
Imam • 40 j 

fi  
di 

ltE 
O TTAWA 	0-1:4ne 21st, 1943. 

REPOR T- 

of  the 

ORE pRESING AND  T'NALLURGIOAL  LABORATORIES. 

Inveztit!on  Iço. 1431. 

■ 

Examination or We1ded Oxygen Cylinders. 

(00PY  U004/4d0 ; 



' 

. ; 	;:c 	 . 

0 TTAdA 	June 21st, 1943. 

E P  o T 

of the 	 - 

ORE DRESSING  MIDTALI.UnGIC.AL LitEOP.ATORIE.E.L 

Invastiaation 50 0  1431. 

Examination of Welded 0 -Jrygen Cylindrs. 

3urce  of  Material  and Oble_ct  of  .f.nvectiton; 

:,11. June 2th, 19d2, rr, E e  F.. Scotland, .:nspt:-otor 

of Materias„ .Inspectlen Board zf United Kift'agdom Lnd Canada •, 

7t) Lyon :3troet, Ottawa, 	 sent in for woUed stéel 

cylindors -‘7or exvalhation (Analfsis Requisiti)rI 0,T, 12,31), 

In a lettor accompao.yinn . the cyr_nders it we.s 

that they.  ?'lad bean falJriuted bj welding ::'.rom SAE T.a43  seam-

less steel tubing by Kincaid Manufacturing C;olupany 	Yok 

Jzrsey, U e ,L e;  and that after 	the cylinders 1:.ad been. 

- annealed at 15QO  F The working pressure aaatt.te. to be 

1 3 800 p o s.„ 	an& it was clained that these cylinders Lad bee.1 

• 	submitted to a hydronatic pressui.e 01%5,000 p e s,i, 

. 	was req1.o8t1 that  a  full matallv,re,:al cxamins- 

tion be caz'ried out on the  weld. and parent metal of  ce  of 

tLese cyli7:der3 in orier to detriul%e, if press1b1.3a tLeir 

suitsbility for US6  Le3  oxyGen c71 .1ncr8, For purposcs  c,17 

identificaion the cylinders wezo marked Iços, 1 0  2 0 Z  ard  4. 
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X-Ray Examination: 

The work of X-raying the welds of these cylinders 

was referred to the National Research Council, Ottawa The 

made the following comments: 

"The  to  mid bottom welds of oxygen tanks were  radio
graphed, using  radium  suspended in the cen'ere of  the tank 
opposite the weld. 

The radiographs indicate seridus lack of fusion in  the 
penetration zone in every case, slightly less serious in the 
bottom welds of Tanks 2  and 3. Undercut is also shown in 
every case, less pronounced  in the top  weld of Tank  5, 

There is considerable  porsity scattered throughout the 
welds, Films on Tank  3,  top  weld, exhibit excessive porosity. 
Linear porosity, as in film O, Tank 1, bottom weld, occurs in 
several welde. 

Slag inclusions occur frequently." 

The nature of  the defects  indleated in the :e-ray films 

is illustrated in  Figure  1. 

?ie:e.ye  1 . 

PRINT OF X-RAY FILM, SHOWING  LAC( OF FUSION 
IN  PRE WELD OF CYLINDER NO, 1.  • 
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111211219.2212...MnIAeti  °;(1 : 

'Figure 2  is a  photograph of  one of the  welded 

cylinders The bottom  and top  sections of  the cylinder  were 

aasembled  by welding..  The valves on the tops  of the  cyllnders 

were provided with a safety arrangement  and  also a threaded 

tee  cas  outlet, The  latter was threadod with a standard right-

hand threade  14 threads to the inch, and the outside diameter 

measured 29/32 inch. This dimension was found to be approxfi.- 

mately 1/16 inch larger than a similar fitting on'a Linde Air 

Products Company oxygen cylinder. 

OS  CYLInZa* 
(Approximately I/16th size). 

A section of the weld was cut from Cylinder  No  1 

and given  a macro-etch in  a soution  of 5 per cent 11,11 and 

1  per  cent picric acid in alcohol. Figure 3  i3  a photograph 

showing the macro-etched  structure  of a cross-section of the 

weld and parent metals. The  weld  metal consisted of four 

layers >  and from the nature  of the  weld it would appear  to 

have been produced  by  gas weldtng, it may be seen that 

alignmant is quite bad and penetration is only about 30 

per cent, 

(Continued on next page) 
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(Macroscopic Examination,  contld) 

F1gpre  3, 

CROSS-SECTION OF WELD AND PARENT YETAL. 

(Approximately 2/3 size). 

Chemical Analysis: 

Drillings taken from *:he parent and weld metals 

were analysed. 

Carbon 	- 
Manganese - 
Phosphorus - 
Sulphur 	- 
Silicor 
Chramium 	- 
Molybdenum - 
Nickel 

Spedified (1942) 
SAE T-1340 

0,38 to 0,43 
1 0 60 to 1.90 

0.04 
0.04 

0,20  to 0,35 
•■• 
•  

POUND 

Parent Metal Weld  Mstal 

0,36 
1.41 
ND 
ND  . 
ND 
0.03 

None detected 
ft  It 

0.13 
0,51 
ND 
NP 
ND 
ND 
ND 
ND 

eadly/11•00■••■■••••■ ••••••••■•■••■••■■••■•■•••••■•••••■■■••••••••■•■■•••■•■•. 

ND . not  determined. 

