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ON THE BREAKAGE OF ROCK DRILL STEEL.
INTREDUCTI ON

Prior to 1920 there was little attention paid to the
general problem of breskage of rock drill steel. Each locality
had 1its problem and the matter was treated as a purely local one,
independent upon conditions in that particular section. But in
the above-mentioned year, there arose an interest of wider scope,
from what causes it is impossible to determine acourately, and
the matter is now the subject of a broad investigation in whish
the users of rock drill steel, the United States Bureau of Mines ,
and the United States Burean of Standards are ooopcuting.l The
response of the industry to this investigation indicates that in
spite of the faot that the matter has not beem regarded as serious
in the past and that as a result, records do not show an inordinate
amount of loss from the breakage of rock drill steel, the subject
ie now one of oconsiderasble moment in the mining industry. |

There 18, to date, no satlsfactory method for talulating
results from drill steel and computing the amount of breakage
therefrom. Oonsequently, available records are, probably, in
erroy, and the onnolulionsj drawn therefrom are not to be relied
upon too muah. The fact that the above-mentioned investigation
is ocalling forth an hitherto undisplayed interest, made it seem
advisable to investigate one case of rock drill steel breakoge
more fully than had been done before. It was realized that the
case taken up was one peculiar to a restricted locality, and that
in a large measure the results would be applicable only to that
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particular case, but at the same time it was hoped that from this
one investigation some facts might come which would be applicable

in general. This has been found to be true.

GENERAL THIORY

If we discard as requiring very little explanation the
breaking of a plece of drill steel within a few minutes after being
put into service, and take up the problem of fallure after a con-
slderable period of time, the matter links itself immediately
with the more general problem of the fatigue of metals, since the
term fatigue has come to be applied to failures in an apparently
sound plece of metal after it has Been considerable service. Furthex
more, the gemerally acoepted theory states that, even though apparently
sound, suoch a plece of metal will, upon close examination, show certain
physical or struotural defects from which such fallures start and,
progresaing with time, ultimately end in rupture., Obviously, if
a plece of drill steel fails after a few mimutes of service there is
some glaring defect which will show up upon examination; but 1if the
steel fails after some time, it is a case of fatigue. Such fractures
show all the evidence of a progressive failure.

The phenomenon of the fatigue of metals has been under in-
vestigation ever since 1860 when Wohler undertook his now olassical
work upon the relation between the so-called "fiber stress™ and
the ability of metals to resist fatigue under repeated atreés.
Though the cases of failure under consideration were those

ocourring in railway bridges and car axles (high-speed machine parts
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being them of no importance), nevertheless Wé'hler'a results are
applicable to our present-day problems.

Briefly stated they a.re:z

le A machine part or structural member may be ruptured
by the repeated application of a load which produces a com-
puted fiber stress less than the ultimate strength of the
material as determined by static test.

2¢ The greater the range of stress, the lower the
limiting fiber stress to insure against rupture after a very
large number of repetitions.

3« To insure agalnst rupture after a very large number
of repetitions of loading causing complete reversal of stress,
the limiting fiber stress is but 1little greater than one-half
the limiting fiber stress for a very large mumber of repetitlons
varying from zero to the maximum.

From Wghler'a dimscussion of "fiber stress" there possibly
arose the popular conception that metals were at flrst Tibrous in
structure. But when the surface of a fracture was examined it was
found to be orystalline -- often coarsely -- and from that arose the
popular idea that the fatigue of metals was due to a change in the
structural state from fibrous to orystalline. This view is held
even today by the layman, but has long since been discarded by the
teohnician and the investigator since there is an ever increasing
volume of evidence in favor of the view that 2ll solid metals are
orystalline in structure at all times, exscepting such small

amounts of amorphous material whish, according to certain

aunthorities, may exist within crystalline metal under certain
conditions. The latest work by X-ray inveatigation has established the
orystallinity of metals beyond doubt.

