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of the 

ORE DRESSING  AND METALLURGICAL LABORATORIS. 

Investigation Noo 1768, 

Metallurgical 2.xam1nat1on of Defective 
405-Ineh Shell Forgings0 

Description  of Material  and_gblect of investigation: 

On November 22, 1944, two sections from a 405-inch 

shell forging (see Figure 1) from the Trenton Steel Works » 

 Trenton, Nova Scotia, were submitted, under Analysis Requisition 

No, O.T. 4304, by Mro 1h  H. Scotland, Inspector of Materials, 

Inspection Board of United Kingdom and Oanada e  Ottawa  e  Ontario. 

The covering letter (File  No P00 .0 935) requested a . cheek on 

the chemical analysis and that "an endeavour be made to ascer-

tain under the microscope the quality of the steel", 

Correspondence submitted by Ye, Scotland supplied 

the following Information: 

10 (a) Average temperature of billets - 2100° Fe 
(b) After-forging temperature of billets - 1810° F. 
(c) Soaking time of ingot in furnace before 

forging - 13 hours. 

2. "The defects which appear in the samples were  discovered 
reently in the wall of the forgingso The  condition  appears 
to be local in the heat, as for instante,  it has  been dis-
covered in three separate heats so  far, and in  each case  ha s 
been apparent in  only one ingot-." 
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(Description of Material and Object of investigation, conttd) 

Figure 1. 

GENERAL  VIE! OF ONE OF THE SECTIONS 
SUBMITTED OF A 405-INCH SHELL FORGING, 

SHOWING DEFLeCTS IN THE CAVITY. 

(Approximately 5/6 full size). 
••■•• 

Visual Examination: 

Visual examination of the sections showed irregular 

veinlike cracks extending throughout the surface of the cavity. 

No evidence of these defects was discovered on  the outer sur-

face of the shell forgings. 

Chemical Analysis: 

A chemical analysis was  made  on a  sample taken  frrm 

one or the sections submitted. The results are compared with 

the analysis submitted by Er, Scotland. 

•••••Cem 
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peat-Treutinis  Test;  

Two oamples wero  cut  from'one  of the submitted 

pieces and then heated in a furnace at the following  te-epera- 

• tures, followed by air coolim;: 

(a, 2460 °  F. 
CO  1800°  P. 

• 1121722£2212_ncellnell2n 

Sections  were  cut from the pieces submitted  as(1 

photomicrographs were taken. 

Figure 2 Is  a  photomicrograph of a cress-section, 

at X100 magnification, showing the depth and character  of 

the "crack" at the cavity surfaca0 note, also, the round 

holes visible near the surface. 

Figure  3,  taken at  X100 magnification, shows another ,  

of the "cracks" at the cavity .  surface. 	Is also taken 

along  the cross-secticn. 

Figure 4 is a photomicrograph, at X100 magnification, 

also along  the  cross-section, etched in nital &  showing the 

soncentration of  ferrite around the hole  at  the  surface of 

the cavity. - .  

'Figure  5, taken at X100 magnification, shoes  he 

microstructure  and grain size of the steel at the centre of 

one of the sections. 	 • 

Figure  6 0  taken:at X100 magnification,  shows the 

huge grain sise ocaurring  at  the edge of one  of  the sections 

submitted. 

Figure 7 in a photomicrograph, at X.100 magnifics.- 

tien,  showing  the  grain size produced by heating  a  sample  of 

the  steel at  2460°  Fo, followed ty air cooling .  

Figure 8  (magnification, X100) shows  the  grain  size 

produced by heating  a  sample to 1800° F., followed by  

cooling. 

CenTejirr—to  
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X100, unetched, 

CROSS.SECTION SHOWING DEPTH ae "CRACK" 
AND  HOLES NEAR SURFACE ap CAVITY. 

À 

X100, unetuhed. 

GROSS-SECTION SHOWING DEPTH AND  CHARACTER 
OF "CRACK" AT TME  SURFACE  OF  CAVITY 0  
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Filcunt21 - 

X100, nital etch. 

CROSS-SECTION SHOWING HOLE 
AT SURFACE OF CAVITY. 

Note concentration rf ferrite, 
augestive of molting. 

Figure  5.) 

X100„ nital etch, 

MICROSTRUCTURE AND GRAIN SIZE AT 
CENTRE OF ONE OF THE SECTIONS. 
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X100, nital etch. 

HUGE GRAIN SIL,.; AT MG:2; OP 
OW; OP TH2' SOCTICNS. 

«NW 
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Y.J.C)Op ai;1a1 GGctl. 

GRAIN SILi:1 11ZSULTIN1  PROU R2ATING 
STEUL AT 2460 °  Pop  POLLOAED BY AIR  COOLING. 
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X100, nital etch. 

MATED AT 1800 0  P.; AIR COOIED. 

DISCUSSION  AM CONCLUSIONS. 

The chemical analyeis  indicated that the steel was 

satisfactory from the point of  viel%,  of chemical content° 

Microscopic examination of specimens in the unetched 

condition very clearly showed that the defects or  'cracks 

were quite shallowe  as shown in Figures 2  and  3. Holes quite 

round In shape were also evident along the edge of the cavity 

(see Figure 2). These holes were found to be  round  both in 

the cross-section  and in the longitudinal  section,  thus proving 

that they were formed after the ferging  operation. 

Examination of the steel in  tho etched condition 

revealed graina of such magnitude (see Figures 5 and 6) that 

overheating or burning was immediately suspected. Censequently e  

a sample was her,ted at 2a6o0 F. e  approximately 90° F, below the 

melting point for this ateel. The reeulting grain eize e  shown 

in Figure 7 e  is actually smaller than that of Figure  6 e  thus 



(Discussion and Concluaions, cont , d) - 

proving that the outer parts of the forging must have been 

heated to a temperature in the neighbourhoed of the liquidus. 

Since the maximum recommended forging temperature 

for steel of this type is 2300° F., it is obvious that a 

temperature considerably beyond this maximum had been reached. 

The opinion that burning had occurred at the surface 

of the  cavity is -.iurther supported by the  microstructure shown 

in Figure  4, which discloses a hole surrounded by ferrite,  an 

indication  of free oxygen in the furnace atmosphere, a condi-

tion which would promote burning when the forging temperature 

is high. 

The finishing temperature of a forging of this car-

bon  content should be approximately 1800° F.  A  specimen was 

therefore heated at 1800° F. and air-cooled.  The resulting 

grain  size is shown in Fi e:Are 8. 

The  following conalusions were arrived  at: 

1. The defects or "cracke n  are shallow in  depth. 

2. The very large grain size and surface porosity 

indicate excessive surface temperatures, actually 

reaching the melting point. 

3. The defects occurring at the cavity surface 

were caumed by temperatures sufficiently high to  cause 

burning. Presence of ferrite  at the base of  some defects 

indicated the  presence of free oxygen in the  furnace 

atmosphere, a condition which would promote  burning. 

Recommendations: 

1. It is recommended that any shell showing these 

defects be discarded, because their presence indicates that 

excessive temperatures have been reached. 

2. Forging temperatures should be carefully contrDlied 
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(Recommendations, contid)  - 

In order to avoid tbo possibility of heating beyond  the  

maximum of 23000  F. 
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