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temperature above the upper critical point AC3, of the
steel, is cooled rapidly in a suitable medium.

3.3 Tempering — Softening heat treatment which
follows quenching, in which the cylinder is heated to a
uniform temperature below the lower critical point, AC1,
of the steel.

3.4 Batch — A quantity of up to 200 cylinders plus
cylinders for destructive testing of the same nominal
diameter, thickness and design, made successively from
the same steel and subjected to the same heat treatment
for the same duration of time.

3.5 Working Pressure (Pw) / Service Pressure —
Working pressure for permanent gas means the settled
internal pressure of the gas in the cylinder at a
temperature of 15°C.

3.6 Test Pressure (Ph) — Test pressure means the
internal pressure required for the hydrostatic test or
the hydrostatic stretch test of the cylinders.

NOTE — It is used for cylinder wall thickness calculation.

3.7 Burst Pressure (Pb) — Highest pressure reached
in a cylinder during burst test.

3.8 Service Conditions for CNG Storage Cylinders

3.8.1 Gas Composition

Cylinders for storage of compressed natural gas used
in cascade application shall be designed to tolerate
being filled with natural gas conforming to IS 15958.

4 SYMBOLS

a = calculated minimum thickness, in millimetre,
of the cylindrical shell;

a' = guaranteed minimum thickness, in
millimetre, of the cylindrical shell (see Fig. 1);

a1 = guaranteed minimum thickness, in
millimetre, of a concave base at the knuckle
(see Fig. 4);

a2 = guaranteed minimum thickness, in
millimetre, at the centre of a concave base
(see Fig. 4);

A = percentage elongation on gauge length 5.65
 So;

b = guaranteed minimum thickness, in millimetre
at the centre of a convex base (see Fig. 1);

d2 = maximum permissible deviation of burst
profile, in millimetre (see Fig. 11 and
Fig. 12);

Do = nominal outside diameter of the cylinder, in
millimetre (see Fig. 1);

Di = nominal inside diameter of the cylinder, in
millimetre;

DF = diameter, in millimetre of former (see Fig. 9);
h = outside depth (concave base end), in

millimetre (see Fig. 4);
H = outside height, in millimetre, of domed part

(convex head or base end) (see Fig. 1);
l = length of cylindrical part of the cylinder, in

millimetre (see Fig. 5);
Lo = original guage length, in millimetre;
n = ratio of the diameter of the bend test former

to actual thickness of test piece (t);
Pb = measured burst pressure, in bar or kgf/cm²;
Ph = hydraulic test pressure, in bar or kgf/cm²,

above atmospheric pressure;
Pw = working pressure, in bar or kgf/cm², above

atmospheric pressure;
Py = observed pressure when cylinder starts

yielding during hydraulic bursting test, in bar
or kgf/cm²;

r = inside knuckle radius, in millimetre (see
Fig. 1 and Fig. 4);

R = inside dishing radius, in millimetre;
Re = minimum guaranteed value of yield strength

(see 3.1), in MPa or kgf/mm²;
Rea = actual value of the yield strength, in MPa or

kgf/mm², as determined by the tensile test
(see 10.2);

ReH = value corresponding to the upper yield
strength;

Rg = minimum guaranteed value of tensile
strength, in MPa or kgf/mm²;

Rm = actual value of tensile strength, in MPa or
kgf/mm² as determined by the tensile test
(see 10.2);

Rm Max = maximum guaranteed value of tensile
strength, in MPa or kgf/mm²;

Rp0.2 = value corresponding to 0.2 percent proof
stress (non-propositional elongation), for
steels that do not exhibit a defined yield;

So = original cross-sectional area of tensile test
piece, in square millimetre according to
IS 1608;

t = actual thickness of the test specimen, in
millimetre;

u = ratio of distance between knife edges or
platens in the flattening test to average
cylinder wall thickness at the position of test;

V = water capacity of cylinder, in litres; and
w = width, in millimetre, of the tensile test piece.
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where (see Fig.1)

R = inside dishing radius, in millimetre; and
r = inside knuckle radius, in millimetre.

For wall thickness up to and including 5 mm, the value
of F shall be obtained from Fig. 2 and Fig. 3.
The wall thickness of the end will be acceptable, if it is
nowhere less than the value te when calculated with the
formula:

te = a × F

where F is a shape factor, the value of which depends
on the value of H/Do and if H/Do < 0.25, also on te/Do,
where H is the outside height of the domed part of the
convex end.

FIG. 2 VALUES OF SHAPE FACTOR F AND H/DO

BETWEEN 0.20 AND 0.25

6.4.3 The outside height H mentioned at 6.4.2 is the
distance from the plane of the cross-section at the
extreme limit of the cylindrical part of the cylinder to
the farthest point of the centre of the connecting formed
end. For the application of this rule:

a) The cylindrical part of the cylinder includes
any portion with slight deviations of the
geometrical cylindrical shape, such as more
or less conical wall inside or outside or at both
surfaces, reduction in diameter for a foot-ring,
etc; and

b) Farthest point of the center of formed end shall
not include the cylindrical length of neck
which holds the valve (see Fig. 1).

6.5 Calculation of Concave Base Ends

When concave base ends (see Fig. 4) are used the
following design values are recommended:

a1  2 a'

a2  2 a'

h  0.10 Do

r  0.075 Do

The design drawing shall at least show values for a1,
a2, h and r.

NOTE — Cylinders manufactured for CNG storage cascades
shall not have concave base ends.

6.5.1 In order to obtain a satisfactory stress distribution,
the thickness of the cylinder wall shall increase
progressively in the transition region between the
cylindrical part and the base.

The cylinder manufacturer shall in any case prove by
pressure cycling test as given in 9.2.3 that the design is
satisfactory.

FIG. 4 CONCAVE BASE ENDS

FIG. 3 VALUES OF SHAPE FACTOR F FOR H/DO

BETWEEN 0.25 AND 0.5

oD
2
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