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Metallurgical Examination of Two Recoil Cylinders. 

Origin of Material  and Object of Investigation: 

On March 14th, 1944, two recoil cylinder forgings 

were received, for metallurgical examination, from  th e British 

Admiralty Technical Mission, Ottawa, Ontario. 

In a covering letter (File No. 11-11-5-4) dated March 

13th, 1944, Lieut.-Commander (E.')  G.  Taylor, R.N.V.R., requeeted 

that the forgings be eXaminied with particular regard to inclusions 

and also with regard to  conformity with the chemical, physical 

and heat treating specifications. These forgings had been  made 

by the Trenton Industries Limited, Trenton, N.S. 

Mr. H. A. Besson,  Admiralty Inspector, Trenton 

Industries Limited, Trenton, N.S., in a letter dated 

March 10th, 1944, stated that . the two forgings subnittod 

to these Laboratories, Serial Nos. 266 and 271, were 
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(Origin of Material and Object of Investigation, cont$d) 

rejected because*of sand plits which were visible on  the  

outside diameters and in the bores, also that the sand spllta 

were more numerous in the bore of Forging  No  266 than In 'zihe 

bore of No. 271. 

It was stated that the forcings had been beat treated 

• as follows: 

(1) Heated to 1550 °  F. and held for 12 hours; 
(2) Cooled outside until KC103 reaction satisfactory 
(3) Heated to 1100° F. and held for 12 hours; and 
(4) Cooled in air . 

Stress-rolieved by heating to 1100 °  P., held 
for 12 hours, and cooled in air, 

liemumpAsLAcelaltilou : 

The bore of Forging No  271 had been machined to a 

smooth surface near the large end, and therefore thia forging 

was taken for the metallurgical examination. The "sand splits" 

or inclusions were visible to tho naked eye on both forcings 

but were especially noticeable on the machined surface of the 

bore of Forging No. 271. Figure 1 is a photograph of one of 

the cylinders in the "as received" condition. No inclusions 

are visible in the photograph. Figure 2 is a photograph of a 

deep-etched section of the cylinder, The inclusions  are 

 plainly visible in this section. 

RECOIL CYLINDER "AS RECEIVED n . 
(Approximately 1/10 size), 

PHOTOGRAPH OF 
DEEP-ETCHED SECTION. 

(Approximately  

Note "sand splits° 
or inclusions. 
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Chemical Ana17s1e4 : 

The chemical analysis of the forgingspas determined 

at these Laboratories, is shown below. A chemical analysis mado 

at Trenton is also shown :  for comparison. 

Bureau 	Trenton 
of Miner Steel Worhs 

-  2er 

Carbon 	- 	0.32 	0.32 
Manganese 	-  • 	0.74 	0.81 
Silicon 	. 	0,3/ 	0,50 
Sulphur 	- 	0.024 	0.028 
Phosphorus - 	0.026 	0.030 
Nickel 	, 	3.61 	5.45 
Chromium 	- 	0.09 	- 
Molybdenum - 	0,28 	0.16 

IIMINer.....••••• ■•.■••■••••■•• ■•■•■••••••■■•••••••■•■■••me 

.11721.2e1-2111e8 ; 

Examination of fractured surfaces (one longitudinal 

and one  transverse surface) did not give any indication of 

flaking  due to hydrogen. Fractures of the bars broken in the 

(harpy impact  tests  also showed no sign of hydrogen fleres. 

ChFcnpy impact tests were made  using standard section e 

 vee-notch bars of both single and double width. This method of 

impact testing was decided upon be caus e  lt would more readily 

show an  y notéh  sensitivity of the steel. If the steel use notch-

sensitive, approximately the same amount of onergy would be 

required to break the Couble-width bars as to break the single

width bars. If the steel was not notch-sensitive e  the double- 

width bars  would require approximately teica the energy required 

to break the singlo-width bars. 

