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[57] ABSTRACT 
Continuous drilling of a well bore and curing involves 
the use of a rotatable percussion drill having a central 
core barrel, the drill being operated by air circulated 
through a dual concentric drill pipe and a swivel at the 
top of the drill pipe, the air, in major part, ?owing up‘ 
wardly through the bore hole annulus, outside the drill 
pipe to remove cuttings and other material from the 
annulus, and a minor part of the air flows upwardly in 
the central core tube of the drill pipe from the center 
of the drill to carry uncontaminated core samples 
from the center of the bottom of the bore hole. 

20 Claims, 20 Drawing Figures 
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CONTINUOUS CURING SYSTEM AND 
APPARATUS 

In the drilling of wells into the earth, it is desirable to 
have samples of the formation being drilled on a con 
tinuous basis, so that the formation samples may be ex 
amined for various purposes, as the drilling progresses. 

Heretofore, efforts to continuously take a core sam 
ple from the bottom of the bore hole, while drilling with 
mud, have resulted in reduced drilling efficiency and 
problems of cuttings removal. Dual concentric drill 
pipes have been utilized to conduct the drilling ?uid 
from the surface to the drill bit in the drill pipe annulus, 
the ?uid returning through the inner drill pipe to carry 
core samples to the top of the well. However, inef? 
cient cuttings removal in the bore hole annulus may re 
sult in the drill string becoming stuck, and the core 
samples may also stick in the inner drill pipe, if the ?uid 
velocity is low. In addition, the core samples have been 
contaminated with debris from the bore hole which 
may be reground. In the absence of high velocity ?uid 
carrying of the core samples, moreover, gravity separa 
tion of sample particles of different size or weight pre 
cludes the samples recovered at the top of the well 
from being representative of the formation at any given 
time. Such problems are even greater when drilling 
with air and a percussion bit. 
The present invention provides a novel system and 

apparatus for more efficiently drilling a well bore while 
continuously taking core samples, using an airhammer 
and percussion bit. 
More particularly, the present invention provides a 

novel system and apparatus whereby the core samples 
are taken at the center of the bottom of the bore hole 
and are protected against contamination by side wall 
material. The drilling fluid velocity which carries the 
core samples to the top of the well is high, so as to mini 
mize gravity separation of the core sample particles of 
different weight or size, so that the samples are repre 
sentative of the formation at any given time during dril 
ling. In addition, the drilling fluid which carries the 
other cuttings to the surface is of sufficient volume and 
velocity as to prevent fall out and regrinding of material 
at the bottom of the bore hole. 
The entire system of the invention consists of a con 

tinuous coring adaptor swivel assembly, a continuous 
coring airhammer drill, completely integrable with any 
existing top drive or table drive rig for drilling wells, 
employing a rotatable drill pipe and air as the ?ushing 
?uid. 

In its basic operation, compressed air is moved 
through the continuous coring adaptor swivel, down 
the annulus of the double-walled continuous coring 
drill pipe, to the coring airhammer. In the hammer, the 
compressed air is divided in such a way as to allow the 
major part, say approximately 90 percent, of the energy 
derived from the air ?ow, to properly run the coring 
tool. This air is exhausted from the tool at the bit face 
and allowed to return to the surface in the outer bore 
hole annulus carrying a major portion of the cuttings as 
in conventional airhammer drilling processes. The re 
mainder of the air is diverted through the hammer and 
enters the core receiving tube just above the bit face at 
high pressure and velocity. Formation cores and 
smaller chips are picked up by the air in the core tube 
and carried through the inner tube to the adaptor 
swivel at the surface where the core samples are re 

2 
moved and collected in any suitable fashion, such as a 
vortex type separator. 
The continuous coring adaptor swivel of the inven 

tion, is adapted for application to any existing top drive 
5 or table drive rotary drilling rig. When in place. the 

swivel offers no interference to ordinary drilling opera 
tions. In addition, the swivel affords easy access to full 
flow reverse circulation, at high pressure, in the event 
the drill string becomes stuck in the bore hole. 
The continuous coring adaptor pipe or dual concen 

tric drill pipe, is of a standard size in use on conven 
tional rigs and all tool joints are standard, and the core 
tube does not interfere with conventional drilling. The 
core tube is securely held within the outer pipe and 
cannot accidentally come out during handling, but the 
core tube is free to move longitudinally with respect to 
the outer pipe, as may be necessary for making up and 
breaking out joints of the drill pipe, say during round 
tripping to replace a bit. The pipe assembly is such that 
energy transients causing vibration in the core tube are 
dampened with respect to the outer pipe. 
The continuous coring airhammer structure of the 

present system, in general, is constructed to develop 
high horsepower for maximum penetration. The air 
hammer has little chance of becoming stuck in the bore 
hole because the hammer provides adequate bore hole 
circulation, as well as adequate core sample-carrying 
circulation. 
This invention possesses many other advantages, and 

has other purposes which may be made more clearly 
apparent from a consideration of the form in which it 
may be embodied. This form is shown in the drawings 
accompanying and forming part of the present speci? 
cation. It will now be described in detail, for the pur 
pose of illustrating the general principles of the inven 
tion; but it is to be understood that such detailed de 
scription is not to be taken in a limiting sense. 

