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To all, whon, it naily concern: 
Beit known that I, ABRAHAM J. SYPHER, of 

Chicago, in the county of Cook and State of 
Illinois, have invented certain new and useful 
Improvements in Rock-Drills; and Idohereby 
declare that the following is a full, clear, and 
exact description thereof, reference being had 
to the accompanying drawings, and to the 
letters of reference marked thereon, which 
form a part of this Specification. 
This invention relates to improvements in 

means for cushioning the cylinder-piston in 
rock-drills of that kind shown and described 
in a prior patent, No. 403,496, granted to me 
May 14, 1889, wherein steam is supplied to 
the end of the cylinder for cushioning the pis 
ton through a steam-passage, which is con 
trolled by the piston and is independent of 
the steam-passages by which steam is admitted 
to the cylinder for actuating the piston. 
The invention also embraces improvements 

in other features of rock-drills of the kind 
shown in said patent, as will hereinafter fully 
appear. 
The invention consists in the matters here 

inafter described, and pointed out in the ap 
pended claims. 
In the accompanying drawings, Figure 1 is 

a plan view of a drill-cylinder embodying my 
improvements, the valve - casing being re 
moved to expose the stealm-ports. Fig. 2 is a 
central longitudinal section of the cylinder 
and valve-casing, as seen When looking in the 
direction of the arrows 22, applied to the sec 
tion-line of Fig. 1. Fig. 3 is a similar section 
on the same line of Fig. 1, looking in the op 
posite direction, or as indicated by the arrows 
33 of Fig. 1. Fig. 4 is a transverse section 
through the cylinder and valve-casing, taken 
on lines 4 4 of Figs. I and 2. Fig. 5 is a sec 
tional view taken on line 5 5 of Fig. 4 and 
looking in the direction of the arrows 55. 
Fig. 6 is a detail section taken on line 6 6 of 
Fig. 4 and showing the auxiliary steam-pas 
Sage. 
As shown in the said drawings, A indicates 

the cylinder of the drilling apparatus; B, the 
valve-chamber thereof; C, the piston. Within 
the cylinder; D, the piston-rod, which passes 
through one end of the cylinder and to which 
the drilling-tool is attached; and E, a valve 
piston located within the valve-casing B. 

F F are steam-passages leading from the 
valve-casing to the opposite ends of the cyl 
inder for the purpose of admitting steam to 
and exhausting it from the same. 
G is a steam-cushioning space at the end of 

the cylinder, and H a steam-passage supply 
ing Steam to the cushioning-space, said pas 
Sage being entirely separate from and inde 
pendent Of the Steam-passages F F" and the 
Valve mechanism. 
The piston Cis made of considerable length, 

and is provided near its ends with annular 
grooves or recesses c c', forming a central 
bearing-surface c, which fits the bore of the 
cylinder, and annular bearing-surfaces coat 
opposite ends of the piston. The piston thus 
Constructed Operates, in connection with cer 
tain ports and passages formed in the cylinder 
and valve-casing, to afford steam-pressure 
alternately at opposite ends of the valve-piston 
E in a manner to actuate said valve, and there 
by control the admission of steam to and its 
exit from the opposite ends of the cylinder for 
actuating the pistol. The piston thus con 
structed is, furthermore, adapted to operate, 
in connection with the independent steam 
passage II, to admit steam to the cushioning 
space G of the cylinder for cushioning the 
piston, as will hereinafter fully appear. The 
valve mechanism, including the valve-piston 
E, is constructed generally as set forth in said 
prior patent, No. 403,496, and will be now 
briefly described in order that the operation 
of the drill as a whole may be more readily 
understood. 
Steam is supplied to the valve-chamber 

