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1 
This invention relates to ‘apparatus for explo 

ration drilling and has for its principal'object the 
recovery from drill holes of mineral samples 
which are accurately representative as to struc 
ture and composition of the mineral in place, the 
samples closely simulating the material lafter 
mining and crushing so that accurate and reliable 
physical and chemical tests can be made. 
A further object is to provide a drilling appa 

ratus which greatly increases the rate of drilling 
in difficult ground such, ‘for example, as that 
encountered on the Mesabi and Cuyuna Ranges 
in the State of Minnesota where glacial deposits 
of coarse gravel and boulders make drilling dini 
cult and expensive, and where in many locations 
the structure of the ore formation is too hard ‘to 
churn drill or of such nature that core drilling is 
not feasible. 
My invention has been used with outstanding 

success in such difficult ground structures and 
these operations have demonstrated that the 
present invention constitutes a practical solu 
tion of the problem of recovering reliable test 
samples while greatly reducing the cost of the 
drilling by minimizing interruptions ~and delays 
incident to rem-oval of drill rods from the hole 
and blasting when extremely hard structures are 
encountered. 
The invention will be best understood byrei 

erence to the accompanying drawings which 
illustrate, by way of example and not for the 
purpose of limitation, a preferred embodiment 
of my improved drilling apparatus. 

Referring to the drawings: 
Figure 1 is a side elevational View, partially in 

section, showing the principal elements of the 
drilling apparatus and with portions of some of 
the members broken away or separated to ‘show 
parts otherwise concealed; 

Fig. 2 is a detail elevational view .showing the 
drill pipe cross head member and supporting 
bridle therefor as viewed from the right of Fig. 1; 

Fig. 3 is a part sectional and'part side eleva 
tional view showing portions of thefseveral drill 
members and casings on a somewhat larger scale; 

Fig. 4 is a detailed elevational view showing 
the bridle support for one of the churn drillV ham 
mers; . 

Fig. 5 is a fragmentary sectional View of the 
drill pipe and chopping bit through which the 
cuttings may be conducted by compressed air to 
the surface; 

Fig. 6 is a fragmentary elevational view of the 
yoke and the associated supporting membersA for 
the fluid operated hammer for the pilot‘drill rod,v 
and 
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2 
Fig. 7 is a longitudinal sectional view of the 

pilot drill hammer. 
As shown in Fig. 1, I provide a main frame 

having leg members IU supporting a crown sheave 
Il over which'a hoist rope l2 is trained. The 
hoist operating mechanism may comprise a cat 
head I3 of common type operated by an air motor 
I4 through suitable speed reducing mechanism in 
a housing I5. To provide air under suitable pres 
sure and at the required rate for ejecting the 
samples and other cuttings from the drill hole 
and for operating the drilling mechanisms, a 
motor-driven air compressor of suitable capacity 
is preferably located near the site of the drill 
ing. Air under the required pressure is supplied 
to the drilling apparatus through a flexible con 
duit It having a branch il' extending to the air 
motor I4 under control of a valve i3. A branch 
I9 of the flexible air supply conduit extends to the 
drill casing under control of a valve 20 and other 
branches 2l and 22 extend to the upper end por 
tion of the drill rod and ñuid operated hammer 
respectively as hereinafter more fully described. 
As best shown in Fig. 3, the drilling mechanism 

Y includes ̀ a small drill rod 23 carrying a chopping 
bit 24 on its lower end. This rod and bit, which 
may be called the pilot drill, are formed with an 
unobstructed axial passage which is open at the 
lower face of the bit and extends continuously 
through a string of such rods. A fluid operated 
hammer 25 is supported on a pair of vertical 
guides 26 and operatively connected to the upper 
end of this pilot drill. Communicating with the 
axial passage in the drill rod 23 at an elevation 
below the hammer 25 is a iitting 2? which is con 
nected to and supplied with air from the branch 
2| of the air supply conduit. 
The pilot drill rod 23 extends coaxially within 