Referring to the drawings: 
FIGS. Ia and lb, together, constitutes a general illus 

tration of a continuous coring, air drilling system ac 
cording to the invention, FIG. lb being a downward 
continuation of FIG. la; 
FIGS. 2a through 2:‘ together constitute an enlarged, 

vertical section, as taken on the line 2-2 of FIGS. Ia 
and lb, FIGS. 2b through 21' constituting successive 
downward continuations of FIG. 20; 
FIG. 3 is a horizontal section through the swivel, as 

taken on the line 3-3 of FIG. 20; 
FIG. 4 is a horizontal section, as taken 

4-4 of FIG. 2b; 
FIG. 5 is a horizontal section, 

5-5 of FIG. 2f; 
FIG. 6 is a horizontal section, 

6-6 of FIG. 2g; 
FIG. 7 is a horizontal section, 

7-7 of FIG. 2h; 
FIG. 8 is a horizontal section, 

8-8 of FIG. 2h; 
FIG. 9 is a horizontal section, 

9-9 of FIG. 21'; 
FIG. 10 is a horizontal section, as taken on the line 

10-10 of FIG. 2i; and 
FIG. 11 is an enlarged fragmentary detail in vertical 

section, at the lower end of the airhammer drill, as 
taken on the line Il-Il of FIG. I0, but showing the 
drilling and coring operation. 
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As seen in the drawings, the continuous coring sys 
tem of the invention, as generally shown in FIGS. la 
and lb, involves a coring swivel adaptor or assembly S 
having a rotor 10 adapted to rotate in a stator 11 by a 
power swivel or air motor M, to which air is supplied 
via a conduit 12. The stator 11 is held against rotation 
by means 13 in the derrick D, which allows the swivel 
S to move downwardly, as drilling progresses, as is well 
known in the case of drilling with power swivels. 
Connected beneath the swivel rotor 10, for rotation 

therewith, is the dual concentric drill pipe P, made up 
of lengths or stands as the drilling progresses, and hav» 
ing at its lower end an airham mer assembly H for apply 
ing successive hammer blows to a core bit B, as the bit 
B is rotated to drill the well bore W, while taking a con‘ 
tinuous core sample, the pieces of which are carried 
upwardly in the drill pipe by air supplied through the 
airhammer H, the other cuttings being carried in the 
bore hole annulus to the top of the well, as customary, 
by the major portion of the air supplied to the airham 
mer. The core sample pieces CS are discharged from 
the coring adaptor assembly swivel into a suitable re 
ceiver 14. 
As is well known in air drilling, the air may be sup 

plied from a suitable compressed air source, not shown, 
at high volume and pressure to drive the power swivel 
or motor M, and thus to drive the drill pipe P, as illus 
trated. If desired, however, the power swivel or motor 
M may be eliminated and a Kelly drive may be em 
ploycd to rotate the drill pipe while allowing it to 
progress downwardly during the drilling operation. In 
other words, the invention is not concerned with the 
manner of applying torque to the drill pipe P, but with 
adapting the system to cut and carry a continuous core 
sample to the receiver 14, utilizing the novel coring 
swivel adaptor S, the novel dual concentric drill pipe P, 
and the novel coring bit and airhammer B and H, re 
spectively, whereby the usual cuttings are effectively 
removed from the well bore without contaminating the 
core sample, and the core sample fragments are eff 
ciently carried to the receiver without substantial fall 
out or blockage of the drill pipe, the core sample being 
uniform and representative of the earth formation at 
the bottom of the bore hole at any given time during 
the drilling operation. 
The coring adaptor swivel S is best seen in FIGS. 20 

and 3. More particularly, the rotor 10 is revolvable in 
the stator ll and has an internally threaded receptacle 
22 for connection at 23 with the rotary driven pipe 24 
which is driven by the power swivel M and which con 
ducts air to the system from the compressed air source 
on the rig. The rotor 10 has an air inlet chamber 25 
which communicates with a suitable number of ports or 
passages 26 which extend longitudinally through the 
rotor 10 and open at its lower end. The rotor 10 also 
has another passage 27 opening at its lower end having 
a laterally extending branch 28 opening at the side of 
the rotor. At its lower end, the rotor is externally 
threaded at 29 to receive the internally threaded box 
30 of the outer pipe P1 of the dual concentric pipe P, 
which will be described below, and the rotor also 
threadedly receives at 3| the inner pipe P2 of the dual 
concentric pipe P, the inner pipe P2 communicating 
with the port 27. A resilient seal ring 32 is disposed in 
the threaded joint between the pipe box 30 and the 
rotor 10, but a sealing joint such as that commonly em 
ployed in drill pipe tool joints may be employed. 
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The stator I] is composed of a horizontally split 

housing having an upper part 33 and a lower part 34, 
having peripheral ?anges 35 interconnected by fasten 
ings 36, these body parts having a cylindrical bore 37 
in which the rotor 10 is revolvable. At the upper, inner 
portion of the body part 33 is an inner peripheral ?ange 
38 which rests on a bushing 39 which in turn engages 
an upwardly facing shoulder 40 on the rotor 10. A lock 
ring 41 carried by the rotor is disposed above the flange 
38 to maintain the rotor assembly. Suitable bushings 
such as lubricated brass bushings 42 and 43 are carried 
between the rotor and the stator body parts to minimize 
friction. 
At vertically spaced locations above and below the 

laterally opening port 28, the body sections 33 and 34 
have suitable sealing ring elements or cups 44 in 
grooves 45 sealingly engaged with the cylindrical wall 
of the rotor 10 to prevent leakage between the rotor 
and the stator from an annular chamber 46 formed be 
tween the stator body parts 33 and 34, particularly 
under the high pressure of reverse circulation, when 
necessary to ?ush the well bore. 
As seen in FIG. 3, the body sections 33 and 34 also 

provide a tangential outlet 47 for the chamber 46, and 
a coupling 48 has its ?anged end 49 engaged in a 
groove 50 in the stator body when the body parts 33 
and 34 are assembled. This coupling 48 is adapted to 
be threadedly connected at 5! to the conduit 52 
through which core sample fragments CS are con— 
ducted to the receiver 14. 
Adjacent to the location where the port 28 opens into 

the chamber 46 is a wiper or sample diverter S3 fas 
tened to the rotor ID by fastenings 54. This wiper con~ 
forms in profile to the chamber 46 and has an advanc 
ing face 55 angled to gently impart motion to the parti 
cles of core sample in a right-hand direction in the 
chamber 46 and assist the air in inducing movement of 
the particles to the outlet 47 with a minimum of break 
age and mixing of the samples. 
The continuous coring adaptor pipe or dual concen~ 

