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METHOD OF AND APPARATUS FOR‘ WORK 
ING MINERAL MATERIALS AND THE LIKE 

Charles J. Burch, Pittsburgh, Pa., assignor to The 
Lindc Air Products Company, a corporation of 
Ohio 

Original No. 2,327,496, dated August 24, 1943, Se 
rial No. 368,288, December 3, 1940. Application 
for reissue September 4,1947, Serial No. 772,043 

(01. 255—1.8) 24 Claims. 
1 

The invention relates to a method of and ap 
paratus for thermally working mineral materials 
and the like, such as by piercing, cutting, or 
grooving. More particularly, the invention re 
lates to such a method and apparatus whereby 
deep holes for blasting and the like may be pierced 
in mineral materials which have the property of 
melting under the action of intense localized heat. 
Some examples of mineral materials and the like 
which have been worked successively by means 
of the method and apparatus of the present in 
vention are iron ore, Portland cement concrete, 
conglomerate copper ore, gabbro trap rock, 
granite, and refractories such as common brick. 

Piercing or otherwise working mineral ma 
terials and the like, as carried out in quarrying, 
mining, and similar operations, usually is accom 
plished by mechanical means, such as pneumatic 
drills, saws, or chisels, often aided by explosives 
such as dynamite. Such mechanical operations 
are slow and, in the case of pneumatic drilling of 
blasting holes in particular, require an invest 
ment in a large number of drill bits which much 
be resharpened frequently. Moreover, the greater 
the hardness and abrasiveness of the material to 
be worked, the greater is the cost and the slower 
is the rate of mechanical working. 
Although the thermal working of mineral ma 

terials and the like which melt under the action 
of intense localized heat has been known here 
tofore—for example, as disclosed in Patent 
2,327,482 of R. B. Aitchison, C. W. Swartout, and 
V. C. Williams, granted August 24, 1943-such op 
erations have not been wholly successful com 
mercially for piercing blast holes of suf?cient 
depth and smoothness to meet the requirements 
of mines and quarries. The failure of previously 
known methods to produce completely successful 
hole piercing may be attributed primarily to the 
di?iculty of continuously removing the melted 
material or slag from the hole as the depth of the 
hole being pierced increased. Attempts to re 
move the slag in the ?uid condition from the hole, 
as by a blast of air, have been unsuccessful after 
the depth of the hole has increased beyond about 
two feet because the ?uid slag tends to solidify 
upon the walls of the hole as the distance from 
the source of heat increases. The addition of 
suitable ?uxes to the melted material tov produce 
spontaneous disintegration of the solidified'slag, 
with subsequent removal by jets of air or water, 
also has been attempted but has been found in 
su?iciently effective to make thermal hole pierc 
ing commercially successful. Another disadvan 
tage of prior methods of thermally working min 
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2 
eral materials is their lack of adaptability to 
automatic operation. This results from the 
widely variable rate of advance caused by di?i 
culties in slag removal. 
-'I‘he principal object of the present invention 

is to provide a method of and apparatus for 
thermally working, as by piercing, cutting, or 
grooving, mineral materials and the like, which 
shall overcome the disadvantages of known me 
chanical and thermal methods discussed above. 
Other objects are the provision of a novel 

method for thermally piercing deep, smooth- . 
walled holes in meltable mineral materials and 
the like; the provision of such a method which 
shall be particularly adaptable to automatic and 
continuous operation; the provision of such a 
method which shall be operable with a speed and 
economy which are substantially independent of 
the hardness of the mineral material; and the 
provision of such a method in which the melted 
material will be continuously solidi?ed and dis 
integrated in the hole, thereafter being removed 
in the disintegrated solid state. 

Still another object of the invention is the pro 
vision of novel heating and slag disintegrating 
instrumentalities for performing the method of 
the invention. Other objects are the provision 
of blowpipe apparatus which shall include slag 
disintegrating means; which shall be sturdy, 
simple, and inexpensive in construction; and 
which shall be particularly adaptable to automatic 
operation. Another object is to provide various 
forms of slag-disintegrating means. 

Still another object of the invention is the pro 
vision of suitable apparatus for continuously and 
automatically performing the method of the in 
vention. Other objects are the provision of such 
apparatus whereby a heating instrumentality and 
slag disintegrating means may be advanced along 
a selected path while the slag disintegrating 
means is continuously actuated; whereby the 
heating instrumentality and slag disintegrating 
means may be advanced selectively either auto 
matically or manually; and whereby a heating in 
strumentality of relatively great length may be 
advancedfor substantially its full length by rela 
tively much shorter apparatus. Another object is 
the provision of such apparatus, including a com. 
bination debris-collecting housing and supporting 
bearing for a heating instrumentality. 
The above and other objects, and the novel 

features of the invention, will become apparent 
from the following description, having reference 
to the annexed drawings, wherein: 

Fig. 1 is a longitudinal sectional view of a 
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ing and ejecting slag, is supplied to the annular 
passage 23 through an inlet nipple 28 which opens 
into the counterbore 24 in back of the rear end 
of the sleeve 22. Leakage of water from the front 
of the counterbore 24 is. prevented by means of 
suitable packing material 29, which is compressed 
against both the front face of the rear body [2 
and the external surface of the sleeve 22 by means 
of an internally threaded gland nut 30 threaded 
over the front of the body I2 and held in ?xed 
position by means of a lock nut 3|. 
For a short portion of its length adjacent to 

its rear end the hexagonal tip I l is cylindrical in 
shape, as at 32, thus forming a bevelled shoulder 
33 at each corner of the tip. , 
A plurality of generally V-shaped liquid dis 

charge passages or ports 34 are arranged in a 
ring in the tip I I, one leg of each port being in 
clined at an angle outwardly toward the rear 
end of the blowpipe and having an external dis 
charge ori?ce on the bevelled shoulder 33 of the 
tip. The other leg of each liquid discharge port 
34 extends substantially parallel to the blowpipe 
axis and communicates with an annular dis 
tributing chamber 35 formed between the conduit 
I3 and the wall of a counterbore in the front of 
the sleeve 22, 
The sleeve 22 carries adjacent to its forward 

