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Lo atl whom tt may concern : -

Be 1t known that I, FREDERIC A. HALSEY,
formerly of West Brighton, New York, now a
resident of the city of New York, in the county

and State of New York, and a citizen of the |

United States of America, have invented an
Improvement in Rock-Drills, of which the fol-
lowing is a specification, reference being had
to the accompanying drawings, forming part
of the same. o |

My invention relates to steam rock-drills
which comprise a steam-cylinder and recipro-
cating piston and piston-rod carrying a drill,
steam-passages for distributing the steam in
the cylinder to reciprocate the piston, a valve-

chest, and a steam-moved valve therein, con-

structed and arranged to co-operate with the
piston in. governing said passages, together
with suitable mechanism: to feed the drill to
its work, the work designed to be done by the
machine being that of striking a succession of

blows with the drill by the reciprocation of
the piston. - As the efficiency of this machine

18 1n proportion to the force of the blows
struck and the rapidity of the reciprocation of
the piston, it is important that the piston
should move to the end of its working-stroke
with as little obstruction as possible from the
steam 1introduced into the cylinder to effect
the return-stroke, and to theextentthatsteam

18 Introduced before the piston reaches the

- limitation of its working-stroke is the forece of

02
N

40

the blow struck lessened by the cushioning of

the piston on thesteam. Inthis class of rock-
drills as ordinarily constructed, such cush: |
‘1oning necessarily takes place in practice by

reason of the variation in the length of the
working-stroke, which results from the varia-
tion of the point of the collision of the drill
with the rock and the want of uniformity in

the feed of the drill. It is necessary that by

the time the piston reachesthe termination of

~ its shortest praetical stroke it shall have per:

45

formed its part of the work of bringing about
the introduction into the cylinder of the steam
to ettect the return-stroke; otherwise at that
point the piston would stop; but when, as is
the case in drills as heretofore made, the un-
covering of the inlet-port to the cylinder takes

50 place substantially simultaneously with the |

| sald action of the pistonattheend of itsshort-
est working-stroke, the piston in all longer
strokes will necessarily be met at all points
between its shortest and longest strokes by the
incoming steam, by which the force of its 53
blows will be diminished in proportion to the
amount of steam thus prematurely introdueced.

The object of myinvention is to remedy this
defect, and, while securing in any event the
introduction of steam to effect the return of 6o
the piston after its shortest working-stroke,
to prevent the introduction of steam and the
consequent. cushioning of the piston when
longer working-strokes are made. This ob-
ject I attain by making the passage through 65
which passes the steam by meansof which the
valve is shifted to admit steam to the cylinder
to etfect the return-stroke of the piston of suit-
ably small cross area or conducting capacity,
10 so limit the rate of transmission of steam 7o
through 1t that there will necessarily occur
between the opening of said passage at the end
of the shortest practical working-strokeof the
piston and the actual shifting of the valve to
open the inlet-passage to the cylinder a deter- 75
minate delay for the purpose of allowing the
piston to complete longer strokes by the time
the said passage is opened. |

I will now proceed to describe a steam rock-
drill embodying my invention, and in doing 8o
so 1 shall, for convenience of deseription and
to save prolixity, designate the movement
made by the piston in delivering ifs blows as
the ‘“down’’ or ‘“‘working’”’ stroke, and its
movement in the opposite direction its *‘up’’ 8s
or ‘‘return’’ stroke. The end of the cylinder
toward which the piston moves on its work-
ihg-stroke I shall call the ‘‘lower’’ end, and
the opposite end the ‘‘upper’’ end. Similar-
ly, I shall designate as the ‘‘lower’’ end of the go
valve and valve-chest that to which the steam
18 admitted to shiit the valve for opening the
inlet-port to the lower end of the cylinder, and
the opposite the ‘‘upper’’ end; and the move-
ment of the valve toward the lower end of the g5
valve-chest is called the ™ downward’’ move-
ment, and the reverse the “‘upward’ move--
ment. | : |
i Ihaverepresentedinthedrawings, and shall
set forth herein, a complete working machine, 100

