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OTTAWA 	August 23rd, 1943, 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigion No,  1481. 

Investiation  to Determine Cause of 
Defects Found  in 20-mm0  Hispano 
S7liZe. and Cerlikon  Shell Caaas. 

prlEln  2f Material and  Oblect  of  investigation: 

On August 5th1  1943, Mr,  J.  M. Gilmartin, 

Inspecting Officer (Materals), of the Inspection  Board 

of the United Yingdom and Canada, Ottawa, Canada,  sent 

in  for  examination eight  cracked 20-nmi 0  Rispano-Suiza 

shells; 21v9 cracked 20-mm 0  Oerlikon shells;  end twelve 

bars of  27/32-4n.-diameter  steel,  identified as followsl 

1!.eat 	;1552-M 	 • 

TIlree yJ.eces from end of three . bars, 
Three pieces  from middle  of  three bars, 

Heat No. U2494 -M 

Three pieces  :rom end  of three  bars. 
• - Three pieces  from middle  of  three bars, 

zovering  lette:  (File  No 12-4-3) from Mr, 

Gilmartin and an attached I,B.U.Y. and  C. Materials Division 

Requisitior  No. 0 2 T, 4060  gqve dotails of the  material 

shipped vnc drew  attention to tb::. cracking of the shells 



in Table BOth the ladle analyses  and the  cheek analyses 

Carbon 
Manganese - 
Phosphorus - 
Sulphur 
Silicon 

0,33 
1,26 
d 0 0e2 
0 0 146 
0.16 

0.36 

0.036 
0.160 
0„16' 

0.35 
1.29 
0 0'030 
0 0 143 
0 0 32 

• 0,37' 
1.50 
0.030 

' 0.143 
0.32 
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(Origin of Material and •Object of Investigationp contl(3.) 

subMitted  The bar stook received was said to be typical Of 

material from  fi-ch  these types of 20-min. shells are machined 

but was not necessarily the same steel from. which the cracked 

ahells had been machined as the boat identity 1s lost In the 

machining operation. Mr. Gilmartins letter stated that . 

comparatively few cracked. shells had heen discovered prior 

to loading but a large number of Shell had,promatured at 

proof. An examination  of the -Material submitted - was requested 

in order'to determine, 11 po8sible p  the reason for the crack

ing and preMature failures encountered, 

Insection,Procedure 	 • 

Mi'  , Gilmartins letter kated tdat the shell 

material had been subjected to chemical analysis,- etch test 

at,the bloom staï,ei:tonsila tests p  vsual ex .iinat in and 

some type of megnetle examination of materlal tested. 

The bars received were said to be of the  composition  given 

were suppl1ed by the Inapection hoard of the. United KIngdom 

and Canada,' 

Table L  

Heat No , 81552-,M, 
Ladle 	Check 

. analysis,r, analysis p  
per cent per cent  

%Heat No. 82494-M 
. Ladle 	Check 

;analysis“analysio, 

A memorandum from Wing Commander J.. L. Burgess for 

D O D.3 0 A,A. 0  which Mr, Gilmartin enclosed stated that  the  same 

type of steel has.been used throueout production and that the 
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(Inspection. Procedure e  contd) 

.steel had always been within the Hispano specification. 

Macroscopic Zxamination. 

. 	' Figure 1 shows two of the shells. Note th mt on of 

these shells has a longitdînal split down its entiro 

length. This type of defect is characteristic of all the 

shells but one, This exception Is also shown in Figure 

bete the shell with the longitudinal line of surface'marlàngs. 

Sulphur prints were made on sections cut from 

shells showinp-, the split, and tee  showed sulphur concentra-

tion at these pplits o  

Sectlons cut from the bars were hot-etched in 50 

per cent E01 but no signs of defects were observed. 

Soie or the cracks were broken open and it was 

that tbe fractured surfaces were oxidized. 

Samples from both the Hispanc-Sulza and 0erlikon 

shells wore prepared foe &lemical analysis. The resuits 

are submittod in Table  LI 

observed 

Table - Chemical ânalysis 
of Shell. Cases. 