end, and as close as possible to the front of the 
tip I l, four equi-spaced radially outstanding slag 
disintegrating reamer teeth 31, which may be 
welded or otherwise secured to the sleeve 22. In 
the particular example shown in Fig. 1, each of 
the teeth 3'! comprises a relatively long and nar 
row straight steel base member 38 of rectangular 
cross section, arranged parallel to the longi 
tudinal axis of the blowpipe, and carrying a 
fusion deposited layer of an intensely hard and 
wear-resistant facing material such as Haynes 
Stellite alloy (a cobalt-chromium-tungsten alloy) 
upon the surfaces subject to the greatest abrasion 
in service, such as the top surfaces of the teeth. 
The blowpipe is similar in some respects to the 
blowpipes described and claimed in Patent No. 
2,286.191, issued June 16, 1942, to R. B. Aitchison, 
C. J . Burch, and C. W. Swartout. 
When performing the method of the invention, 

as applied to hole piercing, with the blowpipe of 
Figs. 1 and 2, acetylene gas, or a suspension of 
powdered preformed ?ux or an exothermically 
oxidizable ?ux-forming substance in acetylene 
gas, is discharged in a central stream from the 
tip ll through the front of the conduit l6 and is 
intimately mixed externally of the blowpipe with 
the converging oxygen gas jets issuing from the 
ducts 2|. The combustible gas mixture thus 
formed is ignited and the blowpipe is held with 
the tip ll close to the face of the mineral mass 
to be pierced until material starts to melt under 
the in?uence of the ?ame and a shallow crater 
forms as the loosened slag ?ows away under the 
in?uence of gravity and the gas pressure. As the 
depth of the crater increases, the blowpipe is ad 
vanced into the hole to heat continuously the 
material at the bottom, and the molten slag ?ows 
rearwardly. Meanwhile, the reamer sleeve 22 is 
continuously rotated relatively to the heat-pro 
ducing unit J, either manually with the spokes 
39 providing a hand hold, or automatically as 
will be described hereinafter. The sleeve 22 is 
rotated preferably in a direction which will cause 
the tip H to be tightened on the threads at 
the front of the conduit 13. Thus, for example, 
if the tip H must be tightened on the conduit I3 
with a clockwise motion, as seen in Fig. 2, the 
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" parallel to the longitudinal blowpipe axis. 

6 . 
reamer tube 22 should be rotated clockwise as 
viewed from the tip end in Fig. 2. 

Cooling water which is passed through the 
space 23 surrounding the oxygen conduit 13 is 
discharged from the tip I I in a rearward direction 
ahead of the teeth 31 through the ports 34, thus 
serving the triple purpose of cooling the blowpipe, 
quenching and solidifying the molten slag which 
?ows continuously rearwardly from the melting 
zone ahead of the tip ll under the in?uence of 
gas pressure, and assisting ejection of the slag 
from the hole after disintegration. As the sleeve 
22 is rotated, the projecting teeth 31 mechanically 
disintegrate the quenched and solidi?ed slag by 
physical impact therewith into small particles, 
which are then ejected from the hole by the force 
of a ?owing stream of ejection ?uid, including the 
gaseous products of combustion, the steam result 
ing from the slag-quenching operation, and the 
quenching Water streams discharged from the 
ports 34. In addition, the teeth 31 ream the walls 
of the hole to make them smooth and provide 
a hole of uniform diameter. 
The front portions only of three modi?ed forms 

of blowpipes are shown in elevation in Figs. 3, 4, 
and 5, inasmuch as the tip and the rear body of 
each, and the manner of connection of the var 
ious conduits to the tip and the rear body, are 
the same as in the blowpipe of Figs. 1 and 2. As 
shown in Fig. 3, a rotatable sleeve‘ 49 carries ad 
jacent to its forward end, and just in back of the 
tip 4|, a plurality of reamer teeth 42, preferably 
four spaced at quarter points around the periph 
ery of the sleeve, which are of generally rectangu 
lar cross section and relatively great length as 
compared to the teeth of Fig. 1. 
consists of a relatively short front portion 43 in 
clined forwardly along the surface of the sleeve 
40 in the direction of rotation, preferably at a 
rake angle of about 15° with respect to the pro 
jection of the longitudinal blowpipe axis upon the 
surface of the sleeve; and a relatively much longer 
straight portion 44 extending rearwardly from its 
junction with the front portion 43 substantially 

In 
clination of the front portion of the teeth 42 in 
the direction of rotation causes the teeth actually 
to bite into the slag and move the slag rearwardly; 
and the great overall length of the teeth provides 
for complete, efficient and rapid disintegration of 
the quenched slag. In the modi?cation of Fig. 
3, streams of quenching ?uid, such as water, are 
discharged from the ports 45 in the tip, as in the 
blowpipe of Fig. 1. In addition, however, the 
sleeve 40 is provided with a plurality of auxiliary 
radial ?uid discharge ports 46, one being located 
midway between each pair of teeth 42 approxi 
mately on a line with the junctions of the in 
clined portions 43 and the straight portions 44. 
Fluid, such as water, is discharged from the ports 
46 and provides for a continuous quenching action 
on the slag over a much longer distance of travel 
than is possible with the blowpipe of Fig. 1, 
thereby producing more complete solidi?cation 
of the slag before it passes beyond the zone of 
action of the teeth 42 Moreover, the ?uid leav 
ing the ports 46 has an advantageous cooling 
action on the reamer teeth 42, thus protecting 
them from possible destruction. 
As shown in Fig. 4, the rotatable sleeve 43 

carries adjacent to its forward end a plurality 
of reamer teeth 49, preferably four, which are 
inclined forwardly in the direction of rotation at 
a rake angle with respect to the projection of 
the longitudinal axis of the sleeve 48 upon the 

Each tooth ‘ 
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outer surface of the sleeve. As in the blowpipe 
of Fig. 3, inclination of the teeth forwardly in 
the direction of rotation causes them to bite into 
the slag and tends to move the slag rearwardly. 
Although teeth set at a rake angle up to 45° may 
be advantageous, the rake angle preferably should 
be less than 30°. As shown in Fig. 4, the teeth 
49 are set at a rake angle of about 15°, which has 
been found most satisfactory for slag disintegra 
tion with the least interference with slag removal 
from a hole. 

