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LIST OF ILLUSTRATIONS

PLATE NO. I.

Figures 1 snd 2 show macrographs of cross sections and longi-
tudinal sections of the verious brands of steel. No. 2' in
Figure 2 shows & cross section of & shank which split at
forging.

PLABE NO. II.

Figure 1 is & micrograph at 100 X of brand No. 2 showing a&n
inclusion and decarburization around water hole.

Figure 2 is microgrsph &t 100 X of brand No. 3 showing & stresek
of inclusions running lengthwise of the drill steel.

Figure 3 is & micrograph at 100 X of brand No. 3 showing decar-
burization on exterior surface of steel.

PLATE NO. III.
Figures 1, 2, 3, 4 and 5 show micrographs at 100 X of the various

brands os. 1, 2, 3, 4 and 5 respectively, as received from the
manufacturers.

PLATE NO. IV.
Figures 1 and 2 show two different views of the Carborundum

Resistor Furnace.

PLATE NO. V.

Figures 1 and 2 show views of the special holder of bits fox
obtaining the proper Brinell impression on the curved surface
of the Dbit.

PLATE NO. VI.

Pigure 2 shows three different shapes of drill bits.

Figure 1 shows these same bits after they have been drilled.
Figure 3 shows a lcLelland bit after it has been drilled and

before it was drilled.-

PLATE NO. VII.
Figure 1 shows & number of drill bits of brand No. 5 after they

have been drilled.
Figure 2 shows the results of drilling bits thet were tempered

from martensite to troosgtite.

PLATE NO. VIII.
Figure 1 shows & regular cross bit and & McLelland bit after

they have been drilled.



Several brands of standard grede drill- steel were ob-
tained; the name, chemicel anslysis, and transformation voints
were as follows:

Cremicel Analysis

Name oize C ] 2 Iin Si
1., Red Star 1" Hexagon 0.875 027 030 .410 .082
2s FdhAB, 1" Hexagon .89 .018 .031 . 290 .056
3, Ludlum, 1" Hexagon .87 035 .044 33 .128
4, Coloniasl, 7/8" Hexagon .80 .027 .010 .34 .180

(Vanadium)
5., Beaver, 1" Hexagon .65 .014¢ 014 .24 233

Fhysical Analysis

Wame Yransform&tion Point Brinell Lumber
1. Red Star 1345°% F. N 286
2. ¥.J.A.B. 1330 F. 286
3. Iudlun, 1360° F. 228
4, Colonial (Vanadium) 1356° ¥, 286
5. Beaver 1350° », 207

HFrom the above tabulated results it is noted that
steels Nos. 1, 2, and 3 are practically the same in Carbon
content, nemely 0.90,5, and feirly uniform in the per cent of
other elements. HNos. 4 is different from other steels in thet
it is slightly lower in Carbon content than lios. i. 2, and &
end has in addition'.aﬁ Veanadium. No. 5 is & low Carbon steel

having .65% Carbon. The variation in the Acl, 2 and 3 points
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is probably due to the Sslight variation in the chemicsl
content of drill steels.

Crose sections and longitudinal sections were pre-
rared For macrographic and micrographic study.

Plate No. 1A§%B¥g?macrographa of the different
grades of steel. Thess magrographic views of the cross sec-
tion and longitudinel section show & hig varieation in the size
and shape of the water hole in the drill steels. They veary
from a small elliptical eccentric hole in No, 1, & large
round hole in No. 2 @nd No. 5, to & square hole in No., 3 and
Ko, 4. DMNo. 2, F.J.A.B,, & Swedish mendrel rolled drill steel
shows much decarbhurization, meny incipient oracks, and inclus-
iong around the water hole. These cracks are bound to give
trouble in forging of driils or in sctual drilling later on.
This was proved when & shank split lengthwise in punching out
water hole &t forging. 4 cross section of this split shank
is shown in Fig. 2, No. 2", Plate 1. An inclusion in this
steel is shown in rig. 1, Plate II1. An inclusion streak is
shown in longitudinal section of No. 3, Plate I, Fig. 1, and
thie is brought out very clearly by Fig. 2., Plete II. This
No. 3 steel also shows decarburization on the exterior surface
| Fig. 3, Plate II. The photomicrographs Nos. 1, 2, 3, 4, and
5, Plafé III, show the microstructure at 100 X of the drill
steels 88 received from menufacturers. These micrographs show

the ususl pearlitic sorbite structure of carbon steels just

o
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after forging. Nos. 3 and 5 show & smaller Brinell number
than the other steels. This is probably due to the fact
that No. 3 contains more pesrlite than tre others and No. 5
is lower in carbon countent.

Development of Suitsable rurnace for Heat “reatment of Bits

and shanks.,

After reeding verious publications on the heat treat-
ment of bits and shanks, it appears as though nothing definite
has been reached as to the proper heat treatment. It appears
to be based merely on the trial and error method and guesswork
on the part of the blacksmiths.

Most blackﬁmiths say, heat to & cherry red and
quench. Cherry red may be 1450° F. or 1600° F., depending
on whether the day ie bright or whether the day is dark,

A large drill steel manufacturing company recommends
tempering (they mean leat treating) by trial and error method,
judging temperature by eye.

Breakage in drill steel as determined in 1917 by
menufacturers end mines, was due to improper forging &and heat
treating, combined with the improper use of drills. Therefore,
with the above feots in mind, 1t seems that the thing to do is
to educate the blacksmith, develop & heat treating furnace
which is fool-proof, or continue the development of the detach-

&ble bit, with which Mr. Hawkesworth has meke such grest pro-

gress in the last year.

