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EXAMINATION OF CRUST BREAKING TOOLS
by
G. D, Ayers* and R. D. McDonald##

SUMMARY OF RESULTS

. The tools are susceptible to fatigue failure originating at
high stress concentration points in the fillet regions.

The life of the tools could be extended by cutting larger
fillet radii, or tapering the fillet out completely.

The present material should also be given a strengthening
heat treatment or replaced by equivalent grades obtainable
commercially in the heat treated condition at a machinable hard-
ness within the range 35 to 40 Rockwell 'C', Alternative grades
were suggested.

% Technician and *% Senior Scientific Officer, Ferrous Metals Section,
Physical Metallurgy Division, Mines Branch, Department of Mines
and Technical Surveys, Ottawa, Canada.
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INTRODUCTION

In a letter dated December 13, 1965, Mz. C. Watson, Canadian
. British Aluminium Company Limited, P.O. Box 1530, Baie Comeau,
P.Q., stated that he was forwarding three crust breaking tools to the
Ferrous Metals Section, Physical Metallurgy Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa. Two of the tools
had broken and the third was unused. It was requested that an exam= "
ination of the tools be carried out and that suggestions be offered that
would help to improve their service life, keeping in mind the necessity
" to avoid contamination of their product with manganese.

VISUAL EXAMINATION

The three crust breaking tools are shown in Figure 1.

The fractured surfaces of the tools show the typical markings
of fatigue failure due to cyclic bending stresses. This is shown in
Figure 2. Considerable heating had occurred at the hammer end of the
large section. Also, severe upsetting or deformation had occurred in -
service.

' CHEMICAL ANALYSES

Drillings were obtained from the keyway of the fractured tool
and analysed. The results, contained in spectrographic analysis report,
No. 66~-4 and chemical analysis report, No. 66-87, are tabulated below:



- : %“;""‘-Ccfrn'p-osition, Per Cent
Element - Ty - AISI 5046

,."

Carbon .- . - . 0.45 . - . 0.43 to 0.50
Manganes& 0 000,790 0T 10,75 Tto - 1,00 .
Silicon 7 . 0.247 0,20 'to " 0.35 >
Sulphux TR i000327 0, 040 maximum:
" Phosphorus’ ‘{0,007 7 10,040 maximum
Chromium’ *~ = - - 0.24 0 070020 to -0.35 -
Molybdenum ~~ * . 0,01 77 it
CVanadium 007 momd oot
S Nickel v 0.43% 0 e

* Spectrographic analysis.

The compoiéz‘i’tiéﬁ of the crhst-'tb'réaking tool res.emblevs_ that of
an AISI 5046 steel, which is a machinery grade of steel. B
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" METALLOGRAPHIC EXAMINATION
. A spédifhén was cut from thekeyway of the'f’x'écu’cu'red! téoi" 3

_adjacent to the holes d»illed for analysis. The specimen was polished, |
" etched in 2% nital and examined metallographically. ' :

The microstructure ,;é;f the crust breaking tool consisted of =
pearlitic grains outlined by ferrite similar .to a coarse-grained normal-
ized medium carbon steel. The microstructure is shown in Figure 3. -

' 'HARDNESS EXAMINATION
The hardnezss, taken on the keyways was 89 on the Rockwell B

- scale.

"|
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o The comRosnion of the-crust breaking tool closely resembled
that of an AISI 5046 steel, which:ig:a machinery grade of-steel.
Vs PR i A0
_ The m;crostructure indicated that the. ma.teria.l had been
normalj,g.ed ] T_his\,condltion wasgsconsistent with.its hardness.
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tools could be quenched a.nd tempered Feonien b
The fa.llure was due to fatlgue‘ Whlch :esuited frorn cyclic
stressing in the fillet regions. Overstressing at localized points in
fillets can occur due to abrupt cross- sect1ona.1 changes in dimension.
- Any reduétion in: thera.bruptneés"of these"ché.nges By rede51gn would
lessen the dégrée of 6véEstrassing in"the filldt’ regitn and’ shoutd- ‘give
longer life for these tools. This could be accomplished by cutting
larger fillet radii or, if possible, tapering the fillet out completely.
However, it is doubtful if this type of failure can be completely
eliminated when usgitg fHis rhateridl with‘a fillét and without a strength~
ening heat treatment. Equivalent grades should be obtainable ‘in the
heat treated condition, at machinable hardness within the range 35 to
40 R, from eommercial outlets. SRR -
e Y Byrprosinesd wid o} \*:,\\-'."-{"‘\,‘}' TR SR T I BRIV S SR F S S U N
it 25ROther stééls more suitable for usd “would be the shock résisting
gra.des or hot work’'gradssiof stesl.' AISI'steéls Sl and S2'are shdek
resisting and 1equ11e a s1mp1e 11qu1d quench and temper treatment.
ATSIVsteels H12 and H13428 Hot Work stéelsU Wwhich' 1equ1re a more
-tglHborate'heat tredtmeht At s h1gher quenéhmg téfmpe‘ratm.e and the
proper Beat trdating Tacilities, 1 orfl dlandy st RIEEIRAE

A higher strength machinery grade steel such as AISI 4340,
which will air harden, m1ght be more suitable. This heat treatment
would be relatively‘simplel Tt~donsists' of Keating in the range 816 to
857°C (1500 to 1575°F) allowing to air cool and tempering in the range
427 to 593°C (800 to 1100°F) as required for hardness. AISI can be oil
quenched 1f necessa.ly
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Du.ring heating of tools for heat treatment, where complete

facilities are not available, scaling and decarburization can be prevented

or minimized by enclosing the work load in boxes made for such a
purpose out of a carbonaceous material. Alternatively, the tools might
be loosely covered in a metal box with carburizing or spent carburizing
compound, with a sand and charcoal mixture, or with cast iron chips.




. The cast iron ch1ps tend to stick if temperatures above 927°C (1700 F)
. are used. e :

All of the steels discussed contam low manganese quantitles

~ and should provide no more contamination hazard than the steel currently
',bemgused.':- e . .

- CONCLUSIONS

1. Failure was caused by fatigue resultmg from CYCllC overload due to
- stress concentrations 1n the fillets -

, Z | The tools had been made of a machinery steel of a grade of steel ‘
. sirnilar to AISI 5046 that ha.d not. been strengthened by a heat treat-
' ment. o BRI .
3. 'Failures will almost certamly recur .'frequently unless the fillets
can be removed or enlarged and/or a strengthening ‘heat treatment
' used R S L B -

- 'RECOMMENDATIONS |
'I‘o 1mprove the serv1ce life of theSe tools the . £ollow1ng

recommendatmns should be . con51dered in the order given..

T :Improve the des:.gn by e1ther enl.a.rgmg or’ removmg the fillets if -
o -,possible. o . :

2 - Strengthen the tools by quenching and tempering, or by usmg
b material procured 1n the strengthened condition :

) 3. Combine recommendatlon (1) and (Z)
4;_? Use ’an,.alternati've ,material such as the air_’hardening,. shock

- resisting or hot work steels suggested within the text of this report.
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