Fig. 5 shows a blowpipe with two generally 
helix‘shaped teeth 50, each tooth extending at 
least half-way around the sleeve 5! and being 
inclined forwardly in the direction of rotation. 
Such teeth not only break up the solidi?ed slag 
but assist in conveying the slag rearwardly to 
wards the mouth of the hole being pierced. A 
single tooth extending at least once completely 
around the sleeve 5| also may be used. 
As mentioned in connection with Fig. 1, the 

surfaces of greatest wear on reamer teeth may 
be protected by an extremely hard Wear-resistant 
material carried by a relatively softer base metal. 
As also described in connection with Fig. 1, pro 
tection may be accomplished by melting and de 
positing a layer of Haynes Stellite alloy, or a 
similar material, which permits teeth to be re 
built easily and quickly to gauge when worn. 
Figs. 6 and 7 show two other ways of protecting 
reamer teeth against excessive wear, which are 
particularly applicable to straight teeth. In Fig. 
6, the top of a straight tooth 52 is slotted lon 
gltudinally from the top through about half its 
thickness and between its sides. A preformed 
insert 53 of tungsten carbide or a similar pre 
formed wear-resisting material, then is inserted 
into the slot with its top edge projecting above 
the top surface of the tooth 52 and is brazed or 
otherwise secured ?rmly in place. Inserts of 
tungsten carbide or the like are used ‘in a slightly 
different way in the tooth 54 of Fig. '7, wherein 
a shallow longitudinal groove ‘is formed only in 
that upper corner of the tooth which includes the 
leading edge during rotation of the sleeve. An 
insert 55 of tungsten carbide or the like then is 
laid ?at and is brazed or otherwise secured in 
place in the corner groove with one 'of its sides 
facing in the direction of rotation. In both Figs. 
v6 and 7, it is most desirable that the insert of 
tungsten carbide or the like have a rounded front 

‘ edge which ‘projects slightly beyond the forward 
end of the tooth base to reduce wear on the front 
of the tooth. 
A few of the requirements for reamer teeth 

in general may well be considered. First, the 
height of the individual reamer teeth preferably 
should be between ‘25% and 50% of the outside 
diameter of. the reamer sleeve to provide a reamed 
hole of a diameter between 50% and 100% greater 
than the diameter of the reamer sleeve. If the 
reamed hole has a diameter less than 150% of 
the reamer sleeve outside diameter, inadequate 
space for debris ejection usually is provided. 
Second, the length of the reamer teeth preferably 
should not be less than the diameter of the 
reamed hole to insure the production of a straight 
smooth-walled hole. The longer the teeth are, 
the more nearly straight the hole is and the 
greater the footage vwhich can be drilled before 
the gauge is lost. For practical purposes, how 
ever, a length of tooth greater than about four 
times the diameter of the hole being reamed 
usually is not advantageous. Third, the reamer 
teeth should start as near ‘the forward end of 
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the blowpipe as is possible without interfering 
with the melting and slag quenching functions of 
the blowpipe. Fourth, the number of teeth is 
preferably four, although any number could be 
used. The greater the number of teeth, the more 
surely a round hole is produced, but the less the 
area available for ejection of debris from the hole. 
As shown in Fig. 8, apparatus for working min 

eral materials and the like, as for piercing holes 
automatically according to the method of the in 
vention, comprises a long straight heating in 
strumentality, such as the blowpipe B described 
in connection with Fig. l (but without the spokes 
39), carried by a carriage C which moves longi 
tudinally over a support comprising debris-re 
moval conduit D having suitable ways or tracks 
on its upper surface for the carriage C to traverse, 
and having suitable ways on its bottom surface 
engaged by a sliding trunnion A which is pivot 
ally mounted in a, pivoted socket member of an 
adjustable tripod T. As described in connection 
with Fig, 1, the blowpipe B comprises a non-ro 
table heat-producing unit J which is supplied 
from suitable sources with combustion-support 
ing gas and fuel gas, such as oxygen and acetyl 
ene, respectively, through the hose connections 
0 and N, respectively, and is adapted to produce 
an intense oxy-acetylene ?ame, preferably of the 
externally-mixed or “diffusion” type, at its for 
ward end. The blowpipe B also comprises ro 
tatable slag-disintegrating means R, including a 
sleeve 22 surrounding and spaced from the heat 
producing unit J, and carrying adjacent to its 
forward end behind a, tip ll projecting reamer 
teeth 31. Cooling water for the blowpipe is sup— 
plied through the conduit W and flows in the an 
nular space between the heat-producing unit J 
and the rotatable sleeve 22 to the forward end 
of the blowpipe, where it is discharged in a rear 
ward direction. A powder dispenser P of any de 
sired type, such as that described and claimed in 
Patent 2,327,337 issued to C. J, Burch, and W. C. 
Edwards on August 24, 1943, is interposed in the 
acetylene conduit N and permits suitable pow 
dered ?ux or flux-forming material to be sus 
pended in the acetlyene gas supplied to the blow 
pipe. If the character of the mineral material to 
be worked is such that no ?ux is required, the 
dispenser P may be left empty or removed. 
In automatically performing the mineral work 