tric pipe P, as indicated above, consists of the outer 
pipe string P1 and the inner pipe string P2. The outer 
pipe P] is typical standard drill pipe and the inner pipe 
P2 is standard tubing, assembled in a novel manner to 
minimize problems of assembly, vibration, differential 
expansion, and the like, but enabling the lengths of pipe 
P to be made up and broken out in the usual manner 
during the drilling operations. 
The dual concentric pipe string P and its intercon 

nection with the swivel S and the airhammer H are il 
lustrated in FIGS. 2a through 2f. As seen in FIGS. 2a 
and 2b, means are provided for coupling the pipe P to 
the swivel rotor 10 for rotation as a unit. As previously 
indicated, however, if the rig has a rotary table drive, 
a Kelly assembly would be interposed at the location to 
drive the pipe rotatively, in lieu of the power swivel or 
motor M. 
The internally threaded box 30 of FIG. 2a has a 

downwardly extended pipe section 60 threaded at its 
lower end at 61 to an adaptor sub 62 which has at its 
lower end a typical drill pipe threaded pin 63 engaged 
in the threaded box 64 of a tubular coupling member 
65 which, in turn, has at its lower end a typical 
threaded pin 66 at the upper end of a typical length L 
of the dual concentric drill pipe or continuous coring 
adaptor pipe. The inner pipe P2 of FlGS. 2a and 2b in 
cludes a length of adaptor tubing 68 threaded at 31 
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with the swivel rotor 10 and extending downwardly 
through the adaptor sub 62 and into the coupling 65. 
At its lower end, the adaptor tubing 68 is centralized in 
the coupling 65 by a suitable spider 69, formed in the 
illustrative embodiment, as a square body (FIG. 4) hav 
ing a square opening 70 through which the tube 68 ex 
tends. The spider 69 is held against downward move 
ment on the tube 68 by a snap ring 71 engaged in a 
companion groove 72 in the tube 68. The openings 73 
between the spider 69 and the inside of the coupling 65 
allow air to flow through the coupling 65 without sub 
stantial interference. 
Below the spider 69 the tube 68 has a cylindrical 

lower end section 74 on which is affixed an inner pipe 
coupling sleeve 75 having an inner tubular body 76 of 
elastomeric material supported within an outer metal 
sleeve 77, and adapted to have a friction or slip fit at 
78 with the inner tube or pipe 80 which is disposed in 
the box end 67 of the typical length of dual concentric 
pipe shown in FIGS. 212 through 2d. 
Such a length of dual concentric drill pipe includes 

the inner tube or pipe 80 and the outer length of pipe 
81. The box end 67 of the outer pipe 81 is, as custom 
ary, applied as a tool joint to the body of the pipe. At 
the lower end of the pipe body 81, it is provided with 
a typical drill pipe tool joint 83 having a threaded pin 
84 engageable in the next below length of drill pipe, as 
customary. 

In the present case, the inner tube 80 is centralized 
in the outer pipe 81 and longitudinally positioned 
thereon by a suitable number of vibration absorbing 
centralizer means 85, the cross sectional con?guration 
of which is seen in FIG. 5. Each centralizer means 85 
is composed of elastomeric or rubber-like material ca 
pable of resilient deformation. It includes a central tu 
bular body 86 frictionally engaged with the inner tube 
80. Preferably, the body 86 is axially deformed be 
tween opposed stop rings 87 in companion axially 
spaced grooves in the tube 80, whereby the body 86 is 
also radially or circumferentially deformed into tight 
holding engagement with the tube 80 on assembly. At 
circumferentially spaced locations about the central 
izer body 86, it has longitudinally extended radiating 
ribs 88 frictionally engaged on the outer edge surfaces 
89 within the outer pipe 81. Preferably, the diametrical 
dimension of the ribs 88 is greater than the inside diam 
eter of the pipe 81 to enhance the frictional engage 
ment and compensate for wear, the ribs being radially 
deformed upon assembly of the drill pipe length L. The 
ribs 88 afford abundant air flow spaces 90 therebe 

tween. 
In order to prevent signi?cant relative longitudinal 

movement of the inner and outer pipes 80 and 81, 
moreover, the centralizers 85 at the upper and lower 
ends of the drill pipe lengths L also are adapted to resil 
iently position the inner pipe 80 longitudinally with re 
spect to the outer pipe 81. As seen in FIGS. 20 and 2d, 
these are three centralizers 85 in the typical drill pipe 
length L, each constructed as above described. How 
ever, the upper tool joint 67 and the lower tool joint 83 
are modi?ed, as compared with standard tool joints, to 
provide downwardly and upwardly facing shoulders 
67a and 83a, respectively, engaged by opposing end 
surfaces 67!) and 831) on the ribs 88 of the upper and 
lower centralizers 85, preferably under compression 
axially of the assembly. Due to the above described 
friction or interference fit between the centralizers 85, 
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the inner pipe 80 and the outer pipe 8], the pipes are 
interconnected so as to resist accidental separation, 
even after substantial wear. The resilient centralizer 
material dampens vibration and reduces shock loads 
travelling in the drill string. 
A suitable number of the drill string lengths L are 

added to the drill pipe string P, as the drilling pro 
gresses, between the coupling 65 and the uppermost 
pipe length L, and, except for the lowermost pipe 
length L, each length has, at the lower end of the inner 
pipe 80, as seen in FIG. 2d, one of the coupling sleeves 
75 previously described affixed to the cylindrical lower 
pipe end 80a and adapted to telescopically engage over 
the upper tubular end 80b of the inner pipe 80 in the 
length L below. Such a resilient and telescopic connec 
tion between the inner pipes 80 not only seals the con’ 
nection but compensates for tolerances and some rela 
tive longitudinal movement of the pipes 80 and SI. 
As seen in FIGS. 2f and 2g, the lowermost length of 

