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Formability Evaluation of Steel Tubes Using a Simplified Hydraulic Bulging Test

Toshihiko KUWABARA and Kyosuke MORIGUCHI

Synopsis : A simple testing device for evaluating the formability of metal tubes is proposed. In this testing device a tubular specimen is subjected to in-

ternal hydraulic pressure to bulge freely with both ends sealed simply using O-rings; thus it bulges under a near uniaxial tension stress state

in the circumferential direction. Formability tests using the hydraulic bulging device are performed for eight kinds of electric resistance weld-

ed tubes with different mechanical properties, thickness and manufacturing processes. The manufacturing processes of the tubes are classi-

fied into three groups: as-rolled, as-roiled and normalized and cold-drawn and normalized. It is found that the uniformity of initial thickness

distribution of the tubes significantly depends on the manufacturing process and that the more uniform the thickness, the higher the formabil-

ity (the limit strain in the circumferential direction) of the tube. The cold-drawn and normalized tubes exhibit anomalous bulging behavior;

they do not bulge axisymmetrically and do not burst at the center of the tube. The anomalous behavior of the cold drawn and normalized

tubes is successfully reproduced by a FEM analysis taking account of the inhomogeneous thickness and work hardening characteristics of the

tube.
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Fig. 1. Schematic of hydraulic bulge testing apparatus for
a tubular specimen.

Table 1. Specifications of electric resistance welded tubes.

- Pre-forming Thickness
No. Materials history ty /mm
| STKMII1A as-rolled 1.8
2 |STKMIIA as-rolled  and 1.8
normalized
3 STKMI11A cold-drawn and 18
normalized
4 STKMIIA cold-drawn and 12
normalized
5 STKMI2B as-rolled 1.8
6 |sTkmi3g | asolled and 16
normalized
7 |STKMI3A cold-drawn and 12
normalized
8 SUS430 as-rolled 1.5
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Fig. 2. Initial thickness distribution of specimens. #: mea-
sured thickness; t,: nominal thickness.
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Fig. 3. Calculated strain path compared with observed
forming limit strains for specimens No. 1 to 4.
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Fig. 4. Fractured specimens.
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Fig. 6. Comparison of thickness distribution between ini-
tial and bulged tubes for (a) as-rolled, (b) as-rolled

and normalized and (c) cold-drawn and normalized

tubes.
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Fig. 7. Relationship between the circumferential forming
limit strain and the ratio of minimum thickness to
average thickness of tubular specimens.
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Fig. 8. Bulge formed shape of a cold-drawn and normal-
ized specimen (No. 3).
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Fig. 10. Initial thickness distribution of a cold-drawn and
normalized specimen (No. 3) in the axial direc-
tion. Wall thickness was found to be locally in-
creased at the positions indicated by @ marks.
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Fig. 12. FEM model (thickness distribution of a tube).
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Comparison of circumferential true strains between measurement and finite element analyses, FEM 1, 2 and 3. FEM 1.

nonuniformity both in thickness and mechanical properties are taken into account; FEM 2: thickness is assumed to be uni-
form (1.8 mm) but nonuniformity in mechanical properties is taken into account; FEM 3: mechanical properties are as-
sumed to be uniform, but nonuniformity in thickness is taken into account.
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