ing method of the invention, as applied to the 
piercing of a blast hole G in a mass M of rock 
or the like, the housing H of the debris-removal 
conduit D is positioned close to the rock face, the 
carriage C is adjusted to its rearmost position on 
its support, and the blowpipe B is adjusted on 
the carriage C tobring the tip I l su?iciently close 
to the rock face that the intense externally mixed 
oxy-acetylene flame and the flux or ?ux-forming 
powder impinge against the rock. As in manual 
operation, material then melts and produces a 
shallow crater in the rock as the molten slag 
flows out under the in?uence of gravity and the 
gas pressure. As the depth of the hole increases, 
the carriage C is advanced steadily over its sup 
port by a feed screw, which may be either hand 
driven or motor-driven, thus maintaining the tip 
H of the blowpipe B spaced properly with re 
spect to the advancing bottom face of the hole. 
Concurrently, the rotatable sleeve 22 and reamer 
teeth 31 of the blowpipe are rotated continuously 
by a. suitable motor drive mechanism carried by 
the carriage 0. While the sleeve 22 is rotating, 
the heat-producing unit J, including the rear 
body 12 and the tip H, is held against rotation ‘by 
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the weight of the conduits W, O, and N. Other 
means, of course, may be used to prevent rotation 
of the heat-producing unit J. 
The ?ame produced at the forward end of the 

blowpipe B continues to melt off mineral ma 
terial progressively from the bottom or forward 
face of the hole. The molten material then ?ows 
rearwardly from the zone of ?ame application in 
a highly ?uid condition until it is brought into 
contact with the streams of cooling water dis 
charged from the blowpipe and is quenched and 
solidi?ed. As fast as it is produced, the solidi?ed 
slag, which is quite friable, is continuously dis 
integrated by the rotating reamer teeth ‘57 car 
ried by the sleeve 22 adjacent to its forward end. 
Disintegrated slag particles continuously are driv 
en rearwardly toward the mouth of the hole G 
by the force of the gaseous products of combus 
tion and the steam formed by the quenching op 
eration, as well as by the propelling action of the 
rearwardly directed water streams themselves. 
After leaving the mouth of the hole G, the dis 
integrated slag particles, the gaseous products of 
combustion, the steam, and the discharged water 
are collected for-the most part in the housing H 
and pass through the debris-removal conduit D, 
which is connected-by a flexible hose K to a pri 
mary separator S, wherein most of the solid slag 
particles and water are separated from the en 
training gases and discharged from the bottom of 
the separator. The gaseous products of combus 
tion and the steam then pass through a bag ?lter 
F, of well-known construction, where any en 
trained solid particles are collected. The remain 
ing gases then are discharged from the top of 
the exhaust fan E to the atmosphere. 
From Fig. 8 it may be seen that the sliding 

trunnion A is so pivoted to the tripod T, and the 
legs of the tripod T are so pivoted and so adjust 
able as to length, that holes may be pierced at 
any desired angle to the face of a mineral mass M. 
Furthermore, the blowpipe driving apparatus may 
be underslung from the tripod T in inverted posi 
tion whenever holes are to be pierced in a mineral 
mass close to the ?oor level. 

Figs. 9 to 14, inclusive, show in detail the con 
struction of the novel apparatus for automatically 
performing the method of the invention, par 
ticularly for manipulating a heating and slag 
breaking instrumentality, such as the blowpipe 
of the invention, for the piercing of holes in min 
eral materials and the like. The apparatus in 
cludes mechanism for advancing the rock pierc 
ing blowpipe B (shown in part) along a selected 
path to form a hole, and mechanism for con 
tinuously rotating the rotatable sleeve 22 of the 
blowpipe, carried upon a support of any suitable 
character. As shown in Fig. 9, the support in 
cludes a sliding trunnion A, of well-known con 
struction, comprising a cone 56 adapted to be 
swiveled in the top of an adjustable tripod T 
(such as shown in Fig. 8), suitable clamping jaws 
51', and an adjusting nut 58 whereby the jaws 51 
may be engaged with or disengaged from lon 
gitudinally-extending ways 59 welded to the lower 
portion of a debris-removal conduit D to permit 
sliding adjustment of the conduit D in the trun 
nion A. Two long longitudinally~extending chan 
nel-shaped ways or tracks 68 are welded to op 
posite sides of the upper portion of the debris 
removal conduit D with the open sides of the 
generally U-shaped channels facing one another. 
The mechanism for advancing the blowpipe B 

over the support comprises a carriage C for the 
blowpipe, including two longitudinally-extending 
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10 
L-shaped slides El (see Fig. 12) which ?t slidingly 
within the channels of the tracks 68. A feed 
screw 62, which is journaled at its forward end 
in a pillow block 63 welded to the top of the 
conduit D between the two tracks 69, and at its 
rear end is journalled in a pillow block 64 bolted 
to a bracket 65 secured to the tracks 66 adjacent 
to the rear end of the latter, drives the carriage 
C along the tracks 60 by engaging an adjustable 
split traveling nut 56 secured, as by welding, to 
the two slides 6|. 
The mechanism for selectively driving the feed 

screw 62 either manually or automatically is en 
closed ,at the rear end of the apparatus in a 
housing 6?, partially ?tting within a clearance 
space 68 formed between the tracks 60 and a 
downwardly bent portion 69 of the debris-removal 
conduit D, and is secured by suitable brackets 
to both the debris-removal conduit D and to the 
portions of the two tracks 68 which overhang 
the bend 69. The rear portion of the feed screw 
62 comprises a journal ‘l8 which is journalled in 
the pillow block 64 and passes through the front 
and rear Walls of the housing 61. A hand crank 
‘H is keyed on the rear end of the journal 10 to 
permit hand operation of the feed screw 62. Lon- - 
gitudinal movement of the feed screw 52 in the pil 
low blocks 63 and 64 is prevented by a collar 
12 secured to the journal 18 just in front of the 
pillow block 64 by suitable set screws. 
Automatic operation of the reed screw 62 may 

