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EXAMINATION OF THREE ROCK DRILL PISTONS FOR USE IN THE
INGERSOLL-RAND JR 300A ROCK DRILL
(T.1.S. 58,733)
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SUMMARY OF RESULTS

Metallurgical examination of three failed 1% carbon steel rock drill’
pistons showed that two of the failures were due to severe deformation of
the striker end, followed by formation of transverse fatigue cracks and
spalling of the splines adjacent to the striking face.

Feulure of the other piston appeared to be unusual, having occurred

_at the midpoint of the striker shaft. -The origin of the fatlgue fracture in

this sample appea.red to coincide with a steel defect.

The chemical composition was as specified in all sarhples ~ in one
sample the double austenitize heat treatment left the hardness transition
zone in close proximity to a spline fillet.

It was observed that the hardness pattern did not follow the contour
of this component as uniformly as with induction hardened components.

The surface hardnesses of R¢ 59 to 61 and the core hardnesses of
Rc 38 to 40 appeared to provide a wear resistant surface combined with
a relatively soft and tough core.

The main transverse cracks appeared to progress from the out51de :
surface rather than the bore surface.

* Senior Scientific Officer, Ferrous Metals Section, Physical Metallurgy
Division, Mines Branch, Department of Mines and Technical Surveys,
Ottawa, Canada. '
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METALLURGICAL BXAMINATION

Chemic a.]. !\nalys ig -

The results of cher'ncal a,ncLlyses rnacle on thls steel afte1
annealing, are 115ted 1n Table 1, :

CTABLE 1

- Results of- hamlcal i“n'lly._:eu (”eJ Ceh‘t)

A

S
AN

% Typical ana;'lys‘ifs 'for Atlas Speci’al Alloy '10.

The chemmal compo.uuon of the three pmtons is very similar
and resembles the typacal compomtlon of Atlas Spec1a1 Alloy 10.
(1% carbon tool steel). -

FEiched Sections

In addition to the deep-etched half sectwn submnted (sample 3),
- two transverse sections were. 'taken, 1-17/2’ in,. from the drive ends to
compare the depth of the hardening pattern in samples 1 and 2, These
sections are illustrated in Figures 7 and 8, respectively, JMR heat
treatments are shown in Table 2, 4

Sample No. C |'Mn.| 81 | 8- P V [ Cx | Ni | Cu [ Al
| IMR Piston 1 1.09(0,20{0.18{0.020| 0.002 | 0.18 |0.07|0.08] 0.08 | 0.07
"o ©1.04(0.18(0,1310.019| 0.004 | 0,18 [0.07{0.08]|0,07 |.0,06
" 3 | 1.0510.18{0.15{0.019| 0,002 | 0,19{0,07/0,05|0,06 | 0,06

i *Atlas Special | | s S R R | -

Alloy 10 ! 1.051]0.200.20 no . ,., : 0. ZO‘ - - - '

L : ' : -




TABLE 2

IMR Production Heat Treatment -

(1) Cyclic anneal (spheroidize)

Neutral salt at 1440°F for 1 hr;
cut furnace to 1300°F and hold
for 5 hr. Cool in mica,

(2) Austenitize and Quench (Core)

Heat in neutral salt at 1650°F
for 1 hr and quench in oil.

(3) Harden surface. |

Reheat in neutral salt at 1410°F
for 15 min and quench in caustic
soda.

(4) Stress relief

Draw at 370°F for 1 hr and
air cool. :
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TABLE 3

o ‘ . ‘
Hardness Survey on Transverse Sections

(Figures 7 and 8)

500 g Lioad Tukon Hardness Test . -

- | Knoop *Rockwell C. |
Sample No. Distance from Surface Hardness Hardness
1 '0.040 in, from surface 700 . 59
' 700 59 .
700 59
700 59
1 . core 376 38
376 38
376 38
~ _ . 376 38 -
A 0.040 in. from surface 700 59
o %4848 65
700 59
C %769 62
2 core . 394 40
. 394 40
394 40
394 40 -

