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Applicatior May 1, 1953, Serial No. 352,544
14 Claims. (Cl. 121—28)

This invention relates to prime movers of the recip-
rocatory type and more particularly to a device of this
type having particular utility as a drill or tocl of the
impact type to provide cutting action upon the bottom of
an earth bore by a combination of conventional rotation
of an earth boring bit on bottom and the simultaneous
application of impacts to such bit.

It is an object of the invention to provide a fluid actu-
ated reciprocatory prime mover having improved features
of construction and operating characteristics.

Another object is to provide a prime mover of the class
described of compact design and limited in axial extent
whereby the device is capable of being readily moved
axially of a bore hole formed when the device is used as
a well drilling tool.

Still another object is to provide a prime mover which,
though of limited physical dimensions, is capable of with-
standing rigorous use such as is encountered when using
the device as an impact or percussor tool when drilling
well bores.

It is also an object to provide a prime mover adapted
for use as a well drill of the impact type that is capable
of maintaining an efficient rate of drilling while using
light weight on the drill where conditions promblt or
limit the use of heavy weight.

A further object is to provide a device of the class
described which, when used as a well drilling device, will
maintain an efficient rate of drilling with relatively light
weight on the drill in areas where heavy weight is nor-
mally required.

Still another object is to provide a reciprocatory type
of prime mover which is fully fluid actuated whereby
the use of actuating springs, with attendant difficulties,
is avoided. ) .

Another cbject is to provide a prime mover which,
when used as a well drilling tcol, will not produce high
pressure fluctuations in the fiuid proximate the wall of the
well bore, such fluctuations being conducive to caving of
the wall. .

The invention also comprehends an impact type of well
drill capable of imparting impacts to a drill bit on bottom
or of oscillating the drill bit to apply impacts at the
surface being disintegrated to form hole.

Still another object is to provide a device of the class
described, provided with a valving mechanism which
travels with and is movable relative to the piston, parts
being so constructed and arranged that at a predetermined
position of the piston and valve assembly the power
stroke is terminated and valving action preliminary to the
succeeding stroke takes place as the piston travels to ter—
minal position.

A further and more spemﬁc object of the invention is
to provide a fluid actuated device of the class described
including a housing having a reciprocable pision therein,
said piston comprising an annular upper portion and a

peripherally reduced lower portion, there being spaced

seals between said respective portions of the piston and
the housing, and means for alternately directing pressure
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fluid to the exterior of the piston between the seals and
confining the fluid within the piston to produce recip-
rocatory movement of the piston.

The foregoing objects together with other objects will
be more fully apparent from the following descn'ptions,
considered in connection: with the -accompanying draw—
ings in which:

Fig. 1is a vertlcal sectional view through a well dr111
embodying the invention and showing the parts in their
relative position at the beginning of the power stroke;

Fig, 2 is an enlarged vertical sectional view. through
the upper portion of the device showing the relative posi-
tions of parts at the end of the power stroke;

Fig. 3 is a sectional -view similar-to that of Fig. 2 but
showing the relative positions of parts when the piston has
reached its lowermost position of travel; -

Fig. 4 is a sectional view similar to that of Figs. 2 and'3
but showing the-relative positions of parts near the end
of the return stroke and when fluid power is applied to
move the valve from its seat preliminary to 1n1t1at1011 of
the succeedmg down stroke;

Fig. 5 is a sectional view of the lower portion of the
device used as a well drill and showing a modification
whereby the drill is of the hammer and anvil type.

In the drawings, showing an embodiment of the inven-
tion used as a well drill, the device is shown at I and
comprises an adapter 2 threaded at 3 for attachment to
the lower end of a drill string. The adapter 2 is threaded
externally at 4 at its lower end for attachment to the
housing or casing 'S made up of an upper section 6 and
a lower section 7 threadedly intercomnected at 8§, such
feature of construction facilitating assembly and disas-
sembly of the housing which encases a piston assembly
18 reduced at its lower end to form downwardly extend-
ing piston rod 11 threadedly connected at 12 to 'a guide
bushing 13 to which the bit 14 i$ secured.

