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THOMAS H. PHILLIPS, OF ST. DAVIDS, PENNSYLVANIA.

RECIPROCATING ENGINE.
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SPECIFICATION forming.part of Letteré Patent.NO. 762,755, dated June 14, 1904.

Appiin:ﬁtion filed December 22, 1902, Serial No, 136,192, (No model.)

To all whom it may concern:

citizen of the United States, residing in St.
Davids, Delaware county, Pennsylvania, have
1nvented certain Improvements in Reciprocat-
ing Engines, of which the following is a speci-

. LS

fication. ~

My invention relates to that class of recipro-

cating engines in which are combined a cyl-

inder having a reciprocating piston or plun-

ger and a valve-chest having a reciprocating
valve, both piston and valve being moved by
direct action of the steam, air, or other mo-
tive fluid employed. One type of engine of
this class is an impact-tool, such asa rock-

drill, and another type is a direct-acting

‘pump. For convenience I will assume that

20

1t 1s an engine of the former class and is op-

erated by steam. .
The objects of my invention are to provide

a simple and positive method of moving the
valve at a predetermined point in the stroke

ot the piston, to provide an engine that with
the same power and efficiency as compared

with others of the same length of stroke is
lighter and more easily handled, and to main-

- tamn the full length of stroke of the piston
~regardless of any wear that may take place

30

35

40

‘Fig. 5 is a longitudinal section illustrating

50

on the piston or in the cylinder. These ob-
jects I attain in the manner hereinafter set
forth, reference being had to the accompany-
1ng drawings, in which— -

Figure 11s a longitudinal section of the cyl-
inder and valve-chest of a reciprocating en-

gine constructed in accordance with my in-
vention, showing the piston and valve in ele-
vation and at the forward extremes of their
movement. IFig. 2 is a longitudinal section
looking in the opposite direction and show-

ing the piston and valve at the rearward ex- |

treme of their movement. Fig. 3 is a sec-
tional plan on the line ¢ @, Fig. 1. Fig. 4 1S
a sectional plan on the line b ), Fig. 1; and

the application of my
having a short piston. | _ -

In the drawings I have shown simply the
cylinder and valve-chest structure, the piston,
and the valve, omitting the heads of the cyl-

inder and all other appurtenances not neces-

invention to an engine

vention. : R o
1 represents the cylinder, and 2 the piston

_ | sary to the proper understanding of my in-
Be it known that I, Tromas H. PHILLIPS, a -

contained therein, the latter being a solid pis-

~ton—that is to say, a piston not having any
central groove—and being provided with
packing-rings 3 3, onenear each end, the piston
shown in Fig. 1 being a long piston of the

type usuwally employed in connection with
rock-drills or like impact-tools. AR
The valve-chest is represented at 4 and is

suitably . mounted wupon the cylinder, said
-valve-chest having a steam-chamber 5 with
“opposite openings, either of which may be

connected to the supply-pipe, the other being

suitably plugged, thus permitting the tool to.

receive steam from a pipe either on the right-
hand side oron the left-hand side of thesame,

-as may be found most convenient in practice.

In the top of the chest is another opening 6,

which constitutes the exhaust-opening and is
Intended to receive a pipe for conveying the
~exhaust to any desired point, or it may dis-
charge the exhaust directly therefrom, if de-

75

sired, when compressed air is the motive fluid
employed. o |

The steam-chamber 5 is continuously in

55
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communication with two chambers 7 and 8,

which communicate with the bore of the valve--
~chest, and the exhaust-opening is continuously

In communication with a central chamber 9,

| ikewise communicating with the bore of the
‘valve-chest. | o L
Leading to the front end of the cylinder is
-a passage 11, which communicates with a
chamber 12 in the valve-chést, and from the
rear of the cylinder extends a passage 13,
which communicates with

valve-chest. =~ - - .
The bore of the valve-chest at a point be-
tween the chamber 7 and the forward end of

the chest is in communication with a chamber

15, which constitutes the valve-chest termina-

tion of a passage 15% and at a point between

the passage 8 and the' rear end of the valve-
chest the bore of the latter is'in communica-

tion with a chamber 16, which constitutes the
valve-chest termination of a passage 16

The passage 15 is for convenience in con-

‘struction formed partly in the valve-chest and

a chamber 14 of the.

8o
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partly in the cylinder instead of being formed |

entirely in the cylinder, and it communicates
with the bore of the cylinder through two
ports 15° and 15° at one side of the cylinder,
the port 15° being located some distance in-

“wardly from the forward end of the cylinder

and the port 15° being located some distance
in advance of the rear end of the cylinder.