-3a
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This same large drill nenufacturing company recom-
mends heating to 1450 ¥, for medium bard rock and raising
25 to 50° F. each time until thre right hardness is obtained.
It is reasongble to assume that the right hardness for a
very hard rock is tke proper hardness for & soft rock. Also
if the bit of & .9 carbon drill steel haes actually atteined a
temperature of 1450° ¥F., which is about 90° F. above critical
range, &nd is quenched in water, the desired herdness for any
rock is obtained.

With this sssumption in mind, steps were taken to
develop &n electric furnace which would hest the bit to the
desired quenching temperature at about 3/4 inch back from
the cutting edge.

Do, C. Nichrome Pot Fﬁrnace;

The first attempt was a small pot furnace with &
nichrome wire heating element. It was observed that the bit
could bhe he&ted back to the desired distance by putting the
drill in the furnace to a certsain dépth and insuleting back
of this depth. Practically, this amounted to the following:

If the face of the bit is put in contact with & surface some-
what hotter than the desired temperature, the bit will heat up
by conduction, provided that there is not too much radiating
surface next to the bit. Insulstion must be put eround the

bit 80 that the heat can only go off the heating surface throumgh

the drill by conduction., The proper temperature of the drill

-4=



wes obtained by inserting an Alumel Chromel couple 3/4 inch
up in water hole of bit. This pot furnece was absndoned
because of its delicate structure, and because it could only
heat treat one drill at & time. With the idea of the hesting
surface being focused on the face of the vertical drill by
insulating around the bit so thet the bit heated up through
conduction, the A. U. Carborundum Resistor Furnace was
developed.

A, C., Carborundum Resistor Furnace

This furnsce is shown in Figs. 1 and 2, Plate IV,
and is constructed as follows: The resistor consisted of &
2-1/2 x 4-1/2 x 9 Carborundum brick. Three holes were drilled
through the brick for three thermocouples, End plates of 1
inch cast iron were cemented to the ends of the Carborundum
brick with & paste made of Carborumdum powder and water glass.
This brick was set up in an insulated furnsce with water
cooled electrodes pressed against the ends of the brick.
Three thermocouples run through the bottom of the furnace
through Carbonundum brick &nd extend 3/4 inch ebove the top
of the brick so that when the drill sets in &n upright posi-
tion on top of this briek, the thermocouple will measure the

temperature 8/4 inch back of the cutting edge.

All drills tested to date were heat treated on this

heat Treolrmen?

furnace. In our firstﬂtest & lot of trouble was experienced

o



in getting the couples to stungd up, but later this was
remedied so that good results were obtained.

This Carborundum brick, when cold, takes 90 volts
with about 80 amperes, but decreases very rapidly in voltage
dne to the decrease in resistance in Carborundum &s the heat
increases. The voltage rapidly decreases from 90 volts -

80 amperes, to 20 volts - 250 amperes, giving 5 K.W. This
is about the right energy necessary to give the right temper-
ature for the proper heat treatment.

Experimenting with the insulating meterisl around
the bit shows that the speed at wrich the bit heats up depends
altogethe; upon the shape and depth of the insulating meterisl
into which the bit is inserted. It was found when using
nonpereil brick thaet the best results were obtained when the
hole was the shape of the bit. The deﬁth of .the hole was the
thickness of the brick. The depth of this insulated pocket
.42§5§£?%§ too shallow &nd must heve the shape of the bit.
There 1s & possibility of a furnace using the regular 220 -
110 D.C. or A.C, current of mine by getting Carborundum bricks
thet will keep the desired tempe rature of about 850° C. If
this sort of & furnace could be developed, drill bits could
be heat treated in & very fool-proof manner, The time element
of the length of time & drill is left on the brick, is the
only thing to consider. A drill bit heets up very nicely to
the desired depth back of the cutting edge in tén minutes



with the Carborundum brick at 850° (.

Brinell Hardness and Its Relation to the Hsrdness of Bit anad

Shenk -of Drill Steel.

Owing to the curved surface of the bit just back of
the cutting edge, it wae necessary to design & specigl holder
so that the Brinell readings could be properly taken on the
bit. ©his holder is shown on rFlats ¥;;%3 Fig.'lfwﬁo diffi-
culty was experienced in getting the Brinell numbers on the
shanks of the drills. On the double taper bits, no difficulty

was experienced on account of two parallel sides of bit.

Brinell Numbers on Bits

Owing to the fact that it was not at first consid-

ered worth while to Brinell the bits, very little data is at
hend &t present. However, the data &t hand shows tiet Brinell

tests for hardness of bits might be & very fertile field for

future investigation.

The following table gives some idea of the Brinell

hardness of bits, in relation to drilling:
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No, Kind of Steel wauge Distence Loss Remarks Brinell
Drilled in Number
Per Min. uauge
2 ldin.lest
1-A Red Star 1" Hexagon 1-45/64 9.5" 1/64  Good Bit. Held up well. 652
1-B n LA " 1-47/64 9 1/64 One wing chipped slightly. 713
Held up well.
1=D L A " 1-40/64 9.5 2-/64 liing chipped slightly. 713,
_ Held up well.
1-E " S " 1-40/64 8.4 2/64 One wing chipped slightly. 652
Held up well.

, 1-F L W " 1-37/64 8.8 2/64  Good bit. Held up well. 652

& ,

! leA u o W " 1-47/64 - 2/64 Face of hit worn off, 782
leB 1 woom M 1-47/64 8.8 2/64 Good bit. lYorn off. 782
1=C B wen " 1-47/64 8.9 3/64 A£11 wings chipped badly. 782
1eD o Woon " 1-40/64 11.4 5/64 Good condition. wood temp. 744
1-E L 50 ¥ 1-40/64 10,2 3/64 race of bit worn off. Hot 782

condition when gquenched.
1-F " L " 1-40/64 10.1 3/64  Good condition. 744
1=E " L " 1-40/64 9 2/64 One wing chipped, others 512

battered. No good after

2nd minute.
1eX " w8 u 1-46/64 12, ood 744
leY " a » " 1-46/64 10,6 Good 652
l=Z . 5 " 1-45/64 12,3 Good "44
PRD-1 1" Hexagon 1-44/64 13,5 Good 652
DRD=2 " 1-44/64 13,0 Good 683
DRD=3 " v 1-38/64 14,6 Good 683



In drawing conclusions it seems &s though & Brinell
number of 600 to 744 is the desireble hardness for bits., It
is seen in table that the bit of Brinell number 512 drilled
well for the first two minutes test but did not hold up. It
flattened out on the third minute run. It is also seen from
the table that & drill with Brinedl number 782 wore off badly
and did not hold up. It seeme that the lasting quality of &
bit of 600 to 744 is very good.