A sleeve or tail pipe 15 is secured in and depends from
the adapter 2 thus forming with the surrounding hous-

‘ing 5 a chamber 16 there being a series of openings or

poris 17 in the housing at the upper end of the chamber.
The sleeve 15 is reduced peripherally at 18 intermediate
its ends and forms a shoulder 19 proximate the free end
of the sleeve to serve a purpose that will be further
explained.

The piston assembly 16 fits slidably within the hous-
ing and includes an annular piston head 29 undercut inter-
nally at 9 so that the end portion of the piston may move.
beyond the shouider 19 on the sleeve 15. The lower end
of the piston head is secured to the body 21 by threads
22 and such ‘body is reduced in cross section at its lower
end to form the piston rod 11. The piston thus com-
prises an annular upper portion and a peripherally re-
duced lower portion thereby providing an annular cham-
ber 23’ between the piston and the surrounding housing
there being spaced seals between the piston and housing
to prevent leakage of fluid from within this chamber, -

“The structure of the piston, as just described, also pro-
vides an internal chamber 23 for valve 25 within the
piston whereby the valve travels with the piston and is
reciprocable therein in such a_manner that fiuid pumped
downwardly through the adapier 2 and into the housing
5, as indicated by the arrow 24, will reciprocate the
piston to impart impact energy to the drill bit 14. In this
manner the ‘usual disintegrating action produced by rota-
tion of the drill bit'is supplemented by impacts of the drill -
bit on bottom. :

The valve 25 includes valve stem 26 which termmates
at its lower end in the valve head 27 havmg upper ‘and
lower seating surfaces 28 and 29 for engagement respec-
tively, with upper and lower seats 36 and 31 on upper
and lower seat nngs 32 and 33.
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- Mounted ‘upon the upper end of the valve stem-26 is
the valve piston 35 having a- central boss 36 which slid-
ably fits upon the valve stem and has ribs or fins 37 which
5 Drovrde & supporting spider for the ring 38. This ring
- has-"stich dimensions ‘that -it may move telescopically

2,774,384

- though it is. to ‘be understood-that operation will be ‘ini-
‘tiated regardless of the position of the piston and-valve -
“when the actuating- fluid is introduced. .- The force ex-

within that porticn of thé chamber 23 that exists between -

: ,the sleeve 15 and the inner wall of the piston-16:

The. valve piston 35 fits slidably upon- the upper end
of the valve stem’26 and 'is rigidly secured thereto by
means:of cap nut 40. Attention is dlrected to the fact

10

that the ‘cap nut- 490, the valve ‘stem 26 and the valve -

- head 27 have an axial passage 41 whereby a passage is

< provided at-all: tnnes between the upper and lower srdes*f

of the valve. . - -
.-'The ‘seat rings 32 and 33 are- part of & seat’ nng as-
sen]bly mourted ia ‘the klower end -of ‘the chamber 23

. 'This assembly’com'prise's -a retainer ring. 45 surthounted -
by spacerring 46-and port: rmg '47 having ports 48, there-.

- being complememal ports 49 in’ the ‘piston thereby pro-

viding passageways between ‘the-interior-and- exterior -6f-

the piston from between the seat” rmgs and to the- cham«
ber 23’ T

“Ancther spacer ring 50 rests upon the port ring- 47 ‘and '
= The entiré ‘seat ring .
assembly is secured in place by means of clamp ring 52

- seat ring 32 fits shdably therein.

which:is engaged by the lower end of the piston-head 29

when the component parts of the- plston are 1ntercon-,

nected by the threads 22"
. To minimize shock when the valve fmoves 1nto vngage-

ment -with- the seat Ting. 33 this seat ring is mounted for &

limited axial movement upon an- annular body 53 of de-
formable material encased . within the.chamber formed by