"
Following Wohler came many elaborators and investigators, of

o I



whom Banac.hingera is the most noteworthy. He put forth the theory
that under stress varying from zero to a maximum, it is possible
for metals to acquire new elastic limits which for this range of
stress may be anywhere between the original proportional limit and
the yleld point, and may in some cases exoeed the latter. These
"natural' elastic limits, as he called them, depend upon the nmumber
of cyoles of stress to which the material is subjected, being higher
for the greater number of oycles. This theory has received very
little exper imental confirmation and is at present nearly obsolete.
The generally accepted theory at present is that fatigue of
metals is due to a localization of stresses in the member. It
wae first elaborated by Gilchrist, who, in discussing Wohler's
results atatod..'?'

le The average #ress in the bars broken in Wohler's
machine did not reach the statical breaking load.

2 The fracture was caused by the statical breaking
1imit being exceeded at one point only, from which, when once
started, rupture spreads, at first rapidly, then more slowly,
sometimes continuing to camplete separation of the two parts
of the bar, but occasionally stopping short of complete rupture.

3¢ The raising of the stress at the point vwhen fracture
commenced was due to an irregularity in the bar. This might be
an irregularity or discontinuity in the metal, either on the
surfage or in the body of the bar,

4, A bar of uniform strength whose surface was perfectly
smooth with no sharp corners in the longitudinal configuration
and the structure of which was perfectly homogeneous would
endure, without breaking, an indefinite number of repetitions
of a stressa varying betweem zero and a value near to the
breaking strength.

These statements have been the subject of investigation by
several men in Burope, notably E. G. Coker, who published a series
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of articles in Engineering (London) from 1910 up to the present
time. A similar serles of articles by the same author appeared in
the General Electric Review for 1920 - 21 and 22. In these
articles is shown that in regions of abrupt change of cross section
in a material under stress, there is a localization of stress that
in many cases exceeds very considerably the actual load applied to
the specimen.

All the work of modern investigators, then, serves to confirm
Gilchrist's theory. Foremost among these confirmations may be
clted the work of He F. l&aore'2 at Illinois Engineering Experiment
Station, so often referred to in this paper. He is perhaps the fore-
most authority in the United States on fatigue of metals and we may
therefore safely discuss the failure of roock drill steel upon the

basis of Gilochrist's theory.

SPECIFIC THEORIES
There are at present three theories upon the cause of fatigue

in rock drill steel. They are -~
le The nodal stress theory. =

2¢ The structural defect theorg.
3s The physiocal defect theory.

4, 1.

The nodal stress theory was advanoced by B. F. Tillson in a
paper on the Breakage and Heat Treatment of Rock Drill Steel. He
assumes that energy is tranemitted through the steel from the
hemmer of the drill to the rock face in waves similar to sound
waves but which travel at a higher velooity due to the greater
density of steels These waves may in turn be reflected through
the steel from the rock face with or w:i.thqut a change of phase.

-5—



In addition the bar has a natural period of vibration which ia,

in all probability, not of the same frequency as the compressional
waves through it. These waves of stress are subject to the follow-
ing laws of wave propagation.5

l. Vhen a longitudinal or compressed wave passes
from one medium to another, a part of the energy is re-
flected and a part transmitted, The phase of that part
reflected is changed one-half of a wave length when the
reflection occurs in the denser medium. When the re-
fleotion occurs in the lighter medium the phase of the
wave 1s altered.

2. Two waves of the same length, but differing
in phase, combine to produce a wave of the same length
but different amplitude and phase than elther of the
initial waves.

3. Two waves of the same period and amplitude, but
differing in phase by a wave length, combine to produce g
wave of the same length but double amplitude.

4. Two waves of the same period and amplitude but
differing in phase by a half wave length mutually anml
each other.

b, Two waves that differ slightly in length com-
bine to produce a wave of varying amplitude. Its frequency
is one-hglf the sum of its component frequencies. If both
initial waves were of the same amplitude the amplitude of
the resultant wave will vary from zero to twice the
original amplitude as many times per second as the dif-
ference of their frequencles.

6, When two equal waves traverse in opposite directiom,
the resulting wave remains stationary. The node in the re-
sultant wave occurs half way between the similar zero points
of the original waves; and the pointes of greatest amplitude
ocour one-quarter of a wave length away. Therefore nodes
ocour at distances that are multiples of half wave lengths.

