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Abstract

Double layered tube is assembled with an inner tube and an outer tube, similar in material or not, contacting closely and
deforming simultaneously when subjected to external force. For the manufacturing of double layered tube, the
hydroforming assembly technology has several advantages. Therefore in this study, hydroforming characteristics of
double layered tube was investigated. The free bulge test was performed to produce formability diagrams of double
layered tubes at various forming pressure and feeding amounts. The hexagonal shape hydroforming test was also
performed to estimate the dimensional accuracies of double layered tube through the corner filling ratio and the gap
between inner and outer tube. Besides experimental analyses, the analytical model that can predict internal pressure for the
hydroforming of double-layered tube was proposed and experimentally validated.
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Fig. 2 Stress-strain curve of inner and outer tube

A9 AABAHL HHEDS TS F
2% delgolrz WA Z+ AAle AFAEE
—’F%B%}?iE}(Fig. 2). 91 AJH& KS 13 & B 713

2 3
°W A Az WEFBEC BA%eY FEHE
—t— 353N/mm%, gl AZAE 474N/mm?, AXE
8% vElga, oERE AHAHEE 3
%7“: 284N/mm’, Hd] AFAZE 1065N/mm’, &
AE 509%2 SAFU

Fig. 3 Schematic drawing of free bulge test
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Fig. 4 Example of the feeding and loading path at

30mm, 400bar
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Fig.5 Schematic of hexagonal forming die
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Fig. 8 Formability diagram of STS/CS double-layered
tube
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Fig. 9 Formability diagram of CS/CS double-layered
tube
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Table 1 Comparison of bulging ratio at given feeding

amounts

Feeding Omm 20mm 30mm

amount

STS/CS 9.71 % 23.17 % 30.81 %

CS/CS 6.38 % 24.11 % 30.96 %
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Fig.10 Hexagonal shape formed STS/CS double-
layered tube: (a) No feeding (b) 10mm (c)
20mm (d) 30mm (e) 40mm (f) 50mm (g) 60mm

Table 2 Comparison of corner filling ratio

Omm [10mm|20mm [30mm 40mm [50mm |60mm

STS/CS | 71.7 | 72.78 | 76.01 | 78.95 | 82.62 | 83.89 | 87.14

CS/CS ]69.38 | 69.42  73.55 | 77.24 | 81.32 | 84.45 | 86.14
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Fig.11 Gap between inner and outer tube in hexagonal
shaped corner section

1.6

—a— STS/CS
-—e- CS/CS

1.4

1.2+

1.0

0.8

AG, mm

0.6 -

0.4

0.2

Feeding Amount, mm
Fig.12 Measured gap between inner and outer tube
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Fig.13 Forming pressure curve of double-layered tube
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