be obtained, if desired, by means of an electric 
motor Ms suspended from the bracket 65 by 
means of suitable bolts threaded into a projecting 
boss at the top of the motor housing. The motor 
Ms drives a suitable speed-reducing gear unit 
13, including a shaft 14 carrying a worm ‘l5 
meshed with a worm gear 75, which is mounted 
for free rotation upon the journal 18 of the feed 
screw 62. An eccentric arm 11 is keyed to the 
journal T0 of the feed screw 62 in back of the 
worm gear 16 and carries adjacent to its outer 
end a longitudinally movable connecting pin 18 
having an enlarged head 79 riding within a cav 
ity 8| in the arm 71. The head 79 is adapted to 
be inserted within any one of the sockets 82 of 
the worm gear 16 and maintained in interlocking 
position by a coil spring 83 in the cavity 8 l . When 
the worm gear 16 and the eccentric arm 11 are 
interlocked by the connecting pin 13, the motor 
Ms will cause the feed screw 82 to rotate at a 
speed which may be regulated by a rheostat 8d. 
When manual operation of the feed screw 62 is 

desired, as when starting the piercing of a hole, 
the motor drive may be disengaged from the feed 
screw by drawing the spring-pressed connecting 
pin 18 rearwardly to carry the enlarged head 79 
from the socket 82 of the Worm gear 76 back into 
the cavity 8| of the eccentric arm 11. A stop pin 
85, projecting laterally from the connecting pin 
‘I8, at the same time is carried rearwardly from a 
groove 86 in the rear side of the arm "l1 to the rear 
face of the eccentric arm, whereupon the con 
necting pin then may be maintained in with 
drawn position simply by turning it until the 
stop pin 85 abuts against the rear face of the 
‘eccentric arm 11. A circular shield 81 on the 
outside of the housing 61, through which the 
eccentrically arranged connecting pin 18 passes, 
is ?xed to the journal 10 in back of the eccentric 
arm 11 and rotates with the drive screw 62 close 
to the outer rear wall of the housing to seal the 
large aperture 88 against the entrance of dirt 
which might foul the motor drive. 

Details of the carriage C for the rock piercing 
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blow-pipe B are shown in Figs. 9, 12, and 13. 
The housing 90 of welded sheet steel, which car 
ries downwardly-extending L-shaped slides 6| 
and a traveling nut 66, as described previously, 
also includes a blowpipe-driving electric motor 
Mb and a speed reduction unit 9I having a hori 
zontal shaft 62 carrying a sprocket 93, which is 
connected to another larger sprocket 94 adjacent 
to the top of the carriage C by a sprocket chain 
95. The large sprocket 94 is mounted upon a 
short hollow shaft 96 by means of set screws, 
and the hollow shaft 96 in turn is mounted for ro 
tation in ball bearings 91 and 98 disposed in bear 
ing cups 99 and I00 arranged back-to-back and 
connected to the front and rear walls of the hous 
ing 90, respectively, as by welding. The bear 
ings 91 and 98 are retained in the bearing cups 
99 and I00 by suitable retaining plates I02 and 
I03, respectively, bolted to the rims of the cups. 
A steel spacing ring I04 is carried by the shaft 
96 between the hub of the sprocket 94 and the 
inner race of the bearing 91 to maintain the parts 
in spaced relation to one another. At its for 
ward end, the hollow shaft 96 is provided with a 
?ange I05 which ?ts within a bore of the re 
taining plate I02 and bears against the inner 
race of the bearing 91; and at its opposite rear end 
the hollow shaft 96, which projects rearwardly 
through a bore in the retaining plate I03, is 
externally threaded for engagement with a chuck 
I06 having serrated movable jaws I01 gripping 
the rotatable reamer sleeve 22 of the blowpipe 13 
(shown in part), which extends through the 
hollow shaft 86 in spaced relation to its inner 
wall. 

Operation of the motor Mb causes the hollow 
shaft 96 and the chuck I08 to revolve, thus ro 
tating the reamer sleeve 22 independently of the 
heat-producing unit J of the blowpipe. Rota 
tion of the reamer sleeve 22, of course, revolves 
the outstanding reamer teeth 31 carried adja 
cent to the forward end of the blowpipe, with re 
sulting disintegration of any solidi?ed friable slag 
brought into contact with the teeth. 
The blowpipe B may be adjusted longitudinally 

with respect to the carriage C simply by unscrew 
ing the bolts I08 of the chuck I06 to withdraw 
the jaws I01 from engagement with the reamer 
sleeve 22. Separation of the two jaws IIl'I from 
the sleeve 22 is assisted by the two resilient hair 
pin springs I09 connecting the jaws ‘I01 together. 
When it is desired to insert or remove the for 
ward end of the blowpipe through the chuck I06, 
the bolts I08 are fully withdrawn from the jaws 
I01 and the latter removed from the chuckv to pro 
vide a passage of sufficient size to accommodate 
the reamer teeth 31. 
The position of the whole carriage C also may 

be quickly adjusted in the tracks 60 with respect 
to the feed screw 62 by disengaging from the feed 
screw the split traveling nut unit 66, shown in 
detail in Fig. 12. The traveling nut unit 66 com 
prises two half-nut blocks II I and H2 arranged 
for sliding movement toward and away from one 
another in a four-sided rectangular housing I I3 
secured within a saddle formed ‘in the two L 
shaped slides 6|, as by welded joints formed be 
tween the slides and the bottom and side walls 
of the housing H3. The half-nut blocks III 
and H2 are provided with axially ‘aligned inter 
nally threaded bores H4 and H5 above ‘the feed 
screw meshing threads “6 and In, one bore 
having left-handed threads and the other bore 
having right-hand threads. A unitary shaft I I8 
extends through the two bores H4 and H5 and 
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12 
is ?xed in position by means of a retaining saddle 
H9 secured to the upper wall of the housing H3 
and riding in an annular centrally arranged 
groove I20 on the shaft. The two portions of 
the shaft I I8 within the half-nut blocks I II and 
H2 are threaded to cooperate with the threads 
in the two bores H4 and H5. Turning one or 
both of the two handwheels I2I and I22 on the 
ends of the shaft H8 in one direction will cause 
the two half-nut blocks I I I and I I2 to move away 
from one another and disengage their threads 
H6 and II‘! from the feed screw 62; and turning 
one or both of the handwheels I2I and I22 in the 
opposite direction will bring the two half-nut 
blocks I I I and I I2 back into engagement with the 
feed screw 62. With the traveling nut unit 66 dis 
engaged from the feed screw 62, the carriage C 
may be moved by hand longitudinally in the 
tracks 60 over the carriage support, for properly 
adjusting the position of the blow'pipe B with 
respect to the mineral mass to be pierced. 
The provisions for independent adjustment of 