Mr. Tillson concludes that there may be stresses above the
tensile strength of the steel set up at the nodes ocourring ghrough-
out the length of a bar of drill steel. These nodes may occur from
a single set of compressional waves or they may be the result of

-6-



the combingtion of waves of different frequencies set up in the
bar. This is most probably the case since when in operation, the
bar will vibrate at its natural frequency in addition to carrying
the compressional stresses set up by the action of the drill hammer.
In such a case the nodes will represent greater stress than if just
one wave is considered, since at a node the amplitudes of the two
or more component waves are additive. Immediately the energy
reflected into the bit from the rock face comes into play as do
also the bending stresses which arise chiefly in stoping, and the
torsional stresses which arise from the rotation of the bit in the
hole.

It is evident themn, that the problem of determining the
magnitude of such stresses set up in a bar of drill steel is a
very complicated one that would necessitate speclal apparatus.
Stress nodes may be roughly detected, according to Mr. Tillson, by
observing points along the bar at which the temperature arises when
drilling is going on. Mowever that may be, it would be absolutely
necessary to determine the magnitude of the stress at such points
1f one were to determine whether or not the elastic 1limit of the
ateel was belng exceeded. It must be borne in mind also that the
statical proportional limit is not the oriterion in this case as
1s shown first by Wohler and lster by others. Still further, the
presence of inclusions in the steel or of minute cracks at the
edges would serve as points for the further localization of such
stresses.

The theory that the failure of rock drill steel might be

due to either structural or physical defects is nothing more than
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the application of the general principles emunciated by Gilchrist
and later elaborated upon by others. A structural defect in drill
steel not infrequently takes the form of the ™metallurgical break"
or change in structure brought about by the heating of the end of
the bar, first for upsetting and shaping, later for sharpening,
and last for hardening. There will be at least four zones of
structurally different material:s First, the hot rolled condition
of the bar; then the part heated for upsetting but not worked;
next the part worked in shaping the bit; and last the part
heated for hardemning. All of these heatings involve a
temperature above the critical temperature of the steel and so
will produce at thelr upper limits a zone of very fine grains in
close contact with a zone of relatively coarse grains. Undoubtedly
these are regions of non-homogeniety in the bar and may be points
from which, besause of thelr inherent weakmess, what 13 a first
slip will eventually become a crack, which, in turn, spreads across
the bar with time.

Under physical defecte may be listed, with particular
reference to drill steel, inclusions and irregularities and small
oracks along either the outside edges or the water hole of the
steel. It has long been recognized that the presence of such
defects makes the steel very sasceptible to fatigue fallures. This third
source is undoubtedly the most potent cause of fallure, but our work, as
hereinafter described, discloses the presence of both the second and
third.

SOURCE OF MATERIAL
The case chosen for this investigation was that ococurring at

the Homestake Gold Mines at Lead, South Dakota. This case i8
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particularly noteworthy becanse 80% of the failures occur within

8lx inches of the bit, whereas, in nearly all other cases, the

major portion of the breakage is at the shank end of the Bteal.1

The reports from the company, it being one of the few that keep

extensive records of performance, show that the majority of fallures ocour in
the 3, 4, and b6 foot lengths, the gages of which are 2-1/4, 2-1/8 aml

2 inches respectively. Figure 1 is a reproductioncof a ourve drawn

from data furnished by the company.

The steels are used in the following lengths and gagess

Length _Gage
Starter 2..3/3
3 2-1/4
4 2-1/8
b 2
6 1-86/16
7 1-13/16
8 1-11/16
9 1-9/16
10 1-7/16

The steel was regular 1 inch hollow quarter octagon, and did
not vary from the usual type composition of rock drill steel, which is

as followsg

0 = - = o86% P~ ~ - 0024
Mn- - = .80 8w 02
8i1- = = o256

with the exception that in some specimens there was vanadium mnot
exoeeding .20 per cent. Since the physical and structural rather than

-9.-!



