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[57] ABSTRACT 

A double walled drill stem has a ?uid driven piston on 
one end thereof which, by porting, reciprocates and 
strikes an anvil carrying a bit. The ?uid exhausts 
downwardly around the bit and drives chips and the 
like upwardly through the‘ inner portion of the drill 
stem, the ?uid to drive the piston passing downwardly 
between the inner and outer drill stem members, the 
exhausted ?uid carrying chips and dust and the like ' 
upwardly t0 the surface in a continuous'manner. 

13 Claims, 11 Drawing Figures 
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APPARATUS FOR- DRILLING AND SAMPLING 
ROCK FORMATIONS 

BACKGROUND OF THEv INVENTION 
Conventionally, percussive drills utilize a ?uid such 

as air or drilling mud passing downwardly of the drill 
stem to the bit. This picks up debris formed by the bit 
and drives it upwardly around the outside of the drill 
stem between the wall of the hole being formed and the 
drill stem. This often results in dislodging further parti 
cles in the wall of the bore and under certain circum 
stances can cause collapsing of the bore. Conventional 
devices often use valves or the ‘like to provide the per 
cussive impact needed at the drill bit and these are eas 
ily clogged or jammed by particles of rock formed dur 
ing the drilling operation. This of course means that the 
entire drill string has to be removed so that the clogging 
can be cleared. ~ 

Also when coring, it is conventional to use a reduced 
diameter core guide but if- the core is not uniform, it 
will lodge in the reduced section of the inner core pas 
sage. This is often-prevalent when a small layer'of clay, 
etc. is reached during the drilling operation. 
Conventionallporting to the outside of the drill bit 

not only results, under certain circumstances, of cave 
ins but also these ports can let in water which can enter 
the internal mechanism thus making‘it impossible to 
continue orvto ?nish a hole when‘the‘drilling ?uid is 
shut off'in order to "add'on "additional ‘lengths’ of drill 

'stem. ' 

‘SUMMARY OF THE INVENTION 
The principle object and essence of the invention is 

to provide a device of the character herewithin de 

v 
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scribed which enables a piston to be- reciprocated by ' 
?uid under pressure andthen the ?uid to be exhausted 
downwardly and internally to the bit whereupon it 
picks up the chips and the like formed by the bit and 
exhausts'them upwardly through the centerof the as 
sembly to the surface in a continuous manner. 
Another object of the invention is to provide a device 

of-the characterherewithindescribed which eliminates 
all contact of the. drilling ?uid with the wall of the bore 
formed thus preventing'cave-ins from occurring. 
Yet another object ofthe invention is to provide a de 

vice of the character herewithin described which elimi 
natesall-valves inasmuch as‘automatic porting is pro 
vided for-the routing of thelpressurefluids 

_ A yet further object of the invention is to provide a 
device ‘of the character herewithin'described which is 
easily used for standard coring practices if ‘desired.v 
Yet another object of the invention’ is to provide a de 

vice of the character herewithin described‘ inwhich ad 
ditional sections of the drill stemcan easily be added 
to those already in the bore." - I I . 

.A still further object of the invention is to provide a 
device ofthe character herewithindescribed which, be 
cause of the lack of moving parts, does not become in- ‘ 
operative due to interference of the moving parts by 
chips, dust and the'like formed during the drilling oper— 
ation. Y _ I 

Still another object of the invention is to provide a 
device of the character herewithin described which is 
relatively inexpensive in manufacture, economical in 
‘operation and otherwise well suited to' the purpose for 
which it is designed. 
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2 
With the considerations and inventive objects herein 

set forth in view, and such other or further purposes, 
advantages or novel features as may become‘ apparent 
from consideration of this disclosure and speci?cation, 
the present invention consists of the inventive concept 
which is comprised, embodied, embraced, or included 
in the method, process, construction, composition, ar 
rangement or combination of parts, or new use of any 
of the foregoing, herein exempli?ed in one or more 
speci?c embodiments of such cOncepLrefere'nce bein 
had to the accompanying Figures in which: ' 

DRAWINGS 

FIG. 1 is a longitudinal sectional view of the inven~ 
tion. I . 