The passage 16* resembles the passage 15
and like 1t communicates with the bore of the
cylinder through a forward port 16 and a rear
port 16° the port 16° being some distance in
advance of the port 15” and the port 16° being
some distance in advance of the port 15° the
ports 16" and 16° being on the opposite side
of the cylinder from the ports 15° and 15° as
shown 1n Fig. 4, so that the two sets of pas-
sages will not interfere with each other.

The valve has five disks 17, 18, 19, 20, and
21, the disk 17 being centrally disposed on the
valve-stem, the disks 18 and 19 being at the
forward end of the stem, and the disks 20 and
21 being at the rear end of the same.

rated from each other by narrow grooves, and
the disks 18 and 20 are separated from the
central disk 17 by wider grooves.

In the case of a steam-pump the pairs of

diameter, as in such case uniform forward and
backward movement of the valve is required;

‘but in the case of a rock-drill or other impact- |

tool 1t 1s preferable that the forward pair of

diameter than the rear disks 20 21 in order
that the valve may have a quicker rearward
than forward movement. The central disk 17
1s of greater area than the end disks, the dit-

ference 1n area between said central disk and

either end disk being less than the area of the
oppositeend disk. For convenience of manu-
facture and in order to 1nsure accuracy in
alinement the valve-chest 1s in the first 1n-
stance bored out to the full diameter of the

“disk 17, and the desired reduction in'diameter

of bore at the ends of the chest is effected by
the 1nsertion of bushings 22 and 23.

In the stem of the valve at the forward end
of the same 1s formed a passage 24, branched

at its inner end, so as to communicate with

the groove between the valve-disks 18 and 19,

~and a similar passage 25 at the rear end of the

60
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stem communicates with the groove between
the valve-disks 20 and 21. |
Supposing that the piston and valve are at
the forward ends of their respective strokes,
as shown in Fig. 1, the operation ot the en-
oine 18 as follows The forward end of the
cyhnder is open to the steam-inlet chamber 7
through the passage 11, chamber 12, and the
oroove between the disks 17 and 18 of the
val ve, and the rear end of the cylinder 1s open
to the exhaust-chamber 9 through the pas-

sage 13, chamber 14, and the groove between
the dlskq 17 and 20 of the Valve ‘The rear

face of the disk 18.
rearwardly in the cylinder its rear end first

-movement of the valve.
end disks 18 and 19 and 20 and 21 are sepa- | tinues to move rearwardly its rear end covers
- the port 15°, thereby cutting off the passage
- 15* from communication with the exhaust, and
still further rearward movement of the piston
. causes its forward end to uncover the port
end disks 18 19 a,nd 20 21 may be of the same | 15", thereby permitting flow of live steam
from the forward end of the cylinder into the
“passage 15* and thence through the chamber
15 and the passage 24 of the valve into the
forward end of the valve-chest.
disks 18 and 19 shall be of somewhat greater |

762,755

end of the valve-chest receives steam under
pressure from the steam-passage 8 through
the passage 25, while the forward end of the
steam-chest is open to the exhaust through
the passage 24, the chamber 15, the passage
15%, the rear end of the cylinder, the passage
13, and the chamber 14. The rear face of the
disk 18, the forward face of the disk 17, the
rear face of the disk 20, and the forward and
rear facesofthedisk 21 are therefore subjected
to steam-pressure. Hence the pressure to hold
the valve in the forward position 1s that ex-
erted upon the rear face of the disk 21 as
against the backward pressure exerted upon
that portion of the forward face of the disk
17, which 1s in excess of the area of the rear
As the piston moves

covers the port 16° and its forward end then
uncovers the port 16°; but as the valve-chest
end of the passage 16*.1s covered by the disk

91 of the valve this has no effect upon the
The |

As the piston con-

The area of
the forward end of the disk 19 1s now added

" to the excess annular area of the disk 17 over
“that of the disk 181n exerting pressure to move

the valve rearwardly, and as this pressure 1s
in excess of the pressure exerted upon the

rear disk 21 of the valve said valve will be at

once moved to the position shown in Fig. 2,
thereby admitting steam to the rear end of the

stroke and at the same- time opening the front
end of the cylinder to the exhaust, and con-
sequently permitting ‘the exhaust of steam
from the rear end of the valve-chest through
the passage 25, the chamber 16, passage 16",
the front end of the cylinder, the passage 11,

and the chamber 12. The disk 20 of the valve
i1s wider than the chamber 8 or the space be-

tween the same and the chamber 16 or the

oroove between the disks 20 and 21, and in
like manner the disk 18 1s wider than the
chamber 7 or the space between the same and
the chamber 15 or the groove between the

disks 18 and 19, and the disk 17 is narrower

than the chamber 9. By reason of this con-
struction the chamber 16 will in the back-
ward movement of the valve be uncovered by
the disk 21 betore the disk 20 permits passage
of live steam from the chamber 8 to the rear
end of the cylinder through the passage 13 or
subjects the rear face of the disk 17 to such
live-steam pressure. At the timethat thedisk

21 uncovers the chamber 16 the dlsL 17 be-
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~ ginstouncover the exhaust-chamber 9. Hence

1O

L5

20

there 1s free exhaust of steam from the rear
end of the valve-chest through the passage 25,
chamber 16, passage 16 the front end of the

cylinder, the passage 11, and the chamber 12,
‘and there is no risk of accidental reversal of-

the position of the valve before the pistonhas

completed 1ts designed strolke.

