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(i) Selecting the samples for check
analyses performed by other than the
material producer;

(ii) Verifying that the prescribed
minimum thickness was met by meas-
uring or witnessing the measurement
of the wall thickness; and

(iii) Verifying that the identification
of material is proper.

(4) Prior to initial production of any
design or design change, verify that the
design qualification tests prescribed in
paragraph (c)(6) of this section have
been performed with acceptable re-
sults.

(1) Definitions. (1) In this specifica-
tion, a ‘“‘lot” means a group of cyl-
inders successively produced having
the same:

(i) Size and configuration;

(ii) Specified material of construc-
tion;

(iii) Process of manufacture and heat
treatment;

(iv) Equipment of manufacture and
heat treatment; and

(v) Conditions of time, temperature
and atmosphere during heat treatment.

(2) In no case may the lot size exceed
200 cylinders, but any cylinder proc-
essed for use in the required destruc-
tive physical testing need not be count-
ed as being one of the 200.

(m) Inspector’s report. In addition to
the information required by §178.35, the
record of chemical analyses must also
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include the alloy designation, and ap-
plicable information on iron, titanium,
zinc, magnesium and any other appli-
cable element used in the construction
of the cylinder.

[Amdt. 178-114, 61 FR 25942, May 23, 1996, as
amended at 66 FR 45386, Aug. 28, 2001; 67 FR
51652, Aug. 8, 2002; 68 FR 75749, Dec. 31, 2003;
77 FR 60943, Oct. 5, 2012; 85 FR 85421, Dec. 28,
2020]

§178.47 Specification 4DS  welded
stainless steel cylinders for aircraft
use.

(a) Type, sice, and service pressure. A
DOT 4DS cylinder is either a welded
stainless steel sphere (two seamless
hemispheres) or circumferentially
welded cylinder both with a water ca-
pacity of not over 100 pounds and a
service pressure of at least 500 but not
over 900 psig.

(b) Steel. Types 304, 321 and 347 stain-
less steel are authorized with proper
welding procedure. A heat of steel
made under the specifications in table
1 in this paragraph (b), check chemical
analysis of which is slightly out of the
specified range, is acceptable, if satis-
factory in all other respects, provided
the tolerances shown in table 2 in this
paragraph (b) are not exceeded, except
as approved by Associate Adminis-
trator. The following chemical anal-
yses are authorized:

TABLE 1—AUTHORIZED MATERIALS

Stainless steels

304 (percent)

321 (percent) 347 (percent)

Carbon (MAX) ...c..ceeveereiireireeceeee s 0.08
Manganese (max) 2.00
Phosphorus (max) .030
Sulphur (max) . .030
Silicon (Max) ....coeeveeereerereens 75
Nickel ...... ... | 8.0/11.0
Chromium e 18.0/20.0
Molybdenum

Titanium e ——————
Columbium s

0.08 0.08
2.00 2.00
.030 .030
.030 .030

.75 .75
9.0/13.0 9.0/13.0
17.0/20.0 17.0/20.0

™

)

1 Titanium may not be more than 5C and not more than 0.60%.
2Columbium may not be less than 10C and not more than 1.0%.

TABLE 2—CHECK ANALYSIS TOLERANCES

Tolerance (percent) over
the maximum limit or
under the minimum limit

Element Limit or maximum specified (percent)
Under min- | Over max-
imum limit imum limit
Carbon ... TO 0.150NCH .o 0.01 ‘ 0.01
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TABLE 2—CHECK ANALYSIS TOLERANCES—Continued

Tolerance (percent) over
the maximum limit or
Element Limit or maximum specified (percent) under the minimum limit
Under min- Over max-
imum limit imum limit
Manganese . Over 1.15 to 2.50 incl ... 0.05 0.05
Phosphorus? All TANGES ..o | .01
Sulphur ... All TaNGES ... | e .01
Silicon . Over 0.30 t0 1.00 iNCl ...ccoiiiiiiccccccce .05 .05
Nickel Over 5.30 to 10.00 incl .. 10 .10
Over 10.00 to 14.00 incl 15 15
Chromium Over 15.00 t0 20.00 iNC .......cocoovriruruciceiciriiae .20 .20
Titanium ...... All ranges .......... e .05 .05
Columbium All TaNGES ...vieii .05 .05

1Rephosphorized steels not subject to check analysis for phosphorus.

(c) Identification of material. Materials
must be identified by any suitable
method.

(d) Manufacture. Cylinders must be
manufactured using equipment and
processes adequate to ensure that each
cylinder produced conforms to the re-
quirements of this subpart. No defect is
permitted that is likely to weaken the
finished cylinder appreciably, a reason-
ably smooth and uniform surface finish
is required. No abrupt change in wall
thickness is permitted. Welding proce-
dures and operators must be qualified
in accordance with CGA Pamphlet C-3
(IBR, see §171.7 of this subchapter). All
seams of the sphere or cylinder must be
fusion welded. Seams must be of the
butt type and means must be provided
for accomplishing complete penetra-
tion of the joint.