FIG. 2 is a sectional view of the invention shown 
within a bore hole and reduced in scale with reference 
to FIG, 1. 
FIG. 3 is a cross sectional view of the anvil per se sub 

stantially along the line 3—3 of FIG. 1. 
FIG. 4 is a cross' sectional view of the outer shell or 

sleeve per se substantially along the line 4-4 of FIG. 1. 
FIG. 5 is a cross sectional view along the line 5—-5 of 

FIG. 1. ‘ 

FIG. 6 is a side elevation of the anvil per se; 
FIG. 7 is a fragmentary cross sectional view of one 

end of the outer shell or sleeve shown secured to one 
end of the outer casing. 
FIG. 8 is a cross sectional view of the bit substantially 

along'the line 8——8_ of FIG."1. ‘ ‘ I ‘ 

FIGS. 9, l0 and 11 show fragmentary side elevations 
of the three methods for providing rotation to the drill 
stern. , v 

In the drawings like characters‘ of reference indicate 
corresponding parts in the different ?gures. 

PRELIMINARY DESCRIPTION 
The device consists of outer and inner concentrically 

spaced drill stern section 10 having an outer casing l l 
screw threadably secured to the outer section of the 
drill stem section 10 with a piston and cylinder assem 
bly‘l2 mounted within the casing so that the piston can 
reciprocate and strike an anvil I3v which in turn vhas a 
drill bit assembly 14 secured to the outer end thereof 
and beyond the end of the casing 11. The piston recip 
rocates and strikes the anvil which’in turn reciprocates 
with the- bit in a percussive manner. ' ' 

DETAILED DESCRIPTION > 

In detail, reference should ?rst be'made to FIG. 2 
which shows the assembly within a bore 15 formed 
within rock bearing-formations l6 and extending down 
wardly from ground level 17. v r I I it I - 

The drill string sections 10 terminate at an air swivel 
assembly 18 which is conventional in construction and 
includes an air intake 19 which is connected toa source 
of ?uid under pressure. This ?uid may, of course, be 
drilling mud or air but under'iniorinial circumstances is 
usually air. . . . , 

An extension 20 extends upwardly from the inner 
I portion of the drill stem sections and terminates in a 

65 

discharge 2] through which chips and ?uid are dis 
charged in a continuous basis as will hereinafter be de 
scribed. , . 

A ‘conventional collar assembly "or ground seal 22 
mounts the device at ground level in the usual way, to 
seal any?uid (air) which may otherwise escape to the 
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outside of the drill pipe. lt permits proper return ?ow 
of the jet air through the inner borer 
The drillvstem sections in this invention include an 

outer cylindrical tube or drill stern section 23 and an 
inner cylindrical tube or section 24 mounted concentri 

_ cally within the outer section and being maintained in. 
the desired concentric relationship by means of a spi- ' 
der 25 situated at either end thereof. These sections 
can therefore be. added one to the other as a complete 
unit rather than individual inner and outer sections. 
Under normal circumstances, the air intake 19 enters 

through the air swivel assembly 18 to the annular space 
26 formed between the inner and outer sections 24 and 

10 

23, it being understood that the'spiders 25 are aper- ' 
tured to permit passage of the ?uid under pressure 
thereby. 
'Means collectively designated 27 are provided to 

connect the outer casing 11 with the lowermost drill 
stem section 10 and takes the form of a cylindrical 
adaptor sleeve 28 being screw threaded externally to 
the one end of the outer section 23 as clearly shown in 
FIG: 1 so that the outer wall of the sleeve 28 and the 
section 23 are flush."- ‘- . ' 

The lower end 29 of the adaptor sleeve is reduced in 
diameter and screw threaded to receive the end 30 of 
the outer casing 11 which screw threadably engages 
same so that the outer wall of casing 11 is ?ush with the 
outer wall of the sleeve 28. - ’ ’ 

Forming part of the adaptor sleeve 28 is a compres 
sion head 31 which‘ is cylindrical and an inner cylindri 
cal casing 32 is shouldered as at 33 to engage within a 
shouldered portion 34 of the compression head. It then 
engages the end 35 of the inner section 24 of the lower 
most drill stern section 10 as clearly shown.- In this 'con 
nection split rings36 secure the inner casing 32 to the 
end 35 of the drill stem section 24 and also to the end 
37 of the compression head 31. ' 
The cylinder 38 of the piston and cylinder assembly 

12 is in'turn secured by the means ofa rubber ring 39 
to the other end of the compression head and extends 
downwardly therefrom as clearly shown. 

