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Source of Material and Object ot Inves tetion:  

On May 2, 1945, Mr. J. M. Si - maetin, I.O.M.  for 

Inspector of Materials, Inspection Board  of  United Kingdom 

and  Canada, 71 Lyon Street, Ottawa, Ceulada,  submitted for 

examination a 2-inch mortar signal bon  which had failed in 

proof firing, and also an unfired bomb. The  latter was stated 

to be from production which had passed the proof firing test .  

In addition  to the above, three sets 	aeven,  each represent- 

ing a  step in the processing of these ambs e  were also sub-

mitted.  The request for this inveatig tion  was covered in 
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(Sourc^^ of' ^[ateriFtl and Object of xnv :3atiB^^tgor., <;ont^s'_

Analysis ReqY.aisitiona Nos. 0,i ^ ^`=351.j dated. May 2,, 1945,

O.T. 43-51-1., dated Jlu1e 1.:, 1945. It was further tstated t`,.It

in addition to the abova^-mentio:^^sd tr^o;,'^le, c^rack:ing had been

encountered in certain instances in e.x-, the tubing i-,and

.s
lqi►V1 V^1Liaa^ULy ►LYNiVALo

Figure A. is a photograph sh.^ig-g. wha failed ate:t1

bomb as aubiai. tted. , ,

Figure 1.

Band

?l.attened side.

(ApproximateXy 1/12 actual size).

The metRl tube appeared to collapsad in the

proof f' i ring test. However, no breaks :^e observed in the

tubiZ,^; body of the bomb , The tube was to be 0,, 437 i.mn.

â,4echan;. ,al. Pr. opezlt3.eaâ
.r.^Y .`w^.....^.

A tenat.le specimen was n;acl^.l: :`:rom the failed

tube ard tosted in the L::3ldw1.n-SUuthv!s,r :.ezsile testing

:nactzino. In addi tionp r:.icrotensile srE -[.mena were praparfl d,

from all sainpi.a3 su,Nmittr-^cl. and tested J. -.1ft A Hounsfield to.nso-

meter.. The resul.ts of 1,-ensile and Vizk. -a hardness testa are

r^;ac:: c'.ad in. I

; Cozltinu®d on next > ?. ge;

0



- Page 5 - 

(Mechanical Properties, contfd) 

TABLE I. 

	

Sample 	Se  of 	U/timate 	Yield 	Elongation e , Vickers 

	

Marked 	Test Piece, 	3tress, 	Stress 	per cent 	.Hardness 
imer-----.--11.11 1.e..-= 	••:Irhes 	 - 	*e)  ._.5- 	a 1. 	 Numbe mmm ,4„,,a 	 .. 	 . 	_ 	 r .....  

Failed  Proof 	0.500 X 0.057. 	47,300 	27,000 	41.06 	117-151 
n 	It 	 Micro 	50,000 	28,500 	29.2 	117-151 

Passed  Proof 	 n 	53,500 	33.400 	26.8 	134 
, 

No. 1,  Blank 	 n 	80,000 	72,700 	10.0 	182 
0 	n 	 0 	 75,300 	67,200 	17.5 	195 
01 	 0 	 0 	74,400 	67,600 	15,0 	175 

No. 2, 1st  Drag 	fe 	87,700 	76,700 	7,5 	206 
n 	n 	 n 	82,700 	82,700 	10.0 	197 
n 	 It 	 it 	86,800 	ezp000 	5.0 	199 

No. 3, let Anneal 	n 	49,800 	28,400 	30.0 	88 
n 	n 	 It 	51,700 	34,400 	55.0 	100 
n 	 ft 	 tt 	55,400 	27,700 	52,5 	100 

No.  4,  2nd Draw 	 n 	78,400 	65,200 	15,0 	185 
n 	n 	 n 	75,100 	67,600 	15.0 	182 
n 	n 	 it 	70,200 	52,200 	15.0 	171 

no. 5, 2nd Anneal 	n 	44,800 	26,100 	35.0 	88 n 	n 	 n 	47,800 	24,000 	32.5 	99 
II 	 ti 	 n 	48,800 	24.300 	35.0 	105 

No. 6, 3rd Draw 	 n 	67,900 	54,000 	17.5 	160 
II 	 It 	 It 	73,300 	65,600 	17.5 	171 
0 	 n 	 n 	80,200 	66,800 	17.5 	175 

No. 7, Tempered 

	

1000° F. 	 rt 	75,000 	64,300 	22,5 	168 n 	n 	 0 	81,300 	57,100 	20.0 	167 n 	n 	 0 	85,700 	71,700 	15.0 	175 

HRAT-THEATED, 
B. of M.  

No. 8,  Tempered 

	

1000°  P. 	In 	63,900 	46,400 	22,5 	160 

Na,  7, Tempered 

	

1000 0  P. 	 n 	68,900 	30,600 	15,0 	170 

No ,  7, Tempered 

	

1100°  F. 	 0 	45,500 	24.500 	27,5 	101 

No, 7,  Tempered 

	

1200° F. 	 n 	46,200 	21,300 	32,5 	106 

Sheet Specified 	 42,560 	31,360 	41.0te 

• 
	 .    	--- 

P.)r cent in 2  inches. 
ee 

This value for a full-sized test specimez.. The  smaller  values 
encountered are what one would expect  in  micro specimens. 
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Chemical  Analysis: 

A typical analysis of C.P. strip used in Canada for the 

the manufacture of signal bombs and the results obtained  on 

the samples submitted are given in Table II. 