a drill pipe 28 carrying a chopping bit 28a on its 
lower end and the upper end section of the pipe 
28 has a threaded connection with a hollow mem» 
ber 29 communicating at its upper end with a 
cross head iitting 30. This iitting is formed with 
a passage communicating with a flexible dis 
charge conduit 3l and the latter, when samples 
of ore are being taken, is arranged to deliver air 
and cuttings to a sample receptacle v32. This re 
ceptable is closed at the top and has a side outlet 
opening connected by a conduit 33 to discharge air 
and any ground water that may be entrained 
with the air to a settling basin 34. 
A drill pipe hammer 35 of common type is 

formed with a central bearing in which the drill 
pipe member 29 is slidable and is provided with 
a bridle 36 (Fig. 4) for detachably connecting 
the hammer to the rope l2. Striking collars 3l 
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are formed respectively on the member 29 below 
the hammer 35 and on the fitting Si) above the 
hammer for transmitting the impact of the ham 
mer to the drill pipe 28. A packing gland 38 
is operative to seal the connection between the 
drill rod 23 and fitting 3G when the drill rod is 
in place and a threaded cap 38a may be sub 
stituted for the packing nut when the pilot drill 
is not in place, as when this drill is not required 
to expedite the sinking of the drill pipe 2S and 
casing. 
A coaxial cylindrical casing 39 contains the 

drill pipe 28 and provides an annular passage 
for air extending down from the surface to the 
lower end of the casing. A larger casing 4l! may 
also be provided to extend to a suitable depth 
in the surface structure and to facilitate the 
sinking of the casing 39 to greater depths. At 
an elevation above the ground surface, the ceun 
ing 39 is provided with a pipe fitting di com 
nected to the air supply conduit i8 for supplying 
air under suitable pressure to the passage be» 
tween the drill pipe and casing. Above the nt 
ting lll, a member 42 of the casing 39 extends 
through a cylindrical opening in a casing ham 
mer ¿i3 and a packing gland ¿it is provided to seal 
the upper end of the annular passage in the cas 
ing 39 against the exterior of the drill pipe 28. 
The hammer S3 is arranged to strike suitable 
collars formed respectively on the ñtting ¿il and 
packing gland 44, and a bridle, like the bridle 
36 shown in Fig. 4, is provided to detachably con 
nect the hammer 43 to the rope I2. . 
As shown in Figs. l and 5, the guides 2E for 

the hammer 25 are supported on a yoke 45 
mounted on the upper end portions of vertical 
frame members 46. Since iluid operated harn 
mers suitable for my purpose are well known in 
the art, it is sufficient to point out that the ham 
mer 25 is of the percussion type having a iluid op 
erated piston 25a of diameter adequate to per 
form the required drilling in hard rock. and ore 
formations with the pilot drill rod 23. The upper 
end of this rod may be operatively connected by 
means of a chuck 25h to the front head 25e of 
the hammer. 
The following are given as examples of suit~ 

able proportions and dimensions of the air pas 
sages and drill member. For a hollow drill rod 
23 of approximately 11/4 inch outside diameter 
an air hammer supplied with air at 80 to 100 
pounds per square inch and having a piston di 
ameter of approximately Il inches may be used. 
Such a pilot drill rod may be operated in a-drill 
pipe 28 of approximately 21/4 inches inside di 
ameter. The outside diameter of the drill pipe 
may be equal to approximately 2.875 inches to 
operate in a casing 39 having an inside diameter 
of approximately 3.364 inches and thereby pro 
vide an annular passage suitable to conduct air 
at the required rate downward to the face of the 
drill hole and upward through the unconstricted 
and unobstructed axial passage of about 2% 
inches diameter in the drill pipe to the surface. 
Connecting passages of somewhat larger sizes 
are preferably provided through the cross head 
3@ and discharge pipe 3 l. The air should be sup 
plied at a rate and pressure suiiiciently high to 
cause it to flow through the described passages 
at a Velocity of from 250 to 300 feet per second. 