Longitudinally extending ports or channels 40 are 
formed within the compression head and extend from 
the end 37- thereof to radially extending ports 42 
formed adjacent the other end of the compression head 
and extending outwardly to the ' outer wall thereof. 
These ports and channels 40 and 42 communicate be 
tween theannular space 26 of the drill stem sections 
and a longitudinally extending annular channel 43 
formed between the cylinder 38 and the inner wall of 
the outer cylindrical casing 30, said annular channel 
extending from adjacent ports 42 to a location indi 

- cated by reference character 44-. 
The piston 45 of the piston and cylinder assembly 12 

is cylindrical in con?guration and engages around the 
inner cylindrical casing 32 and within the cylinder 38. 
Conventional anti-frictional means (not illustrated) 

are provided to reduce the sliding friction between the 
piston and the casing on the one hand and the piston 
and the cylinder on the other. ‘ ~ 

This piston is ‘provided with a plurality of longitudi 
nally extending channels or ports 46 extending from 
the head 47 thereof, along the length thereof to exte 
rior radially situated ports 47' which extends through 
the outer wall of‘ the piston as-clearly shown. 
Also provided on the piston 45 is an annular open 

ended channel 48 formed by'a reduction of the diame 
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ter of the cylinder below the‘head 47, this reduced di 
ameter and the cylinder wall 38 de?ning this channel 
48'. A plurality of ports 49 are formed through the cyl 
inder wall 38 adjacent the lower end 50 thereof. 
The outer casing 11 is provided with an annular 

shoulder 51 adjacent the end 50 of the cylinder which 
is retained therein by means of a rubber ring 52 in the 
usual manner and this annular shoulder acts as a ?uid 
pressure seal at this point. ‘ 

However, the casing increases in diameter below this 
shoulder to form an annular ?uid passageway 52' 
which extends to adjacent the internally‘ screw 
threaded end 53 of the outer casing vl1. 
Describing the operation of the piston and cylinder 

assembly. ?uid under pressure is supplied downwardly 
through the outer annular space 26 between the outer 
and inner sections of the drill stem assembly 10. It is 
then routed through the passageways 40 and ports 42 
in the compression head 31, to the annularchannel 43v 
between the cylinder 38 and the outer casing 11. 

It then passes through the. radially extending ports 49 
formed in the cylinder wall adjacent the end 50 and en 
ters the annular chamber 48 between the wall and the 
piston, reacting between the shoulder 51 of the outer 
casing‘and the undersideof the head 47 of the piston 
thus driving it in the direction of arrow 54 towards the 
compression head 31. i 

The piston. moves in this direction, exhausting air 
through ports 46 and 47' until ports 47' are covered by 
the annular shoulder 51 at which time air in front of the 
piston head is compressed between the head and the 
compression head 31. This compressed air acts a 
buffer and prevents the head of the piston striking the 
compression‘ ‘head 31. However, the piston moves 
towards the compression head 31 a distance sufficient 
to permit ports 47' to align with ports 49 in the cylinder 
wall at which time the ?uid will be routed- from the an 
nular space 43, through ports 49, through ports 47' and 
channels 46 to the upper side of the piston head within 
the compression chamber de?ned by the piston head 
and the compression head 31. This immediately re 
verses the action of the piston reinforced by the com 
pression of the air between the piston ‘and the compres 
sion head and drives the piston downwardly or in a di 
rection opposite to arrow 54 until'it reaches the posi 

‘ tion shown in FIG. 1 whereupon the sequence'repeats. 
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It hasbeen found that with approximately 150 psi 
?uid pressure, a reciprocating rate for the piston can be 
obtained of approximately 3,200 strokes per ‘minute. 
Each time the position reaches‘the position shown in 

H6. 1, the end 55 thereof strikes the anvil assembly 13. 
A cylindrical anvil sleeve or outer shell 56 is screw 

threadably engaged within the end 53 of the outer cas 
ing 11 and the anvil 13, which is cylindrical in configu 
ration, is mounted between this shell and the inner cas 
ing 32 for percussive reciprocation thereon. 
The anvil is shown in detail in FIGS. 3 and 6. It con 

sists of a cylinder 57 having a plurality of radially ex 
tending bearing lugs 58 formed on- one end thereof and 
ascrew threaded portion 59 formed on the other end. 
A plurality of closed ended longitudinally extending 
slots 60 are formed within the wall of the cylindrical 
portion 57 intermediate the ends thereof. 
The outer shell or anvil sleeve 56 is also cylindrical 

and a plurality of longitudinally extending portions 61 
are formed on the inner surface'thereof also having lon 
gitudinally extending slots 62 closed at one end thereof, 
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formed within these portions 61 as clearly shown in 
FIGS. 4 and 7. , 