drill pipe P is connected to the novel airhammer H, 
hereinafter to be described. As shown, the threaded pin 
84 of the tool joint 83 is threaded into the internally 
threaded box of a top sub 91 for the airhammer H. This 
top sub 91 has an outer body 92 threaded at 93 at its 
lower end for connection with the upper end of the air 
hammer H. lnternally, the sub body 92 has a central 
tube 94 which sealingly and slidably receives at 95 the 
lower tubular end 96 of the pipe 80 of the above pipe 
length L. At its lower end the stem 94 has a circumfer 
entially outwardly extended ?ange 97 held in place, 
when the top sub is connected to the hammer assembly 
H, between the latter and an internal shoulder 98 at the 
lower end of the body 92. This ?ange 97 has a number 
of circumferentially spaced ports 99 (FIG. 6) commu 
nicating with the annular space between the body 92 
and the tube 94, which annular space communicates, 
in FIG. 2f, with the annular space between the outer 
pipe P1 and the inner pipe P2 of the drill string P, 
which then in turn, as seen in FIG. 2a, communicates 
through the swivel rotor ports 26 with the air inlet con 
duit 24. The tube 94 of the hammer top sub 91, on the 
other hand, communicates through the inner pipes 80 
with the swivel rotor port 27, and thence through the 
stator chamber 46 of the swivel with the sample dis~ 
charge port 47. 
The airhammer and bit construction are illustrated in 

FIGS. 23 through 2:‘. 
More particularly, as shown in the drawings, the air 

hammer apparatus H is secured to the lower end of the 
top sub 91 by a valve body and coupling 100 by means 
of which the apparatus is rotated to correspondingly 
rotate an impact anvil bit used for drilling the bore hole 
W and cutting the core, the apparatus delivering re 
peated impact blows upon the anvil bit when com 
pressed air is forced down the drill pipe annulus for ac 
tuating the apparatus and for cleaning the cuttings from 
the bottom of the hole, and carrying core sample frag— 
ments upwardly through the inner pipe 80. The appara 
tus is relatively simple, consisting of an elongate hous 
ing structure I10 that includes the upper connector 
I00 for threaded attachment to the lower end 93 of the 
top sub and thus to the string of drill pipe that extends 
to the drilling rig at the top of the bore hole W. This 
connector I00 is threadedly secured to the upper por 
tion of an elongate housing section I14, which can be 
of one piece, the lower end of which is threadedly se 
cured to a lower housing head or drive member "5, 
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the lower end 116 of the housing section bearing 
against an upwardly facing shoulder 117 formed on the 
head. 
An elongate anvil portion 118 of the anvil bit B is pi 

loted upwardly within the drive member 115, a ham 
mer piston 120 being reciprocable in the housing sec 
tion 114 above the anvil 118 to deliver repeated impact 
blows thereagainst. The anvil is preferably formed inte 
grally with the drill bit portion 121 of the anvil bit, and 
which has suitable cutting elements 122, such as sin 
tered carbide buttons, mounted in its drilling face 123 
for impacting against the bottom of the bore hole, to 
produce cuttings therein, the cutting elements 122 also 
acting against the side of the bore hole adjacent to its 
bottom to insure the production of a bore hole W of the 
desired diameter. 
As best seen in FIGS. 10 and 11, the bit also has an 

inner circular set of cutting elements 122a disposed in 
spaced relation about a central opening 122b in which 
is a cutter ring 122a of sintered carbide, or the like, for 
cutting a core sample, as will be later described. 
During the reciprocation of the hammer piston 120 

in the housing to deliver impact blows upon the anvil 
bit, the drill pipe string P and housing structure 110 are 
rotated at a desired speed, such as 20 rpm, by the 
power swivel M or by a rotary table drive, to corre 
spondingly rotate the anvil bit B and insure an impact 
ing action of the cutting members 122 and 122a over 
substantially the entire cross~sectional area of the bot 
tom of the hole, except for the central area within the 
member 122a. During the impacting action, suitable 
drilling weight is imposed on the anvil bit through the 
drill pipe string P and the housing structure “0, such 
drilling weight being transferred from the lower end 
124 of the housing head or drive member 115 to an up 
wardly facing shoulder 125 of the bit 121. The rotary 
drive itself is transferred from the housing structure 
110 to the anvil 118 through a slidable spline type of 
connection 126, FIG. 9 and FIG. 21'. 

In general, the upper portion of the anvil has circum 
ferentially spaced elongate recesses 127 in which drive 
segments 128 are disposed, these segments being car 
ried in a circumferentially spaced windows 129 in the 
drive member 115. The recesses 127 are substantially 
longer than the length of the segments 128, permitting 
relative longitudinal movement of the anvil bit B with 
respect to the housing structure 110. The rotary effort 
is transferred from the housing section I14 to the drive 
member I 15 by virtue of the threaded connection 
130d, and from the sides 129a of the openings or win 
dows 129 to the segments 128, from where the turning 
effort is transmitted through the abutting segment sur 
faces 127a on the segments 128 to the anvil. 
The housing section "4 includes an elongate, upper, 

inner cylindrical housing wall 130, the lower end 131 
of which constitutes an upper housing ?ow control cor 
ner at the upper end of an elongate internal circumfer 
ential exhaust groove 132 of a larger internal diameter 
than the sub-jacent inner cylindrical housing wall 134, 
which may be of the same internal diameter as the 
upper housing wall 130, the upper end of the lower wall 
134 providing a lower ?ow control cornc'r 133. The 
lower end [35 of the wall 134 provides a by-pass corner 
at the upper end of an enlarged internal diameter eir' 
cumferential by-pass groove 136. 
The hammer piston 120 includes an upper piston 

portion 137 having an external diameter 137a con 
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forming to the diameter of the upper inner cylindrical 
housing wall 130, this upper piston portion terminating 
at the upper end 138 of an external, reduced, circum 
ferential exhaust groove [39. This groove I39 termi 
nates at a lower piston portion 140 having an external 
diameter conforming to the internal diameter of the 
lower inner cylindrical housing wall 134. Below its 
lower piston portion 140, the hammer is of a reduced 
external diameter 141 to provide an air passage and the 
lower end has guide ribs I42 which, upon removal of 
the anvil bit from the housing 110, engage a limit ring 
143 mounted in the housing section 114 to prevent the 
piston 120 from dropping from the housing structure. 
Above its upper piston portion [37, the hammer por 