The following restits  were obtained on the Chargy 

impact tests: 

LONGITUDIMAL BARS 	TRANSVERSE oAn2 
Inegre.)0171------r- rter 	Mière7  ni1UP 
1.0.•Wn.... 
width 	width 	width 	yldth 

-  WSot-pourin  - 
30 00 	66.0 	11.0 
52,5 	55,0 	 12,5 
34.0 	70,5 	 13,5 

24 05 
20.0 
33.5 

Average - 	3202 	63,8 	 12,3 25,0 
umme•■••■•••■■•}0 .........1«•111■71■11....1111,..11111•••■•11.M.11•11,11.•*••••••••••••■•••••■•■11. .....0•1111...«••■■•••• 

Continuea on next  page) 
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22.5 
8.5 

23.0 
17.0 

t 	45.6 
: 	12,0  • 

: 	59,4 
34,2 
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(Physical Tests, contld) 

Tensile tests wore made on both longitudinal and 

traneverse standard teneile test bars (00564-inob diam., 2-inch 

gau  ge length). The results of the tensile tests are shown 

below, together with the reeults of the same teste performed, 

for inspection, at Trenton. The required specificatione fcr 

the forgings are ehown for comparison. 

TW.iSILE TEST 
:eakimula ; Per cent ---ireirETTai 

:etrength,:strength,: elongation, : in area, 
e.e.l. 	e.s.i, 	2-inch_gauge:per  cent  

Specification • .,..epereev —0 	 -6 
:110) 000  ,:  

Longitudinal bar : C5,200 :110,000 : 
Traneverse bar 	82,800 :104,000 : 

1.1.L.42.12.â2._./119;e2.1.1.921: 
Longitudinal bar : 96,000 :114,400 : 
Traneverce bar 	: 96,000 :114,400 : 

• • 
•••••••••••••••••••••••••••••••M 	 ■.1e1...m• Cm.•••••••••*•• 

Microsconle Examination: 

A longitudinal eample showing a large inclusion was 

mounted in bakelite, hand polished, and examined under a micro- 

SCOpeo 

Two other samples were also mounted  and polished. 

Theee samples were etched in 2 per cent nital for 50 seconds 

and examined under the microscope to check on the structure of 

the steel and hence note the reeults of the teat treatmenta. 

The inclusion wan examined under varicus lighting 

arrangements and appeared to be meetly iron sulphide. Figure 

5,  at a magnification of 20 diametere 0  shows this inclusion. 

A sulphur print (using 4 per cent H204) from the mounted 

sample proved that the incluelon vas a complex sulphide of 

iron with some manganese. Figure 4, st a magnificel.on of 20 

diameters,  shows the inclusion after a sulphur print was taken. 

A  comparison of this figure with Figure 3 shows that the acid 
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(Microscopic Examination, conttd) 

strongly attacked the inclusion. 

Microscopic examination of the etohed surfaces 

showed that the heat treatment was eatisfactory (see Figure 5). 

Discussion  _of Resulte: 	 • 

The chemical analyels of the cylinder forging agreen 

with that made at Trenton. 

There rere no signa cr hydrogen flakes in any of the 

fractured or broken surfaces examined, 

The results of the Cbaepy impact teste were quite 

satisfactory. The double-width bars required approximately 

twice the energy needed to break the single-width bars, showing 

that the inclueions did not make the steel notch-seneitive. 

The tensile tests results ares with the specifioa-

time in all but the per cent elongation of the transverse 

test bar, This result is very low:probably due to the large 

inclusions. Mee test results are in agreement with the results 

obtained at Trenton. There was very little elongation or reduc-

tion in area in the transverse bar but this is explained by the 

very large and numerous inclusions in the steel. All of  the 

inclusions noted in the two cylinders submitted ran in a longi-

tudinal direction, that is, lengthwise on the cylinder. 

The heat treatment Given the forginge was eatiefactory, 

reeulting in a normal struéture. 

•••■71onalummemoD 

CONCLUSIONS: 

The cylinder forginge, aside from the inclusione, are 

eatisfactory, 

Inolusione occurred throughout the cylinder; they are 

not merely surface defecte 0 , 

The sulphide inclualons found in both forgings are 
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(Conclusions, con .Ud) 

objectionable. Ilowever,p they are not considered to be 

sufficient cause to reject these cylinders. 
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