through the inlet band is exhausted therefrom 
through the outlet b', the inlet b communi 
cating with the central part of the valve 
chamber, while the outlet b communicates 
with the ends thereof. The valve-piston E 
consists of a stem e and four disks e' ee e. 
The said valve-piston is fitted within a valve 
seat B", closed at its ends by heads B° B° and 
having cylindric end bearing-surfaces b° b° 
and intermediate narrow bearing-surfaces ty 
bbb, within which the several valve-disks 
are adapted to closely fit. Between the bear 
ing-surfaces named are formed annular re 
cesses bb8b b. b. Of these recesses the 
middle recess b is in communication with 
the steam-inlet port or passage b, and also 
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with the port or passage I, leading to the in 
terior of the steam-cylinder. The recesses 
bib at either side of the central recess com 
municate with the steam-passages F F" of the 
cylinder, as clearly seen in Fig. 4, and the ex 
ternal recesses b b communicate with the 
exhaust-outlet b'. The recess b, seen at the 
left-hand side of Fig. 4, communicates by a 
passage b directly with said exhaust-outlet 
b', while the recess b, seen at the right-hand 
side of Fig. 4, is connected with the said ex 
haust-outlet by means of a passage b, ex 
tending at one side of the valve-seat, as seen 
in Fig. 5, and opening into the passage b, 
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said passage b being formed partially in the 
wall of the valve-chest and partially in the 
wall of the cylinder, as clearly seen in Figs. 
1, 2, 3, and 5. 
KK' are steam-passages leading from the 

interior of the cylinder outwardly through 
the wall of the same to the inner surface of 
the steam-chest, where they are connected 
with passages k ke”, formed between the adja 
cent surfaces of the steam-chest and cylinder 
casting, and which lead to points adjacent to 
the ends of the valve-seat B and communi 
cate with the spaces in Said valve-seats out 
side of the end disks of the valve-piston by 
means of ports k le. Steam entering the 
valve-chest through the said ports lic acts 
upon the ends of the valve-piston to move the 
latter endwise in its seat. 
At the inner end of the passage I is formed 

a recess I', which extends along the inner sur 
face of the cylinder toward the outer end 
thereof, said recess I being deflected later 
ally, as shown, so as to pass at one side of the 
passage K. A similar recess I, Figs. 3 and 
4, extends from Said passage I along the in 
ner surface of the cylinder in the opposite di 
rection or toward the inner end of the cylin 
der, said recess being shown as forming a 
-branch or extension of the recess II”. 
The valve mechanism shown operates as 

follows: The valve-piston E being at or near 
one limit of its throw, as seen in Fig. 4, live 
steam entering the passage b will pass from 
the recess b through the recess band steam 
passage F to the inner end of the cylinder. 
At this time stealin is free to pass from the 
inlet b through the port I and the recess c' to 
the passage K and thence to that end of the 
valve-chest which is seen at the right-hand 
side of Fig. 4, and holds the valve-piston in 
position for the delivery of steam to the in 
ner end of the cylinder. While live steam is 
thus being delivered through the passage F 
to the inner end of the cylinder, steam is ex 
hausted from the opposite or outer end of 
the cylinder through the passage F, the re 
cesses band b and passages band b to the 
exhaust-outlet b'. As soon as the piston has 
moved outwardly such distance that its cen 
tral bearing-surface c’ covers the passage K' 
access of live steam to the end of the valve 
chest is cut off and the steam contained in 
that end of...the Valve-chest leaks, through a 
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small aperture e in the diske to the passage 
bli and exhausts therefrom. This leakage of 
the steam through the disk e takes place 
while the piston is making its outward stroke 
and during the time that both passages le k' 
are closed or covered by the bearing-Surface 
cof the piston. When the piston approaches 
the outward limit of its stroke, the said Sur 
face c’ passes and leaves open the passage K, 
and as soon as the recess creaches the recess 
I steam passes from the port I to the passage 
K and thence through the passages k and is 
to the valve-chest behind the diske', whereby 
the valve-piston E is shifted into position to 
admit steam to the outer end of the cylinder 
at the time the piston reaches the forward 
limit of its stroke. By reason of the longi 
tudinal extension of the steam-passage I, by 
means of the recesses II” Iº, communication 
between the said passage I and the passages 
KK takes place sooner than would be the 
case if said recesses were not present. 
To now refer more particularly to the cush 