|
\
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which embodies, I believe, other patentable |

novelties beside the one above referred to; but
[ intend in this specification that my claim
shall relate to and include only that which per-
tains to the said ¢“cushioning’’ of the piston,
reserving all others for separate applications
for Letters Patent, which I file simultaneously
herewith. Tdesire itto be further understood
that I do not confine myself, in all 1ts parts, to
the machine herein represented and desceribed,
it being obvious that the devieces and mechan-
ism which I employ to eifect the object at-
tained Ly my present invention may be em-
ployed in steam rock-drills and analogous ma-
chines differing in many other respects from
the one here shown and desecribed.

The accompanying drawings illustrate a
steam rock-drill embodying my invention.

Ficure 1 is a side elevation. IFig. 2 1s a
transverse scction through the lines x @ on
Fig. 4. Tigs, 3, 4, 5, and 6 are longitadinal
sections taken through the line y y on Ifig. 2,
respectively, showing the piston in elevation
in various positions. TFor clearness of 1llus-
tration, the lower portions of Fig. 3, 4, 5, and
6 represent as in avertical plane that portion
of the line # ¥ which extends obliquely up-
ward from the center of the eylinder, and then
horizontally outward through the nozzie which
is for connection with the steam-pipe. If1g. 7
is a modification, showing an arrangement of
steam passages and valves adapted to a re-
striction of the exhaust-port at the upper end
of the cylinder, for o purpose hereinafter fully
described. Ifig. S is a detached part, repre-
senting the valve-chest and valve, a broken
part of the cylinder and piston, and the steam-
passages communicating with the valve, here-

inafter fully described; and Fig. 9 18 also a
detached part of the machine, showing the

middle portion of the eylinder and piston, the
valve-chest and the valve, and passages for
distributing the steam to the eylinder herein-
after deseribed. |

A is the eylinder, and B is the piston, which
is elongated sufficiently to afford space for a
steam-chamber in its middle portion, and also
to perform the functions of opening and clos-
ing the steam-ports hereinafter described.

C is the piston-rod, which carries the drill
or other tool, and D the spiral rod for effect-
ing the rotation of the drill. The middle por-
tion of the piston is circumferentially grooved,
and the annular space, E, between the grooved
portion of the piston and the wall of the cyl-
inder serves as a steam-chest to receive steam
through the nozzle IY, which projects from the
side of the ¢ylinder, as shown in the drawings.

T is a valve-chest connected with the side
of the cylinder, as shown, aud G is a single
cylindrical valve fitted to work in @& corre-
spondingly - shaped® chamber in said chest,
which said valve is operated by steam intro-
duced into said chamber by ports leading from
the steam-chest L.

I is the inlet-port communicating between |

the upper end, H, of the e¢ylinder and the up-
per end of the valve-chest, and also opening
into the eylinder at a point where it will com-
municate with the steam-chest 1o when the
piston is at the end of its upward stroke, as
seen 1n I'ig. H.

J? is a port, also conmunicating between the
interior of the cylinder A and the valve-chest
F, near its upper end, opening into the cylin-
der at a point where it will be uncovered and
communicate with the steam-chest It when the

piston has reached in its upward movement

the position shown in Fig. 4, and will be closed
by the piston in its downward movement,
thereby cutting off the steam from the upper
endofthe eylinder beforethepiston hasreached
the limit of its downward stroke. Inthe draw-
ings this cut-off is represented as taking place
at about half-stroke; bui it is obvious that the
position of the inner mouth of the port 2° may
be varied.

i’ is the exhaust-port leading from the valve-
chest. *

¢ is a steam-passage communicating between
the lower end, J, of the cylinder and the valve-
chest, as shown in the drawings, which serves
both as an inlet and outlet port. |

I is a port communicating between the cyl-
inder and the valve-chest, and so located that
it will be uncovered by the piston and coni-
municate with the steam-chest I& when the pis-
ton is in the position shown in Iig. 6.