FIG. 1

Chart showing bit breakage as per cent of total sharpenings for
the various lengths of drill steel, Homestake Gold Mines.l
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the chemical properties of the steel were under investigation, the
analysis 1s glven only approxmately and the presence of a small
amount of vanadium is neg;ligible. Tension, compression, torsion and
impaot tests were regarded as of little wvalue because such could not
be made upon the steel as 1t is in the drills and the work very soon
showed that the physical and structural characteristics which affect
the performance of the steel as drlll steel do not depend upon those
shown by the ordinary physiocal tests.
PROOEDURE

One bit emd, about 12 inches long, was sent for each of
the gages listed above, making nine samples in all. The samples were
sent as forjed so as to facilitate cutting into pleces for examinationm.
These were first sawed longitudinally on a Browne & Sharpe milling
machine and one half given a polish for a maoro etch on the sawed
face. These pleces were etached in a solution of 204 HNOZ in water.
The metallurgical bresks show up very well as can be seen from
Figures 2, 3 and 4.

The other half of each bit was cut into pleces of convenient
length and polished for microscopic examination. The finishing
was done on felt with "levigated aluminum" as abrasive. This
gave a surface entirely free from scratches, provided suitable
redustionhad been made on the previous polishing disos.

For the detection and measurement of the cracks, a metallurgical
microscope fitted with a Bausch & Lomb 16 rm. objective and Filar
miorometer eyeplece was used. The scale in the eyeplece was callibrated

by means of a stage micrometer. Each division on the scale was found

to be egyual to 084 mm.
o y [P



FIG. 2.

Bite 1, 2, 3, and 9. Macro etch, 7/10 actual size.
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FIG. 3.

Bits No. 4, 5, 6, and 7. Maoro etch, 7/10 actual size.
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FIG. 4.

Bit No. 8. Maoro etch, 7/10 actual size.
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A orack was first located by bringing it into the center of
the microscope field, after which its depth was measured by means of
the eyepiece micrometer scale. Then a measurement was taken along the
plece of drill steel to the center of the 1lluminated spot and the
location of the crack plotted on a full-size drawing of the plece
of steel undergoing examination, proper allowance being made for
the width of the saw cut between pleces of the half section so cut
up. These drawings were afterward traced, and blue prints made.
The term "angle'" used in the drawings refers to the angle the orack
makes with the center line of the piece of drill steel. These
angles are by approximation only, since there was nothing to be gained
by an exact measurement. The "depth" given is in all cases the
actual length of the crack, regardless of the angle it made with
the center line ¢f of the bit.

The light, irregular lines on the blue prints are not cracks.
They are the outlines of the reglons differing in structural appearance
as developed by the masro etch. The actual appearance of these reglons
iz shown in Figures 2, 3, and 4, and by means of the lines in the
blue prints the photographs and the blue prints can be correlated.
For the purpose of bringing out the regions of structural change more
clearly in the photographs, the lines of demarkation were traced on

the steel with lead pencil

DISCUSSION OF RESULTS
When we study these drawings individually with the purpose of
establishing a relation, if any should exist between the region of

structural change and the location and depth of cracks, we obtain the

following:
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In bit No. 1 there are numerous corack areas a considerable dis-
tanoe above the metallurgical break but the deepest cracks occur in that
latter region. Area No. 6, which is in the region of structural
change, has the deepest cracks, two of which are 1.848 and 1.344 mm,
deep and can be seen easily with the unaided eye.

In bit No. 2 there is apparently little relation between the
ocracks and the metallurgical break. This may be considered a relatively
good piece of drill steel.

Bit No. 3 is very similar to No. 2 in that it has few cracks
and m~y be considered relatively sound. Such unsoundness as exists
is in the region of metallurgical bresk.

In bit No. 4 1s found once more the semblance of a relation be-
tween the metallurglcal break and the area of mcat cracks. However,
the deepest cracks ocour just beyond the region of structural change.

In bit No. 5, the worst condition with respect to oracks is in
the reglon of structural change. There are five zones embracing areas
in which there are numerous oracks, and four of these five zones are
in that region. Practically all of the deepest cracks, also, are in
this region. The bit is relatively in very poor condition. It may
be cited as the poorest of the lot.

Bit No. 6 is poor but not as poor as No. 5. Here, too,
the region of deepest and most numerous cracks coindide with the region
of structural change.

As regards oracks, No. 7 1s a falrly good specimen. There seems

to be no connection between the metallurgical break and the location

of the deepest orack, However, there are numerous small and inciplent
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FIGURE 5.

Representative Cracks from Bit No. l.
X 140.
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FIGURE 6.

