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The forging showed a peculiar  surface condition  

Request was made for study of the properties of the forging 

in general and a determination of the nature of the surface 

condition.' 

Analysie 

, Drillings from the forging were chemically analysed. 

The results fo1lowg 
Per cent 

Macrd-Examinatlon 

A general view of the forging and a close-up of 

the surfaco are shown in Figures 1 and 2. A disc about 

1 inch thick was  eut  from the large end of the forging at a 

point where surface roughness was severe. This was then 

immersed for 1 hour In a 50 per cent solutlon of nitric acid 

in water' at 180° 'F. 

• 	After this treatment It was noted that some of the 

defects which were closed at the surface opened up again about 

1/8 inch below it e  while others wera open their entire length, 

The deepest defect discovered measured about 13/32 Inch, The 

etch revealed that none of these laps had .its origin In the 

interior of the forging. A small defect »  Which appeared to 

be a pipe »  was discovered ln the•centre of the etched section. 
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Phzsical Examination 

Test. bars  of 0 0 505-Inch diameter and 2 4nch gauge 

length e  as well as lzod  bars e  wero maChined from the large 

and =all ends of the forging. The results are as fellows 

Small End Large  Tend 

Ultimate - stress, p.a.i. 
Yield stress e  p.s.i. 
Elongation in 2 inches, per cent 
-Reduction in area,  per  cent 
Average izod value, in foot pounds 
Brinell hardness number - 

134 e 000 
1229000 

22.0 
58.0 
75 
280  

136 9 000 
118 9 000 

21 ° 0 
60.4 

7 3 
280  

, 

Microstructure 

A cross-section of one of the surface laps wae 

polished and etched ln a 4 per cent solution of picric acid 

in alcohol The structure Ulna revealed showed tàat the 

steel had been quenched and tempered °  The defect was  found 

to be, at it8 origin, full of oxide inclusion which decreased 

until near the surface it was negligible. Photomicrographs 

of the lap are shown in Figures 3 and 4. A sulphur print 

taken from the surface  of the forging revealed an absence of 

sulphur segregation. 

Discussion of Results „ _  	_ 	_  . , _  

Macro- and micro-examinations 

the surface defects are laps formed as 

definitely prove that 

à result of folding-In 

Of surface metal (with its Covering oxide 'layer) in the forg- 

Ing operation° Such folding occurs when 

used 	the forging operation. Tho most 

too few steps are 

probable  cause of 

some laps/joining at the surface but opening up again inside 

is found In the fact that the oxide scale decreases toward 

the extorior e  thus allowing Uào outer ,edges to be effectively 
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(Discussion of Results, cont;d) - 

joined by a process analogoùa to for,se weiding 

The microstructure of the forging le satlsfactory 

The small pipe discovered ls considered unimportant because 

these forengs are used hollow °  All the  recul te of the 

chemical analysis and physical tests meet  the specifigations„ 

From these data lt is evident that the worth of 

the forging is decided by how much machining is to be done 

uPon lt. If it is machined below the depth  of ite most 

severe lap» then it should be entirely natisfactory; otherwise » 

 Its use le Inedvisable 
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Figure 1. 

GENERAL VIE F FCnGING. 

Flv.I.r3 2. 
■•■ 

CLOSE-UP OF DEFECTIVE SURFACE. 
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X100,  picric acid etch. 

ORIGIN OF LAF, 

FiEurt_±. 

X100, picric acid atCh. 

NEARER TO SURFACE OF FORGIUG. 
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