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This invention relates to rock drills and provides -

an improved design of screw thread for securing
detachable rock bits to drill rods. The invention
further provides an improved drilling procedure,
in rock-drilling operations involving the use of
detachable serew-threaded bits, characterized in
that each bit, as it becomes dulled from use,
is replaced with only a new previously unused bit.

Detachable bits for rock drills first gained com-
mercial acceptance about twenty years ago. Prior
to that time commercial rock-drilling operations
were performed with-a drill rod having the bit
formed integrally at one end. By far the greater
weight of steel in such drills- was employed in
making the long drill rod, and only a small por-
tion was required to make the integral bit at the
end of the rod.  Since it was uneconomical to dis-
card the entire drill rod when the bit became
dulled, it was the practice to recondition worn
drills by sharpening the bit as many times as pos-
sible before discarding the drill.

It was long recognized that if a satisfactory
detachable bit could be produced, the drill Tod
could be saved and only the bit discarded when
the latter wore out. After a considerable period
of development, reasonably satisfactory detach-
able bits were finally produced. Various means
for securing such bits to the drill rod were devised,
but the screw-thread mode of attachment has
proved most satisfactory.

In developing the detachable b1t the idea of
reconditioning the bit several times before dis-
carding it was carried over from the practice that
prevailed previously when integral drill rods and
bits were commonly used. It was reasoned that if
it were economical to recondition integral bits
several times before discarding them, it would
also be economical to recondition detachable bits
several times before discarding them.

As a result of long experiénce with detachable
bits used under a wide variety of conditions it has
become apparent to me that, whatever economies
are achieved by reconditioning detachable bits,
are offset by the disadvantages inherent in this
practice. These disadvantages may be summar-
jzed as follows:

(1) Even the best presentlv available detach-
able bits are likely to jam on the drill rod, par-
ticularly after they have been reconditioned and
reused several times. The customary practice in
using detachable bits has involved replacing the
bit on the drill rod fairly frequently at the scene
of drilling operations, as at the working face of a
mine. . Conditions there are far from ideal for

removing the bit if it has become jammed very.
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tightly on the drill'rod. The removal of jammed
bits under such conditions consumes the time of
the drilling crew, resulting in loss of production,
and creates an attitude of exasperation on the
part of the drilling crew Whlch 1mpa1rs their
productive effort.

(2) After a bit has once been used its threads
are never in as good condition as when the bit was
new. ' The repeated hammer blows to which the
bit is subjected in use tend to deform the relatively
thin bit skirt and the threads formed thereon.
If the bit threads are deformed when the bit is
attached to the drill rod, some corresponding de-
formation of the drill rod threads may be caused
during use of the drill, and at the same time a
little further deformation of the bit threads may
oceur. When this same bit, after resharpening,
is attached to ‘another drill rod on which the
threads have been slightly, but differently, de-
formed, serious jamming of the bit on the rod
may occur:  'Thus the common practice of using
reconditioned bits with slizhtly deformed threads,
and using them after each reconditioning on 2
(probably)- different drill rod, is a major cause of
jamming and of deformation of the drill rod
threads. Deformatlon of the drill rod threads in
this manner may necessitate replacement of the
drill rod long before it becomes otherwise un-
serviceable.

(3) Repeated attachment of reconditioned bits,
each with slightly but differently deformed
threads, to a given drill rod resulls in excessive,
and particularly it uneven wear of the drill rod
threads. This leads to-the necessity of replacing
the drill rod sooner than would be necessary if
such excessive and uneven wear on its threads did
not oceur, and does so even though the drill rod
threads are not otherwise deformed.

(4) ‘It has been fairly common practice to leave
the drill rods 2t the scene of drilling operations,
and to carry only the detachable bits back and
forth to the reconditioning shop. This practice

often resulted in leaving drill rods with their
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threads exposed at the scene of drilling operations
for considerable periods of time, as overnight or
over a week-end. Mechanical injury to and cor-
rosion of such unprotected drill rod threads may
easily -lead to loss of the dnll rod sooner than
should be the case.;

(5) Even before the drill rod must be discarded
on account of deformation, uneven wear, corrosion
or other damage to its threads, it becomes a costly
tool to use because of the 1ncreased tendency for
bits to jam on it. -

Because of the foregoing disadvantages to the
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practice of reconditioning drili bits several times
before discarding them, it has become evident
that greater true economy can be realized by
keeping the bit on the drill rod until it is com-
pletely worn out, and then replacing it only with
a new bit. The threads of the bit are always in
the best condition when it is new, and new bits
consequently are easy to attach to the drill rod.
Such deformation as occurs to the threads of a
new bit during use is not likely to deform or
otherwise damage the drill rod threads. Re-
moval of a bit that has been attached only once
to a drill rod thaf has never received any but new
bits is much easier than removal of a bit that has
been reconditioned and reused several times, per-
haps each time on a different drill rod. When
the bit is removed only after it has been finally
worn out and is ready to be discarded, it is easy
to mount a new hit on the drill rod immediately
after removing the old bit. As a result, the drill
rods are not left lying in moist or corrosive at-
mospheres, or in places where the drill rod threads
might be injured, without having their threads
protected by a bit attached to the rod.

