upper flange, B3 has just passed

the annular groove s!, when, the port b being
still shut, the steam in the upper end of the
cylinder B temporarily stops the intermediate
valve, B in its upward movement.,

The piston A! having thus far made only a
part of its downward movement, the interme-
diate valve, B?, in its present position has cut

off communication between the cylinder B and .
the upper part of the cylinder A by the flanges

B* eovering the annular groove $* communi-
cating with the port al, and as the great weight
of the stamp-head attached to the lower end
of the rod A’ accelerates the piston Al in its
downward movement, there is nonecessity that
the piston A! should have the full force of the

part of the cylinder A, the intermediate valve, | steam during its entire downward movement,
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and the said piston A! performs the remain-
der of the downward movement under the ex-
pansive force of the steam already admitted
into the cylinder above it, the exhaust-steam
meanwhile passing out flOIll beneath the pis-

- ton Al through the port « into the exhaust-
pipe B?, all the space between the two flanges

B! and B¢ of the intermediate valve, B being
exhaust-space. As thevalvelis carmed toits

lowest position in the eylinder C by the down- |

ward movement of the piston Al, when the top
of the upper flange, C', passes below the annu-
lar groove o!, the steam in the upper part of
the cylinder ‘B above the intermediate valve,

- Bt isfree to pass out through the port b 1111:0
the upper part of the cylinder O, and from. |

thence through the aperture in the upper an-
nular groove o, through the small exhaust-

chamber d°, p]pe d, and into the large exhaust- |

pipe B° This escape of the steam from the
cylinder B above the upper flange, B?, of the
intermediate valve, B permits said Valve to
fly up quickly untii the t0p of the upper flange,
B3, covers or passes the upper annular groove,
s, when the said valve B? cushions against
the steam confined in the extreme upper part

of said cylinder B above the said groove s,

B8, upward p&sses out through the lower ap-
er tule 2!, thus preventing any further upward
force bem g exerted by the steam., .

If, in the adjustment of the machlne it
should be found desirable to change sllghtly
the length of the stroke of the wvalve I as
compared with the stroke of the piston Al 1t

may be easily and qu’wkly done by un]oosen—
ing the bolts or screws which secure the slide
# to its ways or rests 2, moving the slide ¢°
either toward or from the rod D?toits desired
position, and then tightening said bolts or

SCrews. _
. Ifit should be desirable to shorten the stl OLe |

of the piston Al at the upper end of the stroke,
it may be done by turning the nut » upon the
rod I and moving the lower head or flan ge, C3,

upward on its rod I the desired distance, a,nd |
then securing it in place by the nuts v and o'

The ports b? |

above and below the head C3.
and groove o* will then communicate sooner,
and the mtelmedlatevalve,BB droppingsooner,
the steam passes into the upper part of the
cylinder A through the ports 0% and a!, short-

ening the stroke of the piston A!at the upper
1)‘1113

stroke of said piston at the lower end of the

stroke, it may be done by moving down the
head 01' flange C! upon the rod I and securing
it in a similar manner by the nut v ThlS

~ permits the steam to escapefrom the cylinder B

above the Intermediate valve, B sooner, which

permits the said valve Bto ﬂy up qmcker, ad-

mnitting the steam into the lower end of the
cy linder A sconer through the ports b* and «.
- If it should be desirable to lengthen or

“shorten the cut-off for the upper end of eylin-

del A, 1t may be done by raising or depressing

C g 90,480 I i

| and b°,

g

-

the middle flange or head, C?, and securing it
in place by the nuts V? and v? above and below
said flange C? This permits the steam {o es-
cape through the port ' and annular groove
0® soonér or later, according as. said flange 1s
depressed or raised, and permlts the interme-

diate valve, B2, to ﬂy up sooner or later, cut-

fing off the steam from. the port a? cmrespond
ingly sooner or later, as the case may be.

Tt will ‘be seen that the steam is admitted |

to the small ports ¢® and c¢* constantly, with-

| out reference to the stroke of either of the
valves or:'of the piston; that the interme-
diate valve, B?, when used in a vertical Posi-
tion, shall be ba,la,nced the apertures « and '
in the cylinder are used the steam which 1s
“admitted through either the port ¢® or ¢%, and
‘passing out through one of said apeltures,__
operating to hold said intermediate valve
~always in the highest or lowest position.

The stop-cocks » and 7! may be turned to
regulate the size of the apertures x and ', in

order to regulate the amount of steam passing
through said apertures and prevent more
waste of steam than is neecessary, 1t being

best to have said apertures as small as possi-

| ble, while the amountof steam passing through
and the steam which enters the small lower |

-ports, ¢t and ¢, to drive the intermediate valve,

Sh&ll be sufficient to keep the valve B® in its

proper position at the ends of 1ts stroke.

The intermediate valve, B?, may be made to
move quick or slow by turmnn the screws @,
d’, and d° either in or out, for as the dlame
ter of said screws. fills the Wldth of the small
exhaust-chambers d° and d®, it.is evident that

the space left for the passage of the exhaunst-
steam past the inner end of the sald screws

will regulate the time occupied in the passage
of the steam from above and beneath the in-

termediate valve, B? as said space 1s large or
small.

It will be seen that the movements of the pri-

| mary valve I simply control the exhaust-pas-

sages D, 0!, and 0? froin the intermediate valve-

.cy]mder B and that the intermediate valve,

B?, COIIthlS the admission of steam to the cyl
mder A both above and below the piston Al

It is evident that stop- cocks or perforated
screws might be used in the place of the screws
d?, @8, and @°, for the purpose of regulating the
escape of the steam from the cylinder B, as

either would be an equivalent to the devi 1ces

shown in the drawings, and the regulation of

‘the escape of the steam irom said cylinder 1

‘deem an important feature in my invention.
If it should be desirable to shorten the |

""-»..__
.

- By making the valve I without the middle ¢

_head C?, and by leaving out the port b', the
mterm edlate valve, B?, wﬂl malke but one mo ve-

ment in 1its upwald stroke and the engine

‘may then be used with’ great advantage for a

greater variety of purposes.

Having thus described my inv entlon, what
I claim as new, and desire to secure by Letters
Patent, 18—

1. The primary valve I, w11;h the ports b, b,
the mtermedlate valve, B%, with the
ports in the - ¢cylinder B, and the plston Al

| with the pm ts a and at, Smd valves and pmton
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operating to control each other in their move-

ments, substantially as herein desecribed.

2. The primary valve I in connection with
the ports 0, b', and 0?% and the port ¢t all op-
erating to cmlse the mtermedlate V&he B8, to

perform two distinet movements durm# lts

entireupward stroke, substantially asset forth.
3. The devices for 1*egula,tin g the passage of

the exhaust-steam from out the ends of the

cylinder 13, so that the intermediate valve B®

- may operate fast or slow during each stroke, |
- substantially as herein descnbed

4. The exhaust-apertures x and ' in the

- cylinder B, in connection with small ports ¢t

o

and ¢, for the purpose of retaining the inter-
mediate valve, B?, in its proper position while
at Test at each end of its stroke, substantially
as herem described.

9. The primary valve I, with the ports b, %,
0, and 0%, the 1ntermedmte valve, B%, with ‘the |
ports ¢ and ¢’, and the piston Al, 'with the
ports a and a!, 1.11 constructed and &uanwed
substantially fts and for the purposes Specﬂled

. P. BALL.

Withesses:
T. A. CURTIS,
. K, Ricxs.
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