ioning devices, the inlet h of the passage H 
is so located, as seen in Fig. 2, as to be un 
covered by the bearing-surface c’ shortly af 
ter the piston reaches the point in its back 
ward or inward stroke at which steam may 
obtain access to the recess c of the piston 
from the port I and when the port or outlet if 
of the passage F has been closed by the bear 
ing-surface c of the piston, said port or outlet 
f being arranged at a greater distance from 
the immer end of the cylinder tham the outlet h” 
of the Said passage H. As soon as the recess c 
comes opposite the inleth live steam flowing 
into said recess from the port I through the 
recess I' passes from said recess c through 
the passage H and outlet h' of said passage 
into the steam-cushioning space G. Said out 
let his arranged at such distance from the 
inleth that the outleth' will be covered by 
the bearing-surface c’ before the bearing-sur 
face c at the opposite end of the piston 
reaches the said inlet h. It follows that as 
the piston continues to move inward the out 
let h' will be closed as soon as the piston 
reaches the same, and all of the steam con 
tained in the Cushioning-space Gwill be locked 
or imprisoned in said space and will be util 
ized to cushion the stroke of the piston. Ex 
pansion of the steam thus confined operates 
to start the return stroke of the piston, and 
as soon as the port his uncovered live steam 
Will be admitted through the passage H, and 
When the port f is subsequently uncovered 
Steam entering through the passage F will 
complete the outward stroke of the piston. 
The principal office of the recess II” is to se 
cure the admission of steam to the recess c 
before the inlet h of the passage His uncov 
ered by the bearing-surface c of the piston, 
So that live steam will promptly enter said 
passage as soon as its inlet is opened, it being 
Obvious that the access of steam to the cush 
ioning-chamber would be considerably re 
tarded if it were necessary for the steam to 
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first pass through said recess c, as was the case 
in the construction shown in my said prior 
patent, wherein the access of steam to the 
cushioning-chamber did not take place until 
after the central bearing-surface passed and 
uncovered the live-steam port of the cylinder. 
In the construction shown in said prior pat 

ent, No. 403,496, an independent cushioning 
steam-passage similar to the passage H is em 
ployed to admit steam to the cushioning-space 
at the end of the cylinder. As shown in that 
patent, however, the outlet of said passage is 
arranged adjacent to the head of the cylinder 
and the inlet-opening of the passage is so lo 
cated that it is covered by the annular bear 
ing-surface at the end of the piston remote 
from the head, when the piston reaches the 
usual limit of its stroke, so that the outlet 
opening is not closed by the piston, but re 
mains constantly open in the usualoperation of 
the drill. It follows that in the construction re 
ferred to, in the usual operation of the drill, the 
cushioning is accomplished by the steam con 
fined within the cushioning-space added to 
-that confined in the continuous steam-pas 
sages. This construction has been found ob 
jectionable because the said passage forms a 
relatively-large space in addition to the cush 
ioning-space within the cylinder, with the re 
sult that a relatively-small degree of compres 
sion of the steam is produced by a considerable 
movement of the piston. This may be bet 
ter understood by the statement that if the 
area of the said steam-passage is equal to the 
area of the cushioning-space in the end of the 
cylinder then the steam will be compressed 
during the movement of the piston through a 
space of one inch only half as much as it 
would be if the passage were not in commu 
nication with the cylinder at the time of com 
pression, and if the impetus of the piston in 
its back stroke were sufficient to compress the 
steam into a space not larger than that af 
forded by the said passage then all of the 
steam would be forced into the passage and 
the piston would strike the inner end of the 
cylinder. In the construction shown in said 
patent the outlet-opening of the cushioning 
steam-passage is located near the head of the 
cylinder and at a point remote from the outer 
end or limit of the cushioning space or cham 
ber, the length of which space in the construc 
tion shown in said patent is determined by 
the point at which the annular bearing-sur 
face at the outer end of the piston closes the 
inlet - opening to the cushioning steam-pas 
sage. The construction herein described dif 
fers from that shown in said prior patent by 
the location of the outlet - opening of Said 
cushioning steam-passage at the Outer end or 
limit of said cushioning stealin-Space, so that 
the steam space or chamber is defined or its 
length determined by the position of the out 
let-opening of the stean-passage, instead of 
the inlet-opening thereof, asis the case in the 
construction shown in Said prior patent. 
the improved construction described all of 