Hispano-Suiza 	Oerlikon 
- .ter cent, - 

Carbon 	- 	0,,55. 	 0.36 
Manganese 	- 	1„12 	 10 09 
Phosphorus - 	0,021 	 0„014 
Sulphur 	.:.:, 	0 0 14 	 00 12 
Silicon 	- 	049 	 0019 
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Mi ce; Os c oap:1;e Ex a9 tes. t 1 on 	• 

Both, tren.sverse and . 1Ontetud1nal sections of the 

ct!eéxà Were prepared for microscopie examination, 

tudlï).a1-. section Is': shown in, ,, - Figure • 	and a transverse :r.ità ,e ,  • 

tion,::•in 	ïoe 3 ,, A trve SVO3? e section was also prepared 

e.31sav-»5..b.g the lung5..,tud1nal ma,rk5.7.1.ga (s 	' 

Fî.gure 	0 • Thl.a is silo= in Figure 4 0  

Diséuq3sioil° 

• Th  05,.., acks shown in the spscimen Bhells subMitted 

La 0 11: tasit, ei3O"à1r: their oildiZed 

corltJ.o
•• • 	 . • • .• , 	. 	 . 

that they origineited • a t soma . ' o ara:y Stage lu th  

fabrication of the bars °  

Ph.ero are two possible sources .of those cracks: ' 

1,0  - 'Eoseiibly 14-10 trouble xnety  oral  gins.te in the tricot  

stage, qas ‘holss ju.st under the surface of tho ingot 

slivers;`,Oh -  the 'surface. of the Ingot may be• rolled out into •- 

seaï.•;;. - :•: , SU.Ch'iSearas .c'euld op én up tc'j oriu craelèS  in  mach-liiing' 	• •• 

and- • finit:1g - the sh 'lls o  .• 	• 

>I, -- ,2 0  .• ':SecondlY. 9, . - owing ta-  -its 	 • 

steel, ih.ot short and the correct ho. -brelling temporatUre 

lovrer, ,.: -.than -.that , Cor , Unalloyed carb on steel, For thi  a ' 	. • ; 

reasora.:thp...r0a1),O.U2ia  u 	pi p 	'ln 'hot  •rolling Is --• 

laia'or•, • -. . :..‘biis.moans . '.1;hat:.- 	 steel is being prodile. 	•' 

prodh:ct:ton w:L11 be 	tordoci 0  1f a higher tomperature ;end 

more .sovere roductiona are oraPloyed eracks may develop " 

that are .,.r.ery dIfPtlt to deteot u1l the  tht.sho3 shl1" -  
, 

or - . Oracks of the flSe type o' -Originating . 

 froà-'ingOt condition nre not characteristic of high: 	- 

sulphtir s tee 1 s but may oc cur with equal froquoncy 	arlY 

5teel °  ,Rowever, whon g a s holes form In high-sulphur-steel 

à pt.bâtië âd 0  

I .  

t.. 
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(Discussion, contvd) - 

ingots there is a sulphur segregation in the neighbourbod 

of the gas bole e  so that It would be expected that rolling 

SORMS originating from this cause Would be Characterized 

by a sulphur segregation °  Sulphur printing ShOW3d a 

sulphur segrogation at these cracks °  

Sulphides are found in the lap shown In Figure 4 ° 

 Similar sulphides were found in some of the radial cracks 

although Figure 2  dose  not  show  this °  These cracks also 

• appear to contain oxides, 

While it is •rather dâfficult to be certain about 

the Origin of these cracks it is likely that they originated 

from rolling scals caused by gab holes or slivers in the 

*ingot° The danger of thls . occurring could be minimiged by 

more thorou4h 2carf1ng of the Ingots 

There Is a definite possibility that cracking of 

the shells could cause premature explosions, Certaïnly e 

 the pressure of loading were to sot up stresses in the 

shell that would encourage the opening of cracks, possibly 

after load:Inge  then the charge would become looser °  Irregu-

laritles in loading practice, of course., might also favour 

premature detonations °  

CONCLUSION s 

The defects in the specimen shells submitted 

apparently are seams that probably.originate in blow=. 

holes or slivers in the ,:i.nots, These defects might cause 

' premature detonations °  • 

if 
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Agczvw cyrafvl inspection and scA:4 â.'â.ng of ingratp
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ElEure 1. 

II  
PHOTOGRAPH, ACTUAL SIZE D  SHOWING 

DEFECTIVE 20-UM. SHELLS. 

Note crack in right-hand shell and 
lino of surface markings in left-hand shell. 

«MVO 

Elsme 2 . 

dOiiiffleePeadMeibeinlffl
e'..ep--.Ries■■-■r- -Zebile".•-e•••• -• 

.d.„Il 
PHOTOMICROGRAPH, X100 $  UNETCHED $  SHOWING 

A  LONGITUDINAL SECTION OF CRACK. 
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PHOTOMICROGRAPH, X100, UNETCHED, 
SHOWING A TRANSVERSE SECTION OF A CRACK. 

Flgura  4. 

PHOTOMICROGRAPH, X100 »  UNETCHED, SHOWING 
CROS3-SECTION OF SURFACE OF SHELL ON 

LEFT-HAND SIDE OF FIGURE 1 AT 
LINE OF sultrACE CRACKS. 

Note sulphides in crack. 

HVK:GHB. 