The purpose of making the disk 17 of less

width than the exhaust-chamber 9 is to pre-

vent pressure upon either face of said disk
by steam leaking around the end disk which
1s 1n acdvance in the direction of movement of

the valve and before said valve has moved so

tar that said end disk begins to uncover the
steam-inlet chamber, as such leakage would
1n case the exhaust-chamber had been closed
by the disk 17 exert such back pressure upon
the latter as would render uncertdin or actu-
ally prevent the desired movement of the
valve.
covering the port 15" and then uncovering the
port 15% which, however, has no effect upon
the movement of the valve, owing to the fact
that the valve-chest end of the passage 15 is
closed by the forward disk 19 of the valve.
The port 16" is next closed by the forward

~end of the piston, so as to cut off the passage

- 16" from communication with the exhaust,

30

35

40

and, finally, the port 16¢ is uncovered by the
rear end of the piston, so as to admit steam to

the rear end of the valve-chest through the

passage. 16% chamber 16, and passage 25.

The forward pressure upon the valve-disk 21

in addition to.the forward pressure upon the

~central disk 17 overcomes the pressure upon
the forward disk 19 of the valve and causes

forward movement of the latter in the valve-
chest to the position shown in Fig. 1, the ex-
haust trom the forward end of the valve-chest
taking place before theforward face of the disk

- 17 is exposed to the live-steam pressure from

50

55
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the chamber 7. 'When the piston of the en-
gine 1s short, as in the case of a pump, the
ports 15" 16" and 15° 16° are disposed closely

to the center of the cylinder to compensate
for this difference in the length of the piston,

as shown 1n Fig. 5.

It will be observed that the valve is moved

in each direction by full pressure upon one
end disk, resisted by full pressure upon the
other end disk, the pressure upon the central
disk 17 being the dominating factor. Hence
the valve will be moved positively in each

direction, even though the end disks of the

valve are of the same diameter.  When the
valve reaches its final position in the chest at

either end, 1t is held in that position by full

pressure upon one end disk, the opposite end
disk being free from pressure, this condition
being maintained until the piston has so far
completed its stroke as to bring about the
change in position whereby the valve is shift-
ed. The valve moves forwardly when the
piston approaches the forward end of its

T'he piston now moves forwardly, first

and desire to secure by Letters Patent—

1. The combination, in a reciprocating en- -
gine, of a cylinder, a piston, a valve-chest, a
valve having end disks with ‘passages there- -

“stroke and backwardl‘y when the piston ap-

proaches the rear end of its stroke, following

the movement of the piston. Hence the jar- -
ring of the piston, as in the case of a rock-

drill, helps to hold in position rather than un-

seat the valve. Thevalveismoved forwardly -
by steam direct from the rear end of the cyl-

inder and rearwardly by steam from the front
end of the cylinder and after the movement
in elther direction is held in place by steam
from the main inlet-supply, and the cham-

bers in the valve-chest for the admission of

steam from either end of the cylinder to the

corresponding end of the valve-chest are-
‘never uncovered by either end of the valve,

each chamber being first in communication
with the exhaust from the opposite end of
the cylinder, then receiving steam from the
acdjacent end of the cylinder to move the
valve, and then being in communication with
the exhaust from that end of the cylinder un-
til the valve is again moved in the reverse di-
rection. - o
- When, as in some classes of

rock-drills, a

rifle-bar is used engaging with the rear end

of the piston, said .piston must be somewhat
longer than the length of the stroke. so as to
prevent the rifle from leaving the piston when

the latter is at the limit of its forward stroke.

If, however, rotation of the piston is not re-
quired or is effected by spiral flutes on the

70

75
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piston-rod or by other means, the piston need

be only long enough to accommodate packing-

rings and provide sufficient support on each
side of the same, the length of piston being

independent ot the length of stroke. The

I00

two ports of either passage 15* or 16* should

be so spaced that before one of the same is
uncovered by one end of the piston for the
admission of pressure to move the valve the

other will have been closed by the opposite.