tion 120 has a plurality of relief spaces 144 (FIG. 7) ex 
tending from the upper piston portion 137 to the upper 
end 146 of the piston, there being spaced elongate ur 
cuate sections 147 slidably engaging the wall I30. 
When the hammer piston 120 is at the lower end of 

its stroke, as shown, a ?ow control piston corner I50 
at the upper end of the piston portion 137 is spaced 
below the upper housing ?ow control corner I31, al 
lowing air in the housing above the piston 120 to flow 
down through the passage 144 and into the internal cir 
cumferential exhaust groove I32, around the upper pis 
ton portion 137, then into radial exhaust ports ISI 
formed in the hammer piston below an intermediate 
annular barrier wall 152, that communicate with an 
elongate central piston cavity 153, into which an ex 
haust tube 154 extends upwardly from the anvil 118, 
the tube forming a continuation of the exhaust passage 
153 and communicating with an annular exhaust pas 
sage l55 through the anvil and through one or a plural 
ity of exhaust passages 156 extending downwardly 
through the bit 121 and opening outwardly thereof for 
the purpose of enabling the drilling ?uid to ?ow into 
the bore hole W for removing cuttings from the bottom 
of the hole. The tube 154 makes a slidable seal with the 
wall 1530 of the piston cavity 153, being secured to the 
anvil I18 by a lower outwardly extending ?ange 157 
received within an inner circumferential groove 158 in 
the anvil. The tube may be made of an elastic material, 
such as Delrin, which permits it to be inserted within 
the anvil passage, the ?ange 157 contracting suffi 
ciently until it is opposite the circumferential groove 
158. 
Disposed in the airhammer is a tubular core tube and 

air tube assembly 10!, including an inner core tube 102 
and an outer air tube 103. The core tube 102 extends 
from adjacent the lower end of the bit I2] above the 
central opening 122b, upwardly through the connector 
or valve housing 100 into a socket 100a in the latter, 
so as to communicate with central tube 94 in the top 
sub 9!, and, thus, with the inner pipe 80 of the dual 
concentric drill pipe string P leading to the swivel S. 
The air tube 103 is disposed about the core tube [02 
in spaced relation thereto, and has an upper end ?ange 
104 engaged in a companion groove in a reversing 
valve tube 178 to be later described. Here again, the 
tube 103 may be of a resilient material adapted to snap 
into engagement with the valve tube 178, when in 
serted into the socket i78b. The tube 103 engages 
within the intermediate piston wall 152. At the lower 
end of the core tube 102 and air tube 103, they are pro 
vided with a retainer ring 105 and seal [06' below a 
number of air ports 107 which extend at an angle in 
wardly and upwardly from the lower end of the annular 
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space I06 between the tubes 102 and I03 into the core 
tube 102 just above its open, lower end adjacent to the 
bottom of the bit 121. At its upper end, the air tube I03 
is connected to the valve tube I78, the upper end of 
which has a ?ange I08 engageable in a groove in the 
socket 108a in the connector and valve body I00. The 
structure and function of the valve tube I78, in revers 
ing the hammer piston, will be later described. 
When the piston 120 is shifted upwardly within the 

housing on its return stroke, the return air corner I60 
at the lower end of the lower piston portion I40 will be 
disposed above the housing lower flow control corner 
I33, whereupon the compressed air below the piston 
can exhaust into the internal circumferential housing 
groove 132 and flow through the exhaust ports I51 and 
exhaust passages I53, I55 and 156 to the bottom of the 
bore hole. At this time, the upper ?ow control piston 
corner 150 will be disposed above the upper housing 
flow control corner 131, which will seal the upper pis 
ton portion 137 against the upper inner cylindrical 
housing wall 130, whereupon compressed air can drive 
the piston 120 downwardly on its hammer or power 
stroke. When the return air corner 160 moves below 
the housing lower ?ow control corner 133, the air 
below the piston and within the housing, which remains 
after the lower piston portion 140 is closed within the 
lower end of the cylindrical housing wall 134, is subject 
to compression, but such air will be at a relatively low 
pressure. 
Compressed air for reciprocating the hammer piston 

I20 passes downwardly through the annulus provided 
in the string of drill pipe P and into the upper housing 
sub 92, ?owing through the ports 99 past a downwardly 
opening check valve I70 which may be in the form of 
a ring 171 received within a bore 172 in the connector 
100, the ring I7I having a resilient valve head I73 
movable upwardly to engage beneath the ?ange 97 by 
a coiled spring 175 'which seats on a shoulder 175a in 
the connector 100. Downward movement of the valve 
ring 171 is limited by its engagement with an intermedi 
ate shoulder I76 in the body 100. With air being 
pumped downwardly through the apparatus, the valve 
I70 is unseated and the air can ?ow between the ring 
I71 and the core tube 102, into the annulus I77 de 
?ned between the valve tube I78 and the core tube 
I02. 
The inlet air under pressure is caused to ?ow alter 

nately into the housing below the piston 120 and the 
housing above the piston, to effect reciprocation of the 
hammer, by the reversing valve tube 178, which sepa 
rates an upper annular air chamber I79 from the lower 
air chamber 153. 
The piston 120 has an elongate upper cylindrical sur 

face 182 opening through its upper end 146 and termi 
nating at an inner, ?ow control piston corner I83, 
which is the upper end portion of an elongate internal 
circumferential impact passage groove I84 having a 
larger internal diameter than the inside diameter of the 
upper piston portion 182. The impact passage groove 
I84 terminates at an intermediate inner cylindrical pis 
ton wall 185, which may have the same internal diame 
ter as the upper cylindrical piston wall I82, the inter 
mediate wall terminating at an internal circumferential 
return passage groove 186 formed in the piston and ter 
minating at a lower flow control piston corner I87, 
which is the upper end of a lower internal piston seal 
wall portion I88 that forms a bore extending between 
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10 
the intermediate piston wall I52 and the corner I87. 
The inlet tube I78 has an upper external cylindrical 
sealing portion 189 having labyrinth seal grooves 189a, 
relatively sealingly slidable within the upper piston wall 
182 and terminating in an external circumferential inlet 
grove 190 communicating with radial inlet ports I9I 
that open to the central annular inlet passage I92 be 
tween the valve tube ]78 and core tube I02. Below this 
inlet groove I90, the tube 178 is formed with an inter‘ 
mediate cylindrical sealing section I93 having laby 
rinth seal grooves 193a slidably and scalingly engage 
able with the intermediate inner cylindrical piston wall 
I85 and also with the lower piston wall 188. 
When the piston 120 is in its lowermost operative po 