% Rockwell C obtained from cOnversi'on.o'f Knoép (500 g) hardness
*%* Note erratic hardness grad1ent adjacent to the surface of sample 2.
The surface hardness was R¢ 61,

and core of sample 1,

METALLOGRAPHIC EXAMINATION

Figure 9 illustrates the microstructure observed in the case
Figure 10 illustrates similar areas for sample 2.
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SUMMARY OF OBSERVATIONS

Examination of the fractures indicated that samples 1 and 3 had
failed due to repeated application of impact forces at the drive

end producing stress in excess of the yield strength of the material
at a hardness of Rc 59. This type of fracture was characterized

by chipping of the splines, by spalling, deformation and brinelling

of the driving surface and, finally, by formation of transverse
circumferential fatigue cracks approximately 1/4 in. beneath the

end surface. (The cylindrical surfaces were worn to approximately
0.001 in. smaller diameter on sample 1 than on sample 2, indicating
longer service life on these pistons than that obtained by sample 2).

Examination of the fracture on sample 2 suggested that this piston
had failed after brief service. The origin of the fracture appeared
to coincide with a longitudinal defect present in the bar stock. The
crack surface was coated with bronze, indicating that the crack

had progressed from the outside inwards rather than from the bore-
hole. The ridge pattern, present on the end surface of the piston
shaft, if due to service, suggests that this end, as it rotated, was
contacting a rough drill rod or tappet surface. Wear had occurred
since the ridges were formed as illustrated in Figure 6.

Circumferential machining marks were visible on the bore~hole
surface; however, except for shallow cracks (Figure 12), the
main cracks appeared to progress from the outside inwards and
were adjacent to heavily deformed metal.

The surface hardness gradients of samples 1 and 3 were more
uniform than those of sample 2, indicating some difficulty in -
reproducing identical quenching and tempering conditions for all
pistons.

The microstructure of the case of each sample consisted of slightly
tempered martensite and numerous small undissolved carbides.
The centre of the section (core) consisted of unresolved bainite

or fine pearlite and numerous random, undissolved carbides. '
All samples appeared to be fine grained (less than ASTM No. 7)

The appearance of the end surface of sample 1 showed that metal

. at the piston drive surface had been deformed for a depth of at

least 0.010 in., corresponding to stress in excess of 150, 000 psi,
for metal having a hardness of R¢ 59.



10.

- 15 -

Spallmg and brinelling had reduced the contact area at the drive
- end of each piston prior to failure.

The steel is relatively shallow-hardening, resulting in the hardness
transition zone being relatively close:to the roots of the splines.

. The hardening pattern did not follow the contour of the splines so
that the splines were through-hardened, whereas the fillet and

- groove areas were less deeply hardened.

Some di_fferenc'e in the depth of hardening observed at the bore
‘hole is visible in comparing samples 1 and 2 (Figures 7 and 8).

The chemical composltlon of the pistons conformed closely to
typical analyses for 1% carbon tool steel containing vanadlum.

(For example, Atlas Special Alloy 10)

~ DISCUSSION

?
.

Metallurgm'al examinatiou re'\?eaied nothiﬁg in the Chenaical

. composition or heat treatment of the steel to explain premature failure .

of samples 1 and 3. Failure of sample 2 may have been accelerated

R by the presence of a longitudinal discontinuity in the steel. (This pipe

discontinuity coincided with the apparent origin of the fracture). However,
the fracture at the midpoint of the piston shaft in. eample 2 appeared
to be unusual and not a typ1ca1 failure L s

The heat treatment of a11 samples had produced a surface -
hardness of Rockwell 'C' 59-61 that graded to a'midsection core - .l
hardness. of Rockwell 'C' 38-40. The hardness of the outside surfaces S

“was unlform, however, dlfferences were observed in the hardemng

pattern of the bore holes. In sample 2 the bore hole surface was.
hardened to Rockwell 'C' 53, whereas the bore surface of sample 1-

was only Rockwell 'C' 40 with'the max1mum hardness occurrmg about B
1/32 in. beneath the bore hole surface ‘ :

It wasﬂ als'o observed that the transit‘ion zone (white lines;_ o
Figures 7'and 8) was close to the fillet between a tooth and spline (arrow’
Figure 7) in sample 1. :
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Some important factors affecting the fatigue life of rock drill

. pistons can be listed as follows:
(1) Material - cleanness

(2)

(3)

: (4)*,

(5)

- hardena‘blhty
- grain sizé’
"2 hardnéss - correct comprom1se betWeen wear

and toughness.