e is a port communicating between the lower
end of the valve-chest and the ¢ylinder, and
located, as shown in the drawings, so as to be
controlled by the portion of tlie piston below
its circumferential groove; and G'1s an ex-
haust-port communicating between the lower
end of the valve-chest and the eylinder A, the
same also being controlled by the said lower
portion of the piston. The valve-chest 1s 1n-
ternally circumferentially grooved,formingin-
ternal annular steam-spaces, into which the
outer mouths of the ports 7%, ¢, and 1 respect-
ively open, the portions of the interior wall
or face of said chest not included in said an-
nular grooves .constituting the valve-seats of
the eylindrical portions of the valve G. The
said valve G is formed, as hereinbefore stated,
of a single ¢ylinder of metal circumierentially:
orooved, as shown in the drawings, the cylin-
drical parts fitting with steam-tight joints into
the said valve-seats. The heads 4* 7' of the
valve-chest at either end, against which the
ends of the valve abut, project into the chest
with reduced diameters, thus respectively pro-
viding steam-spaces in the valve-chest at the
ends of the valve when it is in contact with
said heads, which communiecate, respectively,
with ports e, h, and . .

I? is a longitudinal groove or recess in the
cylinder,communicating with the steam-chest
formed in the piston at E, and into which
opens the steam-supply pipe I, that commu-
nicates with the boiler. This groove I per-
mits the circumferential groovein the piston,
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- 1t would otherwise have to be in order to main-
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lows: Assumingthe parts to be in the position
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- . Steam-chest B is acting against the lower end |

20
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- of the cylinder. Then,as it continues its down-
- ward movement, it will uncover the port I;

13

50, |
‘the valve upward, the steam at the upper end

53

60

steam-chest I will passthrough the port Tinto

the upper end of the valve-chest, whereby the

nication through the annular space between ¢

would be thereby admitted into the lower end

295,002 ' - ' B

and of course the piston 1tsellf, as well as the
cylinder, to be made considerably shorter than 1

taln constant communication between the pipe
E’" and the said steam-chest, and yet permit

the piston to have the requisite length of |

stroke. | |
The operation of the said device is as fol-

shown in Fig. 3, the steam passing through the
the passage ¢, through the annularspace ¢into
the lower end,J,of the cylinder,and throw the
piston upward. When the piston thus begins
1ts upward movement, the steam from the

of the valve G and holding it in the position

shown in said figure, the exhaust-port G’ be- |

Ing closed. As the piston moves upward it
will first close the port e, then the port I, cut-
ting off the steam from the lower end, J, of the
cylinder, and also open the exhaust-port G’.
When it has reached the position shown in
Fig. 5, the piston willuncover the inner mouth,
1°, of the port 2, and thereby admit steam into

valve will be thrown downward into the posi-
tion shown in Figs. 5 and 6, thus closing the
communication through the annular space be-
tween the ports I and ¢ and opening commu-

and ¢, thus closing the inlet-port to the lower
end of the cylinder, even when the port I is
opened by the piston, and opening the chan-

cylinder. By the uncovering of said port A2,
steam isalso admitted intothe upper end, H,of
the cylinder. The piston will now begin its
downward movement, and,closing successive-
ly the inner mouths of the ports » and 72,
thereby cuts off the steam from the upper end

but as the communication between I and 4 is
at the moment closed, steam is not then ad-
mitted to the lowerend of the cylinder through
port . . The piston next uncovers the port ¢
after closing the exhaust-port G/, steam being
thus admitted to the lower end of the valve-
chest through port e, and operating to throw

of the valve-chest being at the moment ex-
hausting through ports 2’ and 7, the upper
end, H, of the cylinder, and exhaust-port H,
by which movement of the valve communiea-

¢ 18 uncovered sometime before the piston has
reached the limit of its downward stroke in
the cylinder, and that if steam were at that
moment admitted into the valve-chest at full
pressure, S0 as to reverse the valve, steam

of the cylinder, and the piston during the re-
mainder of its stroke would be ecushioned

against the steam, thus impeding its move-

ment and diminishing the force of the blow of
the drill. To obviate this result, I make the
inlet-porteof small diameter, sothat the steam 70
will be admitted into the lower end of the
valve-chest so slowly that it will not reverse
the valve until the piston has had time to
move from the point where it uncovers the
port e to near the limit of its downward move- 75

