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OTTANA 	May 14th, 1943. 

REPORT 

of the 

04E DRESSING  AND METALLURGICAL LABORkTORIES. 

Investigation No °  1406. 

Examination of Armour Plate Which 
Cracked in Straightening. 

Ori  gin  of Smpl.t: 

On May 6th, 1943,. Dr °  C.  W. Drury, Director of 

Metallurgy, Army Engineering Design Branch, Department of 

Munitions und Supply, i!oronto, Ontario, submitted a sample of 

armour plate which  had  fractured during the straightening 

process °  

212191t of tudx:  

Request was made (Requisition No, 459 $  May 10th e 

 1943, AEDB Lot No, 498 $  Report  No.  12 $  Test 2) for a metal-

lurgical examination of this plate In order to determine, 

if possible, the cause of failure.  • 
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Aftar approximately ono-tianth'of an Inch had been 

removed from the surface, drillings for .chemical analyes 

w'ere taken from the plate. The•composition was found to be 

as follows: 
Per cent 

Carbon 	- 	0,29 
Manganese 	as 	 0.86 
Silicon 	- 	0.60 
'..iuipbur 	. 	0.05 , . 
ghosphorus 	. 'i 0.042 
Nickel  
Chromium 	, - 	0.06 
Molybdenum 	V0.15. 

'Macro-E›aminationt _ , _ _ , .  _ 

: The plate broke with a duplex fraCture, Thià 

fracture all acroSs  one  side of the plate (top 'e  Fleilre 1)p 

had a slaty, laminated 'appearmlne and was partially oxidized 

while most (Jr the restof the fracture apparently occurred 

at a single moment of time. The slaty defoct.soominey 

did not extend more than 1.5 mmo  to 2 mm. into  the plate. 

Physi  cal Enzamination 

. Hardness re.adingà• were taken (uSing the Vickers 

meth)d with a 104kii9gram load) through the thickness - of 

the plate.. Figure 2 depicts graphically the ..values obtained, 

These. 'tests Indicato that there is apprexlmately 0.9 nu. 

d6carburization on..the slaty aide of the plate and about .1.2 

mm 0  decarburization  on the other (decay.,,burized material' . 

being densidered as any. which has loot a portion of : Its , 

original carbonj, 

.Hardness tests on the slaty part of the fracture 

shown at 100 diamters im  Figure 3. Gave ,rCadings of 178 

and 222 Vickers 

An IzOd bar•10,nrm. square.with notches 2 mr(t..deep• 

-r 



Breaking lead e  foot pounds 21„5 e  14e  20 °  

- rage 3 - 

(Physlcal F,xamination e  conted) 

was machined parallel to the direction of fracture° It gaye 

the following values at test 

Micrestructure 

Two speoLœons for the microscoDe were cut from the 

fractured part or the plato and ware polishod on a race 

approximately porpndioular to the direction or failure, 

The slaty part of the fracture had very large 

Jac:1uams,, with numerous small Inclusions acting ae connectors 

between the larger ones °  Th0se. points aro Illustrated in 

Figt Elmmination oe these large inclusions at high 

magnifications (Figure 5) Shows that they are of the duplex 

type and that they contain little globules of metal °  These 

large inclusion% however e  were found only at and in  tha 

vicinity of the slaty part of th. fracture, 

After an etch of 2 por cent ritric ecid In alcohol 

was appliede  the slaty part of the fracture was found to be 

much more severely decarburized than the outside edge of the 

plate, This 1s shown .5„n Figure, 3, 

Discussion of Results: 

' Chemical analysis results showad thet appaeontly 

there was nothIng In the compoSition of the part that î,mould 

account for the breakage, 

The oxidation on part of the surface of the slaty 

section of the fracture Indicates that this was never con- 

tinuous with the plate, Large Lhcluslons present in this 

region probably hindered its being joined by a process similar 

to forge welding °  

Tho duplex nature of the large inclusions, the metal 



(Discussion of Results e  cont , d) 
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globules 'present in them, and'poSsIbly raIso : tb:a*grea4r •' 

decarburization of thesiaty part of the 'fracture (shffirvn 

hc‘rdness tests and microstructure), as compàrOd. to tno surface) 

of the plate e  all show that this slaty e  laminetod discontin-, 

 ulty wan ,  caused by a defect in the ingot ufed'in—f;.;:irm.leig' thO. 

plat o and not by la'oping•over metal ir.t' th6'fèoiling.opeation .. 

Sinco . it is difficult te imagino'kww a  central  piping defet: 

could oCCur On  the surface of tho finished plats 	jt.s 

probable that the  defeot 	herd wilS caUsed by an 

undercutting cavity at or 'near 'tho sùrfaCa'Oe'tho'Ïngot'or' 

by 'localized  surface  roughness and uncleanneei„ . 

From all of the foregoing it appearS that  in  all 

probability, the  failure of this Plate during straightening 

was caubod by the notch effect of the slaty:, laminated 

discontinuity °  
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Fic.ure 

View of fracture, shoWing slaty 
defeot at top of rActure. 

-  (Approximately to size). 

Side of plate  that had elaty defect ;xcl it 
is at right of diagram. 

(Approximately to size). 



ElSMEIL2. Figure 4. 

• .• 

 

'gee 7  

• 4 

• 
• • 

• • 

• 

Page G  - 

X1000  nital etch. 

Surface at top of picture  ie outside 
edge of plate, Irregular eloping 
surface is  part of slaty  section  
of fracture. 

X100, unetched, 

Elnee  5 0 

X10009 une tched, 
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