The following table gives the Brinell numbers of
ghenks of various mining comvanies throughout the country and
the conclusions from this deta are that a Brinell number of
350 to 450 is very desirable. A Brinell number up to 555 is
not too herd but to get & Brinell number above 450 shows that
thae steel has been hested to too high & temperature before
quenching in oil. This weskens the shank, due to excessive

grain growth.
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AI8SOURT samo OF NINES AND mx.mmz
MARITES) TE378 ON THE SWAOTS ENDS OF 'RILL STIELS

By OCharles Y. Clayton and Joseph Rohloff

ANOTHEE DISTRIOT

Number Distance From Shank

Compuny Drill lane 1/4" 4"

lo. 7 Al 1-1/4" Roand 269 228

3=1 " 26 269

Om1 " 2 269 256

D=1 " " 266 269

E~1 . » 302 286

Ho ¥Wo.X " " 418 S64

#o No, " v ik 416

Lm] 7/8" Oyuolfom 87 286

B=1 7/6" " 364 £86

O=l o 44 b1z 340

O=-1 » L 364 286

-1 . " 418 269

10=1 " - aan 321

TOm=2 1] " m m

A=1 7/5" Hex, Jaok Harver 418 286

Bl " " 4T 302

ﬂ-l " " L " m m

=1 ® ® ” i 556 302

No No. nooon “ " 364 286

flo Ma.8 1" Hex. Carr Bit 387 302

— L L " 555 m

Hoe "o " " 302 302

el " " " " 340 286

o | " " " n m u‘

o | " " - ] ‘” m

¥o Ho. TN " " & 286
ADDITIONAL TRI-OTATE DISDRIC?

Ho. 22 @u0-1 1-1/4" Kound 418 418

Clil=2 » " 460 375

0803 . $ 402 s

CS0-4 . " 387 387

& BSE E §E

1334
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The Possihbilities of Brinell Control of Shanks and Bits.

The very short time which it would take to get a
3rinell number by either the ordinary Brinell machine or by
& Brinell ileter, would meke this control very easy and elimin-
ate the lugging around mines of & heavy drill which is prac-
tically worthless beceuse of too hard or too soft & shank or
ﬁégéi. 4 Brinell machine or meter would pay for itself in a
very short time by saving lebo¥ and increasing drilling speed.

microphotographs:ﬂégg impos sible to get due to the
grect difficulty in polishing and mounting for photogreph.
'he microstructure was studied by eye under ordinary micro-
scope. All polishing had to be done hy hand, which is & very
tedious process.

Conclusions which were made from studying miecro-
structure of hits, follow:

The microstructure of bits of above 700 Brinell wes
811l martensite. ¥rom 600 to 744 the microstructure was mar-
tensite plus troostite, decreasing in troostite as the Brimell
number increesed. It seems thet & small smount of troostite
is desirable to sact &8 & cushioning effect for the martensite.

Bhis probably bears out the fact that & bit of Brimell number

782 weers off and & bit of 512 batters. In the first case

we have 8ll martensite for cutting edge and in the second case

the cutting edge was nearly all troostite. .

w10
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Bhape of Bits

The cross bit was considered only in our investige- .
tion. This design of bit has proved itself to be very good
and is probably not excelled.

Various idees on shape of bits were tried out by de-~
Signing end mekéng three bits as shown in rlate VI, Figs. 1 and
2. These bits had too meny thin edges which got too hard in
heat treating and consequently did not hold up. Practically
no distance was drilled with these bits. “Their comdition
after drilling is showmn in Plate Vi, Fig. 1.

Plate VII, Fig. 1 shows drills which have been
drilled. This picture shows thet the region of most wear is

'at the outer edges of the cutting surface. ZEvery used bit
shows these corners rounded off. In the McClellan Bit in
Plate VI, Fig. 3, it seems that this faect has been taken into
consideration. The umnecesscary part of the cutting edge has
been eliminated. <This mskes & very large centered bit which
seems to be very desirable, for the ocutting speed of this bit
is very good, as shown by table on Dpage 8. .,

Plete VIi, Fig. 2 shows results of two drills which
were quenched in weter for martensitic cutting edge and then
annesled for 1 hour at 500° F, te obtain troostitic structure
in the cutting edge. From this picture it is seen that & cut-
ting edge which is completely troostite is undesirable because

it is too soft.

-1l-



A regular cross bit wsas made for the purpose 'of
getting a comparison hetween the drilling results of a regu-
lar cross hit with & McClellan hit. "These two bits of the
Sanme peupe werxe drilled side by side in South last missonri
granite.

The following tuble gives the drilling results.
Platel, KFig. 1 shows the bits of these two drills after
drilling.

From the tahle it is observed that the drill K,
which had the regular cross bit, drilled faster in the
first two nminutes, but the licClellan bit, D.R.D-4 had
much better lasting qualities. It drilled at a rood rate
of speed over a longexr period of time than did the reguler

r

eross hit II,

It may be interesting to lmow that the Brinell
Numher of'the leClellan hit was 652 while the regular
cross bit varied from 683 on one wing to 744 on the other
wing. "This variation in Brinell Ilumber on the regular
crocs hit is shown up by the photograph Fig. 1 Plute VIII.
The face of the wing having Brinell Number of 744 shows
less wear than the other wing., Thie variation of hard-
ness between the two wings of the regular cross bit may

explain the greater drilling speed of this bhit in the first

two minutes of drilling.