- the retainer ring 45, spacer ring 46 and the seat ring.
Seat ring 32 is likewise mounted for limited axial move-
ment and has its upper end grooved at 55:the central up-
-~ standing flange 56 bemg of a dimension to slidably move

20"
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erted upon and producing downward :movement of the
piston 1@ is- that:produced by the fluid acting upon the

-area’ D, the effectrve area for downward force exerted by .

the ﬂurd

During the succeedmg, downward power stro;{e the—.‘.'
valve head 27.is held upon the seat ring 32 by -an‘excess -
of upward force- acting on the area A: over the downward -
force acting upon the -smaller area: B.  This condmon,
~continues_to exist:and the power- strol«'e :continues until -
the -valve piston 35 -withdraws from its telescopic rela-

tion -with the -sleeve' 15.- This ‘marks-the .end of the
‘power stroke and the piston 1¢ continues to travel down=—+
“ ward under. the momentum previously 1mparted thereto.-

. At this instant the force exerted upon the lower side of

the valve ring 38 is neutrahzed by -2 like force now-ex:
erted:upon the upper side of this ring:>. Hence, the down-_~ -
ward- fluid force exerted upon-the valve head-27 causes.

the valve to-move downwardly and to: leave the: seat 35
whereby opemng ofa passage- through the piston- is ini-

tiated:

- within the clamp ring 52" -This: feature of construction - )
~ provides a dashpot action which togefher with fluid forces *

““dcting ‘upon: the seat:ring prevent excessive stresses in

- -parts of the structure as.a result-of the engaoement of the .

‘seat 30 by.the valve head:27.

The plston rod 11 passes. downwardly through a guide -

40

" and seal ring.60 -which forms -the lower seal- between

* the piston and the housing and -this ring also serves: as‘an
~abutment for the ring spring ‘61 engageable by the upper
" end: of the guide bushing- 3. - This. structure serves to
resiliently. terminate upward movement of the piston and
‘associated elements and to absorb energy therefrom and
redeliver such energy-to_the assembly-at the begmnlnﬂ
“of the succeeding downward stroke. T

45

Thé prston assembly 16 contmues “to. travel down-;'»

wardly “until: the_ bit-14 has effected ‘impact upon the

bottom of the hole being drilled. . Thus the. downward "
movement of the piston.assembly is terminated but-the
momentum of the valve 25 plus.the fluid pressure exerted -
upon the area B thereof causes rapid closure of the valve -

upon the seat ring 33.: ~As already explained, the cushion
ring 53 functions to resist shock of closure of the:valve
upon the seat rmg

Pumped fluid is now dlverted through ports 48, 49 to .
the chamber 23’ where it exerts -an-upward force upen -
“the piston ‘assembly, such force being the difference be-
tween the fluid forces acting upon the areas E and ¥, and
-at-the same time the valve isheld upon the lower valve -~
= 'HB,I}CG, A
- the piston assembly moves upwardly on. the return-stroke:
‘The ‘motivating force continues until the-annular upper .-
“end. of the piston-head 26 clears the shoulder-12 at.the - -
< lower end of the reduced .area i8 on. the slecve 15.° =In. e
‘the: meantime - the -1ing 38. of “the valve 25 has ente1 red
the annulus between the interior of the piston 18 and the "~
Jtis apparent therefore that .
at no time is there a- through passage. fromthe interior o
of the piston to and through ports 17 to-the exterxor of =

seat by fluid pressure acting upon”the aiea-B:

lower end of the sleeve 15,

* the housing 5.

The guide bushing 13 has. perrpheral -splines 65 whlch o

_fit within complementary grooves 66 in- the  housing 5.

