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an Aluminum CNG Vessel
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1. Introduction

A seamless pressure vessel can reveal a better
quality compared with wvessels which are
fabricated using joints like weld. In one of the
seamless pressure vessel manufacturing methods,
a metallic sheet is deep drawn and a cup-shaped
part is fabricated. Then, open end of this cup
which can be considered as a tube, is shaped to a
dome by a process which is called “dome
forming” (Figure 1).

Heating Torches

Figure 1. Dome forming process

One of the most important parameters of dome
forming process is the feed parameter which is the
amount of roller movement per each round of
roller revolution. In this paper, dome forming of
6061-O aluminum alloy was simulated using
Abaqus software. The final shape of the dome is
presented and the feed effect on the developed
strains after the first pass, on the whole of the
process, and on the developed stress after the
separation of the roller was investigated.

2. Simulation Inputs

The material properties of 6061-O aluminum alloy
which is heated up to 200 °C is introduced to the
software and it was assumed that this temperature
is kept constant by the heating torches. The tube

diameter is 356 mm. It is the diameter of a vessel
which is fabricated in the region (Figure 2). The
roller nose radius, the o and 3 angles are 18 mm,
10° and 30°, respectively (Figure 3). The contact
between the roller and the tube was considered
frictionless due the rolling contact.

wh

mim

A
A4

356 mm _
290 mm

A A e
Figure 2. The tube geometry

I,

Figure 3. The roller

Two C3D8R elements are used in the tube
thickness in the whole process modeling (totally
19712 elements). For more detailed strain
investigation after the first pass, four elements
were used in the tube thickness (totally 39424
elements). Finer mesh was used near the tube end.
The dynamic explicit analysis was used in the
simulation.

3. Results and Discussion

Figure 5 shows the final dome cross section. The
simulation was validated. In order to have a more
precise investigation on the dome forming
process, the feed effect can be investigated in
different locations. To this end, circumferential,
longitudinal and  thickness  strains  were
investigated for different feed values and after the
first pass. The strain values were obtained from a
series of nodes which were placed in the outer,
middle and inner paths on the tube cross section.
The paths are shown in Figure 6.
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Figure 4. The feed effect on the stress distribution after the roller separation, the feed is increased from (a) to (c)

4. Conclusion
In the whole process view, it is seen that low feed
values result in wrinkling of the dome.

The following results were achieved from strain
and stress investigation after the first pass:
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Figure 5. The final dome cross section and
displacement distribution (m)

Outer laver

Middle laver
Inner laver
Figure 6. The paths from which the strains are
obtained after the first path

1. The circumferential strain absolute value
increase rate, decreases toward free end and the
feed has no effect in this case. Unlike a similar
study, it was seen that the circumferential strain is
not independent from the feed.

2. The feed increase has no effect on positive
longitudinal strain existence (although the tube is
bent) in inner and middle layer, but it makes the
longitudinal strain curve more uniform. The
maximum tested feed value decreases the local
bending and the longitudinal strain increase rate at
the tube free end.

3. The feed variation has no significant effect on
the thickness strain value in the middle layer. In
the inner layer, it does not change the overall
shape of strain distribution but makes it more
uniform.

4. Overall, the feed effect on the circumferential,
longitudinal and thickness strain in the middle
layer is negligible.

5. The feed increase results in a more uniform
equivalent strain distribution curve in the inner
layer.

6. It was seen that the maximum stress after
roller separation is decreased by higher feed
values (Figure 6).
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