DRILL STEEL INVESTIGATION

MISSOURI SCHOOL OF MINKS HXPERIMENT STATION

Regular Cross Bit 1" Hollow Hexagon Steel Length 60"
Steel Depth of Hole Distance Gau ge

No, Start Finish Drilled Time Start Finish Lost Remarks
K 645 23,75 17,26 1t 1-39/64 1-39/64 None

K 23.75 28.5 4.75 15" 1-39/64 1-36/64 3/64 Good condition.
K 74 20. 13, 3! 1-536/64 1-36/64 None

K 20. 26,75 6475 20" 1-38/64 1-355/64 1/64

K 6.5 19.25 12,75 1" 1-35/64 1-35/64 None

K 19.26 26. 6.75 30" 1-35/64 1-33/64 2/64

K 7.5 13. 5.5 30" 1-53/64 1-32/64 &/64 Stuck - gauge gone.

66.75 4T 45" 7/64

MeClellan Bit - 7/8" Hoie

DRD=4 9.0 23.5 14.5 1 1-38/64 1-58/64 None

DRD-4 23,5 28.5 54 25" 1-38/64 1-34/64 4/64 Good condition.
DRD~4 6.5 19.5 13. 1! 1-34/64 1-34/64 None

DRD-4  19.5 26, 645 30" 1-34/64 1-33/64 1/64

DRD~4 6+76 20. 13.25 1! 1-33/64 1-%3/64 None

DRD-4 20, 27, e 30" 1-33/64 1-32/64 1/64

DRD-4 6,75 19. 12.25 3! 1-32/64 1-32/64 None

DRD-4 19. 25,5 645 30" 1-32/64 1-31/64 1/64

DRD~4 13, 20.5 7.5 40" 1-31/64 1-31/64 None

85.5 7T 15" 7/64

-_—



Heat Treatment and Drilling Tests of the Various Brands of

Drill Steels.

Heat Treatment: 'The bits and the shankg of the drill steels

used in this investigation were heat treated on the Carborun-
dum Resistor Furnace, developed for this work. The object

was to get & good control over the temperature of the bit
previous to quenching in water, This was done in the follow-
ing manner: The drill was set in an upright position on the
Carborundum brick which wes at sbout 850° C. The alumel
chromel thermocouple which comes up from the bottom of the fur-
nace through the Carborundum brick, extends up in the water
hole of the drill to an extent of gbout 3/4 inch. When the
temperature &t this point, 3/4 inch back from the cutting edgs,
resched & temperature of about 50° F. above the critical range
of the steél. the bit was quenched in a barrel‘of water. 4
question might arise here &s %0 whether the temperature in the
water hole is the same &8s the temperature in the wings of the
bit. '"The following experiment was carried out which proved
that there is practically no difference in these temperatures.
One thermocouple was placed in the water hole of the drill,
3/4 inch back from the cutting edge and two more thermocouples
were placed in holes drilled down into the wings of the bit,

£he bottom of these drilled holes being on & level with the

thermocouple in the water hole. The temperatures registered

by the three couples were practically the seame.

-14-



The temperature of the brick waes about 140° F;
greater than the temperature of bit 3/4 inch back of cutting
edge. This difference of temperature is necessary so that
the speed of conduction in the bit be such that the drill bit
will heat up to & das;red depth in & reasonable time. <There
is a gquestion as to whether the cuttin® edge of the drill
reaches the temperature of the brick. It is assumed that this
does not happen, due to the great rate of conduction of hesat
in steel. If the cutting edge of the bit is &t the same tem-
perature &8 the brick, it is in this condition only to a very
small depth, & depth which usually wears off in the first few
seconds of drilling. The drills were set on the Carborundum
brick in the same way when heating up shanks, but in & reversed
position. The shanks were quenched in oil.

the first heat treatment of No. 1 and No. 4 brand,
and the second heat treatment of No. 1 brend, had to be done
by eye, due to the fact that great difficulty was expe rienced
in getting the thermocouples to stand up. As 8 result Brand
No. 1 was quenched at about the right tempe reture in its first
heat treatment, but in the second heat treatment of No. 1 &nd
in the firet heat treatment of Brand No. 4, most of the drills
were quenched at the high a temperature. This thermocouple

problem was later solved by drilling holes through the Carbor-

undum so that the couples could be run up through the brick

instead of laying them flat om top of the brick as was the

cese at first. With this trouble remedied the rest of the

drills were heat treated in a very satisfactory menner.

~-15-



The following tables give the heat treatment fol-
lowed by the drilling results of each brand of drill steel.
Drilling Wests:

All the drills were drilled with an Ingersoll Rand
No. 248 Leyner Anvil Block Drill at 90 1bs. pressure, except
the Jeck hammer drills which were drilled with an Ingersoll
Rend No. BCR 430 Jackhemmer drill with 45 1b, weight on the
drill in addition to the weight of the drilling mechine. The
alr pressure was 90 1bs.

The drill steels used with the No. 248 Leyner
drilled horizontal holes in Southeast Missouri Red Granite;
the cuttings were washed back by & stream of water from the
water needle. The Jackhammer drills drilled down holes in
Southeast Missourl Granite; the cuttings were blo&n out by
an air gun.