It seems apparent therefore that the drill bit 14 may be:

-rotatably driven in.a conventional manner but may also
. be moved axially of the housing 5 'as the piston 19 is
~caused to-reciprocate. .. By virtue of such mode of opera-

" ticn -the conventional action of -the bit .14- upon bottom . -

~is: supplemented by impacts from. operation of the well
. -drill from ‘energy supplied to the tool by the flushing fvid

pumped through the drill stem-and-thence to and throuoh
the tool and the drill bit 14.-

60

. As already indicated the invention’ comprehends a
: structure in which the-use of sprrngs ‘o -effect: movement -

of eithér the piston or valve is. avoided -and orie’ which
7 will:not-stall.- To further-describe: the disclosed embodi-

_ment-and. explain  its operatron “attention is directed - to

. the fact that, as shown ‘in-Fig. 4, the-annular area -E of

" the plston head. 20 is greater - than {he overall .area F of
‘Also, the overall area C of the seat’ ~
.- ring 32-is greater than the anhular area A of the valve :
" ring 48" and -such area A is; ‘in turn, greater than the .

“"the piston- rod- 11.

- eﬂ?ectlve area.B-of- the valve head 27

- Tt will now be assumed that: the parts are in ‘the: relatrve: <

By posrtrons shown in Fig. 1. when-actuating -fluid s intro-

duced. to"the -device - -as_indicated by the arrow 24, al-

power stroke is ‘begun,

As-soon as the upper end of the piston clears the shoul-
der 19 differential pressure.is created between the upper. -
At this instant -
the valve 25 tends to move -from engagemen with the =7
“valve seat 31 because of the differential fhiid force act-"

and lower surfaces of the valve Ting- 38,

ing upon the areas A and B. The kine tic energy: of -the

yalVe is absorbed,. following closure upcn -the valve, seat = .
30, by the drfferenflal of forces acting=upon the areas. C .

and A, - - =

- 2 Inasmuch-as. the seat ting: 32 is. moented for hfmted.,
“axial ‘moverent, eﬁicrent absorptron of :
‘ergy of the valve-is had, such- energy bemg 'rhsorbed by
the -actuating fluid whereby excessive impact stresses:in -
‘the" valving mechanism ' are ‘prevented. The -dashpot ..

formed by ring 52 and the .cooperating: groove. 55'in the

_seat ring 32 functions to-absorb excessive kinetic energy ..

which: the: valve ‘may -possess, -at’ trmes. from abnor'n'd
- operating conditions: o
: ‘When the valve engages. uoper seat 30 the succeedmo St
Initial application of power: to-ri"i e

gether, with- the ‘epergy absorbed by-the ring. st
decelerate the piston: assembly-until 1ts velomty

-:and ‘then-the. piston is. .accelerated downwardly on”the} 3
“. power stroke in'the manner ‘above explalned i
The drstance that-the ipiston moves upwaruly after 1t !

- :clears the: shoulder 19.0n the-sleeve or tail pipe 15s the

' lead of the prston

-the kinetic en-

Itids durmg thrs lead penod that a
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differential pressure upon the upper and lower surfaces of
the valve ring 38 overcomes the fluid pressure upon the
area B of the valve and tends to move the valve from the
lower scat 31 to the upper seat 30, From flexibility in
design the lead may be made very small in which case
the valve has insufficient time to actually move from the
lower seat 31 before the piston travel is terminated by
engagement with the ring spring 61. In such case the
differential pressure tending to move the valve is sup-
plemented by the kinetic energy of the valve to effect
closure of the valve upon seat 38.

It seems apparent that this feature in the censtruction
and operation of the device enables great flexibility in
operating characteristics of the device inasmuch as op-
erating characteristics may be readily changed by modify-
ing or replacing the sleeve 15 for a selected lead. In
this manner compensation may be had for the use of
various fluids, both gaseous and liquid, and various rates
of supply of actuating fluid to the device.