TABLE II. 

amismintr=51.•le 

Typical  Analysis 

Failed  Bomb 

From  Passed Proof Stock 

No. 1, Blank and Cup 

It 

No. 2,  let  Draw 

No. 3 #  let  Anneal 

Po. 4 #  2nd Draw 

No, 5, 2nd Anneal 

a 	le 

No, 
 m
6,  3rd Draw 

No. 7, Tempered 1000° 

• 
Callaczte.anganese :S laic= PI..los 1....juimj...2.• Sul htu• -r-.  

- Per Cent  - 

	

0.0D 	0.32 	- 	0.010 

	

0.09 	0.36 	1  0.01 	0.022 

	

0.05 	0.38 	- 	- 

0.03  
0.10 
0.11 

0.11 
0.09 
0,10 

0,06 
0.05 
0.07 

0,04 
0.07 
0,08 

0,04 

0 
0.04 
.05 

0.05 
0.03 
0.11 

0.07 
0.07 
0.11 

eiMMIUMMMM=MM=Wee. 

Microscoec  Examination: 

Specimens  out  from the varic-us samples submitted 

were mounted in  bakelite #  polished,  and examined under  the 

microscope in the  unetched condition. The steels  were found 

to  be fairly clean. They were then etched in a  solution of 

two per cent nitric acid in alcohol  and  re-examined.  Figures 

2  to 8 show the  nital-etched structure  of  the specimens 

examined. The structure Is typical  of low-carbon steel.  The 
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(Microscopic Examination, conttd) 

steels were fairly fine-grained. However, some grain growth 

was observed in the hoavily worked sections of the tubes. 

This condition  i  illustrated in Figure 6. The  structure of 

the  steel before and after annealing is shown in Figuree 7 

and 6.  It will be observed that the nteel was heavily  decar-

burized in the annealing operation. 

(Figures  1  to  O foll(_11f„ ; 
( on Pees 6 and  7. 
(Text reeumee un  Eui,_80) 
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(Microscopic 1.Dcami.lation, cont.td) 

X100,  etched in 
2 per cent nital. 

LONGITUDINAL SECTION, SIGNAL 
BOMB SAMPLED FROM STOCK WHICH 

PASSED PROOF FIRING TEST. 
111110.11 

X100, etched in 
2 per cent rital.  

LONGITUDINAL SECTION, SIGAL 
BOMB PAILLM IN PROOF lielENG. 

WIER» 

X100, etChed  in 
2 per cent aita1. 

TRANSVERSE SECTION, SIGNAL 
BOMB SAMPLED FROM STOCK 
WHICH PASSED PROOF FIRING TEST. 

X100, etched in 
2 per cent nIte . 

TRANSVERSE SECTION, SIC fAL 
BOMB FAILED IN PROZ)F FING. 
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Figure 6. 

X100, etched in 
2 per cent nital. 

SHOWING LARGE GRAIN STRUCTURE AT BENT SECTION 
op Tuule AFTER 2ND DRAW. 

Specimen No. 4. 	Carbon, 0,C4 per cent. 
...yoéte 

Figure 7. 
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X100, etched in 
2 per cent nitel. 

BEFORE ANNEAL. 

Showing structure after 1st draw. 

Carbon, 0.08 per cent. 

X100, etched in 
2 per cent nital. 

AFTER ANNEAL. 

Showing structure after  lst 
anneal and 2nd  draw. 

Carbon, 0,04 per  cent. 



-  Page 8 - 

Discussion of Results: 

The chemical composition of the steel used in the 

manufacture of the signal bombe seibmitted was eviller to that 

of an SAE 1010 steel. Although there were two high oarbon 

content values reported for  two  tubes in Operations  Nos,  6 

and 7, the average valuee after the annealing operation 

definitely indicate a marked drop in carbon. This was con-

firmed in  the microecopic examination. Decarburization can 

be  prevented by annealing in a controlled atmosphere. 

The tensile strength and the per cent elongation of 

the steel conform to the requiremente epecified for the sheet 

steel  from Which these signal bombs ar fabricated, making 

due  allowance  for the  low elongation leelues Which  are to be 

expected on microtensile specimens. .£ewever, it will be 

noted that the yield point value was •:ensiderably lower than 

specified. 

The hardneee of the failed m.'t was  found to vary 

from 117 to 151 Vickern, while the haejness of the  bomb taken 

from  stock which had passed the proe firing test  was quite 

uniform.  The erratic values may be  th  to distortion which 

accompanied failure. 

The microscopic exaaination encwed little difference 

in grain  size of the failed and satisteetory tubing.  An X-ray 

examination, however, ehowed that the eatter was somewhat 

finer-grained. 

Experimental heat treatment eests carried out at 

different draw temperatures indicate  chat  the  mechanical pro-

pertiee  are lowered below the specified value  by drawing 

above 1000° F. 

The  results of this investigation would indicate 

that the failure  of the tube was due  to  its low yield strength. 

The low mechanical propertiee of the failed tdbing are pro-

bably due  to drawing the material at too high  a  temperature 
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(Discussion of Results, contld) 

or to full annealing rather than terpering. It is recom-

mended that the temperature of the draw should not exceed 

1000° F. and that the annealing be carried out in a controlled 

atmosphere to prevent decarburization. 

The cracking on expanding is another problem.  The 

examination of the sets  submitted would indicate that  they 

had not been drawn  for a sufficient time or had missed  the 

draw in the final operation. 

Summarizing the results of this investigation,  it 

is concluded that the differences encountered in the  proofing 

and manufacturing of this tubing are  du  a to faulty heat  treat-

ment, and more care should be taken in the final  drawing 

operation  and in the protection of the tubing in the annealing 

cycle. 
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