A plurality of ball bearing 63 engages slots 60 and 62 
which are complimentary, thus providing reciprocal 
bearing support for the anvil within the anvil sleeve 56. 
The spaces between the bearing shoulders 58 and the 

portions 61 form an annular ?uid passageway between 
. the annular ?uid passageway 52 and a further passage 
way 63' formed adjacent the end 64 of the anvil shell 
56. ' i 

A bit assembly 65 screw threadably engages the 
screw threaded end 59 of the anvil and is a sliding ?t 
within the end 64 of the anvil sleeve as clearly shown 
in FIG. 1. 
An annular ?exible seal 66 extends between the anvil I 

shell 56 and the anvil adjacent the annular space 63' 
and this seal is engaged with the wall of the anvil in 
such a manner that ?uid under pressure can pass 
thereby downwardly towards the bit assembly 65 but 
?uid or debris cannot pass upwardly. 
The :bit assembly is conventional in construction in 

sofar the material and attachment of the bit inserts 
67'are concernedQHowever, it is provided with ‘a plu 
rality oflon'gitudinally extending channels 68 extending 
from the inner end of the bit to cross channels 69 which 
extend inwardly to the inner bore, '70 of the bit. The 
channels‘ 68'al‘so communicate with a plurality of'fur 
ther channels 71 which extend to the face of the bit. 

It‘ will of course be‘understoo'd that the hollow center 
70 of'the bit communicates ‘with the‘ interior of ‘the 
inner casing 32 and thence to the inner section 24 of 
the drill stem component 10. ' 
' In ‘operation, air reciprocates'the piston as aforesaid 
andv is exhausted downwardly" through the annular 
channel 52, past the anvil 13 to the annularchannel 63’ 
whereupon it' passes through the bit assembly 65 
whereupon part of the air or ?uid enters the inner bore 
70 of the bit and moves upwardly therefrom forming a 
jet action. Other air or ?uid passes through the longitu 
dinal drilling 71 to the face of the drill bit and picks up 
chips or debris and drives them towards the inner bore 
whereupon they are picked up‘ by'the jet action of the 
air passing upwardly through the assembly to the sur 
face to be discharged through the discharge 2] in a 
continuous manner. “ _ . ~ ' ' ‘ 

Under these circumstances, there is no chance of the 
?uid disturbing the walls of the bore being formed thus 
eliminating the majority ofcauses of cave-ins and the 
like. Furthermore, due to the fact that the only moving 
part is the reciprocal piston and the percussively recip 
rocating anvil, there‘ is no chance of dust or‘debris in 
terfering with the action of the device inasmuch no 
moving valves are required. ' 

If it is desired to core, a coring ‘bit of special design 
is placed on the end of the anvil'and coring can be un 
dertaken in the conventional manner. " 

Under certain circumstances,-a single wall drill stem 
- section may be used. If this is so, then the anvil would 
be solid at the lower end thereof so that the ?uid would 
pass outwardly of the drill bit and thenupwardly be 
tween the drill bit and the drill stem in the conventional 
manner. I v 

However. the preferred embodiment provides for the 
‘passageway of the ?uid and the‘chips centrally through 
the drill stemto be discharged externally as hereinbe 
l'ore described. ' 

40 
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It should of course be mentioned that the apparatus 
can be used in any position as the operation does not 
rely on gravity for any portion of the action. 
The‘ conventional anti-friction means mentioned 

above, also includes anti-frictional material used in the 
construction of the casing and cylinder thus eliminating 
the requirements for oil of any kind in the apparatus. 
This in turn eliminates contamination which is a prob 
lem normally caused by conventional type apparatus 
operating in a similar environment. 
FIGS. 9, 10 and 11 illustrate three methods of provid 

ing the necessary rotation to the drill stern.‘ 
In FIG. 9, 72 illustrates the conventional supporting 

derrick or framework. A top ‘drive assembly collec 
tively designated 73 powered by hydraulic air or elec 
tricity, causes rotation of the double walled pipe 74 ' 
which in turn connects through the ground seal 22, to 
the drill stem (not shown in FIGS. 9, l0 and 11). In 
FIG. 10, a conventional rotary swivel assembly collec- I 
tively designated 75 is provided with a modi?ed top dis 
charge swivel connected to discharge 21 and this again 
rotates the double walled pipe 74, through the ground 

' seal 22. 