The following drilling date is insufficient to give
any fair comparison between the different brands of drill steels,
but it is seen from this data that there is practically no
difference in the drilling results of one grade over another.
However, it might be pointed out that brand No. 5 which is e
low carbon steel of .65% is somewhat better than the .90%
carbon steel. This may not be the case if extéﬁded tests were

run on these various brands of drill steels. A low carbon

steel requires @ higher quenching temperature than an ordinary

<1 G



.9% carbon steel. This fact mey be & disadventage in some
mine blacksmith shops where the blacksmith is used to work-
ing with quenching temperatures of & .99 carbon. However,
the nse of a low carbon drill steel instead of a .9 carbon

drill steel may be worthy of further investigation.



In our investigation no adventasge was seen in using
& higher priced Venadium stcsel in place of a straight Carbon
steel. UThe drilling results at hand show no advantage of
Venadium drill steel over straight Carbon drill steel.

Only one of the brands of steel showed defects that
would discredit its use as & standard brand of drill steel.
this steel is the No. 2 F.J.A.B. brand, & Swedish mandrel
rolled steel. <This steel is unreliable, due to the many in-
cipient cracks around the water hole. In our tests this steel
developed & split shank in punching out the water hole at
forging. Outside of this split shank, the breakage proved to
be negligible. |

Quenching Medis for Shanks.

There seems to be & great uncerteinty as to the proper
temperature at which a shenk should be quenched and what quench-
ing 0il to use. In our investigation it was observed that &
shank must be heated too high in order to get & desired hardness
on the shank by quenching in heavy petroleum o0il or transformer
0oil. Good results were obtained in the few tests that were run
with fish o0il &8s a quenching bath. Good results were obtained
by heating shanks to a length of five inches to 1420° F. and
quenching in fish oil. <The dats so far is very insufficient
on the heat treatment of d rill steel shanks. Realizing the great
importance of this phase of drill steel investigation, prepara-
tions are being made to carry on extensive investigation on the

heat treatment of drill steel shanks, using verious quenching

oils,

-18~



MYSSOURK SCHOOL OF MINES BXPIRIMENY SPADION
MALY. STREY, INVESTYETION

HEAY - YREATIOWNT
LOT HO. 1. Colonial Red Star. 1" Nexagon.

I. Fizut Heug Ureotuent: — Junuery 12, 1983.

Hotuted MMts of drills on Carborundum Nesistomoe furnsce. Uwing
% lack of temporxature control, it was mneoessary to quench the
drills by eye. Bite wevo quenched in witer.

1-4)

1-8)
1-¢} (menched slightly adove oritiocul point. Yemperature

1-1)
1-E] Judged by eye.
S )

The slanks wers alsp hected on sane farnsge. YTemperuture
judpged By eye and slanks quenched in oil.

Brinell hardness of dits and shanks 1/4" from end:

Dril) Big Shank
p B 652 387
i-8 ns 389
p P 600 418
1-D 713 304
1-8 652 J02
} O 652 02

-19-
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BMIGIOURE UFOGT. OF RIFGS SUULOTEMISH T OTe T RO
JRYLL ST TG TICATIOH

Red Star Brund steel 1" Hollow Hexagon Rook i=E Mo. Uranite
with Ho. 248 Zeymer.

S%e0l Depth o
Stert

o,

1-d b

1-d 10.35"

14 0
Totsls

1-8 1.5

1-B -9

1-B 19.8
Totals

1-B 26.38

1“" s- ‘5

1-D 45.5
Totals

1-B 23

1-E 38.5

1-B 40.78

1-F 28

1-F 36.5

1.7 45.5

£ Hole
Finish Zomn Tke
10.25"
20
26
0.5 /
19.5 9 1' 1-46/64 1-46/64 loms Une wing,chipped slighty
36.35 698 1-48/64  1-44/64 64
36.25 10 e “1 40/64 1-30/66  1/64 Bit obipped el

= = - t (4] m 8 1 t
45.5 9 1' 1-mjod 3864  1/64 o
48.25 Fzg }g; 1-368/64  1-38/64 %
32.8 8.5" 1' 1-40/64  1-9/64 84 One wing ohipped sii
40.75 8.128 b Y 1-.‘59‘/!54 1-38/64 1%4 e = “iy
46.75 g P 1-38/64  1-30/64 _%%

2 2 35"

36.5 10.8 1 1-87/64 1-38/64 @ 3/64
g.gs 7 1* 1-55/64  1-36/64  MNone



BISSOURY SCHOOY OF MINES. EXPRERLIONY [ PATION
MMILE STREL YMVESTYIGATION
T HEAY - THIIATHENY
LOT NO. 1. volonial Hed Ssar. 1% Hexsugon.

IX. Segond Heut

Again due to bresking down of thermoocomples, all drills
wore quenched in water by eye, excepting Vriil Mo, 1-D which
was guenshed Jjunt above ranmge.

Brimell hexdnoss of »its end shanks 1/4" fyom end:

Bxiid Bt Slunk
) TN 7823 307
1-8 782 387
1=t 782 418
1-5 744 564
i-B 7682 302

i-r T4k 308



MISSOURI SCHOOL OF MINES EXPERIMENT STATION
DRILL OSTEEL INVESTIGATION

Bed Star Brand Stesl 1" Hollow Hexegon Rock: E-E Mo. Granite
with Ho. 248 leyner.
£teel Dopth of Hole Distanoe Tine Gange
No. Start Finish Drilled Min, Start Finish Lost Remarks
1-B 0.26" 8.75" 8.5" 1 1-47/64 1-45/64 1/64
1-B 8.78  17.78 9.0 3! 1-46/64 1-45/64 1/564 Bit okipped slightly.
1-B 17.75 37.75 10.0 A 1-45/64 1-44/64 _1/64
Totals 27.5 3 3/64
1-C 0.5 9.5 3.0 F Y 1-47/64 1-45/54 2/64 2 wings chipped bedly.
1-C 9.5 18.25 8.75 3! 1-45/64 1-44/64 1/64 A1l 7 . "
1-C 18.75 24.75 6.0 50" 1-44/64 1-44/64 He.
Totals 23.16 2 i EC
1-D 27.76 39.25 11.5 5 1-40/64 1-38/64 2/64 Ono wing chipped badly.
1-D 89.35 48.75 9.5 50" 1-38/64 1-37/64 _1/64
Totals 21 ¥ ben 3/64
1-E 22.5 35.0 23.5 G 1-40/64 1-38/64 2/64
1-E 5.0 . 43.0 8.0 : B 1-38/64 1-37/64 _1/64
Totals 20.5 X 3564"
1-7 24.75 84.75 10.0 5 1-40/64 1-38/64 2/64
1-F 34.75 45.00 %0.35 1-38/64 1-37/64 _1/6
.25