It is to be noted that the valve assembly 25 serves as a
barrier within the piston 18 and is operable, with- asso-
ciated valving elements, to alternately confine the actuat-
ing pressure fluid within the piston and direct the fluid
to the exterior of the piston to advance and retract the
piston within the housing 5. Also, the upper annular
portion of the piston 4¢ and the valve 25 co-act with the
sleeve or tail pipe 15 in a manner that, at the instant the
piston head 20 clears the shoulder 19 on the tail pipe
15, the annular upper and lower surfaces of the valve
ring 38 are subjected to the fiuid pressure existing ex-
teriorly of the tool. Then, as already explained, the
valve assembly begins to move upwardly by virtue of an
excess of upward force acting on the valve assembly and,
at the same time the piston continues to travel under its
momentum to complete its stroke, and effect the desired
impact, if the device is utilized as an impact tool.

it is to be noted also that the ports 17 serve as breather
openings to permit displacement of fluids to and from the
chamber 1§ as the piston reciprocates. Such displace-
ment is subtantially equal and opposite the displacement
of the piston rod 11 as it reciprocates and it is thus ap-
parent that the device does not produce high fluctuations
in fluid pressure upon the walls of a well bore formed
by the tool. This minimizes conditions which tend to
produce caving of the walls.

Fig. 5 of the drawings shows the piston rod 1i ter-
minating in a hammer collar 7¢ which presents an up-
wardly facing shoulder 71 adapted to engage ring springs
61 so that these springs will absorb energy during ter-
minal npward movement of the piston assembly which,
in this form serves as a hammer.

The bit 14 is attached to an anvil bushing 72 having
splines 73 slidable in complementary grooves 74 in the
lower section 7 of the housing 5. A sleeve 75 fits
slidably within the housing between the bushing 73 and
the spacer ring 76 and this feature of construction per-
mits the entire well drill to be lowered to apply a constant
downward force upon the bit 14 to induce cutting action
thereby. This cutting action is supplemented by impacts
from the hammer collar 78 upon the anvil 72 from op-
eration of the well drill mechanism as already described.

Attention is ‘directed to the fact that the device herein
described is capable of cperation whether fluid is supplied
as indicated by the arrow 24 or in the reverse direction.
For this reason, when the device is used as a well tool
and is being lowered into a well bore filled with liquid,
- operation of the mechanism takes place thus rapidly fill-
ing the drill string with liquid and at the same time pre-
venting the lodging of debris upon moving parts. Con-
versely, when withdrawing the device from a well bore
filled with liguid automatic actuation facilitates drainags
of fluid from within the drill string thus eliminating the
disadvantages of pulling a fluid filled drill string.

While the disclosed embodiment of the invention is
described in connection with its utilitarian application as

2,774,334
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a well drill of the impact or percusswe type it is 10 be
understood that the invention is not confined to such but
may be used in any environment where it is desired to
convert the energy of a fluid stream to reciprocatory me-
chanical movement.

Broadly the invention comprehends a fluid actuated re-
ciprocatory prime mover capable of converting the energy
of a fluid stream to mechanical energy such as impact
energy or other energy of reciprocatory movement.

I claim: )

1. In a reciprocatory prime mover -the combination
comprising, a housing having an inlet at one end thereof
for the admission of pressure fluid to the interior of the
housing, an annular piston slidably mounted within the
housing and having an end thereof peripherally reduced,
a depending sleeve at the inlet to the housing forming
with the housing an annular chamber, an end portion of
the piston slidably fitting within said chamber, there being.
a passage between said chamber and the exterior of the
housing, spaced seals between the pisicn and housing,
and means for alternately confining pressure fluid ‘within
the piston and diverting the pressure fluid to the exterior
of the piston between said seals to advance and retract
the piston within the housing.