‘In FIG. 11, the conventional rotary table 76, rotates 
a conventional kelly- bar 77 terminating in a conven 
tional rotary swivel assembly 75 at'thc upper end 
thereof. A gear or chain drive assembly collectively 
designated 78 includes a gear 79 rotated by the kelly 
bar 77>and this in turn engages a further gear 80which 
is. connected to a double walled pipe or kelly‘bar 81 
through the air__inlet swivel assembly 18 and thence 
through ‘the ground seal‘ ‘22, to the drill stem. The dis 
charge assembly 21 is connected through a special dis; 
charge swivel, to the upper end of this double wall kelly‘ 
bar 81. a - " - - 

The double wall pipe 74, ‘the double wall kelly bar 
74’ and the conventional kelly bar 77, act of course as 
drive shafts for the apparatus._ . . 

Various modi?cations can be made within the scope 
of the inventive concept which is herein disclosed and 
/or claimed. Accordingly, it is intended that what is set 
forth should be regarded ‘as illustrative of such concept 
and. not for the purpose of limiting protection to any 
particular embodiment thereof, and that only such limi 
tations should be placed upon the scope of protection 

I to which the inventor hereof is entitled asjustice dic 
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tatcs. ’ 

What I claim as my invention is: l 
I. A drilling assembly including outer and inner con 

centrically spaced drill stem sections and a source of 
?uid under pressure supply to said drill stem section be 
tween the outer and inner walls thereof; comprising in 
combination an outer casing, means vof securing said 
casing by one end thereof to one end of the outer sec 
tion of said drill stem section, a piston and ‘cylinder as 
sembly mounted within said casing, an anvil reciprocal 
within said casing, thepiston of said piston and cylinder 
assembly adapted to strike one end of said anvil, and a 
drill bit assembly operatively secured to the other end 
of said anvil beyond the other end of said casing, means 
cooperating between said casing and said piston and 
cylinder assembly to route ?uid under pressure to each 
side of said piston alternately to reciprocate same 
whereby said piston strikes said anvil successively, and 
means mounting said anvil within said casing for per 
cussive reciprocation therein, said means mounting 
said anvil for percussive reciprocation within said cas 
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ing including a plurality. of balls engaging between said 
anvil and said casing, longitudinal channels formed in 
the wall of said anvil and in said casing, said balls being 
mounted in said channels, and ?uid passageway means 
between said anvil and said casing communicating be 
tween each side of said anvil. 

2. The assembly according to claim 1 which includes 
an anvil sleeve screw threadably engageable with the 
lower end of said casing and forming part thereof, said 
anvil reciprocating within said sleeve. 

3. The assembly according to claim 1 in which said 
means securing said casing by oneend thereof to one 
end of the outer section of said'drill stem section in 
cluding an adaptor sleeve screw threadably engaging 
said outer section and screw threadably engaging said 
casing, a ported compression head forming part of said 
adaptor sleeve and being secured by one end thereof to 

7 one end of the inner section of said drill stern section, 
the cylinder of said piston and cylinder assembly being 
secured by one end thereof to the other end of said 
compression head‘, and by other end thereof internally 

said'casing and said cylinder communicating with said 
ported compression head. ’ _ _ I 

4. The assembly accordingto claim 3_which includes 
an inner cylindrical casing secured within said com 
pression head and to said one end of the inner section 
of said drill stem section, said piston being cylindrical 
and reciprocating upon said‘inner casing and within 
said cylinder, said cylinder and said compression head 
defining an annular compression chamber. 

5. The assembly according to claim 4 in which said 
piston includes ?uid connecting means extending from 
the head thereof along the length thereof to exterior 
ports in the wall of said piston, further ports formed in 
the wall of said cylinder adjacent one end thereof, said 
ports in said cylinder and in said piston aligning when 
said piston is at one end of the stroke thereof. 

6. The assembly according‘to claim 1 which includes 
means routing internally the exhausted ?uid from said 
piston and cylinder assembly to said bit assembly, and 
means communicating between said bit assembly and 
the inner section of said drill stem section whereby said 
exhausted ?uid picks up chips and the like'formed by 
said bit assembly and exhausts same through said inner 
drill stem section. I _ ' 

7,. The assembly according to claim 6 in which said 
means securing said casing by one end thereof to one 
end of the outer section of saidvvdrill stem section in 
cludes an adaptor sleeve screw threadably engaging. 
said outer section and screw threadably engaging said 
casing, a ported compression head forming part of said 

' adaptor sleeve and being secured by one end thereof to I 
one end of the inner section of said drill stem section, 
the cylinder of. said piston and cylinder assembly being 
secured by one end thereof to the other'end of said 
compression head, said cylinder being secured by the 
other end -thereof internally to said casing, ports 
formed between the inner wall of said casing and said 
cylinder communicating with said ported compression 
head. 