Based on the foregoing findings, which are the
result of long experience with practical commer~
cial use of detachable rock drill bits, the invention
provides the improvement, in rock-drilling opera-
tions involving the use of secrew-threaded detach-
able bits and drill rods, which comprises replac-
ing each bit as it becomes dulled from use on the
drill rod only with a new previcusly unused bit.

The advantage of saving the drill rod after the
bit has worn out, which is the major advantage
in use of detachable bits, is of course retained in
the new practice of removing the bit from the
rod only after the bit has been finally worn out
and is not' to be reconditioned. In fact, this ad-
vantage is achieved to an even greater degree,
because injury to the drill rod threads is mini-
mized and the drill rod accordingly can give
longer service.

The secrew threads heretofore designed for at-
taching rock bits to drill rods have been devel-
oped with the idea that the bit would be recon-
ditioned and reused several times before being
discarded. I have found that these heretofore
known thread designs are not entirely satisfac-
tory for use in conjunction with a drill primarily
intended to be attached only once to the drill rod
and discarded after it has worn out. The present
inventicn therefore provides an improved screw-
threaded attachment for securing g reck bit to a
drill rod, which is well adapted to the practice of
discarding each bit after it has once been re-
moved from a drill rod.

In the assembly of a rock drill and bit in ac-
cordance with the invention, one of the compo-
nents of the assembly (usually the drill rod) is
provided with a male thread that in profile has
a substantially flat forward face, a substantially
flat horizontal crest, a substantially flat horizon-
tal root, and a rearward face that is curved about
a center of curvature lying below the root line of
the thread. The corresponding female thread on
another component of the assembly (usuaily the
bit) has-in profile a substantially fat rearward
face, a substantially fiat horizontal crest, a sub-
stantially flat horizontal root, and a forward face
curved about a center of curvature lying above
the crest line of the thread. It is best to form
the male and female threads to such dimensions
relative to one another that the forward face,
crest, and root of the male thread is spaced from
contact with the rearward face, root and crest,
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respectively, of the female thread when the ele-
ments are screwed firmly together. The curved
rearward face of the male thread and the curved
forward face of the female thread then provide
the only areas of contact between the mating
threads. Curvature of the contacting areas of
the mating threads in the manner described
serves to center the externally threaded element
accurately in the internally threaded recess of
the other element, thus insuring maintenance of
proper clearance at the proper places about the
thread and elsewhere in the joiné between drill
rod and bit.

In a thread of tle character described, such
wear that oceurs on the drill rod thread is con-
fined to its curved rearward face. By making
the male thread on the drill rod with a wide Ra$
horizontal crest, the thread can wear consider-
ably without changing its basic contour, but only
its width, and hence without impairing its ability
to receive and securely. hold replacement bits.
Since in accordance with the practice herein de-
scribed, only new bils are tightened on the dril
rod, there is little danger that the wear accom-
panying repeated bit replacement will seriously
alter the basic profile of the drill rod thread.

The invention is described below with reference
to the accompanying drawings, in which

Fig. 1 iIs a cross seciicn through the threaded
end of & drill rcd and through a bit attached
thereto;

Figs. 2 and 3 are cross sections showihg, on an
enlarged scale, the profile of female and male
threads configured in accordance with the inven-
tion; and -

Flg 4 1s 8, Cross sectxo*x indicating the extent
to which the mails thread on the drill rod may
wear before the drill rod need be discarded. :

The roek drill assembly shown in section in
Fig. 1 comprises a drill rod 5 (only the threaded
end portion of the drill rod is shown) to which a
bit § is attached by means of interengaging screw
threads. The drill rod is shown as formed with
the usual axial water passage T registering with
a similayr water passage 8 in the bit so that water
may be pumped into the hole being drilled while
drilling operations are proceeding. The bit is
formed with the usual sharp cutting edges 8.

The screw-thread attachment of the bit to the
drill rod is effected by male threads 19 formed on
the drill rod eéngaging with corresponding female
threads {f formed interiorly of the bit skirt 2
(the bit skirt defines a recess or socket in which
the threaded end of the drill rod § is received).