2. In a reciprocatory prime. mover the combination
comprising, a housing having an inlet at one end thereof
for the admission of pressure fluid to the interior of
the housing, an annular piston slidably mounted within the
housing and having an axial passage therein and an end
thereof peripherally reduced, a depending sleeve at the
inlet to the housing forming with the housing an annular
chamber, an end portion of the piston slidably fitting
within said chamber, there being a passage between said
chamber and the exterior of the housing, spaced seals
between the piston and housing, there being a port through
the piston wall between said seals, means for closing the
axial passage through the piston above and below said
port whereby pressure fluid from the inlet is alternately -
confined within the piston and directed to the'chamber ex~ -
teriorly of the piston and between said seals.

3. In a reciprocatory prime mover the combination
comprising, a housing having an inlet at one end thereof
for the admission of pressure fluid to the interior of
the housing, 'a piston slidably mounted within the
housing and having an axial passage therein and an end
thereof peripherally reduced, a depending sleeve at the -
inlet to the housing forming with the housing an annular
chamber; an end portion of the piston slidably fitting
within said chamber, there being a passage between said
chamber and the exterior of the housing, spaced seals
between the piston and housing, a port in the piston wall
between said seals, and a valve slidably movable rela-
tive to the piston to form =2 barrier transversely of the
piston alternately above and below said port whereby
pressure fluid from the inlet is alternately confined within
the piston and directed to the chamber exteriorly of the
piston and between said seals.

4; In a reciprocatory prime mover the combination
comprising, a housing having an inlet at one end thereof
for the admission of pressure fluid to the interior of the
housing, an annular piston slidably mounted within the
housing and having an end thereof peripheraily reduced,
a depending sleeve at the inlet to the housing forming
with the housing an annular chamber, an end portion
of the piston slidably fitting within said chamber, there
being a passage between said chamber and the. exterior
of the housmg, spaced seals between the piston and hous-
ing, a port in the piston wall between said seals;, and a
valve carried by and slidably movable relative to said
piston to form a transverse barrier in the piston alter-
nately above and below said port, said valve including
means cooperating with the end portion of the piston slid-
ably fitting within said first mentioned chamber to hold
the valve in position above said port durmg the downward
stroke of the pxston.



5. In a reciprocatory- prime mover the. combination
comprising,.a housing having an inlet at one end thereof
for.the admission of pressure fluid to the interior of the
housing, an annuiar piston slidably mounted. within the
housing; said piston being undercut mterally prox'lmate'

-its"end,. a depending sleeve at the inlet to the housing

formmg with the housing an annular chamber adapted.-to
slidably receive the end. of the piston, there bemg a pas-
sage between said chamber and the ‘exterior of -the hous-

" ing, said sleeve being reduced- peripherally- intermediate
. its-ends to form a shoulder so that the piston head clears ,
| said shoulf‘er as the p*ston anoves. to its outermost posi-

tion, a valve seat in :said piston, a- valve carried by and
movable-relative to said piston and - adapted. to ensage

“said seat and form a barrier in the piston, and means car-
- ried by said valve and shdable within the annulus between

- LOIHPI’IS]!]

the. sleeve -and piston and-responsive to - pressure fluid -
- ‘Within the’ piston to hold:the valve on its seat -when the

piston is'in spaced- relation with said shoulder .

6. In  a -reciprocdtory ‘prime- mover. the - combmatro'l
comprising; a housing’ bavmg an inlet at one end thereof
for the admrssron of pressure fluid. to the interior of the
housing, an' annular piston: slidably mounted within :the
housing, said piston being undercut. internally ‘proximate
its;end, a dependmg sleeve at the. inlet to the Housing

. formmg with ‘the. housing an anntilar ‘chamber to slid-
_ably recsive the end of the piston, thére being a ‘passage
" between said chamber and the exterior. of the housing,

fad

19,
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sleeve. and piston to hold the valve in 1ts uppermost posi-
tion durmg the power stroke of the piston.- :

9. Ina reciprecatory prime mover the: combmatlon
comprising, a housing having an inlet at one end thereof
for the admission of pressure fluid td the interior- of the