105

end of the piston, so that only one port will

‘be open to pressure or exhaust on opposite

sicdles of the piston at the same time, and there

will be no accumulation of pressure baek of

the valve to cause its premature movement,
as any leakage which might take place be--

tween the cylinder and packing-rings of the
piston will escape through the exhaust from
the opposite end of the cylinder until the pis-

‘ton covers the port on the exhaust side.-
While both ports of either passage 15* and
16" should not be uncovered on opposite sides
of the piston at the same time, they may be.

open to either pressure or exhaust on the

1I0

1 15

120.

same side of the piston simultaneously, as in.-

‘the case of the engine with the short piston.
(Shown in Fig. 5.) :

Having thusdeseribed my invention, Iclaim |

128

through, passages leading from the cylinder

to ‘the valve-chest inwardly beyond the end

130"




- inder-passages, whereby the valve is moved
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e

disks of the valve, and live-steam chambers
in the valve-chest inwardly beyond said cyl-

in each direction in the valve-chest by mo-

tive fluid admitted to the end of the valve-

chest from the corresponding end of the cyl-
inder and through the end disk of the valve
and is retained in position in the valve-chest
by motive fluid from the main supply, sub-
stantially as specified. _
2. The combination, in a reciprocating en-

oine, of a cylinder, a piston, a valve-chest,and

valve having end disks with passages there-
through, passages leading from each end por-
tion of the cylinder to valve-chest chambers
inwardly beyond the end disks of the valve,
and live-steam chambers in said valve-chest
inwardly beyond said. cylinder - chambers,

~whereby each end of the valve-chest is first

20
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caused to communicate with the correspond-
ing end of the cylinder through the end disk
of the valve, then with a main motive-fluid
supply, and then with the exhaust through
the opposite end of the cvlinder substantially
as specified.

3. The combination, In a rempl oca,tmﬁ‘ en-
cgine, of a cylinder, a plston a valve- chest a
valve having end disks, mailn niotive-ﬂuid-
supply passages, and passages communicating
with the cylinder somedistance inwardly from

the ends of the same, the end disks of the
‘valve having passages therethrough, which,

in one extreme position of the Valve commu-
nicate with said cylinder-passage, and in the
other extreme position of the valve, commu-
nicate with the main motive-fl uld—supply pas-
sage, substantially as specified.

4. The combination, In a reciprocating en-
oine, of a cylinder, a piston, a valve-chest, a
valve having a forward end disk, with pas-
sage therethrough, and a passage having
branches terminating in front and rear ports
in the cylinder, said passage having a valve-
chest port,which,when the valve 1s 1n 1ts for-
wardextreme position,communicates, through
the passage in the end disk of the valve, with
the forward end of the valve-chest, substan-
tially as specified.

5. The combination, in a reciprocating en-

oine, of a cylinder, a p1ston a valve-chest, n
Valve having a rear end disk with passage
therein, and a passage having branches ter-
minating in front and rear ports in the cylin-
der, said passage having a valve-chest port,
which, when the valve is in 1ts extreme rear
position, communicates, through the passage
in the end disk of the valve, with the rear end

of the valve-chest, substantially as specified.

762,755

6. The combination, In a reciprocating en-

oine, of a cylinder, a piston, a valve-chest, a

valve having front and rear end disks each
with passage therethrough, two passages each
having branches terminating in front and
rear portsin the cylinder, one of said passages
having a valve-chest port, which, when the
valve is in 1ts extreme forward position, com-
municates,through the passage in the forward
end disk of the valve, with the forward end

of the valve-chest, the other passage having

a valve-chest port, which, when the valve is
In its extreme rear position, communicates,
through the passage in the rear end disk of the
valve, with the rear end of the valve-chest,
substantmllv as specified.

7. The within-described valve for a recip-
rocating engine, the same having palrs of
disks at each end, with passages extending to
each end of the valve from the grooves be-

tween the pair of disks at that end of the

valve, and a single central disk of larger di-
ameter than the end disks, substa,ntmlly aS
specified.

8. The W1thln-descrlbed valve for a 1eclp-
rocating engine, said valve having a pair of
disks at each end, the disks at one end being

of greater diameter than those at the other,

and a single central disk of still greater diam-
eter, substantially as specified.

9. The within-described valve for a recip-

rocating engine, the same having at each end
pairs of disks, those at one end being of
oreater diameter than those at the other, and
each end of the valve communicating with the

groove between the disks at that end,the valve

also having a single central disk of greater
diameter than either of the end dlsks sub-
stantially as specified.

10. The combination of the cylinder and its
piston, a valve-chest, a valve having end disks
and an intermediate disk of greater diameter
than the end disk, said intermediate disk con-
trolling the exhaust - chamber of the valve-
chest, and being of less width than said cham-
ber, with passages whereby movement of the
valve in each direction 1s caused by pressure

| upon an end disk and upon the corresponding

face of the central disk, substantially as speci-
fied. |

In testlmony whereof I havesigned my name

to this specification in the presence of two sub-
seribing witnesses.

- THOMAS H. PHILLIPS.

Witnesses:
F. K. BECHTOLD,
Jos. H. KLEIN. -
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