Operation 

In drilling through surface soil to the depth 
of the ore deposits to 'be explored and in some 
ore structures it is often feasible to proceed with 
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4 
out using the pilot drill rod 23 and its operat 
ing mechanism, the cap 38a being used on the 
fitting 30 to close the opening through the pack 
ing gland 38 for the rod 23. Until such time as 
samples of the ore structure are to be collected, 
the cuttings may be blown to waste through the 
discharge conduit 3l after merely disconnecting 
this conduit from the receptacle 32. In opera 
tion, the drill pipe 28 and casing 39 may be driven 
according to the churn drill method, that is to 
say, by alternately raising and dropping the 
string of drill pipe 28 carrying the chopping bit 
28a with the aid of the hammer 35 operatively 
connected to the rop i2, the drill pipe being 
turned about its axis by manipulating the cross 
head Sil in the usual manner. The winding of 
this rope on the rotating cathead i3 and release 
allowing the hammer and pipe string to drop is 
controlled by the operator manually in accord 
ancewith the common method of churn drilling. 
After. thus driving the drill pipe 23 down a suit-v 
able distance, e. g., from about one to two feet 
belen/.the casing S9, the casing is driven down in 
a similar manner to a depth substantially equal 
to the depth of the bit 28a. During and/or after 
each such advance of the drill pipe and casing 
the cuttings and loose material upon and above 
the face of the hole are ejected and the face 
cleaned by admitting high pressure air from the 
conduit E9 to the annular passage between the 
casing 3% and drill pipe 2S so that the air ilows 
at the required high velocity down through the 
annularv passage and then upward through the 
axial passage through the pipe '26 which com 
municates at its upper end through the ñtting 
3i) with the discharge conduit 3i, carrying with 
it all loose material of particle sizes smaller than 
the inside diameter of the drill pipe 2S. Since 
the axial passage through the drill pipe is un 
obstructed and vof uniform maximum diameter 
through its length, relatively coarse cuttings pass 
freely to the discharge pipe in the high velocity 
stream of air flowing upward from the face of the 
hole. During this operation such ground water 
as may have entered the hole is also ejected by 
the air. ' 

When a boulder or other obstruction of such 
hardness, size, location and shape as to prevent 
penetration of the chopping bit 23a is encoun 
tered, such obstruction may be broken up by the 
use of> an explosive charge lowered through the 
drill pipe or by inserting the drill rod 23 through 
the pipe 2S and operating the hammer 25 to 
drill a pilot hole through the obstruction for en 

, largement either by churn drilling with the bit 
28a or the pilot drill may be driven to a depth 
suitable to receive a charge of blasting powder 
or dynamite. Because of its relatively small 
size and high speed percussion operation, the 
pilot drill will penetrate extremely hard obstruc 
tions rapidly and may be withdrawn from the 
drill pipe in cases where a blasting charge is to 
be lowered thròugh the drill pipe. During the 
use of the pilot drill, air is forced down through 
its axial passage which is supplied with air 
through the ñtting 2l' and branch conduit 2i. 
The drill pipe and casing may be retained in 
the hole during the blasting if they are raised 
and supported a short distance above the ex 
plosive charge. ' 

Usually after the removal of the obstruction in 
the manner described, sinking of the hole by the 
churn drill method may be resumed. The cu* 
tings from the drill rod bit are forced upward 
by the air into the annular space between the 
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drill rod 23 and the drill pipe 28 and from this 
space such loose material and the material 
broken up by blasting may be recovered through 
the drill pipe as hereinbefore described. 
Upon reaching the ore deposit to be explored, 

the sample discharge conduit 3| is connected 
to the receptacle 32 so that all cuttings may be 
recovered and tested for values and structure. 
Samples are taken at regular intervals as the 
drilling progresses, the drilling being carried on 
as hereinbefore described, i. e., by alternately 
driving the drill pipe 28 and casing 39 by incre 
ments of substantially equal depths, recovering 
the cuttings by forcing air downward between the 
casing and drill pipe and then up through the 
clear axial passage in the drill pipe and out 
through the ñtting 30 and discharge pipe 3| to 
the receptacle 32. This proceeding is repeated 
until the hole has been completed >to the required 
depth. The samples thus recovered are in parti 
cles of a range of sizes corresponding approxi 
mately to those obtained by crushing and there is 
a minimum of leaching and loss of water soluble 
constituents. Anf»7 ground water that may be 
entrained with the air is separated from the sam 
ples and carried through the conduit 33 into the 
settling basin 3'4. Such ñne cuttings as may be 
carried into the settling basin 34 are also readily 
recoverable for test purposes. 