The profile contour of the helical female thread
formed -in the bit skirt is shown on an enlarged
scale in Fig. 2. This thread has a substantially.
flat rearward face 13, a substantially flat crest
14, a substantially flat root 5, and a curved for-
ward face 18. The curvature of the forward face
16 is substantially that of the arc of a circle,
having its center of curvature C lying at a point
above the crest line of the thread. (In referring

- to the center curvature C as being “above” the

crest line of the thread, I mean that it lies at a
point in space beyond the boundary of the metal,
defined by the crest line, in which the thread
is formed.) The crest line of the thread is of
course the projection 17 of the line defining the
flat erest of the threads. The arrows in Fig. 2
indicate the radius of curvaturn of the thread
forward face 18.

The helical male thread formed on the drill
10d § is shown in profile on an enlarged scale in
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Fig. 3. Thisthread generally corresponds-to the
female thread shown in Fig. 2. It has a substan-
_tially fiat forward face 18, a substantially flat
crest 19, and a substantially flat -Toot 2. The
rearward face 21 of the male thread is curved
through the arc of a circle about a center of cur-
vature C’ lying below the root line of the thread.
(Tn stating that the center of curvature C’ lies
“below” the root line of the thread, I mean-that
it lies on that side of the root line that is'toward
the body of metal on which the thread is formed.)
The root line of the thread is of course the pro-
jection 22 of the flat thread root 28. The radius
of curvature of the rearward face 21 of the male
thread (indicated by the arrows in Fig. 3) ‘should
be substantially the same as the radius of curva-
ture of the forward face 16 of the female-thread.
The flat rearward face I8 of the male thread
and the corresponding flat forward face 13 of the
female thread are shown as.sloping at an angle
of about 75° to the horizontal crest and root lines
of the respective threads. Such sloping of these
faces simplifies cutting of the thread and makes
it stronger, but is not a necessary characteristic
of the new thread.

‘When the bit is serewed down and tightened on
the drill rod, the end 23 of the drill rod seats
firmly against the bit at the bottom 24 of the bit
socket. Tightening of the bit on the drill rod
thus causes the rearward curved faces of the male
threads to bear against the curved forward faces
of the female threads. The threads are so
dimensioned, however, that the crest, forward
face, and root of the male thread are spaced
from the root, rearward face;, and crest of the
female thread, respectively, by small clearances
25, 25 and 27. With these cléarances estab-
lished, and with the end of the drill rod properly
seated at the bottom of the bit socket, the percus-
sive shock applied to the drill rod will not be
transmitted to the bit through the threads. It
will instead be transmitted through the end 23
of the drill rcd where it seats at the bottom of the
"bit socket. Accordingly, the possibility of damage
to the threads from percussive shock applied to
the drill rod is minimized.

In consequence of the curvature of the rear-
ward face 21 of the male thread and the corre-
sponding curvature of the forward face of the
female thread, the act of tightening the bit on
the drill rod automatically causes the bit to cen-
ter itself on the drill rod and establish uniform
clearances 25 and 27 completely about the pe-
ripheries of the threads between their respective
roots and crests. This results, of course, from
the fact that as the bit is tightened on the red,
the curved face of the male thread at any one
point tends to slide along the contacting curved
face of the female thread in a direction away
from the female thread, and a balance is reached
when the extent of such sliding is substantially
the same all about the periphery of the threads.
Were it not for the centering action of the curved
thread faces, the looseness of the thread fit which
is necessary to establish the clearances 25, 28
and 27 would make it extremely difficult to center
the bit on the drill rod. Consequently the clear-
ances. could not be established uniformly about
the periphery of the thread, and there would
always be a possibility that at some points no
clearance at all would exist. Lack of proper
clearances, or off-center clearances, can very well
result in damage to the threads by the percussive
shock to which the drill is subjected in use. Such
lack of proper clearances may also lead to non-
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uniform wear of the drill-rod threads,” so that
ultimately almost any bit 'will become jammed on
the drill rod after it has been in use a short while.

It will be noted that a clearance 28 is main-~
tained between the side of the drill rod at ifs ex-
treme end and the skirt 12 near the bottom of
the bit socket. Maintenance of this clearance.is
important in order to prevent percussive shock
transmitted through the drill rod to the bit from
causing any significant deformation of the com-
paratively thin-walled bit skirt. Such deforma-
tion, if substantial, may lead to jamming.of even-
a new bit on the drill rod. The curvature of
the contacting surfaces of the male and female
threads serves to insure that this important
clearance will be maintained uniformly about the
periphery of the drill rod.