sition, with the drill bit 121 pressed against the bottom 
of the bore hole W, compressed air can ?ow down 
wardly through the inlet passage I92, discharging into 
the return passage 186 that communicates with the 
upper portion of one or more longitudinal return pas 
sages 195 extending downwardly through the hammer 
piston and opening outwardly through its lower end 
196. When the hammer piston I20 moves upwardly 
within the housing I10 and along the inlet tube I78, the 
cylindrical piston wall 185 seals with the sealing section 
I93 of the tube I78 to interrupt communication be 
tween the inlet passage I92 and the return passages 
195, continued upward movement of the piston then 
placing the inner upper ?ow control piston corner I83 
above the upper flow control valve control I98, which 
then allows compressed air to ?ow from the inlet pas 
sage 192 through the ports I9] into the circumferential 
inlet groove I90 and into the internal circumferential 
impact passage groove 184, and thence into the hous~ 
ing above the upper end 146 of the piston. At this time, 
the upper piston portion 150 will have moved partially 
above the upper housing ?ow control corner I3], so 
that the air under pressure between the upper end I46 
of the piston and the connector I00 can act down 
wardly on the piston, urging it in a downward direction. 
The piston I20 thus will be shifted downwardly until 

the upper flow control piston corner I83 moves below 
the ?ow control housing tube corner 198, which shuts 
off air pressure into the housing above the piston, the 
piston continuing to move downwardly, as the com’ 
pressed air expands, until the outer upper ?ow control 
piston comer 150 moves below the upper housing ?ow 
control corner I31, which then permits air above the 
piston to pass through the passages I44 into the inter 
nal circumferential exhaust passage 132, and through 
the exhaust ports 15] and exhaust passages 153, 155 
and 156 to the bottom of the hole below the drill bit, 
the hammer piston being driven against the upper face 
118a of the anvil to deliver an impact blow to the im 
pact bit B. As the piston I20 nears the end of its down 
ward stroke, the cylindrical sealing wall 185 of the pis 
ton moves below the valve tube sealing section 193, 
thereby allowing the compressed air to flow from the 
inlet passage 192 into the upper piston cavity 179 and 
internal circumferential return passage groove I86, 
passing downwardly through the longitudinal return 
passages I95 to the lower end of the piston, such air 
then moving the piston in an upward direction, until the 
piston wall I85 passes upwardly into sealing relation to 
the valve tube wall 193 once again, to shut off the ?ow 
of air into the return passages 195. When this occurs, 
the outer upper ?ow control piston corner I50 moves 
above the upper housing ?ow control 131 to shut off 
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the exhaust of air from the housing region above the 
piston 120, the compressed air below the piston ex 
panding and driving the hammer piston upwardly to 
ward the connector 100. Before the hammer reaches 
the connector 100, the inner upper ?ow control corner 
183 will have shifted upwardly along the tube 178 to a 
position above the upper flow control housing tube cor 
ner I98, allowing air under pressure to pass from the 
inlet passage 192 through the impact passage grooves 
190, 184 to a position in the housing above the piston 
120. 
The upward travel of the piston 120 is cushioned by 

the compression of the air remaining in the housing 
above the piston. However, the piston will still move 
upwardly sufficiently to place the lower corner 160 of 
the lower piston portion 140 above the housing lower 
?ow control corner 133, which then permits the com 
pressed air below the piston to travel into the internal 
circumferential exhaust groove 132 and through the 
exhaust ports 151 into the exhaust passages 153, 155 
and 156 for discharge from the drill bit. The com 
pressed air in the housing structure above the piston 
then expands to drive the piston downwardly, and the 
foregoing cycle of operation is repeated, the piston re 
ciprocating to deliver repeated impact blows against 
the anvil portion 118 of the anvil bit B, while the drill 
string P is being rotated, to insure that the drilling or 
cutting elements 122. 1220 will cover substantially the 
entire Crosssectional area of the bore hole bottom. 
As seen in FIGS. 24' and 11, the cutters 122a are 

adapted to form a core 200 at the center of the bottom 
of the bore hole, the core being generally frusto-conical 
in shape. As the cutter ring l22c progresses down< 
wardly, it will trim the core 200 and forms with the core 
a seal which is adapted to preclude entry of other earth 
particles into the core passage 122b. As drilling pro 
gresses, the upper portion of the core will break off or 
fragment, as indicated at CS, to produce core sample 
fragments which are clean and representative of the 
bore hole bottom, without contamination by sidewall 
cuttings or debris. 
These core samples CS are carried upwardly through 

the core tube by a portion of the air being circulated to 
effect reciprocation of the hammer. Again, referring to 
FIGS. 2g through 21‘, it will be noted that the annular 
space 106, between the core tube 102 and the air tube 
103, which communicates with the ports 107 at the 
bottom of the core tube 102, also is in open communi 
cation with the annulus 177 between the core tube 102 
and the valve tube 178. The ?ow restriction of the an 
nulus 106 and the ports 107 is such, as compared with 
the lesser restrictions to air ?ow in the hammer operat 
ing system, that the major portion of the air is utilized 
to operate the hammer and flush cuttings upwardly in 
the bore hole W, and the minor portion of the air is uti 
lized to carry the core samples upwardly in the core 
tube 102 and on up to the swivel chamber 46 through 
the inner pipe 80 of the dual concentric drill pipe, at 
high velocity. 
The core sample fragments are carried through the 

drill pipe and are discharged into the swivel chamber 
46, where the air and the revolving pusher 53 carry 
them to the outlet 47 for collection as described above. 
From the foregoing, it will be apparent that the in 

vention provides a novel and advantageous system for 
continuously taking a core sample while drilling with a 
percussion type core bit, which efficiently makes use of 