‘ment 1n the ¢ylinder. When the piston, in its

downward movement, has uncovered the port

¢, the conditionisthereby establishedin which

the valve will certainly be reversed eventu-
ally. If by collision of the drill with the rock So
the piston should be arrested immediately af-
ter the port e is opened, there will be a mo-
mentary pause before the piston will com-
mence its upward movement, the pause being
for the time required for sufficient steam to 8z
pass through the port e to reverse the valve,

‘and 1t 18 intended that this shall be equal to

that occupied by theé piston in moving from

‘the Inner mouth of the port ¢ to the limit of

any strokes beyond that point. Then,in pro- go
portion as the feed is less excessive and the

length of the stroke of the piston is extended,

the duration of the said pause is decreased un-
til the stroke reaches the limit of motion in
the cylinder, when the reversal of the valve 95
occurs, and the introduction of the steam into
the lower end of the cylinder takes place si-
multaneously with- the termination of the
stroke, and the piston beginsitsupward move-

‘ment immediately after the blow is delivered. 1co
nel for exhausting from the lower end of the

The port ¢ is intended to open into the eylin-
der at a point where it will be reached and
uncovered by the piston under the most ex-
cessive teed ordinarily practiced, so that the

‘opening of said port at the termination of the. 105

working-stroke will at all times be assured
under the greatest practical variations of feed.

I find that locating the inner (opening of this
port so that the piston will move, after open-

Ing it, about one and three-quarter inch be- 110
fore reaching the limit of its movement in the
cylinder will provide for sufficient variation

of feed for practical puposes, while avolding

‘under all circumstances the premature intro-

duetion of the steam into the lower end of the 1T 5
cylinder. In order toattain the above-named
result, 1t is necessary that the area of eross-
section or conducting capacity of the passage
¢ should bear a certain relation to the weight,

~diameter, and length of stroke of the valve G, 120
‘and also to the velocity of the piston and the

tion 1s opened between I and ¢ and steam is |
~ again admitted into the lower end of the cyl-
‘inder. Now, it will be observed that the port

distance it moves from the point where it un-
covers the port e to the limit of its stroke in

the cylinder. The following statement of the
proportions which are found to give satisfac- 125
tory results in an ordinary working-drill of

the usual dimensions will enable a skilled me-
chanic to adapt the size of the port e to vari-

ations in the dimensions of the machine. In
such a machine in which the diameter of the 130

piston 1s three and one-eighth inches, the en- -

‘tire stroke six and one-half inches, and after
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opening the pmt ¢, one and three-quarter inch, |
striking four hundred to four - -hundred and |
twenty 'blonfs per minute under a pressure of:
seventy pounds per square inch above the at-

51]1081)11(31(}? and the diameter: of the valyve 18 |
one and a sixteenth ineh, its weight seventeen |
- ounees, and ifs stroke five: eiﬂl‘th% of an inch,:

~the diameter of the: pflwwe ¢ is about dive

SRR (o]

SR ﬁmdu

 thirty-seconds of an ineh.
the same result will be: attf‘uned by enlarging
~ the inlet-port ¢ and constrieting the: C‘\hﬂll%t ;.
- port of the opposite end of the valve-chest.:

If, when the steam should: be let in full press-.
11110 to one end, this pressure should be bal-
“anced by eqml steani-pressure ¢ at' the o DPO-
¢ will not, of course, be shift-
ed untll the pressure ati: ‘Lhe Gpposne end 18
reduced so far that
ure at the one end

site end, the TJIT

he over bftla,ucm

the inertia and frietion of the valve.