' De sig‘ n - energy of 1mpact blow.

- ‘mass of plston ¥s. mass of drill rod (M1V1‘M2Vz)
4_’ strength to resist brmellmg - toughness to avoid
= crack 1n1t1at1on :
- p1ston surfaces should be at least as hard as
A drill rods. ¥ o o
- metallurgical notch should not coincide with' a
L mechan1ca1 notch.
. r! 1ncrease or 1mprove contact area of p1ston striker
i and dr;ll rod or tappet bemg struck. '
- av01d machme marks, iel ‘ conbsider whether
..+ - to polish.
- cold rolhng mlght bé used t6' mcrease surface
. compresswe stresses (alterna.twely the5€
~can be produced by heat treatment h

- Finish . - fatigue life is 1ncreased by use of pollshed surface

and adequate f111ets
e
Res1dua1 Stress Pattern -dase hardenmg of the outer surface and
use of the bore quench should provide favourable
‘ compresswe stress. (Cold sp1ra1 rolling can
_ somet1mes be used to increase sirfacé compression).
Induct1on harden1ng m;ghiroduce more uniform
contour hardening and residual” stressi)attern

Serv1ce Env1ronment and Operatmg Technlque

ST fatlgue 11fe may be reduced m the presence of

o ‘mine’ water. e

- ’:’plst 'n“fatlgue fa11ures can be ‘caused by’ thé presence

of large upsets (1nert1a) 1n forged dr111 rod at

“'the éhucK end. " : e

- alignment of the piston striker-and drill téd is
important in reduction of bending stresses
and in avoiding notching, chipping and spalling
of the piston striker surface.

- condition of the bronze sleeve may also be significant.




ASamples 1 and 3 contained no mater1a1 or heat treatment defect

- 17 -

CONCLUSIONS. =~ = = .. ,

and appeared to be truly representative of the 5% of product1on .
wh1ch fails prematurely ,

‘Sample 2 appeared to have had an unusually short serv1ce life

with evidence of misalignment between the piston striker and’
the drill steel, . resulting in marking of the end of the piston

. striker surface. A defect in the steel bar appeared to have

- acted as the origin of the fracture in a region of maximum

The chem1ca1 compos1t1on of the steel matched the typ1ca1 AP
‘ compos1t1on listed for Atlas Spec1a1 Alloy 10 = 1% carbon tool","'V
- steel contaming approxlmately 0 20% vanadmm :

‘ a.fter markmg

bend1ng stress. 'I_‘hls fa11ure‘was_ believed to_be a non-txpmal .
type of fa11ure o W ST : S

The core hardness of the steels was Rc 38 40 the hardness of

‘the outs1de surfacés. was Rc 59-61, . The heat treatment had been
effective in producing uniform: surface hardnesa however, some

var1at10n was not1ced 1n compar1son of the bore-quenched surfaces.,

The trans1t1on zone between the surface hardened and the core

_ metal was close to the spline:: fillet ir one area, (sample 1,

Figure 7), i.e., the metallurg1ca1 notch was close toa mechan1ca1
notch ' ' Lo

. The bruised ends observed in samples 1 and 3 suggest that the drill °
‘steel may have had a heavy upset adJacent to the chuck or that

rock cond1t1ons were d1ff1cu1t

The marks- on the end‘ surface_of,s'ampie‘ .Z,sugge"st that the drill

steel or tappet was harder than R¢ 61 and that the piston face

and drill steel were not well'aligned, ('I‘here was_sufficient .

roughness in the hard end of the drill steel or tappet to result

in marking of the p1ston str1ker face). Alternatwely, these. marks v
may have been present s1nce manufacture. Some wear occurred
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RECOMMENDATIONS

(A) Assuming Continued Use of 1% Carbon Tool Steel. (Although the writer

would consider this a shock application rather than typical die service).