Bend Test: 

A weld  bend  test specimen from Cylinder No, I broke 

under a  load of 2e 500 pounds. Figure 3 shows  the fracture  of 

this specimen. It will be observed that the weld metal covers 

only approximately one-half of the cross-section. 

(Continued (7.r next page) 



- Page 5 - 

(Bend Test, contld, 

Figure 3. 

■■■ 

FRACTURE  OF BEND TEST S.7ICIMEN. 

(Approximately 	size). 

Hardness  Testa: 

Vickers hardness determinations were carried out 

on the weld and parent notais,  1.:sing a  104ilogram load. 

The followinz results were obtained: 	 • 

Weld Metal 	Parent Metal 

Vickers hardness number 	 155 	 191 
••■•■■•••■ 	 e•-■••■■■•■•■•■•••■■    	 amorm.••• ■•••■■■amemeil. 

There were no brittle zones observed in  the parent 

metal adjacelt to the weld. 

nar.2.12.2215..LExEuaination: 

A cross-sectional specimen of the weld and parent 

metal was prepared  for microscoric examination.  The steel wee 

first examined under the micros .cope in the unetched condition. 

Figure 4 shows a porous section of the unetched metal.  The  

steel was than etched in a solution of 2 per cent nitric acid 
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(Microscopic -decamination, conttd) 

In alcohol and re-examined. It was found that the porosity 

shown in Figure 4 occurred in the weld metal. This is illus-

trated in Figure 5, Figure 5 shows the structure of a sound 

 portion of the weld metal. 

Fi 

X100,  unetéhed. 

POROUS METAL. 

X100, etched in 2 per cent nital, 

SAlyS AS PIGURE'4 e  SHOWING 
roRous WELD METAL. 

me.111. 

6. 

X100„ etched in 2 per cent nital. 

SOUND WELD METAL. 
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(Microscopic ; xs.mination, con.t'd) Q

Figurest7 and 8a photomicrographs at X100 inagnifi-

cation, show the x'inemgrFained structure of the weld and parent

metals respectively, after an etch in 2 per cent ni#;a.2, ^Y:^?z:;

structures consist of ferrite (the white etchinS constituent)

and pearlite (the dark ei: (,-hing ra,ai.eria1), The aoa»se naturo

of the pearlite Is illustrated in Figure 9, a photomicrQgraph.

at X1000 magnificat ion,

FiM.>r2 7.

K100, etch.ed in 2 per cent nit.:•s.2p

49EI,U ;"ViIETAL,

Figure S.

:^'W, 11M$^^^^ft A', 11^_i
.^ 100, etched in 2 per cent n: ta..,,

PARENT PETIALa

AA.t,L"I'I' I^i_;;TAL.
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Discussion of Rosults 
u1.1,-eQe.rat.nr.,Menalene,terse.r.wt.sae. •ta. •=4..urmv,,,aa.hara  

The steel of the cylinder examined had a chemical 

composition slimilar.to that of aft SAO T-1340 steel, The weld 

metal was a plain low-carbon  tel  From the nature of the 

weld it would appear to bave been produced by gas welding„ 

The X,ray films of the  welds of the four cylinders 

examined indicated lack of fusion in  ail i,:he welds and, in 

additions  the veld metal was porous and 

sions o  The lack  of fusion and also the 

contained slag lnclu, 

porous condition 

observed in X-ray files ware confirmed by the macro- mul micro-

examination of a section, of the weld, Sudft defects would 

seriously lower the Impact properties of the welds, 

A hardness survey showed that thpre were no brittle 

zones adjacent to W.-le wold . metal. The low hardness values 

obtalned 1,ndicatedthat the steel was in the anneaied condition 

This latter fact was confirmed by a microscopic examination 

(see Figure 0 0  

The oversize dimensions of the threaded outlet tees 

on the valves supplied with these cylinders would prohibit 

their usa sither in. filling or In service s  unless a special 

oxygen hose coupling were supplied 0  An alternative to this 

would be to obtain new valves wUh tees Ulv'eaded, to fit 

Canadian standard oxygen  ho se  couplings. 

According to British Standard Specification 	400, 

cylinders used for storage of permanent gases such  as hydrogen e 

 oxygons  nitrogen:,  etc must 	 free  from weldq, 

Specifications which permit  the  manufacture of oxygen 

cylinders by welding seamless steel tubing of  SISE m-134O compo- 

sitions  are unknown to 

specificaticn existeds 

 with the porous natu:re 

lity of allowing these 

this nureau, However s  even If such a 

the lack of alignment and fusion, together 

of the weld% would elImlnate any yossibi-

cylinders to be used for the storage of 
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(Olseussion of Rosults o  contQd) - 

oxygen gas„ ¶h  fact that those cylinders were stated to have 

winetood a hydrostatic Dressure of 59 000 p„s„i, carnet be 

considered as a basis of t.heir strength under impact, Thersforo o 

 since gas cylinders may be subjected to fairly high impact 

stresses in service o  the use of these cylinders i2 quite danger-

ous and definitely eould not be considered, 

001WLUSIONS 

- 1, The cylinders examined were fabricated. by gas 

welding of SAE T-1340 seam:less steel tubing()  

They were given an annealing haat treatment 

after weldin 

5 The wolds wore all found to  ho defeotive 9  some 

being extremely bad, 

4.0  Welding of  steel cylinders for  storing. oxygen 

gas Is'definitely problbited by British Standard SpÔeificatian . 

 No, 400, 
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