- The 1110(1111&1(1011 01 the ‘mh ¢ .md e‘\hfmst

. thesaid gradualexhaust may be ;,1(3001]‘11)1]"‘]1(3(1

"555?5‘4110\1.11 11 lw

10

43

s
Cri

60

diameter,

as shown therein.
should plefembly be 80 . omted relatively to
the inner mouth of the port ¢ that 1t will be
uncovered simultancously therewith and si-
multancously with the exhaust-port . By
this arrangement the steam is let 1n so as to
shift the valve (- immediately upon the open-
ing of said port ¢, were it not for the pressure
of 111@ steam at the upper end of the valve-
chest. In order to adapt the valve ( to the
desired modification of the valve-chest ex-
haust shown in Fig. 7, the said valve 18 pro-
vided with an additional circumferential
oroove, 'y, forming an additional @3*]111(1110*11
palt or head, /', and the steam- -spaces 1n the
steam-chest, the port /2, and the main inlet-
port v are 80 arranged that when the valve G
is thrown down S‘fe“llll i1s et into the upper
end, I, of the eylinder A from the steam-chest
10 thmuﬂh the port 7% the steam-space sur-
I oundmﬂ the annular groove 7, and the mlet-
port 7, and when the valve 1s thrown up 1t
closes the outer mouth, %/, of the port /1 and
cuts off the steam, the lower branch, 2", act-
ing only to admif ‘steam to the uppex end of
ﬂm valve-chest to impel the valve downward.

In Fig. 8 are represented both the inlet to
the lower end of the valve-chest and the ex-
haust-passage from the upper end of said chest,
constricted so that jointly they will retard the

transmission of steam, by the agency of which 1 ve

stricted,

;Lmlhr thc, :
| mission of steam as will be pmdnoed by the
constriction of: either one alone when the en- 75
tire effect of the o adual transmission of steam .
is to be accanmhshed Dby the constriction of
skilled in - the art will be -~
(hleetlonbé
30 ?

Tt 18 ‘obyvious 1]1.;11}

| ONne.:
enabled to do by 1(,1(,1 enee {0 the
hereinbefore given. . -
- Another nmdmmuon W 1t]1111 the S])ll]L m;
myv invention would: be to establish by suit-
able passages open communication hetween
the supply-pipe 14 “and bothends of the valve-
chest with the exhaust-passages from the lower
end of the said chest, and, if preferre d fmm; -
both ends - ﬁm'em{,d by | Lh .
these conditions, with Doth exhaust- pd‘a%d”(‘
closed, it 18 *’Lpp"uenb t:
MmMain JL_].CS
by the alter
éOppOSJte ends of the 1lve chest. L
eitherthe mlet ]msswrc,to tlie Jower end of thﬁé EERREE RS
said chest or the exhaust-passace at its oppo-

9.‘}

Press-
is sufficient to overcome
- The el
{eet, therefore, is the same w hethm the ex-
hauqt 1S’ 11111nedmte and the inlet gradual or |
‘theinlet is immediate and the: e\h‘mst orad-
“ual; or both may be gradual, with the 1esL1 1C-
11011 of both towthel 0011*11 tc} the restriction
of either onc¢ when the entire effeet of the |
SN admission or exhaustion of the SteflllI |
18 to be JCCOm]ﬂI“%th l‘n Hw r (3%111(*1.1011 Ot one
“alone. | o -

i 7, and consistsinmaking the |

- exhaunst 2F of th(* vort ¥ in’ said figure of small |
~diameter or cross-area and the ]}Uli ¢.of large
" The mouth A"

thevalveisshifted to admit steaan to the lower
delay oceurs in
the shifting of the valve, as lwrmnbefme de-

end of the evlinder, so that o

seribed. ]L is obvions that with this: 11*1*{111@0

ment. _both passages should be suitably con-
50 as: to produce . conjointly substan-

IANIe 1esult mn: 1ct*’11{hnﬂ the trans-

CThisany one

piston.

and thatit would Dhe 1'0611)1‘0(*%(.,([
mu, openl

1 site end were constricted as above deseribed,

{ the upward movement of the valve, after the. ...
S :me atthe: ul}pﬂl endofthecylinder, 1)3 whielh | eomnmencement: of the: 1110?(*111@11L 01 thesteam - - .
i through suel constrieted passage, would be .
dd{wed until the gradual inerease of pressure
;E:]]Oll]{] be: sufficient to over- o
come the weight - and inertia of the v “11\*0., as.