_ housing, an annular. piston. slidably mounted w1th1n the

Housing, said piston being undercut internally proximate
its upper end and reduced. peripherally at its lower end,
spaced seals between the piston and housing, there being -
2 port through -the piston wall between. said seals, .a de-: -
pending sleeve at the inlet'to the. housing forrmng with the
housmg an annular chamber toslidably : receive the end -

-of the piston, there being a passage between said chamber

and the exterior of the housing, said sleeve being reduced
petipheralls y intermediate its ends to form a shoulder . s6°

- that 'the end-of the piston clears said shoulder durmg the -

20
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5aid “sleeve being - reduced pripherally - intermediate’ its -

ends to form a shoulder so-that the end of the piston clears

- said shoulder during the cutermost portion . of travel of

the piston, a valve seat in said piston, a valve carried by -

and movable relative to said piston -to -engage said seat’
and form a barrier in the piston, ‘means .carried- by said-
valve and respensive to fluid pressure within the piston

for holding the valve on.its seat -during the power stroke.

35

7. In a teciprocatory prime -mover - the: combination -

a housmg having ‘an mlet at one end thereof -

-for.thé admission. of pressure fluid to the-interior of the -

" housing, ‘an: annular piston’ slidably mounted within -the

hotising, Sald piston being undercut: internally proximate

_ifs’end,”a depending sleevé at ‘the inlet . to. the. housing

’sage between said- chamber and the exterior of -the hous- -
- ing, said sleeve bemg teduced: peripherally: intermediate -
‘its ‘ends toform a shoulder so that the end of the piston - :
¢ -clears said’ shou’der during the outermost: ‘portion of travel
- .of the piston, & valve séat in said piston; - a valve camed :

ably- receive the end of the piston, there being. a pas-

by_-and movable upwardly relative to ‘said- plston to ens’
gage said seat and form a barrier in the piston, a valve

: piston’ carried” by the. valve ‘and-slidable within the an-
- nulus_between thé -sleeve and’ piston, the area-.of said
. valve piston being- greater ‘than the’ cross _sectional area

~of the-valve, whereby the valve is- held upon 1ts seat as

: ‘,comprrsm

me piston advances. '

40

“- forming. with. the housing an ‘annular chamber to slid- -

8. In-a rec1procatory prune mover: the combmatlon” i

Housing, an annular- piston slidably mounted within the

a housing having an inlet at one end thereof -
-for the. admxsswn of pressur¢ fluid to the interior ‘of-the

-uppermost portion of travel of the piston, spaced seats in
- the piston above and below. the port therein, a valye mov-

able-relative to-the piston 10 engdge the . uppermost of
s$aid “seats and-form -a barrier transversely - of the: piston
during the downward stroke of-the piston,-said-port’ being -
open so that pressure fliid is exhausted through the port..
and’ axially of the piston below the valve’ durmg the
downward stroke of thé piston, and means responsive:to-
fluid pressure within the ‘piston for holding the valve on

the uppermost of said seats dero the downward pmver S

stroke of the piston,

10..In a reciprocatory prlme mover the combination.
comprising, a housing having an'inlet at one end thereof -
for the admission of pressure fluid 1o the interior of the .
housing, an annular pisten slidably mounted -within the:
heusing, a depending - sleeve at_the inlet-to the housm<y
forming therewith an annular chamber, there being a pas- -
sage between said chamber and the exterior of the hous-
ing, said sleeve and piston being constructed and arranged -
to provide an annulus’ therebetween during a portion of

‘the advancing stroke ‘of the. piston, spaced seals between

the piston and housing, there: bemg a“port in the piston -
between said seals; a valve seat in the piston above- said
port, a valve carried- by.and movable relative to the pis-

means Tesponsive to pressure fluid within the piston to
move the valve from its seat after the prston had advanced