Repeated replacements of bits on the drill rod
5 unavoidably causes wear of the drill rod threads.
However, when only new bits, with threads in
good condition, are-used as replacements, such
wear is substantially uniform. along the full
length of the thread, and will affect only the
curved rearward face 21 of the drill rod male
thread. The thread herein described is well de-
signed to accommodate such uniform wear. Fig.
4 indicates the extent to which such wear can
occur before the drill rod need be-discarded on
account of thread wear. The dottedline in Fig. 4
indicates the original position of the clrved rear-
ward face 21 when the drill rod was new, while
the solid line indicates the position:.of the rear-
ward face 21’ when maximum permlSElble wear
has occurred. Since the crest 19 of the thread
was initially flat and quite wide, the wear that
occurs on the curved rearward face 21 does not
alter the basic contour of the thread, but only its
width, as measured along the crest. ‘The actual
dimension. of thread width is not 1mportant (so
long -as it -is wide enough to possess adequate
strength), as the forward face 18 of-the thread
does not make contact with the corresponding
face of the mating thread, nor does the crest 19
make contact at the root of the corresponding
thread. Thus it is evident that a drill rod formed
with the new thread herein described, and par-
ticularly if used in conjunction with only new re~
placement bits, in accordance with the new prac-
tice of the invention, can accommodate a very
great mount of thread wear before the drill rod
need be replaced. Whatever insignificant amount
of wear occurs on the bit thread during use may
be neglected, as in accordance with the practice
herein described the bit will be used only once.

Threads formed in accordance with the in-
vention may be either right-hand or left-hand, as
required. The direction of the thread should be
such that when the drill is in use the bit tends
to tighten on the drill rod. Since rock drills
usually are rotated in a counter-clockwise direc-
tion (as seen looking along the drill rod toward
the bit) during drilling operations, a left-hand
thread is generally employed.

I claim:

1. A rock drill assembly comprising a drill bit
and a drill rod secured together by interengaging
male and female screw threads, characterized in
that said male thread in profile has a substan-
tially flat forward face, a substantially flat hori-
zontal crest, a substantially flat horizontal root,
and a rearward face curved convexly about a
center of curvature lying below the root line of
the thread, and said female thread in profile hav-
ing a substantially flat rearward face, a substan-
tially flat horizontal crest, a substantially flat
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horizontal root, and a forward face curved con-
cavely at the same radius of curvature as the
rearward face of the male thread about a center
of curvature lying above the crest line of the
thread.

2. A rock drill assembly comprising g drill bit
and a drili rod secured together by inferengaging
male and female screw threads, characterized in
that said male thread in profile has a substan-
tially flat forward face, a substantially flat hori-
zontal crest, a substantially flat horizontal root;
and ‘& rearward face curved convexly about a
center of curvature lying below the rooct line of
the thread, and said female thread in profile
having a substantially flat rearward face, a sub-
stantially flat horizontal crest, a substantially
flat horizontal root, and a forward face curved
concavely at the same radius of curvature as
the rearward face of the male thread about a
center of curvature lying above the crest line of
the thread, the forward face, crest and root of
said male threads being spaced from contact with
the rearward face, root and crest, respectively, of
the female thread when the threaded elements
are screwed firmly together, the curved rearward
face of said male thread and the curved forward
face of said female thread then providing the only
areas of confact between the mating threads.

3. A drill rod for a rock drill formed with a
male thread at one end thereof, characterized in
that said thread in profile has a substantially fiat
forward face, a substantially flat horizontal crest,
a substantially flat horizontal root, and a rear-
ward face circularly curved convexly about z
center of curvature lying below the root line of
the thread.

4. A bit for a rock drill formed with a grill rod
socket and provided with a female thread for en-
gagement with a male-threaded drill rod, char-
acterized in that said female thread in profile
has a substantially flat rearward face, a substan-
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tially flat horizontal crest, a substantially flat
horizontal root, and a forward face circularly
curved concavely about a cenfer of curvature
lying above the crest line of the thread.

5. A drill rod for a rock drill formed with a
male thread at one end thersof for engagement
with an internally threaded bit, said male thread
being characterized by having in profile a wide
flat horizontal crest and a rearward face circular-
ly curved convexly about a center of curvature
lying below the root line of the thread, and said
thread further being characterized by being of
such size relative to the internal bit thread with
which it mates that its forward face, crest and
root do not make contact with the adjacent sur-
faces of the bit thread when a bit is tightened
on the rod, whereby such wear as occurs on the
male thread due to repeated replacement of bits
is confined to the rearward face thereof, and
whereby considerable such wear can occur with-
out altering the basic contour of the thread, but
only its width, and hence without impairing its
ability to receive and securely hold replacement
bits.

JOHN 8. MYHRE,
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