the blowpipe B and the carriage C relatively to 
one another, and for independent adjustment of 
the carriage C over the tracks 60 relatively to the 
feed screw 62 are particularly valuable because 
they permit a hole of very great depth to be 
pierced with blowpipe-driving apparatus consid 
erably shorter than the depth of the hole to be 
pierced. For example, a, blowpipe B of approxi 
mately twice the length of the ‘feed screw 62 may 
be engaged by the chuck I06 approximately at 
its mid-point when the carriage C is drawn as 
far as possible toward the rear of the apparatus. 
After the carriage C has advanced for the full 
length of the feed screw 62, the chuck I06 may 
be disengaged from the blowpipe in the manner 
described above, and the split traveling nut unit 
66 may be disengaged from the feed screw 62. 
The carriage C then is quickly returned by hand 
to its rearmost position, while the blowpipe B 
is held at its farthest point of advance. There 
after the chuck I06 is again brought into engage 
ment with the blowpipe B, the traveling nut unit 
66 is again brought into engagement with the feed 
screw 62, and the carriage C carrying the blow 
pipe B again may be advanced continuously to 
increase the depth of the hole. 

Disposal of the debris produced duringv the 
piercing of a hole, comprising ‘disintegrated slag, 
the exhaust vgases and fumes, and the steam and 
water discharged from the mouth of the hole, is 
accomplished by positioning the housing H of the 
debris-removal conduit D adjacent to the mouth 
of the hole being pierced, ‘and applying a suction 
through a hose vK connected to an exhaust fan E, 
in the manner shown in Fig. 8. As shown in 
Fig. 9, an annular water-spray ring I24 is ?xed 
to the rim at the front of the housing H and 
arranged to discharge sprays of water rearwardly 
into the interior of the housing to insure the 
thorough moistening of the ‘debris, as well'as to 
keep clean the walls of the conduit D and expedite 
the passage of the debris. A water-spray nozzle 
I25 projects into an elbow I26 in the conduit D 
between the inclined neck I21 and the horizontal 
portion I20, to propel the particles of debris 
through the conduit and keep the walls clean. 
The spray ring I24 and the nozzle I25 are con— 
nected into a. single water supply conduit I29. 
The housing H includes a rearwardly project 

ing tubular member I30 forming a passage I3I 
axially aligned with the hollow shaft 06, ‘through 
which the blowpipe B operates. The diameter of 
the passage I3I is suf?cient to permit the pro 
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jecting reamer teeth 31 on the forward end of 
the reamer sleeve 22 to pass easily. In order to 
prevent the escape of debris through the passage 
I3I to the atmosphere adjacent to the scene of 
operation, and in order to adequately support and 
guide the blowpipe B, a combined front bearing 
and closure :32 is provided, as shown in detail 
in Fig. 14. The bearing and closure R32 com 
prises two arcuate half-sections I33 and I34, 
hinged to the rear end of the tubular member I33 
by means of bolts I35 and I36. Each of the half 
sections I33 and I34, when in operative position, 
?ts closely about the surface of the blowpipe B 
and is secured in position by means of a latch I31 
comprising a bolt and pressure plate at the top 
of the tubular member Ito. Preferably, the inner 
arcuate surfaces of the half-sections iii-3 and I34 
are provided with a suitable wear-resistant ma 
terial such as Haynes Stellite alloy, for resisting 
the abrasive action of the rotating reamer sleeve 
22. In order to insert or remove the blowpipe B 
through the housing H, it is only necessary to 
loosen the latch I31, swing the two arcuate half 
sections I33 and I34 apart, and pass the blowpipe 
through the passage IBI. 
The construction and arrangement of the 

debris-removal conduit D are described and 
claimed in Patent 2,327,497 granted to George H. 
Smith and Charles J. Burch, August 24, 1943. 

_ Fig. 15 shows an electric arc apparatus for per 
forming the method of the invention. The con- 
struction is very similar to the blowpipe of Fig. 1, 
except that the central tube l5 has been replaced 
by two electric cables I5’ connected at their for 
ward ends to two tungsten electrodes IT project 
ing forwardly through the front of the tip II’, 
and surrounded by electrical insulation :8’. The 
cables I5’ extend rearwardly to and through a 
rear body similar to that of Fig. 1, and may be 
connected to a suitable source of electricity. The 
are formed between the electrodes I1’, is equiva 
lent to an oxy-acetylene ?ame in the method of 
the invention. 
As previously mentioned, minerals and miner 

al-like materials of many different kinds may be 
worked by the process and apparatus of the pres 
ent invention. As an example, a hole '78 inches 
deep and 1% inches in diameter was pierced at 
a slight angle upwardly from the horizontal by 
the method and apparatus of the invention in 
Minnesota Soudan iron ore, principally an ex 
tremely hard and dense iron oxide, at a‘rate of 
31/2 inches per minute, using a ?ux-forming pow 
der mixture consisting of 50% aluminum and 
50% ferro-manganese. In a total of 52 feet of 
drilling, using the same ?ux-forming mixture, 
the rate of drilling varied between 2 and 31/2 
inches per minute on different blasting holes. 
In contrast, pneumatic drilling of Soudan iron 

ore, using regular drill steel bits proceeded at an 
average rate of less than 1/2 inch per minute, ac 
tual drilling time, over a total of 19,222 feet of 
drilling, according to the U. S. Bureau of Mines 
Information Circular 6911. According to the 
same circular, moreover, each bit averaged only 
6 inches of drilling before resharpening was nec 
essary. 
From the foregoing, it is evident that there 