In 

the steam within the cushioning-space is 
positively locked or confined therein as soon 
as the piston passes the outlet-opening re 
ferred to, and the full cushioning effect of all 
of the steam is thus afforded to take up the 
impetus of the piston. In this construction, 
furthermore, the inlet of the said cushioning 
steam-passage being uncovered and in com 
munication with the annular recess c during 
the time the outlet-opening therein is closed 
by the piston, the cushioning steam-passage. 
remains in communication with the live-steam 
supply-passage I, and live steam therefore 
fills said passage and is in readiness to enter 
promptly behind the piston as so on as the said 
outlet - opening is uncovered in the return 
stroke of the piston. The construction de 
scribed has the same advantages obtained by 
that set forth in said prior patent of avoiding 
the necessity of giving a long lead to the main 
valve, which would be necessary to secure a 
sufficiently-prompt admission of steam to the 
cushioning-space in case the cushioning 
steam-passage were not independent of the 

75 

steam-valve and controlled solely by the pis 
ton. The construction herein described has, 
however, other and further advantages which 
may be better understood from the following: 
In all engines where the length of the 

stroke is not determined by a crank there is 
liable to be great concussion at the end of 
each stroke of the piston, and this is espe 
cially true of rock-drills, owing to the rapid 
movement of the piston thereof. Many pat 
ents have been issued showing devices in 
tended to prevent such concussion or pound 
ing of the piston—as by the use of elastic 
buffers to receive the blow or by admitting 
steam behind the piston by means of a valve. 
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Devices of the character referred to might . 
be made to work in a fairly-satisfactory man 
ner if the machine were used to drill in one 
direction only-as, for instance, vertically 
downward; but when the machine is made 

O 

to act both upwardly and downwardly a con 
struction which will work satisfactorily in 
drilling downwardly will when reversed re 
sult in the striking of the piston against the 
back head of the cylinder, which is liable to 
be knocked out by the force of the concussion. 

In the construction herein proposed I can 
efficiently cushion the piston in a very short 
movement thereof after the cushioning be 
gins, such movement in ordinary drills not 
being required to be over one and one-fourth 
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inches. This resultis accomplished by impris 
oning or locking the steam in the cushioning 
space entirely by the action of the piston on 
the outlet-opening of the cushioning steam 
passage, so that the cushioning is entirely in 
dependent of the main valve or its passages 
and is secured by a small quantity of steam. 
In a machine thus made the valve has vir 
tually no lead, inasmuch as the piston closes 
the main steam-inlet port to the cylinder be 
fore the valve is moved to admit steam there 
through, and this port remains closed until 
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the piston passes the same on its outward 
stroke. In other words, no movement of the 
valve to admit steam to the end of the cylin 
der at which the cushioning-space is located 
need take place until after the end of the pis 
ton has passed the inlet-port and has entered 
the cushioning-space, so that the movement 
or shifting of the valve may take place at any 
time before the piston again uncovers the said 
port in its outward movement. 
When working a drill of the character de 

scribed in overhead work or where the work 
ing end of the drill is directed upwardly, the 
piston when the drill is not in operation will 
descend by gravity into contact with the in 
ner end of the cylinder A, and when in this 
position it becomes impossible to move the 
piston unless steam is introduced at a point 
below or behind the same. It has been here 
tofore proposed to employ for the purpose 
a branch steam-passage leading from the 
main steam-passage which supplies the in 
ner end of the cylinder and containing a 
check-valve. As an improved meams of ac 
complishing this result, I provide in the wall 
of the cylinder a small passage or opening 
J, leading from one of the live-steam spaces 
or passages to the end of the cylinder, said 
passage J being unobstructed or without any 
check-valve and being so small as to have 
no effect upon the cushioning action of the 
steam confined in the cushioning space or 
chamber G of the cylinder. This passage, in 
asmuch as it opens into a steam-Supply pas 
sage, will be subject to boiler-pressure, and a 
small quantity of steam may be forced through 
the same under the extreme pressure produced 
in the cushioning-chamber by the impetus of 
the piston; but the said passage will be made 
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so small that the quantity of steam which can 
escape therethrough in the brief period of 
time during which the pressure takes place 
will have no appreciable effect on the cush 
ioning action of the imprisoned steam. 
As herein shown, the passage J is connected 