A -- Deep erack from Bit No. 9, X 140, unetched.
B -= View of same crack etched, X 140. Etched with
104 HNOz in Amyl Alcohol.
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FIGURE 7.

A snd B -- Two cracks from Bit No. 9, X 140.
@ -- Etohed view of B, X 140. Etched with 10%
HNOz in Amyl Alcohol,



] FIGURE 8. c

A and B -- Inclusions near edge of drill steel, X 140.
C -- Etched view of B, X 140. Etched with 10%
HNOz in Amyl Alcohol.
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oracks within the area of structural change.

The most serlous cracks in bit No. 8 are, generally speaking,
not within the region of structural change, but are in the as-
rolled sectlion of the bar. The bit would be classed as poore

A similar condition to that of bit No. 7 is found in bit
Noe 9. There are few deep cracks in any portion of the specimen.
The deepest one, 0,924 mm., is distinctly in the as-rolled section.
The Dbit may be classed as passablee.

We find from the above that the bits divide themselves into
two oclassesy Four of them, Nos. 1, 5, 6, and 8, being classed as
poor to bad, and the remaining five, Nos. 2, 3, 4, 7 and 9, being
oclassed as fair to goode In the former we find a definite relatiom
between the region of structural change and that of the most prevalemt
and deepest oracks. In the latter five there are three in which no
definite connection has been found, and one in which the author
expresses a doubt. The remaining one shows an apparent relation-
ship. From such an analysis the conclusion is that in those bits
which are susceptible to oracking, the condition 1s asggravated by
the change in structural condition brought about by the numerous
heatings; and when the steel is relatively free from cracks, the
condition brought about by the mumerous heatings apparently does
not have such a deleterious effect. Therefore, it seems reasonable
to conclude that the structural change 1s not the primary cause of the
oracks but 1s an accessory in the case of bad steel.

Taking as being basically right the statements of Gilchrist,
we may say that rock-drill steel has a legitimate cause to fall.
Por the drawings show that even in the best pleses, numerous oracks

2



are present and in the poorest pleces there is a truly amazing
mmber of cracks. In fact, the author 1is not 80 much impressed
with the fact that drill steel fails occasionally as he is with the
fact that fallures are not more frequent.

Flgure b shows two shallow oracks from bit No. l. These
two oracks are representative of one of the two classes found -- the
first being those not filled with any foreign material. A deeper crack
of the same oclass is 1llustrated in Fig. 6, with both an unetched and
an etched view,

The second class of orack, that filled with some foreign
material, is illustrated in Fig. 7. The forelgn substance may
be either iron oxide, roock dusf, or dirt and sediment from mine
water. In all probability, rock dust and sediment is the filling
material in most cases, since as will afterward be shown, such cracks
form after the steel has been put into service. Such filled oracks are
slightly more prevalent in the region heated for working and so the
oxide f11ling, vhen such is present, could come from a slight oxida-
tion of the steel whem it is heated.

Figure 8 shows what are apparently inclusions near the edge
of the steel, but which undoubtedly are oracks. In the first
place, these "inclusions™ are elongated at right angles to the
direction of rolling of the bar. Any inclusion in the steel would
necessar ily show elongation in a direction parallel to that of
rolling. Second, cracks in steel almost invariably follow a tortuous
path, From these two facts it seems logical to conclude that what
may at first sight appear to be inoclusions are, in reality, oracks
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which have been filled with either oxide or mine water sediment and
which have not been cut through in s plane that will show their con-
tinuity.

The edges of the bar, as viewed under the microscope, are
seldom straight. They are in general undulating and in many cases
serrated. Cracks as shown in Figs. 5, 6, and 7, most frequently
ocour in the undulating portion of the edges and always in the de-
pressions in the serrated parts. This leads us to believe that
even with irregularities of outline microscopioc in proportions, there
1s sufficlent localization of stress to cause rupture of the metal
in those places. We conclude from that that nearly all of the
oracks viewed started after the steel was rolled.