12 
the available air for removing cuttings from the well 
bore and transporting the core sample fragments to the 
top of the well. The novel swivel S enables the core 
samples to be recovered with a minimum of damage or 

5 breakage, due to the gentle direction changes in the 
path of the fragments. The dual concentric drill pipe is 
simple in its construction, easy to assembly and facili 
tates utilizing typical well drilling pipe, as well as make 
up and break out tongs, when adding or removing 
lengths to and from the drill string. The novel airham 
mer drill, with its air dividing means and core cutting 
arrangement in the bit enable clean samples to be taken 
and carried to the surface at high velocity and uni~ 
formly without gravity separation, so that the samples 
are representative of the formation being drilled 
through at any given time. 
We claim: 
1. In a system for continuously taking core samples 

from the bottom of a well bore while drilling the well 
bore: a dual drill pipe string extending into the well 
bore, an airhammer and percussion bit at the bottom of 
the drill pipe string, a swivel at the top of the drill pipe 
string eonnectable to a source of air under pressure, 
and means for rotating the drill string, said drill pipe 
string having one pipe for conducting air from the 
swivel to said airhammer and another pipe for conduct 
ing core samples from said percussion bit to said swivel, 
said swivel having means for conducting air to said one 
pipe and receiving said core samples from said another 
pipe, said airhammer having air operated hammer pis~ 
ton means and control means for reciprocating said 
hammer piston means, said percussion bit having an 
anvil engageable by said piston means upon reciproca 
tion of the latter, cutting elements on said bit for dril 
ling into the formation at the bottom of the well bore, 
including core cutting means at the center of the bit, 
and means for directing a major portion of the air sup 
plied to said airhammer to actuate said piston means 
and thence exhaust to the well bore for flushing cut 
tings therefrom and a minor portion of the air supplied 
to said airhammer to said another pipe to carry core 
samples to said swivel. 

2. In a system for continuously taking core samples 
as defined in claim I, said swivel comprising a stator, 
a rotor, means for anchoring said stator against rota 
tion, said rotor having means connectable to the source 
of air under pressure, said means for conducting air and 
receiving core samples including passage means in said 
rotor leading to said one pipe from said means eonnect 
able to the source of air under pressure, a core sample 
receiving chamber in said stator extending circumfer~ 
entially about said rotor, and core sample passage 
means in said rotor leading from said another pipe to 
said chamber. 

3. in a system for continuously taking core samples 
as de?ned in claim I, said swivel comprising a stator, 
a rotor, means for anchoring said stator against rota 
tion, said rotor having means connectable to the source 
of air under pressure, said means for conducting air and 
receiving core samples including passage means in said 
rotor leading to said one pipe from said means connect 
able to the source of air under pressure, a core sample 
receiving chamber in said stator extending circumfer 
entially about said rotor, and core sample passage 
means in said rotor leading from said another pipe to 
said chamber, said rotor having a core sample pusher 
disposed in said chamber and rotatable with said rotor, 
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and said stator having an outlet at one side of said 
chamber. 

4. In a system for continuously taking core samples 
as de?ned in claim I, said swivel comprising a stator, 
a rotor, means for anchoring said stator against rota 
tion, said rotor having means connectable to the source 
of air under pressure, said means for conducting air and 
receiving core samples including passage means in said 
rotor leading to said one pipe from said means connect 
able to the source of air under pressure, a core sample 
receiving chamber in said stator extending circumfer 
entially about said rotor, and core sample passage 
means in said rotor leading from said another pipe to 
said chamber, said rotor having a core sample pusher 
disposed in said chamber and rotatable with said rotor, 
and said stator having an outlet at one side of said 
chamber, said pusher having a face disposed at an angle 
in said chamber adjacent to said core sample passage 
for directing core sample fragments circumferentially 
in said chamber. 

5. in a system for continuously taking core samples 
as de?ned in claim 1, said bit having a central core sam~ 
ple receiving opening, said core cutting means compris 
ing a plurality of cutter buttons disposed in circumfer 
entially spaced relation about and adjacent to said core 
sample receiving opening. 

6. in a system for continuously taking core samples 
as de?ned in claim 1, said bit having a central core sam 
ple receiving opening, said core cutting means compris 
ing a plurality of cutter buttons disposed in circumfer 
entially spaced relation about and adjacent to said core 
sample receiving opening, and a cutter ring circum 
scribing said opening adjacent to said cutter buttons for 
trimming the core sample to ?t said opening. 

7. In a system for continuously taking core samples 
as defined in claim 1, said bit having a central core sam 
ple receiving opening and a cutter ring circumscribing 
said opening for cutting core samples to fit said open 
ing. 

8. In a system for continuously taking core samples 
as de?ned in claim 1, said dual drill pipe string compris 
ing concentric pipe de?ning an annular space commu 
nicating between said airhammer and said means for 
conducting air to said one pipe and a central core pas 
sage communicating between said bit and said means 
for receiving said core samples. 

9. In a system for continuously taking core samples 
as de?ned in claim 1, said dual drill pipe string compris 
ing concentric pipes de?ning an annular space commu 
nicating between said airhammer and said means for 
conducting air to said one pipe and a central core pas 
sage communicating between said bit and said means 
for receiving said core samples, said concentric pipes 
being composed of lengths each comprising comple 
mental threaded end sections on the outer pipe and 
telescopic coupling means at the ends of the inner pipe. 

10. In a system for continuously taking core samples 
as de?ned in claim 1, said dual drill pipe string compris 
ing concentric pipes de?ning an annular space commu 
nicating between said airhammer and said means for 
conducting air to said one pipe and a central core pas 
sage communicating between said bit and said means 
for receiving said core samples, said concentric pipes 
being composed of lengths each comprising comple 
mental threaded end sections on the outer pipe and 
telescopic coupling means at the ends of the minor 
pipe. and including centralizing means spaced longitu 
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14 
dinally between the outer and inner pipes for maintain 
ing said pipe in concentric relation. 