-.& predetermined dlstance

11. In'a reciprocatory prime mover, a housmg havmo )
an inlét at one end thereof for. the ddmission:of pressurs-

* fluid-to the: interior of the housing; an ‘apnujar . piston -
- slidably mounted .within. the housing and having-an end-
thereof - permheraﬂy reduced, spaced seals between:the .~
- piston and housing forming an annuler chamber ‘about

the piston-and. within said housing, there’ bsing a'port. in
the -piston between ‘said chamber and the interior of the -
phton a valve mounted on and movable relative to said =
piston to alternately form:a barrier- transversely “of the
piston above:and below. said port,-dnd:means responsrve
to pressure flid in the piston. fér- holding the. valve in -

- position above the-port. as. the piston’ moves downwardly

a- predetermined distance, -said “means. ‘heing thereafter

- responsive: to move the .valve"to a position below .ihe

60

- housing,: said piston being undercut internally proximate. -

ifs upper-end and reduced peripherally at its: lower end,

-_spaced seals between the piston_and housing, there being -
~-a-port-through the piston -wall between said: seals, a de-
“pending sléevé ‘at the ‘inlet-to'.the housmg formmg with

-“an annular. piston, | there: bemg .a-port . ccmmljm
" “betiween ‘the interior and exterior. of - the plston a -valve-,
“carried- by Y- and rnovwle ‘axially of said ‘piston;” a valve

the -housing an. annular chamber to_slidably. receive the'; o

end..of ‘the. piston, there. being a passage “between said -

r‘hamber and the-exterior of the housing, said sleeve be--
ing . rediced- peripherally intermediate its- ends to- form:

a shoulder so that: the-end of the piston: ‘clears said shoul- -
s der duung the . Uppermost portion-of ‘travel .of the- pis--"

,’,ton, a _valve ‘carried :by. and ‘movable’ relatlve ‘torsaid- :
,_plston to forni a barrler transve sely of the pxston aIter— .
Cnately above: and below sald port; ‘and ‘means: carrred by g
) sald valve a*rd shdable w1thm the annulus between the :

- having a_surface exposed to the preSSLre fluid within the
pxaton to" absorb kinetic "energy. of ‘and’ reduce <hock e
_upon~the valve at the

E ﬂh‘d '!Xlz lly LﬁEI\.(A, me

port,to direct pressure fluid to said anaular chamber a.nd
move the piston on the return streke. - -

12. In:a devieg of the ¢lass described. in combmatron,
tmg

-seat ring ‘slidably’ mounted- within thé piston proximite -

~ton-to engage said seat and form & barrier in the piston, .. . -

1o’ the flow of Ppressure flgid to-s 1d port, said’ seat ring’

ume of clf\sure .of the valv )

the sedting. -

13. -Ina devme of the claSQ descrrbed in: comb1 'atron S
] ‘pressure - -
nirnicating:

an annular

nasqaae to ccndd
bemg a port comn

_-said portand engagec.bxe by said valve to form:a barrier -
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between the interior and exterior of the piston, a valve
mounted on and movable axially of the piston, a valve
seat ring slidably mounted within said passage proximate
and in advance of said port, and means for holding said
valve on the seat ring during the advancing power stroke
of the piston, whereby seat ring is subjected to the force
of the pressure fluid actuating the piston to absorb kinetic
energy of and reduce shock upon the valve at the time of
closure of the valve upon the seat ring.

14. In a device of the class described in combination,
an anmular piston adapted to conduct pressure fluid
axially thereof, there being a port communjcating between
the interior and exterior of the piston, a valve mounted
on and movable axially of said piston, a valve seat ring

5

io

10
slidably mounted within the piston proximate said port
and engageable by said valve to form a barrier to divert
flow of pressure fluid to and through said port, and means
resiliently engaging said seat ring and operable to absorb
kinetic energy of the valve at the time of closure of the
valve upon the seat ring.
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