have been provided a novel and valuable method 
of and apparatus for thermally working mineral 
materials and the like, and particularly for ther 
mally piercing holes in such materials. Although 
the invention has been described by way of ex 
ample in connection with the piercing of holes, 
however, it is to be understood that the princi 
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14 
ples'ma'y be applied in other ways, and changes 
in construction of the apparatus and application 
of the method may be made by those skilled in 
the art, without departing from the spirit of the 
invention, as de?ned by‘ the appended claims. 
What is claimed is: 
1. Method of working mineral materials- and 

the like which comprises progressively melting 
material along a selected path and forming a 
fluid slag, quenching and solidifying the slag 
so formed, mechanically disintegrating the 
quenched slag, and removing the disintegrated 
slag from the region of disintegration. 

2. Method of working mineral materials and 
the like which comprises progressively melting 
material along a selected path, introducing in 
to the molten material a ?ux adapted to form 
therewith a slag which, when solidi?ed, may be 
disintegrated easily, quenching and solidifying 
the slag so formed, mechanically disintegrating 
the quenched slag, and removing the disintegrat 
ed slag from the region of disintegration. 

3. Method of piercing holes in mineral mate 
rials and the like which comprises progressively 
melting material at a selected zone and forming 
a ?uid slag, advancing the melting zone into such 
material to form a hole, quenching and solidify 
ing the ?uid slag in such hole, mechanically dis 
integrating the quenched slag in such hole, and 
removing the disintegrated slag from such hole. 

4. Method of piercing holes in mineral mate 
rials and the like which comprises progressively 
applying a ?ame to such material to melt the 
same and form a ?uid slag, advancing the ?ame 
into such material to form a hole, injecting water 
into such hole in back of the region of the ?ame 
to quench and solidify the slag, mechanically dis 
integrating the quenched slag in such hole, and 
ejecting the disintegrated slag from such hole 
with a ?owing stream of ejection ?uid. 

5. Method of piercing holes in mineral materi 
als and the like which comprises progressively 
melting material at a selected zone and forming 
a ?uid slag, advancing such melting zone into 
such material to form a hole, quenching and so 
lidifying the ?uid slag in such hole, mechanical 
ly disintegrating the quenched slag in such hole, 
reaming the walls of such hole, and removing the 
disintegrated slag from such hole. 

6. Apparatus for thermally piercing holes in 
mineral materials and the like comprising heat 
ing means for producing intense localized heat 
adjacent an end thereof whereby to melt portions 
of such mineral material; cooling-fluid injecting 
means arranged around said heating means for 
injecting cooling ?uid into such hole substantial 
1y uniform around said heating means to quench 
and solidify such melted portions; and disinte 
grating means behind said end, so constructed 
and arranged as to disintegrate such quenched 
portions by physical impact therewith uniform 
ly around said heating means. 

7. An elongated mineral piercing blowpipe 
having front and rear ends, said blowpipe hav 
ing passage means provided with outlet means ar 
ranged for discharging combustible ?uid through 
said front end to provide a ?ame; tooth means 
projecting laterally from said blowpipe behind but 
close to said front end, constructed and arranged 
for disintegrating mineral material loosened by 
said ?ame; said blowpipe having a passage for 
?uid coolant; and port means in front of at least 
part ofsaid tooth means for discharging ?uid 
coolant from said blowpipe. 

8. A blowpipe for piercing holes in mineral 
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materials and the like having a Ironteud; a rear 
body; passage means for combustible ?uid ex— 
tending from said rear body to said iront end: 
an external tube extending forwardly iron! ?eld 
rear body to a position adjacent said front end, 
said tube being journaled on said rear body for 
rotation relatively thereto; and tooth means car 
ried by said tube adjacent the front, thereoi it)!‘ 
mechanically disintegrating slag or the like by 
physical impact therewith during rotation. of said; 
tube. 

9. An elongated mineral piercing blot/pipe have 
ing front and rear ends: a body at said rear end 
provided with inlets for combustible ?uid and 
for ?uid coolant;- conduit means extending for 
wardly from said rear body provided. with outlet 
means for discharging combustible ?uid through 
said front end to provide ?ame; a sleeve arranged 
over said conduit means in spaced relation there! 
to, said sleeve being journaled at the real‘ end 
thereof for rotation relatively to said rear body, 
and being in communication with said coolant 
inlet; tooth means rotatable with said sleeve and 
projecting laterally therefrom adjacent to but 

just behind said front end; and port means front of at least part of said tooth means in 

communication with the interior Of said sleeve 
for discharging ?uid coolant from said blowpipe 
behind said combustible ?uid outlet means. 

10. Apparatus for working mineral materials 
and the like comprising an elongated ?ame Pro 
ducing unit adapted to provide intense heat ad 
jacent to the front thereof; a sleeve rctatably 
journaled on said unit; and means carried by said 
sleeve adjacent to the front thereof for disintee 
grating slag or the like by physical impact there 
with. ' 

11. A mineral piercing blowpipe comprising 
an elongated straight tubular member having 
front and rear ends, said tubular member being 
adapted to provide a ?ame adjacent to ‘said front 
end; and tooth means projecting from said tubg, 
lar member adjacent to said front end con. 
structed and arranged for disintegrating mineral 
material loosened by such flame. 

12. A blowpipe as claimed in claim 11 wherein 
said tooth means comprises a plurality of teeth 
extending substantially parallel to the longi 
tudinal axis of said tubular member. 

13. A blowpipe as claimed in claim 11, wherein 
said tooth means comprises a, plurality of teeth 
inclined along the outer surface of said tubular 
member with respect to the projection of the 
longitudinal axis of said tubular member upon 
such outer surface. 

