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FXAMINATION OF BOILER TUBING OF DDE 261 AND CLASS
by

R.F. Inight*
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SUIMMARY OF RUSULTS

_ Visual examination of marine boiler tubing
sambles indicated that they had been cold-drawn as
recquired by the specification. Chemical analyses
showed that the specification had been adhered to in .
this regard except for a negligible discrepancy in
the silicon content of two of the ftuhes. Microscopic
observations of the alloy superheater tube showed
that it had not heen given elther of the specified
heat treatments. Visual and microscopic observations
showed that the tubes were rejectable since they did
not confoxm with Sections 3.2.3 and 3.9 of the
specification.

*FJelent ific Officer, Physical Metallurgy Division, Mines
Branch, Department of Mines and Technical Surveys,
Ottawa, Canada,



INTRODUCTTION

On December 30, 1959, samples of boiler tubing were recelved
from the Naval Secretary for examination. .Thg tubing had been.ordered
to.a specification (MIL-T-16286B(SHIPS)) which required a high~quality
coldudfaWn matefial. Naval examiners claimed that the material
received did not have the finilshed aﬁpearanoe noxmally associated

with cold-drawn’seamless.tubing, and that it did not conform with
Sections-3.2.3 and 3.9 of the specification. These sections are as
follows:
”3,2.3. Finish., - The tubes shall be free from mill scale. Slight
surface inperfectilons mﬁy be removed by grinding provided fhe_wdll
thickneés is not reduced below the minimum and the ground areas-are
well Faired into the remaining portion of the tube. The grinding
medium shall be 180 grit oxr finer. Special precautlons shall be taken
with ¢lass ¢ tubes to insure that no metallic material is contained

in the grinding medium.”

”3+9. Workmanship. - The workmanship shall be first class in every

respect. The tubes shall be ¢lean, smooth, and commercially straight,
with the ends cut scuare and free from burrs. They shall he free
from injurious defects such as laminations, tears, snakes, rings, seams,
laps, pits, and sinks. Class ¢ tubes shall not he furnished with a
centerless ground finish,”

It was recuested that a report be prepared concerning the
appearance, cuallly, and evidence of the ﬁode of manufacture of the

tubing,
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IDENTTFICATION

The tuﬁes received by the Mings Branch ﬁere ldentified by
'the letters from B to G inclusive. iTube B’was a representative sample
-of a gene}ator.tube as received by Courl Indqstriés; Sf. Catherines,
Ontario} for piokling and electro-plating of zinc, . Tube wés an
averaée-generator tube after ﬁiCkling and before plating. 'Tubé D
was one of the bhetter ecenomizéf tﬁbés afte;_picklinq and.plating.
Tube E was an example of the poorest qﬁality of'sufgrheater tube after
pickling and plating. Econdmizer'tube F vas typical of the poéfest
‘qﬁality tubes in the pickled ébndiﬁiéﬁ. Tube G illﬁstrﬁted the.

spiral markings which were seen on many of the economizer tubes.

VISUAL EXAMINATION

Figure 1 shows a &iew of ‘the tubing s&mbles.' Figures 2. and
"3 show views of a tﬁbé,jthe surfaée finish of which 1s considered by
the Navy’to be a standard of ﬁinimum acceptabllity.'A pooréf finish is
‘consideféd.ﬁo Ee rejectable. ?or brevity this will be.tefmed fhe

"mininun-acceptability standaxd”.










the circunferential chatbter markings typlcal of cold-drawn tubing.

CHEMICAL AMALYSIS -

Drillings were taken for cheulcal analyses from each of the
fubes, All tubes except tube B were ordered to Class a of the
specification. Tube E was ordered to Class f. The results of the
analyseé, togelther with the specified analyses for Classes a and f

tubing are listed in Table 1

Table 1

Chemical. Analyses of Tubisg

% Class | Tube | Tube| Tube| Tube| Tubef Class Tuba
b lement éal B C D T G £ =

C 206-~.18 1 W12 § .20 } L11 f .18 | 214 ] .15 max. | .09
M. [e27a63 | o50 | .59 | .45 | .52 | 453 | «30~.60 .48
si(1) |.10 min. .07 | .06 | .06 | .10 { .10 | .50-1.00} .73

5 .040ax.] .035[ .082] .021| .034| .084] .030max. | -018

P .045nax. .0231{ .023{ .014| .018| .018| .030max. .018
Oy - - - - - - | 21.00.2,50] 1.16
1o - 4 - - - ~ | .45~.66 256
A1(2) - L1 (.10 ) L0909 | 10 | G121 - .07

(1) - In the case of Class a tubing, when deoxidizing
practices involving aluminuwm in the ladle are
enployad, the silicon content may he 0,07 per
cent minimumnm,

(2) - Quantitative spectrographic analynis.

A1l analyses serye within the sppeified limits with the exception

off gilicon In tubes G and D, “ince the dJdeoxidatdon prachice involved
!

The use of aluninum, as indlcricd by the spectrographic analyries, the

silicon analyvsis of Tuke B is within the specificotlons, The fact ithat
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X36 - As polished

Figure S. - Longitudinal section from Tube F.
Illustrates the appearance of the wide, smooth

pits found on tube F. This pit was estimated to be
0.005 in. in depth.

X386 - As polished
Figure 6. - Transverse section from Tube E.

Shows a series of longitudinal score marks
found on Tube E. The deepest score mark illustrated
in this field was estimated to be 0.006 in. in
depth.
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reported from above the criq}cal temperafure. The presence of
transfomation products, mainly martensite and bainite, in the dark
etching areas.of tube E, indicate thaf the cooling rabe from ahove

the eritical temperaturc was too fast to obtain a suitable wicrostructure
with this composition. That is, the alloylsuperhgater tube had not

been given eilther of the specified héat treatments, 1 e full annealing,
or nomalizing and temnering at'1200°P."A more normal micros?ructure
for this grade of steel with the proper heat treatment woﬁld be like

that of Tube C (Figure 9).

CONCIUSTONS,

1 « A1l the tublng samples were within the chemical specification,
except for an insignificant diserepancy in the silicon content
for two of the samples.

2 - Visual evidence indicated that the tubes had been cold-drawn, as
required by the sﬁecification..

3 - Tube E had not been given either specified heat treatment.

4 - The presence of mill scale was not in_complianee with Section 3.2.3

of the specilfication.

5 - The surface finish of the tubes was nol: consistent with good

workmanship.
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