‘herein %peuhed, and shown in Fig. 9.

upon  the valve

iat the valve wonld 1{3-;;;;?;;5:;;
Q0
1o of the exhanstatthe
1"\‘O'ﬂ. ]i';_Q:Q:;_Q

100

In Fig. 9 areshown passages w hmc,bs Opell

(3011111111111@.1111011 ismaintained bhetween the ends
of the valve-cylinder and the hive-steam sup-

ply. L I/ are said passages, communicating
between the longitudinal groove I&* and sev-
crally the ends of the valve-chest. Dy con-

stricting the inner mouth of the inlet-passage
L to th{,, lower cnd of the valve-chest, or bV
constricting the outer mouth of the e\]nust; at
the opposite end of the same, or by constrict-
ing hoth, the retarding of Ihe steam, as belore
desumed# iscffeeted. When these open steam-
passages are used, the head 7* of the lower end
of the valve-chest should not be tapered, but
should fill the steam-chest, so that when the
piston abuts against it it will have substan-
tially no steam- space in this end of the valve-
chest.  Then the passage-way for the exhaust
through G’ can be made by a small groove 1
the ander side of the head, which pr 0]0(,15 1mnto
the valve-chest.

The combination andarrangement described
in the last preceding Lmﬂmph I claim in a
separate application for a patent, Serial No.
117,724, filed January 16, 1884, and before this
:{Lpphmtmn was allowed and the patent passed
to 1ssue.

From the foregoing description 1t will be
clearly under %tf_)od that the essence of my in-
ention 1], together Wllh sitable means for

105
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115

120

130
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transmitting steam by the agency of which
the valve is shifted to open the inlet-port to
the lower end of the cylinder that is brought
Into. operation when the piston reaches the
point of limit of the shortest working-stroke
which, in practice, it is intended to be per-

mitted to make, the described means and meth-

od whereby such transmission of steam is so
controlled and limited that between the com-
mencement of such transmission and the actual
shifting of the valve there shall necessarily oc-

- cur a determinate delay, for the purpose of

Is

cnabling the piston to make its longer work-
ing-strokes by the time the steam is, by the
shifting of the valve, introduced into the eyl-
inder to effect the return-stroke of the piston,

~such control and limitation being effected by

20

making the passage for such transmission of
sald steam of small cross-area or conducting
capacity relatively to the diameter, weight,

~and length of stroke of the valve, the velocity

25

of the piston, and the difference between its
shortest and longest working-stroke, as de-
scribed. The said described construction of
the said passage is a necessary condition; but
1t 13 obviously not essential that the precise
devices herein described for introducing the
steam 1nto said constricted passage (whether

-1t be the inlet or the exhaust) at the termina-

35

of the piston should be employed.

tion of the shortest practical working-stroke
Any other
suitable devices for that purpose adapted to
the general structure and parts of the machine
may be used. | |

It will be understood that my invention is
applicable to other machines analogous to
steam rock-drills—such as steam - hammers,
pneumatic motors, &c.—in which the work
done is the striking of a succession of blows
by the reciprocation of a piston impelled by
steam or other elastic fluid, and that when
steam rock-drills are mentioned in this specifi-

~cation 1 intend to include such other analogous

“machines.

In three separate applications numbered,
respectively, 117,722, 117,723, and 117,724, all
filed on the 16th day of January, 1884, and
before this present application was passed to

~1ssue, I have claimed several of the devices

55

herein described, namely: In No. 117,722 T
have claimed the means for cutting off the
steam, whereby it is used expansively. In
No. 117,723 1 have claimed the means for com-
pressing and confining the residual steam in
the upper end of the cylinder, and in No.