Totals



MYSBLUOURY SCHOOL CF MINBES NX2CRIMIWT SSALIOH
DRYLL SPEREL MMVESTIGATION

HEAT - TIELTENT

LOT Mo. 1. Coloniul Ned Htarx. 1* Hexngan.

IIX.

Sxiiling Tept. Yebrusxy 7, 1922.

A wory good temperxuture control was obtuined tiis time
with Alumel-Chromel Couples. Yhe bits were quenched whem dwill
reaghed the follow!l g tempernture at & point 3/4" from ontting

edpge:

1-i ~ ¢quenched at 1418° F.

1-B - guenched uat 1410% F. Filed down.

1-C -~ quenched at 1391 P,

1-D - guenched at 1400° P, Filed domm.

1-B - quenched ut 1400" F, Theough xenge twige.
1-F - guenched at 1400* F.

Drills Heos. 1-4, 1~C, 1-E, and 1~ were tempered %o get
Troostite ut 5HOO* C., for 1 hour. Quenched in water.

fhese drills fAattened ont in drilling test.
Brinell reudings were tukan on Drill No. 1-E as followa:

1/8" from ogutting edge - 512
3/8" from ocutting edge - i3
1/2" 2roa outting edpe - S8Y
B/8" fron outting esdge - 02

On atahing side of hit, o division line wus noted at 9/16"
fron mtting odge showing orunge from Troostite to Loxbite.



Third Rum Steel No. 1

MISSOURI SCHOOL OF MINES EXPERIMENT STATION

DRILL STEEL INVESTIGATION

1" Hexagon

S-E HMo. Granite

Steel Depth of Hole Distance Time Gauge
No. Start ¥inish Drilled Min, Start ¥inish Lost Remarks
FLATENED CUTTING EDGE
1-B .5" 10.0" 9.5" b Xy 1-47/64 1-47/64 None One wing chipped sligi ly.
1-8 10.0 19.0 9.0 1’ 1-47/64 1-46/64 1/64
1-B 19.0 23.75 4.75 30" 1-46/64 1-46/64 MNone
1-B .75 8.75 8.0 b Ly 1-46/64 1-45/64 1/64 Steel bent.
1-B 8.76  16.50 7.75 X 1-45/64 1-45/64 Mone
1 1-B 16.5 24.5 8.0 1'  1-45/64 1-44/64 1/64
w  Totals @o0 - 53¢ 6a
i 1=D 23,75 34.75 11.0 - T 1-58/64 1-37/64 1/64 One wing chipped slightly.
1-D 34.75 . 45.25 10.5 : &y 1-37/64 1-36/64 1/64
1-D 24.5 33, 8.5 b i 1-36/64 1-35/64 1/64
1-D 33.0 43,26 10,25 3! 1-35/64 1-35/64 None
Totals 40,325 v IZKI
Regular Bit - TEMPERED AFTER HARDENING
1-A .5 8.0 7.6 : R 1-46/64 1-45/64 1/64 One wing chipped.
1-A 8,0 13.25 5.26 s 1-45/64 1-45/64 None
1-A 13.25 17.00 3.75 1 1-45/64 1-45/64 None
1-4 17.0 19.5 2.5 1* 1-45/64 1-45/64 None
1-E 26.76 35.75 10. 1! 1-40/64 1-39/64 1/64 One wing chipped. Others
1-E 35.75  43.76 8. 3! 1-39/64 1-58/64 1/64 (battered.
Totals 18 2 2/64
1-F 21.5 33.25 11.75 1 1-38/64 1-35/64 3/64
1-r 33.25 41.0 7.76 Ty 1-35/64 1-34/64 1/64
fotals .50 ] 4/64
Additional Runs on Ho. 1-D
1-D 28.0 56.0 8 1! 1-35/64 1-34/64 1/64
1-D 36.0 45,25 9.25 1! 1-34/64 1-3&/64 lone



YOS URY SCHOOL OF MINES EXFERDMENT $20.2I00

PRILL STREL THVESTIGATTON
HEA? - TRRATIOIMP

0T Mo, 2. ¥JAB Bteel. 1" Hexsgon.
I* Eirpt Heat Txostuent: Pebrusxy 2, 1922,
M;
2-8} (uenched in water at 13583°F.
2-0) |
M; {menching temperxuture unknown, due to poor thermoocouple.
3-¥} These two drills were previously heuted and gnenched at

too high tempernture.