11. In a system for continuously taking core samples 
as de?ned in claim I, said dual drill pipe string compris 
ing concentric pipes defining an annular space commu 
nicating between said airhammer and said means for 
conducting air to said one pipe and a central core pas~ 
sage communicating between said bit and said means 
for receiving said core samples, said concentric pipes 
being composed of lengths each comprising comple 
mental threaded end sections on the outer pipe and 
telescopic coupling means at the ends of the inner pipe. 
and including centralizing means spaced longitudinally 
between the outer and inner pipes for maintaining said 
pipe in concentric relation, said centralizing means 
having means engaging said pipes to support said pipes 
against axial separation. 

12. In a system for continuously taking core samples 
as de?ned in claim I, said dual drill pipe string compris‘ 
ing concentric pipes de?ning an annular space commu 
nicating between said airhammer and said means for 
conducting air to said one pipe and a central core pas 
sage communicating between said bit and said means 
for receiving said core samples, said concentric pipes 
being composed of lengths each comprising comple 
mental threaded end sections on the outer pipe and 
telescopic coupling means at the ends of the inner pipe, 
and including resilient centralizing means spaced longi 
tudinally between the outer and inner pipes for main 
taining said pipe in concentric relation. 

13. In a system for continuously taking core samples 
as defined in claim 1, said last-mentioned means com 
prising means associated with said control means and 
forming an air passage leading to said bit restricted to 
limit the volume of air ?owing to said another pipe as 
compared with the volume of air supplied to said air 
hammer. 

14. In a system for continuously taking core samples 
as defined in claim I, said last-mentioned means com 
prising means associated with said control means and 
forming an air passage leading to said bit restricted to 
limit the volume of air ?owing to said another pipe as 
compared with the volume of air supplied to said air 
hammer, said means forming an air passage including 
a core tube extending through said bit and said airham‘ 
mer and connected to said another pipe, and an air 
tube disposed about said core tube to de?ne said air 
passage therebetween. 

15. In a system for continuously taking core samples 
as de?ned in claim I, said last-mentioned means com 
prising means associated with said control means and 
forming an air passage leading to said bit restricted to 
limit the volume of air ?owing to said another pipe as 
compared with the volume of air supplied to said air 
hammer, said means forming an air passage including 
a core tube extending through said bit and said airham 
mer and connected to said another pipe, and an air 
tube disposed about said core tube to de?ne said air 
passage therebetween, said core tube having a number 
of ports extending upwardly and inwardly from said air 
passage into said core tube adjacent to said core cutting 
means. 

16. In a system for continuously taking core samples 
as de?ned in claim 1, said last-mentioned means com 
prising means associated with said control means and 
forming an air passage leading to said bit restricted to 
limit the volume of air ?owing to said another pipe as 
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compared with the volume of air supplied to said air 
hammer, said means forming an air passage including 
a core tube extending through said bit and said airham 
mer and connected to said another pipe, and an air 
tube disposed about said core tube to de?ne said air 
passage therebetween, and said core cutting means 
comprising a plurality of cutter buttons disposed in cir 
cumferentially spaced relation about and adjacent to 
said core sample receiving opening. 

17. In a system for continuously taking core samples 
as de?ned in claim 1, said last-mentioned means com 
prising means associated with said control means and 
forming an air passage leading to said bit restricted to 
limit the volume of air ?owing to said another pipe as 
compared with the volume of air supplied to said air 
hammer, said means forming an air passage including 
a core tube extending through said bit and said airham 
mer and connected to said another pipe, and an air 
tube disposed about said core tube to define said air 
passage therebetween, and said core cutting means 
comprising a plurality of cutter buttons disposed in cir 
cumfcrentially spaced relation about and adjacent to 
said core sample receiving opening, and a cutter ring 
circumscribing said opening adjacent to said cutter but 
tons for trimming the core sample to ?t said opening. 

18. In a system for continuously taking core samples 
as defined in claim 1, said last-mentioned means com 
prising means associated with said control means and 
forming an air passage leading to said bit restricted to 
limit the volume of air ?owing to said another pipe as 
compared with the volume of air supplied to said air 
hammer, said means forming an air passage including 
a core tube extending through said bit and said airham 
mer and connected to said another pipe, and an air 
tube disposed about said core to define said air passage 
therebetween, said core tube having a number of ports 
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extending upwardly and inwardly from said air passage 
into said core tube adjacent to said core cutting means, 
and said core cutting means comprising a core receiv 
ing opening in said bit communicating with said core 
tube, and a cutter ring circumscribing said opening for 
cutting core samples to ?t said opening. 

19. in a system for continuously taking core samples 
as defined in claim I, said dual drill pipe string compris 
ing concentric pipes de?ning an annular space commu» 
nicating between said airhamrncr and said means for 
conducting air to said one pipe and a central core pas 
sage communicating between said bit and said means 
for receiving said core samples. said means for direct 
ing said major and minor portions of the air comprising 
means associated with said control means and forming 
an air passage leading to said bit restricted to limit the 
volume of air ?owing to said another pipe as compared 
with the volume of air supplied to said airhammer. 

20. In a system for continuously taking core samples 
as defined in claim I, said dual drill pipe string compris 
ing concentric pipes de?ning an annular space commu' 
nicating between said airhammer and said means for 
conducting air to said one pipe and a central core pas 
sage communicating between said bit and said means 
for receiving said core samples, said means for direct 
ing said major and minor portions of the air comprising 
means associated with said control means and forming 
an~air passage leading to said bit restricted to limit the 
volume of air ?owing to said another pipe as compared 
with the volume of air supplied to said airhammer, said 
means forming an air passage including a core tube ex 
tending through said bit and said airhammer and con 
nected to said another pipe, and an air tube disposed 
about said core tube to de?ne said air passage therebc 