117,724 1 have claimed the combination of the
‘means for preventing the premature introdue-

“tion of steam into the lower end of the cylin-

60

der with the means for using steam expan-
sively. - _
What I claim as my invention, and desire to
secure by Letters Patent, 18— |
1. In a steam rock-drill or analogous ma-

chine in whieh the length of its working-

strokes is liable to variation, the combination,
with a steam-moved valve governing the inlet-

I

'

port to the lower end of the cylinder, of a
passage communicating with the valve-chest
for the transmission of steam, by the ageNCY
of which the valve is shifted to introduce
steam to the lower end of the cylinder, said
passage being suitably constricted, as de-
seribed, to so limit the transmission of steam
that between the commencement of the move-
ment through it of the steam whereby the
valve is shifted and the actual shifting of the
valve there shall necessarily occur a deter-
minate delay, in which the piston may move
beyond the point of the shortest working-
stroke which, in practice, it is intended to be
permitted to make, and make its longer

strokes, as described, by the time steam is

introduced into the lower end of the eylinder,
as and for the purpose specified. |

2. The method of decreasing the steam-
cushioning in the working-stroke of the pis-
ton of a rock-drill or other analogous ma-
chine liable to make strokes of variable

length, which counsists in the application, at

the time the piston reaches its shortest practi-
cal stroke, of a gradually-increased steam-
pressure to the steam-moved valve governing
the inlet-port to the lower end of the cylinder,
whereby between the beginning of said press-
ure and the shiffing by it of the said valve
there will necessarily occur a determinate de-
lay, as and for the purpose specified.

o. In a steam rock-drill or other analogous
machine wherein the piston is liable to make
strokes of variable length, the combination,
with the piston and a steam-moved valve gov-
erning the inlet-port to the lower end of the

cylinder, of an exhaust-passage from the up-

per end of the valve-chest and an inlet-pas-

sage to the lower end of the valve-chest, said

inlet-passage being constricted, as described,

3

70

30

QO

95

100

105

for the purpose of compelling the gradual ad-

mission of steam to the valve-chest, whereby
there shall necessarily occur a determinate
delay between the commencement of the trans-
mission of steamthrough said inlet-passage to
shift the valve to admit steam to the lower
end of the cylinder and the actual shifting of
the valve, as and for the purpose deseribed.
4. In a steam rock-drill or other analogous
machine wherein the piston is liable to make

- strokes of variable length, the combination,

with the piston and a steam-moved valve gov-
crning the inlet-port to the lower end of the
cylinder, of an inlet-passage to the lower end
of the valve-chest and an exhaust-passage
from the upper eund of the wvalve-chest, the
sald exhaust-passage being constricted, as
described, for the purpose of compelling the
gradual exhawusting of the steam from -said
upper end of the valve-chest, whereby there
will necessarily oceur a determinate delay be-
tween the opening of said exhaust-passage

‘and the shifting of the valve, as and for the

purpose described. .
b. In a steam rock-drill or other analogous

machine wherein the piston is liable to make
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strokes of variable length, the combination, | machine, the steam-moved valve governing

with the piston and a steam-moved valve gov-
erning the inlet-port to the lower end of the
cylinder, of the inlet-passage to the lower end
s of the valve-chest and the exhaust-passage
from the upper cend of the valve-chest, both
being snitably constricted to conjointly retard

the aetion of the steam to shift the wvalve, |

whereby there shall necessarily occur a deter-
1o minate delay between the commencement of
the movement through said passage of the
steam to shift the valve to admit steam to the
lower end of the eylinder and the actual shift-
ing of said valve, as and for the purpose de-
- 15 seribed. -
6. In a steam rock-drill or other analogous

the distribution of steamn to the ¢ylinder, and
the inlet and exhaust-passages to and from
said valve, one of said passages—ceither the 20
inlet or exhaust—at one end of the valve-chest,
being constricted, as described, relatively to
the corresponding passage at the other end of
said chest, whereby the valve has a slow mo-
tion in one direction and a quick motion In 25
the opposite direction, as and for the purpose
described.

FREDC., A, HALSEY.

Witnesses:
GEO0. A. HOWELLS,
J. R. RAND.
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