MISSOURY BCHOOL OF MINES KRPERIMENT LTAYIOH
IRY”Y BTEEL YNVELTIGATION

First Run on Steel No. & 1% lexagon S«E Mo, Granite
Steel Depth of Hole 28 tance f4ime Bauge @
Xo. Btaxg ¥ h din. Ceayt  Mnigh _ Lost Romer s
2-A i.0" 9.5" 8" 'y, 1-48/64 1-47/64  1/64
PR % . ORI N w (J w

. 2.7 5y ! -  1-48/64  Ho

Toul ””””” M o by [
2-B 78 9.85 8.5 1 1-48/64  1-47/64  1/64
2-B 9.2  18.5 8.35 3 1-47/64  1-408/34 1/64
2-B 18.8 27.0 8.5 3’ 1-48/64  1-45/64  1/54
IS N R S /-
- . . ! [ 5 - 4

TOABL = = » 5 o = i gy 1 ' :
8-C B 9.35 8.85 4 1-47/64 1-46/6¢  1/54
8-C 9.25 19.35 10. 1° 1-48/84 1~448/64  Nouna
2-0 19.25  27.8 7.75 3! 1-46/64 1-4B5/64  1/54
£-C 13.5 10.55 a.g 1! i-gﬁfgz iu444g4 %/&4
20 X 13.2 a%' ~dd ~-44/64 0

Potal - = ~ - - - 'ﬁ""’% i ; 3,":!%
3-D £8.8 40.235 11.176 oy 1-38/64 1-36/64 3/64
8D 40.35 48.75 B %' 1-36/64  1-35/64 84

Tﬁtﬂl ------ |‘ : O
3-8 26.5 25" $-37/64 Battered badly.



MISSOURY SCHOOYN OF MINES IXPERIMENT SRATION
DRILL URERL INVESTICAYION

HBAT - YREATIOONY?

OT HO. 3. Beuver Drund. 1* Nexsgon.

I* Zipst Hont Trestments  Fedrumzy 2, 1923,
3-A
3-8
30 Gnenched at 1438° ¥.
3-3

3-R)

-2 =
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MISHOURT smmT OF MINES RXPERIMEINT STARION
I)HIIM S"'Is.]i" IHVL I Ja. IQJ

Pirst Bun on Bteel No. 3. 1" HNexuson 3-E #o. UGranite
Steel Deptr of Hole Distance Tine Gaupe
Je, Etart Pinish Prilled in . Stars Finrinh JToat . Remerks
3ed v 9.75" 9.75" 1' 1-47/84 1-45/6¢  32/64  Did not ohip.
ﬁ .75 3025 1g .18 1-2;3?’5: 1-44/{&4 %/64
30.5 36478 B = 64 1-44/64 one
Totel = - ~ - TH"@"’ "‘%‘ 'sﬁz
3-B 1.0 11.8 10,5 1-46/64 1-45/64  1/64
B2 das o _gm R v v (s
&= 3 27.0 - - - idone
Totel = « - = a ""‘%" : 3/6¢
3-C .78 B 1-40/64 Bettorad badly.
= I S PR (R = - i
. . . -37/6 ~36,/6 &/ O
Total “““““ i L] ; ot
2 S N I S (N = o T R
-35 4 l’? L] e’ - ‘ 64
: Total = = = « 2D j 3



HIDSOURY SCHOOL OF MINES EXPIRIMENT OSTATION
DRILEL STUEL IHVESTICARYQH

HEAY - TREATIOUM

30T No. 4. Colonia) (Vamadium]} Brand. ¥/8" Bexsgen.

I* Iiget Hent Trontwent: — Jemsery 30, 1922,

Aeei
48

4-C Quenched by o in water.
4~D ‘
4-5

=292
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HICGOURY SCHOOL OF NMINES BXPERIMENT STATION
DRILL STEEL INVESTIGATION

Vanadium Steel 7/8" Hexugon Rook: 8-E Ho. Grenite.
Steel Depth of Hole Distance Tine Geuge .
¥o. Start _ Finish Dxilled Hin. Sturt _ Finish _ Lost Remorks
&-A 4.07 12.5" 8.5" X! 1~45/64 1- /B4 One wing broke off at
end of firat mimte
TRnN.
4l 1.25 9.28 8.0 T 1-48/64 1-46/64 2/64 2 wings ohipped slight
£ 5F ¥ fF E ER Hg e o
™ - st 1
Totals 'é"gﬁ' 'Ha'
«g 1.26 12.5 11.235 1 1-6?;6: i:tsfg: 2/64
4- 12.5 24.5 1-45/6 44 64 Chipped 2lightly.
Totale "%‘a? "%" "%R e B
> s anes "g; ‘g% | ;i Ll e g’;’é
Totals ) . -
4-R 24.5 ——— i} - 1-38/64 ~mmwme  ceew Bit for 1-1/2" broke

into smnll pleces.



HISHOURY SCHOOL OF MINES EXPRERIIEIM STATION
DRITYL STHEL INVEETICATION

HEAY - TREATMENT

LO? No. 4 ° Coloniel (Venedium) Brend. 7/68" Hexagon.

IX. Becond Heut Treutueng: Febwnury 7, 1922,

4~i gquenched in weter at 1409° P. 3/4" from mmtting edge.
4-B gquenched 1in wter at 1432° P. 3/4" from outting adge.
4-C gquenshed in water at 1409° P. 3/4" from ontting edge.
4-D gquenched In wuter ot 1432° F. §/4" from outting edge

4-B quenched 1n water a¢ 1432° F. 5/4" from outting edge.

-31=-



RIGBOURI SCHOOL OF MINGD RBAPERIMENT STATION
DRILL S2EEL INVEETIGARZION

Second Run, Steel Wo. 4.