8. The assembly according to claim 1 which includes 
an inner cylindrical casing secured within said com 
pression head and to said one end of the inner section 
of said drill stem section, said piston being cylindrical 
and reciprocating upon saidiinner casing and within 
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' to said casing, ports formed between the inner wall of ' 
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8 
said cylinder, said cylinder and said compression head 
de?ning an annular compression chamber. 

9. The assembly according to claim 8 in which said 
piston includes ?uid connecting means extending from 
the head thereof along the length thereof to exterior 
ports in the wall of said piston, further ports formed in 
the wall of said cylinder adjacent one end thereof, said 
ports in said cylinder and in said piston aligning when 
said piston is at one end of the stroke thereof. 

10. A drilling assembly including outer and inner 
concentrically spaced drill stem sections and a source 
of ?uid under pressure supply to said drill stem section 
between the outer and inner walls thereof; comprising 
in combination an outer casing, means securing said 
casing by one end thereof to one end of the outer sec 
tion of said drill stem section, a piston and cylinder as 
sembly mounted within said casing, an anvil reciprocal 
within said casing, the piston of said piston and cylinder 
assembly adapted to strike one end. of'said anvil, and a 
drill bit assembly operatively secured to the other end 
of said anvil beyond the other end of said casing, means 
cooperating between said casing and said piston and. 
cylinder assembly to route ?uid under pressure to each 
side of said piston alternately to reciprocate same 
whereby said piston strikes said anvil successively, and 
means mounting said anvil within said casing for per 
cussive reciprocation therein, said means securing said 
casing by one end thereof to one end of the outer sec 
tion of said drill stem section including an adaptor 
sleeve screw threadably engaging said outer section 
and screw threadably engaging said casing, a ported 
compression head forming part of said adaptor sleeve 
and being secured by one end thereof to one end of the 
inner section of said drill stem section; the cylinder of 
said piston and cylinder assembly being secured by one 

- end thereof to the other end of said compression head, 
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and by the other end thereof internally to said casing, 
ports formed between the inner wall of said casing and 
said cylinder communicating with said ported compres 
sion head, an inner cylindrical casing secured within 
said compression head and to said one end of the inner 
section of said drill stem section, said piston being cy 
lindrical and reciprocating upon said inner casing and 
within said cylinder, said cylinder and said compression 
head de?ning an annular compression chamber, said 
means mounting'said anvil for percussive reciprocation 
within said casing including an anvil sleeve secured to 
said casing at one end thereofand forming part thereof, 
said anvil being of cylindrical configuration and recip 
rocating upon said inner casing and within said sleeve, 
at least one closed ended longitudinally extending 
channel formed in the inner wall of said sleeve, corre 
sponding channels formed in the outer wall of said anvil 
and ball bearings mounted in said channels forjournal 
ling said anvil within said sleeve as aforesaid, and ?uid 
passage means'between said anvil and said sleeve com 
municating upon each sideof said anvil. 

11. The assembly according to claim 10 which in 
cludes. means routing internally the exhausted ?uid 
from said piston and cylinder assembly to said bit as 
sembly, and means communicating between said bit as 
.sembly and the inner section of said drill stem section 
whereby said exhausted ?uid picks up chips and the 
like'formed by said bit assembly and exhausts same 
through said inner drill stem section. 

12. The assembly according to claim 10 in which said 
piston includes ?uid connecting means extending from 
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the head thereof along the length thereof to exterior 
ports in the wall of said piston, further ports formed in 
the wall of said cylinder adjacent one end thereof, said 
ports in said cylinder and in said piston aligning when 
said piston is at one end of the stroke thereof. 

13. The assembly according to claim 10 in which said 
means mounting said anvil for percussive reciprocation 
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10 
within said casing including a plurality of balls engaging 
between said anvil and said casing, longitudinal chan 
nels formed in the wall of said anvil and in said Casing, 
said balls being mounted in said said channels, and fluid 
passageway means between said anvil and saidcasing 
communicating between each side of said anvil. 

* * * * * 