1'

Purchase steel to highest standard of cleanness with respect to
inclusion stringers (directionality) or consider use of forged
blanks. The finished pistons should receive a magnetic particle
inspection to reveal any quench cracks, grinding cracks, undercuts,
or unacceptable inclusions prior to service. '

Attempt to obtain uniform surface hardening so that a steep
hardness gradient does not coincide with the spline fillets., (This
condition would not occur with contour induction hardening* with
a deep hardening steel or with a deep carburized nickel steel).

Consider the possibility of buying ‘alloy bar stock in the pre-quenched
and tempered (Rc 30) condition or doing this at the plant prior

to machining to allow use of a single quench hardening treatment.
(This would avoid the necessity of reheating the core of the piston
above the Ac3 temperature as now occurs when the second quench

is carried out and would leave the core of the piston in the tempered
martensite condition rather than the bainitic condition).

(B) Alternate Materials

1.

Failure appears to be a consequence of insufficient toughness,
possibly use of 0.60% carbon steel would offer a better compromise
between toughness and wear resistance. (Much greater toughness

"might be obtained by use of a single hardening quench simultaneously

hardening the outside and bore surfaces as deeply as possible while
leaving the core in the pearlitic (fine) condition). This would
eliminate both the spheroidizing heat treatment and the 1650°F
first quench.

Use of prehardened (R¢ 38) AISI 8640 (Atlas SPS 245) material
hardened by a single quench (surface and bore) would offer greater
depth of surface hardness coupled with a tough core of tempered
martensite, prov1d1ng adequate stress relief can be obtained between

- the surface*hardened zone and the core.

%

Commercial facilities are available in Kitchener, Ontario, if a
prototype induction hardened unit should be considered.




3, If it is concluded that 1ncreased toughness is requ1red or that
design and service conditions cannot be improved to reduce shock -
loads in excess of the y1e1d strength - use of deep carburmed RN
steel e.g. (Atlas Impact ) with a core hardness of R¢ 20-30 and © - *

" a stress relieved case (0.060 in. to 0.080 in. deep) at R 60-61 " .
could be tried.. (The bore hole should also be carburlzed) L ¢

4. The possibility of use of a case—carburized air hardenmg steel _
- of the type typified by Atlas Javelin or AHT-28 to provide a case .. ‘=
* depth of 0.060 in. at R¢ 60-61 and a bainitic core at R¢ 44, could L
" also be considered. - (Some mining drill steel is already used in o
'thls cond1t1on) : ‘

- In addltlon to the AISI 8640 type of steel d1scussed (2) useof a ©
~ -through- -hardening, medium carbon steel such as AISI-4360
L (Ult1mo 6) or of shock resisting tool steel could be congidered at -
" an intermediate hardness (Rc: 55) with the surface 8p1ra1 rolled
to 1ncrease the re81dua1 compresswe stress.

‘:.(C») 'StressAnalysis ' |

Choice of mater1a1 and manufacturmg process should be compa.t1b1e |

and should be. governed by machine. des1gn requn'ements, having regard ' |

. to striker energy, drill rod 1nertia, contact area of the strlker, use ‘ |
- of ta.ppets, dampmg of v1brat10ns, etc. L e : ~ I

(D) Stress Rel1e£ of Plstons Removed from‘ Servic‘e-. e

Removal of p1stons from serv1ce after a prescr1bed mterval of |
. sérvice for stress relief treatment - heatmg 1 hr per inch.of section -
~at 350-450°F has been" reported to double the 11£e of tools wh1ch tended :
. to £a11 by smkmg ‘due to heavy compresswe loads = B

. APPENDIX .

. "Data Suppl:ed by JMG Companj

Plston operates on a hor1zonta1 plane, supported on the large end

by the cylinder walls and on the small diameter by a bronze bishing. .

- It strikes the steel on the small end approximately 750 times per mmute, ' !
revolving 25 times with a force of approxlmately 120 ft- 1b -=-801b

air pressure on the piston face. : ‘ - ‘

.. DEP:ac



