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T A 	A 	November G, 1 , 43 . 

REPOFT 

•  of the 

3RE DRESSING AND 1-ÏML1,171GIOAL LABCRATORES, 

Investigion No, 212 3 . 

Metallurgical Examination of a 
Fock Drill :FIstn Hammer. 

Origin of Material and  Obit of Investilatl.wu 

Cm October  6, 	th ,i Canadian joims-)Manvilla 

Co,, Iiiited »  AsbostoF, Quebec, submitted one defective piston 

hammr, one new piston halrrur, a chuck and a piece  of  rock 

drill steel to these Labortorie,, it had been requested,in 

a letter dated Octoter 1 9 	:i:rom Mr, H. C, 	mine 

superintendent, that a comte  examination be mai:U, on the 

dama[,;ed  piston hammr, Th..:3 company was conoe.ur.cd wt th the 

excessf.ve  peoninc,  of their  piston  hammers in er-iics. 

The defective -i7d.on si:bmitted was used ror only. 
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(Orien of Material and Cbjsct of Investige, tion, coa';'d) 

22 drill shifts in an Ingersoll-Sand Jackhammer jA-45 which 

was placed In service on April 13, 1937. This pîston was 

installed in the machine on Auzimt 29, 1946, and taken out 

in its present condition on September 20 9  1946 Tho  chuck 

was installed new at the same time and does not  show exces-

sive wear accordina to tha g,auga supplied by in,sersold-iland. 

The machine is  a blcwer-typer; rock drill 	P-igre 1 illus- 

trates the  piston hammer. Plure 2  shows the assembly cf 

the piston bammerA), chuc.), 9.nd shank end cf the drill. 

steel(C), 

Fiure I. 

PISTOU  HAMMER. 

(Approximately 1/2 size o ) 

PiTI , re 2 

ROCK DRILL ASSEMBLY. 

(Approximately 1/3 size.) 
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Chemical Anslysis. g 

Dri1l:1313s were ta14:EDn from the pdstur, hiulewe fer 

chfflical analysis. The follo%T',..ng results wars obtaflned 

As Found Atlan X-10 

- Par Oent - 

Carbon 	 1 0 05 
Manganese 	0,23 
Silicon' 	 0 0 23 
Su2phur 	 0,016 
Phosphorus - 	0 001Y 
‘iiiolybdenum - 	Trace,. 
Nickel 
Chromiucl 
Vanadium 	 Nil. 
Tungsten  

Mac ro ExaminatIong _  _ . _ _ _ _ _ _ 

Examire.tion of the face of the piston hammer 

seamed to indicate an uneven  lino  of wear when progressing 

from the centre of the face towards tha outside circumference. 

In order to check this, a lenetudinal sample was cut through 

the face down the shaft of the piston. It was polished on 

the inner surface which is perpendicular to the face of the 

piston. The sample was etchod In 2 per cent nital and 

cxamined under the microscope. Figure MX.7i-.1f4 is a meero-

,eaph of this surface The arrow at A points to the sectiox. 

on the peening face where 	wear eepeare to be greatost 

The surface at B is tho spline. The surface at 0 is tho 

hole down the centre of the piston hammer. Tffl ETCH INDI-

CATES THAT THE DEPTU OP HARDNESS PEMETRATION IS NARROWEST 

(0000 INCU APPROXIMATELY) AT TUAT SECTION OF THE FACE 

(POINT A) WHERE THE WEAR APPEARS TO BE GREATEST. 

(FigurS  3 spPears) 
( on -2,."aga 4. 
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Ciacro Examna',;ion, contîdj - 

Fie,ure 5. 

echod in 
2 per cent nital. 

Note arroe at section  A.  

Hardness Tests: _  .  _— 
Hardness tests wore taken, using the Vickers machine 

and a 10-kg. load, on the face of the mcrospecimen shown in 

Figure 3. Two scris  of readinse were taken. No. 1 series is 

from the centre cf the sp.1)cimen towards the worn surface A. 

No. 2 series is from the centre to surface C. 

TABLE I. __— 

Hardness, V.P.N. 
Distance from 
the _surface, 
in inches 

0,0C25 
0,W0 
0.020 
0,0E0 
0 075 
0;10 
0„15 
0,25  

Series 	Saries 
No. 1 	o, 2 

- 743 	734 
- 743 	734 
- 743 	734 
- 743 	724 
- 687 	515 
- 528 	402 
- 382 	387 

- 376 	376 

■nmeql.1••• 

The hardness on the face  of the  spline for both 

the  defective  and the new pisten was e30 Vf_ckers (57 Hockwein 
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(Hardness Tests, cont'd) 

The hardness on the wearing face of the new piston 

% 	 hammer was  575 Vickers (54 ï?.ockwell 'C'). 

