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of the 

OR u DI BSSING AND ii!E'l'ALLUHGICAL LABORATORIES . 

~nvestigation No. 2004 . 

;.1etall urg1.cal ExanL.na t:l.on o_ Cracked M&.nganese 
S teel Swing H.8.21er Casting. 

------ --------------·----

Origi·1 of Material and Objact_£f' In-y_estige.tion: 

On December 11, l 94 iS11 a c t- ck d manganese steel swing 

bammer casting ( s :3e i?igure 1) was . u bmi tted, for metallurgical 

e xamination , by Lynn MacI.,eod Metallurgy Limited, Thet1'ord Mines, 

·· uebec, pe r ':v. I·~. MacL~•)d, Pre sident ~ 

~r.he c ove. ing .letter, da ted De e mber 10, 1945 , s tated 

that the ere.ck had d.evclo.t-ed _ n the r.1.0uld . 'fhis s t tement was 

c onfirmed by a •'ollowing .Letter dated January 8, l 94G. . ddi-

tional inforrnation was provi~ed to the effect that the casting 

had been "annealed'•, that is, heated 11.nd then quenched. 

It 1va'3 r0quested that an o;>inion be expressed as 

to the cause of the failure. 
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• PROCEDURE: 

'11':tr._ 0 1 -"- . 

f.iANGANESE STET~ S'dING HAMMER 
CH1~CKED IN THE MOULD. 

(Approxi~ately 3/5 actual size) • 

1· Visual E..~amination. 

Visual exa~ination revealed a very coarse, crystal line 

frac ture. 

,g,. Chemical Analysis. 

In the following table the chemical analysis obtained 

is compared with the A . S .. 'I' .M. specification for austenitic 

manganese steel: 

Carbori 
Manganese 
Silicon 
Sulphur 
Phosphorus 
Chromium 

As Found 

- Per 
1034 

13.50 
0.84 

Trace. 
0.054 
0. 71 

3. Microscopic Examination. 

Cent -
l.00-1.40 

10 ,0-14.0 
0025-1.0 
0.05 rnax. 
0 .10 max. 

Figure 2, taken at X50 magnification, shows the huge 

gr ain size of the steel, indicating high poll.ring temperature. · 

Note, also , microporosity. 

(Continued on next page) 
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(Procedure, cont'd) -

!•'igure 3, taken t X50 ma6nif1cation, shows the 

l ntergra.nu.lar r .s.. ture of t h e crac ks. 

F'igur e 4, a. t X500 ir .. a brrlif'ica tion, shows the presence 

of some carbid~s at the grain boundaries. 
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~, igure 2. 
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X50, nital etch. 

Note large g~ain size, indicating exces­
si Yely high pouring temperature. Note 
also microporosity o 

(Figures 3 a nd 4 follow 1 ) 

(on Page 4 . ) 
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X50, nita.l etch . 

No te intergranular cracking. 

£"igure 4 . 

X500, n i tal etch. 

Note presence of continuous carbides at 
the gr•ain boundaries. 

,, · ·~ ·1 '·a 
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Discussior.. and .onclu.sione. . 

The "t"·c nults of the chemical exarn.lnation indicate 

that the steel undor ex~unina tion falls w1 thin the nor mal 

limits (with the excepti,on of' the chromium content ) of' the 

A.S .ToM. specii'icatlon for aus ten1tic manganese steel 11 

According to some authorities the addition of 

chromi um will ha.,re the effect of oau.<Jlng the steal to work­

har den at lower loada . Thla would be ~~~ advanta~e in certain 

applications 1t would not ~ec~ss arily result in improvement 

in services whf! re heavy i mpact stresses are encountered • . 

The mi croscopic ex[ mina. t5.on shows that the steel must 

ha ve been poured at a very high temperature. as ls evident .from 

the very large gra1n s ize ln Flgures 2 and 3. 

The temperature from which manganese steel is poured 

has a marked eff'ect upon U10 s t r ength of the castings. A high 

pouring tampere.ture produces a coarse, crystalline structure 

(the casting u hder ·examination is a typical example), and this 

structure is not r efined i n the subsequent heat treatment 

because no phai3e change tal-ces place .. 

According to the most r eliable figures , manganese 

steel has a mel t l ng point of 2588° '!:" . Small castings require 

considerable s uper heat and may be poured at temperatures up 

to 2800° or 2850° P . Heavler cas tinss should be poured at 

temperatures .sl1g...'1tly abov e the solld1!'1ca.t1on point, to avoid 

the coarse structure and to pr event hot cracks and tears in 

the casting. 

Because oi' t he h ge grain size, and because cracking 

was observed to have taken pJ.ace in the mould, it may be safely 

concluded that crackin~ had resulted from the excessively 

high pouring temperature employed . The intergranular nature 

of the cracks is clearly shown in Figure 3. 

The presence of the continuous carbide phase at the 



- Pa ge 6 -

{Discussion an~ Conclu s ions , con t'd) 

grain boundari e s (s e e Pi gur• e · 4,) must have resul ted from either 

ot two conditions: 

(1) The quenching temperature was not high enough to 

permit complete solution 0£ the carbides. 

(2) The quenching rate was not fast enough to retain 

the carbides in olution. 

Whatever the reason, their presence would result in an 

embrittled steel and may have baen a contributing cause of 

failure, This condition may be minimized by reducing the 

carbon content. 

Recommendations: 

In order to prevent a recurrence of this type or 
failure, it 1s recommended that the pouring tempera.tUI'e and 

heat treatment procedurd be more carefully controlled. 
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