with the cushioning steam - passage H at a 
point adjacent to the exit-opening of the same, 
so that said passage J is supplied with steam in 
first starting the drill through the medium of 
the steam-passage I and recess C, the inlet 
openinghof said passage H. being in constant 
communication with said recess c when the 
piston is at the backward limit of its throw. 
The connection of the said passage J. With the 
cushioning steam-passage H has the advan 
tage of insuring a supply of steam to start the 
piston without reference to the position of 
the main valve E. The passage J is shown 
as connected with an annular groovel, formed 
in a plate L, which is secured between the 
head A' of the cylinder and the end of the 
same, and which holds in place the spirally 
grooved spindle M, through the medium of 
which rotary motion is given to the drill, as 
heretofore common. A holei, Fig. 6, is shown 
as being formed in the end of the cylinder in 
communication with the passage H, and into 
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which the small passage J extends, said holei 
being closed by a screw-plug in the manner 
shown. . . 

While I have shown the cushioning device 
as applied to one end only of the cylinder, 
yet it is obvious that the same features of 
construction may be applied to the outer or 
forward end as well as to the inner or rear 75 
end of the cylinder, so as to cushion the pis 
ton at the end of both its out and in stroke 
or at the end of its stroke in either direction. 
I have referred in the foregoing description 
to the use of steam for actuating the piston; 
but it will of course be understood that com 
pressed air or other gaseous agent under press 
ure may be used with the same effect. 
I claim as my invention 
1. The combination, with the cylinder pro 

vided with a live-steam port, steam supply 
and exhaust passages, and with a cushioning 
steam-chamber af, one end, anda piston provid 
ed with annular recesses near its ends, and a 
main valve actuated by the passage of steam 90 
through said recesses and controlling said 
steam supply and exhaust passages, of a cush 
ioning steam-passage separate from the sup 
ply and exhaust passages leading from the 
central part of the cylinder to the cushion 
ing-chamber, the inlet-opening of said cush 
ioning-passage being arranged in position to . 
take steam from one of the said annular re 
cesses when the latter is in communication 
with the live-steam port of the cylinder and ? ? ? 

the outlet-opening of said steam-passage be-, 
ing located at a distance from the end of the 
cylinder equal to the length of the cushion 
ing-chamber, substantially as described. 

2. The combination, with a cylinder pro 
vided with central live-steam port, steam sup 
ply and exhaust passages leading to its ends, 
and a cushioning steam-chamber at one end, 
of a piston provided with annular recesses 
near its ends, a main valve actuated by the 
passage of steam through said, recesses and 
controlling said steam supply and exhaust 
passages, a cushioning steam-passage sepa 
rate from the supply and exhaust passages 
and leading from the central part of the cyl 
inder to the cushioning-chamber, the inlet 
opening of Said cushioning steam-passage be 
ing arranged in position to take steam from 
one of the said annular recesses when the lat 
ter is in communication with the live-steam 
port of the cylinder and the outlet-opening 
of Said passage being located at a distance 
from the end of the cylinder equal to the 
length of the cushioning-chamber, said cyl 
inder being also provided with a recess I’, 
leading from the live-steam port past the in 
let-opening of Said cushioning steam-passage, 
substantially as described. 
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3. The combination, with the steam-cylin 
der of a rock-drill, provided with a cushion 
ing-space at one end with steam-supply pas 
Sages, of a small unobstructed steam-passage 
leading from one of said steam-supply pas 
Sages to the end of the cushioning-space of 
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the cylinder, substantially as and for the pur-I piston is obtained through said cushioning 
pose specified. steam-passage, substantially as described. 

4. The combination, with the steam-cylin- In testimony that I claim the foregoing as 
der of a rock-drill, provided with steam-sup- my invention Iaffix my signature in presence 

5 ply passages, a cushioning-space at one end, of two witnesses. 
and a separate cushioning steam - passage ABRAHAM J. SYPHER, Opening into said cushioning-space, of a small 
unobstructed passage leading from the cush- Witnesses: 
ioning steam-passage to the extreme end of C. CLARENCE POOLE, 

Io the cylinder, whereby steam for starting the TAYLOR. E. BROWN. 

  