7/8% Hexugon S-E Mo. Granite
Steel Depth of Hole Distence  %ime Gauge
Mo, Start ¥inish Deilled Hin. Starty  Vinish _Lost Remarks
¢-8 5.75 16.25 10.5 1! 1-47/64 1-405/64 3/64 One wing ohipped slightly.
4B 16.25 26.26 0.0 X! 1-45/64 1eii/64 ;;sn
Totels 20.5" 2 3
4-C .5 12.0 11.5 1" 1-46/64 1-45/64 1/64
¢-C 12.0 23.5 10.5 1’ 1-45/64 1-44/64 1/64 Soft in center.
4-C 22.6 27.5 5.0 " 1-44/64 1-43/064 %
Totals 7.0 R VA ‘
4-D 26,25 38,25 12.0 %; %-ggr,/'g i—-zg?fﬁ ]:?/64
Ui 4D 38.25 44.00 B 75 X - - one
Totalse E?.Eg v " . r
4-E 27.5 39.0 11.5 1 1-35?566: .;:-:;2523 2/54
“ “-o ‘Jl?ﬁ ﬁ:?g : 1“‘l5 ": o
Tﬂtﬂl y Dq‘ ] %/ﬁ
Addi tional Runs on Steels Nos. 4-B and 4-D
4-B 75 9.15 9.0 17 1-44/64 1-44/64 HNone
4-B 9,75 17.75 8.75 17 1-44/64 1-43/64 1/64
4-B 17.75 26.5 8/75 3 1-43/64 1-42/64 1/64
4-D 27.0 34,26 785 LY 1-37/64 1-36/64 1/64
4-D 34,25 45.0 8.75 13 1-36/64 1-35/64 1/64



MISSOURY SCHOOL OF MINEE EXPERIMENT SPATION
DRI STHEL YNVESTIGATION

HBAY - TREATMENT

0T No. 5.  Iudun Brend.

I. Fixut leaut PTrostuent: Pemury 2, 1982,

-3
5eC Quenachad at 1H62" PF.
B-D
5-1



MISSOURI SCHOOL OF MINKED BXPERIMENT STARION
DRILL STERL INVESYIGARION

Ste 0, Be 1" Hexagon 3-8 Ho. Granite.
8te0l Depth of Hole Distance Tine tlauge
s Start __ Finish Drilled #nin, Start JFinieh  Iost Remarks
5-A 0.8" 11.07 10.5% 1! 1-46/64 l-45/64 1/64 Bit 414 not ohip.
B=b 11.0 23.1 1.1 1! 1-45/64 1-44/64 1/64
S-A 22.1 27.1 5.0 %" 1-44/04 1-43/64 % Shank soft.
Totsls - 3

5-X 26.256 41.25 15.5 1 1-38/64 1-37/64 1/64 1 wing okMpped elightly.
BB 41.25 49.28 8.0 35" 1-57/64 1-36/84 1/84
5-B 27.0 38.0 11.0 &y 1-36/64 1/35/64 1/64

, bB-B 38.0 42.15 4. 75 30" 1-35/64 1-36/64

|5} ’0“18 - 4 3 4=

™ 5-C .5 - e 5" 1-48/04  wenw =-w= Hattored badly.

§-D 27.15 48.356 1.1 30" 1-30/64 ‘Jottored dadly.



MISSOURY SCHOOL OF MINES BXZERIMENT STATYON
PRILY SR, YNYEETYGATTON

MRAT - TREATIZNT
JACK HAMNGER DRYLXS,
I, HFirst Heat Treoatuent: Jomaxy X, 1922,

B.r.
;.2. (menched in water by eye.
A.Y.

Broke wing of V.B. in Brinell Machine. Showed fine grsin.

-35-



Jackhammer Steals.

Drill - Intorsoll-Rund Juockhwmner No. BCR 4.50..
45 1bhs. wei;ht on drill in eddition %o weisht of machine.
Down holes in 5B Mo. Red Cranite. Cnts$ings blowed out by air gun.

Ay pressurs 90 1b. nearly oconstant.
abopth of Hnlt

Pennrks

—Tﬁﬁrdﬁﬁu—m

1-45/64 1-44/64 1/64
9.5 105 L i‘f::y’gi 1 1k
rotno-------ﬁ‘f'ﬁ'
.5 3.76 B8 3! 1-48/64 1-48/64 2/64
3.76 6.5 2.25 1’ 1-46/64 1-45/64 1/64
6.5 8.5 8.0 1’ 1-45/64 1-44/64 1/64 ‘“Tendenoy to Stick.
8.5 10,26 17 %' 1-44/64 1-43/64 64 8 # ¥  worse.
Potals - - ~ ~ - =« = 5
5 3.78 3.25 : 4y 1-46/64¢ 1-44/64 2/64
3.76 6.35 2.0 1’ 1-44/64 1-43/64 1/64
6.25 8.75 ) 3 1-4:3/64 1-42/64 1/64
8.75 11.28 2.5 1t 1-42/64 1-43/64 Mome
11.25  13.28 2.0 1 %-gfgg %:g/'g: 1/64
13.25  18.00 %.vg ﬁ -
Totals = « =« = « = =
.25 4.0 3.76 iy 1-46/64 1-43/64 3/64 1 wing broken in msking
4.0 6.5 2.5 it 1-43/64 1-42/64 1/64 Ykrinell hardness test.
6.5 9.0 2.5 1! 1-42/64 1-41/64 1/64
9.0 11.28 2.8 I, 1-41/64 1-40/64 1/64
11.26  13.28 2.00 p By .1-40/64 1-33/64 1/64
13.25 14.75 b 55" 1-39/64 1-39.064 uoa
20“10 ------- ]



MISEOURI BCHOOL OF MINES EXPERIMENY STATION
JRILL STERL INVEGLIGAYION

H,3.m. Mine Aix prevsure 70 - 80 Lbhs. Roak - Ckerty Dolomite,
February 21, 1922. 1C Hole Round. Ingersoll-land Lbeynsy Drill No.
Steel Depth of liple D18 tunce e Gau co
No. Btart  Finish Drilled __HMin, Stext »inish Lost Reneris

29.5 1.056

24.0 1.05

‘5-0 45"

85.0 40"

B5.5 45"

335.5 50"

28.5 1 30"

3 " 1' m“

23. 1' 20"

33. 1t 30"

2J5. 1' 46"

32-5 45“

B2l.5 50"

20.5 1' 25"

33.5 %' S5"

18. 40"

19.5 45

20, 40

20. &5

wl 4‘0

19.56 40

18.5 40

2.5 50

31. i' 386*

1.5 1 36"
23.5 35"
. 66

-J8=~
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