Docarburization: 

In order to check the surface for decarburization, 

Tnkon hardness  tests were made toward the elapsed but  unrounL  

surface of the central hole of  the piston  face C in Figure 3 

and a  photomicrograph ws tken. It can be assumed that  the 

condition found at this face ,yould be similar to that of the 

wearinG (peening) surface prior to its having been. placed Ln 

service. Figure  4  (X300) illustrates the docarburized  layer 

at the surface (white  colour) and  the Tukon  hardness impres- 

sicns.  The decarburized  layer  is less than 0.001 inch deep. 

Ficeure  4. 

X300, etched in 
2 per  cent  nital. 

DECARBURIZED LAYER. 

Less than 0.001 inch  deep. 



2 per cent nital. 
X100, • .tched in 

2 per cent nital. 

Fifre 6. 

X500, etched in 

1p 5. 

••■ 

Microscopic ExaminationI 

Fiure 5 (X500) is a photomicrograph showing the 

structure of the hardened layer 	it le composed of temp?,red 

.martensite with nodules of free carbidos (white constituent). 

Figure 6 (X500) shews the structure of the sefter 

interior of the piston. This consists of ffne pearlite with 

small nodules of free carbides throughout 

STRUCTURE OF hARDENE°  LAYER. 	STRUCTURE OF INTERIOR, 

Discussion; 

The steel used eo.Fares with Atlas X-10 tool sz,eel. 

This  •  is a shallow hardening, water quenching steel which has 

been widely employed for this purpose. 

The hardness of the steel at 0,005 inch from the sunkce 

is  74  Vi 	near  the  pconed  face  and  734 "J.P,N, near the faue 

of the spline. This is sufficiently hard and should give 

Érpod wear. The amount of docarburization found at the ,exposed. 

and unground surface  of the centre hole was less bhan 0.001 

inch. Therefore it is reasonable to assume that the pbened 

surface  prior  te  use also had this small amount of 
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(Discussion, cont? 	- 

decarburizetion, rhi viu1c acccunt for the I. cckwell 'C:ç 54 

aardness figure obtairs i or.  nls -;;Jen..n7., face of the  new 

piston. The docarburIzed lr.yer, however, is e ,r  sallov that 

It must be discounted from tho 	 ofexceesive Toar 

• on the face. 

From Figure 3 it :.ppears that the: peenin face  has 

glven  unsatisfacty servinot due to unusuelly rapïe. 

wear but rather due  to another phenomenon, namely,  'brinellinfl. f' 

This Is a  term given to th ..push.i;  in f  '.  hardened . surrace 

layer on impact. It will be notA, 1 PIT,ure 	that 

maxtuum compression 9t  the ;iurface ha  s taker.  place at Section 

A where the hardened layer wan thinnest. A. thicker hardened 

sotior. could be exp.acted -..;;o have the strenuth to withtund 

• 

the  blows  ad orevent It might be mentioned 

that this effect usually occurs 2:r.t1!er earl. In tee sex:vice 

life of the part.  After  a  period or  us the subslrfac  ..ayers 

work-hErden and  pxovent  any  furtbor.  collapsini.; of the murface .  

layers, 

In  order to  incrse  t'oe dapth cf the hardon,Jd layer, 

two possibilities  are  available: 

(1) IIcraase 1-,ne  severity of  th  a quenc'il 
on heat 'ircatmont. 

(2) Change to a steel having somewhat 
Frater harden.,7..bnity. 

The structurc at  ',;he  surface and at the cent 

of the pIston is nermPT for  watnr-gucncbed  steel 

t:Tpco 

Concluelona: 

1. The steel  u. , .»  zonfor2 to Atlas  X-1(.) 

fi cation. 

2. The hardness ef the piston  0,005 inch below 
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(Gonclusionn, contl (I) - 

the surface Is 734 to 74;5 VF.H, This Is sufficiently 

hard, and should eve good uiearing properties, 

3. Tho hardness of tbm peening face of the new 

piston is 575 V.P.N. probably due to a slight amount of 

decarburiation. 

The amount of decarburiation found at an 

ugground exposed surface is less than 0,001 Inch. There-

fore, the original peened surface could be expected to have 

the same small amount of decarburization, This small 

decarburization would not contribute greatly to an excessive 

wear condition 

5. What appears to be wear is actually a "brinel-

ling" effect (collapsed surface), 

6. The structure of the hardened layer is — 

tempered martens:Ito with nodular carbides. 

7 0  The structure or the core is fine-grained 

pearlite with nodular carbidoe. 

Rocommandations 

1 „ To obtain a greater depth of the hardened layer, 

increase the severity of the quench in heat treatment. 

2. • If the above is not possible, change to a 

.erteel having somoWhat more hardenability. 
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