gther evidence points to the same conclusion. The steel,
being so near eutectoid composition and in the troostitic state,
showed uniformly dark under the microscope. Hence any decarburization
could easily be seen since the ferrite present in decarburized areas
showed white. There was a distinct decarburized skin along the
outslide edges and the water hole varying, in general, from 0,06
to 0610 mm. in thickness. Since this skin was found in the as rolled
a8 well as the worked part of the bars, it is logical to conclude
that it was the produot of hot rolling the metal. All of the
oracks observed, provided they were deep emnough, extended through
the decarburized skin. In no instance did the ferrite network of
decarburization follow the contour of the crack as seen at the time,
nor did it show any undulation that would indicate that it had
followed the contour of a smaller crack which might have existed
at the time decarburization took place andl from which the larger
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orack might have grown with subsequent service of the steel. The
etched view shown in Pigure 6 illustrates this point,

The presence of the oracks then, is due to the service done
by the steel and cannot be attributed to the process of manufacture.
But, more important than their presence is their cause, and this,
we belleve, 18 directly attributable to the method of manufacture,
since first, as shown in the consideration of the location of the
areas of oracks in regard to the metallurgical break, there are
cracks in the as-rolled portion of the bar as well as in the worked
portion; and, second, since, as brought out in the discussion of the
Place in which cracks occur, the surface of the steel is elther
undulating or serrated and so giveas rise to points of locallzed hl.&h
atress. As a result oracks ocour at the bottom of the undulation
and serrations. The rough outline of the surface is due to the
process of manufacture,

As a check on this particular part of the work, the Home-
stake Mining Oo. was asked to send some samples of thelr new steel
for examinatjion. In response they sent six specimens about four
inches long. These were sawed in half longitudinally and one-half
cut into short pleces for examination, just as had been done with
the regular specimens. The microscope disclosed the presence of
but three oracks along the water hole in all of the specimens, this
showing that the cracks are nearly all developed in service. The
outline of the water hole and on the outside edges, however, showed
the usual irregularities noted in the specimens of used steel,

Figure 6 shows, in addition to the crack at right angles to the

direction of rolling of the bar, several lateral cracks extending
-24-



from the larger one at right angles, parallel to the direction of
rolling. Such additional defects, though not common, are worthy of
mention since they seem to show the action of another deteriorating
factor. The presence of these cradks is most probably due to the
gorrosive action of mine water. Once admitted to the unprotected
surface of a crack, the water will very readily attack certain
segregated portions of the steel.

At the beginning of this work it was thought that perhaps
gome light might be thrown on the guestion of nodal stresses, but
that hope was very soon abandoned, for in no case is there evidence
that the acoumulation of a very large mumber of microscopic
oracks in small areas was regular enough to warrant the conclusion
that anything like regularly spaced nodes were present in the bar,
Nelther is there evidence in favor of disregarding Mr. Tillson's
theory for in the present case no more than an average of 12
inches, measured from the blt, of the drill stcels were examined.
And it is entirely probable that the nodes would be spaced farther
gpart than 12 inches. Mlr. Tillson': attempts to show in his paper
that the wave length is 8.275 feet, but the author has been unable
to check Mr. Tillson's qua.ntitat_ive considerations, As far as this
present paper is concerned, Mr. Tillson's theory must remain merely an
interesting theoretical consideration which may furnish the basis of a
more thorough investigation. Should the nodal stress theory later be
found to be on a firm footing it would add another powerful reason for
the use of meticulous care in endeavoring to obtain drill steel free
from physiocal and structural defects,
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CONCLUSIONS

le Physical defects in the form of cracks have becen found to
exist in great numbers along the water hole of hollow drill steel.

2+ These defects are not caused by the method of heat-treatment
of the drill bit.

3« Drill steel is pre~-disposed to cracking by the presence
along the exterior anmd water hole surfaces, of undulations and
serrations produced in fabrication.

4, The stresses incident to service are locallzed by such
irregularities of the surface to the extent of exceeding the breaking
point of the metal, this causing the formtion of microscopic oracks,

bs The heatings and coolings, to which the bit is subjected
for sharpening and hardening aid in the formation of oracks starting
from the bottom of the irregularities produced in rolling.

6, Mine water seeping into cracks around the water hole of
the steel attacks the more impure metal, and produces tributary
oracks parallel to the direction of whrking of the steel.