14. A blowpipe as claimed in claim 11., wherein 
said tooth means comprises a plurality of. teeth, 
each comprising a, forward portion inclined alone 
the outer surface of said tubular member with 
respect to the projection of the longitudinal axis 
of said tubular member upon such, outer surtaee, 
and a rear portion extending substantially par: 
allel to the longitudinal axis or said tubular 
member. 

15. A blowpipe comprising a ?ame'producins 
unit including a tip, a body, and conduit means 
rigidly connecting said tip to said body; a rotate 
able sleeve arranged over said conduit means and 
journaied in said ‘body for rotation relative to 
said ?ame-producing unit. said sleeve being sure’ 
ported at its front by said tip; and means carried 
by said sleeve adjacent to its ibi‘wai'ii end £9!’ 
disintegrating slag and the like by physical 
impact therewith. 

v16. A blowpipe comprising ‘a ?ame-producing 
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16 
unit including a tip, a body. and conduit means 
rigidly connecting said tip to said body; a rotat 
able sleeve arranged over said conduit means in 
spaced relation. thereto and lourneled in said 
body for rotation relative to said ?ame-producing 
unit, said, sleeve being supported at its front by 
said tip in substantially ?uid-tight relation. there 
to; means urging said tip and said sleeve into 
substantially fluid-tight relation with each other; 
means carried by said sleeve adjacent to its for, 
Ward end for disintegrating slag and the like by 
Physical impact therewith; and said blowpipe 
having passage means adjacent to the forward 
end thereof communicating with the space be—. 
tween said sleeve and said conduit means and 
opening to the external surface of. said blowpipel 

17.- .A. blowpipe comprising a ?eme-br?dueiue 
unit including a tip, a body, and conduit means 
rigidly connecting said tip to. said body; a rotate 
able sleeve arranged over said conduit means in 
spaced relation thereto and journaled in said 
body ior rotation relative to said flame-producing 
unit. said sleeve being supported at its front by 
said tip; means carried by said sleeve adjacent to 
its forward end for disintegrating slag or the like 
by physical. impact therewith; and a plurality 
of generally V—-shaped passages in said tip. each 
passage comprising a leg inclined outwardly to. 
Ward the rear of said blowpipe having a die 
charee opening the outside of said tip. and 
a leg establishing communication between said 
?rst-named leg and the space between said sleeve 
and said conduit means. 

18. A blowpipe having a ?ame-producing unit; 
a sleeve rotatably journeled on said unit; a plik 
raiity of generally longitudinally extending cir 
cumferentially spaced slag-disintegrating means 
carried by said sleeve adjacent to its forward 
end; passage means for discharging a, cooling 
medium tram said blowpipe ahead of said slas 
disintegra-ting means; and said sleeve hey-iris Pas: 
sage means through the wall thereof between said 
slag-disintegrating means and intermediate the 
ends of the latter for discharging a cooling 
medium item said blown-ice 

.19, Apparatus ier piercing a mass of mineral 
nl?lwl’ial 01:‘ the like Comprising, in combination, 
an elongated heating device having from and 
rear ends. said heating device Providing intense 
heat adjacent said front end; tooth means car 
mm by Said heating device and projecting the-res 
from adjacent said front end; advancing mesh? 
ail-ism operable to advance said heating device 

tooth means into sue-h mass in a direction 
lengthwise of said device; and mechanism were 
able to rotate said tooth means during the Oper 
ation of said advancing mechanism. 

.ier piercing a hole iii a of 
. _ iai er the its comprising, in com 

bi-na on, an elongat d he 7 ' 

‘iii-"116152341 to provide intense heat adjacent Said 
front end; teeth means carried by said heetfme 
device and projecting therefrom adjacent said 
from end; said heating device having a passage 
for fluid cool-ant and port means arranged for 
discharging coolant therefrom to a region in 
iron-t Off at least part of said tooth means; ad 
va...»ins mechanism operable, t0 advance said 

ting devise and tooth means into such mass 
in a direction length ise of said device to form 
a hole; and .ineehanism operable to ‘rotate said 
tooth gnearis during {the operation of said advance 
ins mechanism 

.Zi. Apparatus for piercing holes in a mass Pf 
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mineral material or the like comprising, in com 
bination an elongated ?ame-producing unit 
adapted to heat and melt portions of such mate 
rial; means for discharging a ?uid adjacent to 
the forward end of said unit to quench and solid 
ify such melted material; a device rotatably jour~ 
naled on said unit; means carried by said device 
adjacent to the forward end thereof for disin 
tegrating such solidi?ed material by physical im 
pact therewith; means for advancing both said 
unit and said device into such mass to form a 
hole; and means for rotating said device. 

22. Apparatus for piercing a hole in a mass of 
mineral material or the like comprising, in com 
bination, an elongated ?ame-producing unit; a 
device rotatably mounted on said unit; tooth 
means carried by said device and projecting 
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therefrom adjacent to the forward end there- . 
of; means for advancing said unit and said de 
vice and the tooth means carried by the latter 
into such mass to form a hole; and means for 
rotating said device during the operation of such 
advancing means. 

23. Apparatus for producing holes in mineral 
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materials and the like, having an elongated 
?ame-producing unit adapted to provide an in 
tense heating ?ame adjacent to one end there— 
of; a sleeve rotatably journaled on said unit; pas_ 
sage means for discharging water from said ap 
paratus adjacent to said end of said ?ame-pro 
ducing unit to quench and solidify molten slag; 
and means carried by said sleeve adjacent to said 
passage means for disintegrating quenched slag 
by physical impact therewith. 

24. A blowpipe comprising a ?ame-producing 
unit including a tip, a body, and conduit means 
rigidly connecting said tip to said body; a rotat 
able sleeve arranged over said conduit means 
and journaled in said body for rotation relatively 

"to said ?ame-producing unit, said sleeve being 
supported at its front by said tip; spring means 
carried by said body resiliently urging said sleeve 
against said tip; and means carried by said 
sleeve adjacent to the front thereof for disin 
tegrating slag and the like by physical impact 
therewith. -‘ 

CHARLES J. BURCH. 


