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OTTAWA 	November 13, 1946, 

REPORT 

of the 

ORE  DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No. 2139. 

Metallurgical Examination of Induction-Heated 
Rock Drills. 

Origin of Material and_Object of  Invmtlgation: 

On November l e  1946,  D.  G. S. Farnham, metal-

lurgist, Development and Research Division, The Intern-

national Nickel Company of Canada, Limited, 25 King St. W, 

Toronto 1, Ontario, submitted personally for examination 

two specimens of steel rock drill (see Figure 1). It was 

stated that one piece had been induction heated, forged, 

and air cooled and that the other had been induction heated, 

forged, air cooled, reheated by induction, and water quenched. 

It was requested that a metallurgical examination be carried 

out tO determine the effects of induction heating, since 

this method was being tried experimentally with a view to 

using it in production. 
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(Origin of  Materai and  0bject of  Investigation, conted) 

tUuc  1. 

rr  

ROCK DRILL. 

(Approximately 1/2 size.) 

ea 

(2.11n1112.2eAltn51YP 18 : 

Drillings were taken from each sample  which was 

submitted, for chemical analysis.  The results were as  . 

follows: 

Forged and 
Ear_ullAL  Quenched 

-  Per  Cent  - 

Carbon 	- 	0.82 
Manganese 	- 	0,27 
Silicon 	- 	0.13 
Sulphur 	 0,0; 
Phosphorus 	- 	0,021 

« Hardness  Tests: 

Gamples were  cut  from each  rock drill  for hard-

ness  tests.  A  section  lbas  'ut  from the top flat face  longi-

tudinally  clown the sbaft of the drill  for  about ono inch 

in length. Hardness readings were  taken on the inner face, 

from  the centre out to  the  surface.  The  Vickers  machine 

and  a  10-kg ,  load  was  used> Headings were taken on this 

machine to about 0.005 inch from  the  surface. In . order  to 

obtain hardnesses  even . cicser  than 0 0 005 inch,  further 

0.81 
0.24 
0.14 
0,019 
0.022 
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:Iîrdness Tcfata, nontlet) - 

tests wero xde uslng tho Tukon hardneos macMno and a 

kg  load,, Figure 2 shows th urvos obtain ,ted on plot

-ting tho results. Tho vertical lino divides the radin; 

taken on tho Pu on  te3ter from those taken on tho Vickers 

macbina. _na );kou  test vooulfds have boon translated to 

'7 

Vickers hardnesra nymbero for comarison. It should be 

oInted out -Udat the translated figures are nomewhat less 

accurate than the true readings. 

' Figure 2. 
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Cran  Size and Dacroscooic Examination: 

The samples used for hardness  tests  were polishod 

e-id  etched  in 2 per  cent  rital,  Figures  3 and 4,  taken et 

X100 magnification, Illustrate the fine pearlitic structure 

at the  centre and  at the  surface  of the  forged and air-cocled 

sample. Tho grains appear to  be reletively  fine at  both 

points in the specimen 

et the surfaeen Figure 

size  (7-8)  shown by the 

No visible decarburization exists 

5 (X100) illustras  the fine grain 

grain  boundary troostlte in the  . 

centre of the water-quenched  rock  drill.  Figure 6 (X300) 

shows  the  fine  martensite structure, some nodular carbides, 

- .nd  a  small amount of decarhurization et the surface of  the 

eater-quenched specimmn Vilellaln etch on this eample 

indicated  a  grain enzo of 7 to  8  at  th t surfaee. 

X100,  rital  etched. 

CENTRE OF FC.RC1.2r) AIR- 
mean.) al:XI:MEN. 

X100, niLai etched. 

S'JRFACE  OP .FORGM AIR- 
COOLED 2PECIMEN„ 

(Continued on next pas) 
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;Grain 3i,e and ;;:icrc:ucopic l:x:^„,ination, cont'V -

Kii,urt 69

X100„ nita1 °te,eci.

TR003T:ITE :^TRUCTU^.T: AT Ct^,i^`.f]^
OF ^QULIVC3'l^:l` S^LCI?J1ENa

Discus sion ^

WIMIRMSEIM

X300, nital etcfled.

FI N'E VA. RMPa s I 7E .

Note decarburized layer at
the s)zrface, also several
very sma1l nodules of cemene
tita.

Both roca{ drii.J. Qamples appear to be from the

same heat of steel. Ths chemistry of the steel corresponds

to that of Atlas X-10 or s2 7ilar _rades of water hardenlng tool

ste's l.

The hardness tests and the microscopic examination

1:^dicate pract.ical7., no decarburicatioLl on the forLed, air-

c,ooled drill. From tï.2s standpc.:nt, the advanttz;,^_,e of indize-

tion heating can readil.%r be appreciated. It should also be men-

tioned that the piece of bar stock used for t}-iis drill must have

been reïativel,y free from dec.arbliri2ation. The fine grain both at

the centre and at the surface inc:icates that the steel lao not

been heated to too iiitJi a temperature.

The qiaenclied specimen ;,as a very thin, partially decar-

burized layer, less than 0.003, inch from the s^ar:faceb as indicated

b^^ the c.zrve in F'^^^_r^^ 2. It s^5._.1 be noted that at 0.001 inch
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(Discussion, contld) - 

from the surftkce the  hardness Is eJtill over 700 V,P.W. In 

production the decarburization may vary somewhat, if proper 

precautions have not boon taken. 

The t,emperature from which the drill was quenched 

was over the critical  toi per;nture of the steel (1360 °  F.)D . 

since the proper hardne5s (namely 750 V.PA,) and structure were 

obtained on quenohinc for this type ofsteel, The temperature 

was also well under the coarsenina 'ÙDmperature of the steel, 

since a fine Lraln sle was oc;tainod, namely 7 to 8. 

The hardness curve of the quenched drill indicates 

that a satisfactory depth of hardness has been obtained. 

At Q.10 Inch from the surfaco a hardness of 700 V.P.N. is 

shown 

The induction heating cycle used for the drills 

appears to be satisfactorY in so far as the i7,rain sizo and 

duoarburization are concerned. 

C onclusion s; 

1. A eutectic steel has been used for the drills, 

resemblin Atlas X-30 in analysis, 

Hardness tests and microscopic examination 

show that there is practically no decarburization on the 

air-cooled drill, 

po The steel has been heated to a temperature 

below its coarsonin temperature for the forgin operation, 

since a fine grain exists in the air-cooled sample :ooth at 

the contre and at the surface. 

The qnenched specimen has a slight part:luny 

decarburized layer to a depth of approximately 0.001 inch. 

(Continued on next page) 

4. 
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(Conclusions, contld) - 

5. At.0.001 Inch from the surface  th o hardness 

of the quenched sample is over 600 V„P.N. 

6. Tho temperature from which the drill was 

quenched was . ever the critical (1360° F.) and undor  the 

coarsonIng temperature of the steel. 

7. Tho grain srup of the quenched eample is 

7-8 at the centre and at the surface. 

8. A satisfactory depth of harden:Ing has been 

obtained. 

The  cycle  used for the induction boating 

appears to bo satisfactoryp since a fine-grained steel has 

resultod In hardening and very little docarburization has 

been formed- 
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