7. There is no evidence, such as the location of regularly
spaced patches of oracks, in support of a nodal stress theory.
Nevertheless, becanse of the shortness of the lengths of steel
examined, the results of this work are not necessarily at varlance

with such a theory.
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ADDENDUM

There 1s another aspect of the problem of drill steel
breskage at the Homestake Mines, which is peculiar to that locality
onlye It is the excessive breakage which ocours within the bit itself,
Since the preparation of the steel for examination for the previous
work prepared it also for the investigation of this particular problem,
it 1s deemed advisable to append this addendum which is not of general
application.

The statistics given in the fore part of this paper are that
more than 80 per cent of the breakcge of rock drill steel at the
Homestake Mines ocours at the bit end. This amount of breakage at
the bit ocan be partly explained by the fact that the shanks of
this steel do not have lugs or a collar formed on them, since the
steel is quarter octagon and auxiliaries for rotation are un-
necessarye. The only heat-treatment that the shanks receive is a
heating about one inch back for hardening. Consequently, there ia
but one line of structural change and that point is within the
chuck during drilling. 8ince the regions of structural change are
regions which add to the possibilities for failure of a drill, the
mumber of breaks at the shanks 1s decreased.

The examination of the specimens showed the bits to be poorly
formed. It is understood that the drill sharpener used is not a
standard machine but rather one designed by the company. Though
such does not, in itself, detract from the valus of the machine as
a drill sharpener, nevertheless, the bits show that the machine
does not do its work properly. FPigures 9 to 14 are photographs of
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FIGURE 9
Bit No.

1 a8 polished,
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FIGURE 10.

Bit Fo. 2 as pOliath.
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FIGURE 11

Bits No. 4 and b as polished.
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FIGURE 12.

Bit No. 7 as polished.
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PIGURE 13.
Bit No. 7, etched with 10% HNOz in Amyl Alcohol.
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FIGURE 14.

Bit No. 8 a8 pdlished.
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half-sections of the different bits. Figure 9 shows bit No. l.

In this case the water hole is completely plugged with metal

forced into it during the process of upsetting and shaping the bit
and punching the water hole. This bit shows no cracks that may be
considered of a very serious na.turo. Figure 10 shows bit No. 2,

the water hole of which is also completely pluggeds This bit has

one large oraak which would undoubtedly in time cause rupture. Figure
11 shows bits Nos. 4 and 6, The water hole of No. 4 is not com-
pletely plugged, but there are no doubt some cracks which wuld in
time become detrimental to the bit. It is impossible to tell

from the photograph of No. 6 whether or not the water hole was closed,
but some oracks of a serious nature are in evidence.

Flgures 12 and 13 respectively show unetched and etched views of
bit No. 7, wh:.afnfm be considered worthless from the start.

In this bit the water hole remains open but there are oracks extend-
ing entirely through each ving of the bit. The white on the
photograph of the specimen etched shows that there is decarburiza-
tion all along the orack. The microscope showed that in general the
orack was filled with oxide.

Pigure 14 shows bit No. 8. The water hole in this bit is not
plugged but there are oracks which, with another upsetting of the
end, would produce the condition shown in Figures 12 and 13. There
is also a large defect near the lower emd of the bit.

The major portion of the trouble seems to come from the method
of meintaining the water hole through the bit during shaping and
sharpening, In the ordinary drill sharpensr a mandrel the exact size
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of the water hole 1s inserted a suitable depth several times during
upsetting and sharpening. Such does not seem to have been the
practice with these bitss All of the photographs show that the
water hole was apparently punched with a tool resembling the ordinary
machinist's punch. In some cases, Figures 9 and 10, the tool was
not driven deep enough to ppen the water hole.

That in itself, is a defect of some consequence in the me thod
but there is amther still more potent. The punch, deing of the shape
it was, had a tendency to carry up with it tongues of metal which,
upon subsequent heating, were decarburized amd later oxidized so
that they would not weld to the walls of the water hole. Upon a
second upsetting or sharpening of the bit, these cracks which at
first were in the form of an inverted V with nearly vertical legs,
spread, inoreasing the angle between the legs of the V. This
process continued until the extreme gase i1llustrated in Figures
12 and 13 was the result.

It would seem, then, that were the Homestake Mines to
revise their method of maintaining the water hole in the bit,
much of their trouble from breaksge within the bit itself would be

removed.
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