It will be evident that the present invention 
has the important advantage over other explora 
tion methods and apparatus in that the samples 
recovered simulate the material after mining and 
crushing and thus constitute the basis for accu 
rate physical and chemical tests. Cuttings of 
sizes ranging up to approximately the inside di 
ameter of the drill pipe are obtained and the air 
eiecting medium, unlike water, does not leech 
out soluble constituents of the ore or otherwise 
alter the structure or composition of the material 
in place. The rate of drilling is increased by 
eliminating the need for reducing the cuttings to 
iine particles in order to recover them and also 
as a result of the increased rate of drilling with 
a high speed percussion operated pilot drill which 
facilitates blasting through obstructions at pre 
determined sample intervals so that the casing 
may be driven down while sampling or while 
ejecting waste cuttings and sludge from the hole. 
Having described my invention, what I claim as 

new and desire to protect by Letters Patent is: 
l. Drilling apparatus comprising, a hollow drill 

rod, a hollow drill pipe containing said drill rod 
below ground, said pipe forming a substantially 
clear, unobstructed passage for cuttings and hav 
ing an intake opening which is adapted to receive 
cuttings near the face of the drill hole, a casing 
containing said drill pipe below ground, percus 
sion means for sinking said'rod, pipe and casing 
independently one relative to the others whereby 
said drill rod may be operated in advance of the 
drill pipe and the lower end of the casing may be 
maintained at a level substantially even with 
the lower end of the drill pipe, said drill rod 
being removable from the axial passage in said 
drill pipe and the passage in said pipe being 
formed to conduct cuttings from the face of the 
hole to the surface, means for supplying air 
under pressure to the annular space between the 
casing and drill pipe, said annular space com 
municating with the axial passage in the drill 
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6 
pipe near the face of the hole and a conduit com 
municating with the axial passage in drill 
pipe exteriorly of the hole to discharge air carry 
ing cuttings from the hole. 

2. Drilling apparatus in accordance with claim 
1 wherein the percussion means for driving said 
rod comprises a iiuid pressure operated piston 
and means operatively connecting said piston to 
the upper end of said drill rod. 

3~ Drilling apparatus in accordance with> claim 
l wherein the percussion means for sinking said 
rod comprises a ñuid pressure operated hammer 
and the percussion means for sinking said drill 
pipe and casing comprises churn drilling mecha 
nism adapted to be operated to alternately sink 
said pipe and casing, 

4. Drilling apparatus comprising, a hollow drill 

rod, a hollow drill pipe having an axial adapted to contain said drill rod below ground, a 

casing adapted to contain said drill pipe beiow 
ground, percussion means for driving said rod, 
pipe and casing, said drill rod being removable 
from the axial passage in said drill pipe and the 
passage in said pipe being substantially uniform 
in diameter throughout its length and .having an 
intake opening which is adapted to be positioned 
near the face of the hole whereby cuttings from 
the face of the hole may be discharged upward 
through said axial passage to the surface, means 
for supplying air under pressure to the annular 
space between the casing and drill pipe, said an 
nular space communicating with the axial pas 
sage in the drill pipe near the face of the hole, 
a conduit communicating with the axial passage 
in said drill pipe exteriorly of the hole and a re 
ceptacle disposed to receive cuttings and air 
from said conduit. 

5. Drilling apparatus comprising, a` drill rod, 
a hollow drill pipe adapted to form a hole and 
having an axial passage adapted to contain said 
drill rod below ground, a casing adapted to con 
tain said drill pipe below ground, percussion 
means for driving said rod, pipe and casing, said 
drill rod being removable from the axial passage 
in said drill pipe, the passage in said pipe being 
formed to conduct cuttings from the face of the 
hole to the surface and having an intake opening 
adapted to be positioned adjacent to the face of 
the hole, means for supplying a iiuid under pres 
sure to the annular space between the casing and 
drill pipe, said annular space being in communi 
cation near the face of the hole with the axial 
passage in the drill pipe, a conduit communicat 
ing with the axial passage in said drill pipe ex 
teriorly of the hole and a receptacle disposed to 
receive cuttings and iiuid from said conduit. 

6. Drilling apparatus in accordance with claim 
5 wherein the percussion means for driving said 
rod comprises a fluid pressure operated piston 
and means operatively connecting said piston to 
said drill rod. 
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