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Oﬂ of 76 mn.

= i e .

1i1d Steel Base
Smoke Shell (Cases.

Origin of Lntorial and Oobject of Examination:

On Januvary 10th, 1L84%Z, under Reguisition No. 0.7,
ir. Ho Hs Scotland of the Inspection Beard of the United
Fingdor and Canada, 58 Lyon Street, Ottawa, Onterioc, sub-
mitted three 75 rm. smoke sznell cases for ezxsmination.

Cne cese was not marked and had received no heat treatment
after welding. Another cass (marked "i") had besen hicaited to
734° F., held there for kalf sn hour, and then removed from
the Turnace and ceooled in still air. The thlrd case (marked
"") had been hesated to 1650° F., held thers for 20 minutes,
and then removed from ths rnace end coolsd in still air.
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(Mlacro=-Iixamination, conttd) -

close~up of the w "1.(.“'

d joint, .houhﬁb
wt.

the c t it of the

(Approximately

On four specimens examined, this di~ension "w"

was found to vary, as follows:

. llo. 1, taken from Specinen "N", 0,036 in.
No. 2, " " Specimen "A", 0.019 in,
No., 3, - " gspecimen "A", 0,012 in.

. No. 4, " ¥ untreated
8p6C imen s 0.009 b G

Physical Teats:

The metal in the neighbourhood of the weld
was exemined for wvariations in hardness. The Vickers hardness
tester was cmployed, using a 10-~-kilogrem load. Th

results of this exanination are shown in Figure 4.

(Continued on next page)
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{(Physical Tests, cont'd) =

Tensile test specimens were cut out of the

cases.,

are tabulated belowr:

Test No.
Specimen No.

Width of test pilece

Thickness of tube
Area in tube wall
Thickness of weld
Area in weld

Ultimate load

Stress in tube wall

Streas in wald

Load on weld, per linear inch -

Position of fracture

These strips were avout 3/8 inch wide.

It la
= HHW
- 0|328 il’l.
o 00064 in.
- 0,036 in.
-~ C*oolz Sq. il'i.
- 1,028 pounds
e 48,952 plﬁaiu
= 5’667 I.)eSwin

3,130 pounds

- In tube wall.

The results

es
Haw

Oadll dx,
0,064 -131.

0.026 sq. in.
0.019 in.
0.008 sg. in.
1,106 pounds
42,5381 p.s.l.
13;%’250 p'Soic
2,691 pounds

In weld,

A tensile plece was also obtained from the

untreated cass but it breke at the weld, in handling.

weld was found to be only 0.009 in. thick.

Chemical Analysis:

Carbon, per cent

Manganesas, per cent

Phosaphorus, -
Sulphur, e

silicon, -

114 Steel Base

0,22-0,35
0.65-0.77
0.014-0.026
0.026-0.034

0.18-0.24

The

Tubular Bedy

0.06-0.07
0.29-0.539
0,000,017
0.020-0,038

Mone destected.,
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(ficroscopic EZxamination, conttid) -
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Structure of metal in the tubular body
before normalizing, in an area not affected by
. the weld. '
X100, nital etch.

(Compare with the body metal in Figure 15.)
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DISCUSSION OF RESULTS:

§

)
i

It is evident from a study of the photomicro-

graphs presented above that the heat trestment

of stress relieving at 734° ¥, for % hour and alr-cooling

]

has not affected the structure created by the welding. The
dendritic structure evident in the weld metal is brittle
and therefore not the most desirable where lmpact or shock

stresses must be resistad.

The normalizing treatment of 20 minutes at 1650° F.
has brought about a desirable transformation in the structurs

of the weld metal aond slso has returned the structure of the
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- Page 15 =~
(Discussion of Results, cont'd) -

of the weld will not be affected by any subsseguent heat
treatment. It was just a coincildence that the only case
exhibiting a deep snough weld was the case marked "N",
The following three paragraphs are taken from

"Steel and Its Heat Treatment," by Bullens (Battelle),®
Vol, 2, page 207: '

"In welding,; the metal of the weld, and that
adjacent to ii, are heusted above the critical, and are
cooled rapldly by the chilling effect of the parent metal
which 1s belng jolned, The rate of cooling, when the
parent metal 1s cold, may be of the ordsr of that of an
air blast, or even of an oll quench,

"As a general gulde, the American Vielding Scclety
places a 1limit of 200 Brinell (96 Rockwell B)a%n the weld
or any metal adjacent to 1t, in steel to be welded cold
and without a stress-rellef anneal. The steel maker stays
within this 1limit by holiding the C low, ordinarily below
0,155, and selecting ferrite-forming elements that strengthen
the steel in the as=-rolled or normalized condition but that
do not introduce apprecliable tendency toward alr hardening.
If such elements are used, thelr emount is strictly limited,

"Higher ¢ grades are welded, but not, in the best
practice, wlthout a stress-relief anneal. The 'American
Vielding Soclety Handbook!' suggests that, 1f the metal adjacent
to the weld shows eny zone between 200 and 250 Brinell, Slight
preheat is desirable in heavy sections, and stress relief

advisable for light and mandatory flor heavy sections; 1f there

& ! ——
Published by John lilley & Sons, Inc., New York (1939).
26 kquivalent to 200 Vickers.
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(Discussion of Results, cont'd) -

-

"is a zone of 250-Z00 Brinell, the preheat should be to at
least 300°, and all welds should be stress-relief annesaled;
1f the steel hardens to 350 Brinell, the preheat should be
to 400° or higher and the weld should be immediestely stress-

relief annealed before it 1s allowed to cool.!

From Volums 1, page 142, of the same book we
quote as follows:

hen & welded specimen shows any zone over 200
Brinell, a stress-relleving draw 1s used, in best practice,
to prevent having a brittle joint. Large welded pipes are

stress relieved by ammealing at around 1200° p "

The metel in the twbular body of these cases

- ]

does not show dangerocus hardening since it is of low
carbon, However, the metai in the base does., Apparently,
while this type of structure (Figure 14) 1s characteristic
of & brittie material, in the low carbon range existing

it iz not considered troublesome for normal structural
fabrication and the 1200° F. stress-relleving anneal 1is
considered sufficlent, This, however, need not necessarily

apply where an expleosive shoek 1s to be resisted,.

Conclusion:

The norwmalizing treatment at 1650° p. gives
the best metallurgical structure of the three specimsns

submitted, when toughness 1s of orime importance.

Recommendations:

In view of the wide varistion noted in the thick-

ness of the weld, the menufscturing practice should be