(e) Attachments. Attachments to the
container are authorized by fusion
welding provided that such attach-
ments are made of weldable stainless
steel in accordance with paragraph (b)
of this section.

(f) Wall thickness. The minimum wall
thickness must be such that the wall
stress at the minimum specified test
pressure may not be over 60,000 psig. A
minimum wall thickness of 0.040 inch is
required for any diameter container.
Calculations must be made by the fol-
lowing formulas:

(1) Calculation for sphere must be
made by the formula:

S = PD/4tE

Where:
S = Wall stress in psi;
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P = Test pressure prescribed for water jacket
test, i.e., at least two times service pres-
sure, in psig;

D = Outside diameter in inches;

t = Minimum wall thickness in inches;

E = 0.85 (provides 85 percent weld efficiency
factor which must be applied in the girth
weld area and heat zones which zone
must extend a distance of 6 times wall
thickness from center of weld);

E = 1.0 (for all other areas).

(2) Calculation for a cylinder must be
made by the formula:

S = [P(1.3D2 + 0.4d%)] / (D2 — d?)

Where:

S = Wall stress in psi;

P = Test pressure prescribed for water jacket
test, i.e., at least two times service pres-
sure, in psig;

D = Outside diameter in inches;

d = Inside diameter in inches.

(g) Heat treatment. The seamless
hemispheres and cylinders may be
stress relieved or annealed for forming.
Welded container must be stress re-
lieved at a temperature of 775 °F +25°
after process treatment and before hy-
drostatic test.

(h) Openings in container. Openings
must comply with the following:

(1) Each opening in the container
must be provided with a fitting, boss or
pad of weldable stainless steel securely
attached to the container by fusion
welding.

(2) Attachments to a fitting, boss, or
pad must be adequate to prevent leak-
age. Threads must comply with the fol-
lowing:

(i) Threads must be clean cut, even,
without checks, and tapped to gauge.
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(ii) Taper threads to be of length not
less than as specified for American
Standard taper pipe threads.

(iii) Straight threads having at least
4 engaged threads, to have tight fit and
calculated shear strength at least 10
times the test pressure of the con-
tainer; gaskets required, adequate to
prevent leakage.

(1) Process treatment. Each container
must be hydraulically pressurized in a
water jacket to at least 100 percent,
but not more than 110 percent, of the
test pressure and maintained at this
pressure for a minimum of 3 minutes.
Total and permanent expansion must
be recorded and included in the inspec-
tor’s report.

(j) Pressure testing. Each cylinder
must successfully withstand a pressure
test as follows:

(1) The test must be by water-jacket
or direct expansion method as pre-
scribed in CGA C-1 (IBR; see §171.7 of
this subchapter). The testing equip-
ment must be calibrated as prescribed
in CGA C-1. All testing equipment and
pressure indicating devices must be ac-
curate within the parameters defined
in CGA C-1.

(2) Each cylinder must be tested to a
minimum of at least two (2) times its
service pressure.

(3) The minimum test pressure must
be maintained at least 30 seconds and
sufficiently longer to ensure complete
expansion. Any internal pressure ap-
plied after heat-treatment and prior to
the official test may not exceed 90 per-
cent of the test pressure. If, due to fail-
ure of the test apparatus or operator
error, the test pressure cannot be
maintained, the test may be repeated
in accordance with CGA C-1, section
5.7.2.

(4) Permanent volumetric expansion
may not exceed 10 percent of the total
volumetric expansion at test pressure.

(6) The cylinder must then be in-
spected. Any wall thickness lower than
that required by paragraph (f) of this
section must be cause for rejection.
Bulges and cracks must be cause for re-
jection. Welded joint defects exceeding
requirements of paragraph (k) of this
section are cause for rejection.

(k) Radiographic inspection. Radio-
graphic inspection is required on all
welded joints which are subjected to in-
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ternal pressure, except that at the dis-
cretion of the disinterested inspector,
openings less than 25 percent of the
container diameter need not be sub-
jected to radiographic inspection. Evi-
dence of any defects likely to seriously
weaken the container is cause for re-
jection. Radiographic inspection must
be performed subsequent to the hydro-
static test.

(1) Burst test. One container taken at
random out of 200 or less must be
hydrostatically tested to destruction.
Rupture pressure must be included as
part of the inspector’s report.

(m) Flattening test. A flattening test
must be performed as follows:

(1) For spheres the test must be at
the weld between parallel steel plates
on a press with welded seam at right
angles to the plates. Test one sphere
taken at random out of each lot of 200
or less after the hydrostatic test. Any
projecting appurtenances may be cut
off (by mechanical means only) prior to
crushing.

(2) For cylinders the test must be be-
tween knife edges, wedge shaped, 60°
angle, rounded to ‘2-inch radius. Test
one cylinder taken at random out of
each lot of 200 or less, after the hydro-
static test.

(n) Acceptable results for flattening and
burst tests. Acceptable results for flat-
tening and burst tests are as follows:

(1) Flattening required to 50 percent
of the original outside diameter with-
out cracking.

(2) Burst pressure must be at least 3
times the service pressure.

(0) Rejected containers. Repair of weld-
ed seams by welding prior to process
treatment is authorized. Subsequent
thereto, containers must be heat treat-
ed and pass all prescribed tests.

(p) Duties of inspector. In addition to
the requirements of §178.35, the inspec-
tor must verify that all tests are con-
ducted at temperatures between 60 °F
and 90 °F.

(1) Marking. Markings must be
stamped plainly and permanently on a
permanent attachment or on a metal
nameplate permanently secured to the
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container by means other than soft sol-
der.

[Amdt. 178-114, 61 FR 25942, May 23, 1996, as
amended at 66 FR 45386, 45388, Aug. 28, 2001;
67 FR 516563, Aug. 8, 2002; 68 FR 75748, Dec. 31,
2003; 85 FR 85421, Dec. 28, 2020]

§178.50 Specification 4B welded or
brazed steel cylinders.

(a) Type, size, pressure, and applica-
tion. A DOT 4B is a welded or brazed
steel cylinder with water capacity
(nominal) not over 1,000 pounds and a
service pressure of at least 150 but not
over 500 psig. Longitudinal seams must
be forged lap-welded or brazed. Cyl-
inders closed in by spinning process are
not authorized.

(b) Steel. Open-hearth, electric or
basic oxygen process steel of uniform
quality must be used. Content percent
may not exceed the following: Carbon,
0.25; phosphorus, 0.045; sulphur, 0.050.
The cylinder manufacturer must main-
tain a record of intentionally added
alloying elements.

(c) Identification of material. Pressure-
retaining materials must be identified
by any suitable method that does not
compromise the integrity of the cyl-
inder. Plates and billets for hotdrawn
cylinders must be marked with the
heat number.

(d) Manufacture. Cylinders must be
manufactured using equipment and
processes adequate to ensure that each
cylinder produced conforms to the re-
quirements of this subpart. No defect is
permitted that is likely to weaken the
finished cylinder appreciably. A rea-
sonably smooth and uniform surface
finish is required. Exposed bottom
welds on cylinders over 18 inches long
must be protected by footrings. Weld-
ing procedures and operators must be
qualified in conformance with CGA C-3
(IBR, see §171.7 of this subchapter).
Seams must be made as follows:

(1) Brazing materials. Brazing mate-
rials must be by copper brazing, by
copper alloy brazing, or by silver alloy
brazing. Copper alloy composition
must be: Copper, 95 percent minimum;
Silicon, 1.5 percent to 3.85 percent;
Manganese, 0.25 percent to 1.10 percent.

(2) Brazed circumferential seams. Heads
attached by brazing must have a driv-
ing fit with the shell, unless the shell
is crimped, swedged, or curled over the
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skirt or flange of the head, and be thor-
oughly brazed until complete penetra-
tion by the brazing material of the
brazed joint is secured. Depth of braz-
ing of the joint must be at least four (4)
times the minimum thickness of shell
metal.

(3) Welded circumferential seams. Cir-
cumferential seams are permitted by
the welding process.

(4) Longitudinal seams in shells. Longi-
tudinal seams must be a forged lap
joint design. When brazed, the plate
edge must be lapped at least eight (8)
times the thickness of the plate, laps
being held in position, substantially
metal to metal, by riveting or electric
spot-welding; brazing must be done by
using a suitable flux and by placing
brazing material on one side of seam
and applying heat until this material
shows uniformly along the seam of the
other side.

(e) Welding or brazing. Only the at-
tachment of neckrings, footrings, han-
dles, bosses, pads, and valve protection
rings to the tops and bottoms of cyl-
inders by welding or brazing is author-
ized. Attachments and the portion of
the cylinder to which they are at-
tached must be made of weldable steel,
the carbon content of which may not
exceed 0.25 percent except in the case
of 4130X steel, which may be used with
proper welding procedure.

(f) Wall thickness. The wall thickness
of the cylinder must comply with the
following requirements:

(1) For cylinders with outside diame-
ters over 6 inches, the minimum wall
thickness must be 0.090 inch. In any
case, the minimum wall thickness
must be such that calculated wall
stress at minimum test pressure (para-
graph (i)(4) of this section) may not ex-
ceed the following values:

(i) 24,000 psig for cylinders without
longitudinal seam.

(ii) 22,800 psig for cylinders having
copper brazed or silver alloy brazed
longitudinal seam.

(iii) 18,000 psig for cylinders having
forged lapped welded longitudinal
seam.

(2) Calculation must be made by the
formula:

S = [P(1.3D2 + 0.4d2)]/(D? — d?)

Where:
S = wall stress in psig;
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