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Process Analysis of Elbow-shaped Tubes using a Mandrel
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Abstract

In this study, process analysis of elbow-shaped tubes using a mandrel has been performed. To reach the final shape within
the dimensional tolerance, the process analysis has been performed at various processing parameters such as tube dimensions,
the curved cutting surface and the radius of curvature. The area outside the boundary of the target shape was expressed as a
quantitative index to analyze the formability. The validation experiments have also been performed in order to increase the
reliability of the process analysis. For the processing of elbow-shaped tubes, it is preferable to make the angle of the portion
where the punch touches the tube smaller than the opposite angle. And the convex cutting surface is advantageous due to the
increased contacts between the punch and the tube ends during the bending process. Elbow tube having larger radius of
curvature shows higher dimensional accuracy due to the relatively uniform strain distribution.

Key Words : Mandrel, Elbow Tube, SUS304, Thickness Distribution, Finite Element Analysis
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Fig. 5 Schematic drawing of the tube dimension
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57.6° 46.9°

(© (d)
Fig. 6 The tube shapes for respective cases; (a) Case 1,
(b) Case 2, (c) Case 3, (d) Case 4

Table 4 Dimensions of tubes

Case L1 L2 a b

1 210mm 630mm 57.6° 46.9°

2 210mm 630mm 54.6° 49.3°

3 210mm 630mm 49.3° 54.6°

4 210mm 630mm 46.9° 57.6°
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Fig. 7 The tube end profiles; (a) Case 1, (b) Case 2, (c)

Case 3, (d) Case 4

]

Fig. 8 Various radii of curvature of mandrels; (a) R=1D,
(b) R=1.5D, (c) R=2D
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Fig. 9 Boundary lines of the target shape
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Fig.10 Formed shapes for respective cases; (a) Case 1,
(b) Case 2, (c) Case 3, (d) Case 4
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Table 5 Area outside and inside the boundary of the
target geometry

Case 1 2 3 4
(ﬁﬁi‘) 34990 | 21791 | 16392 | 22533

Table 6 Thickness distributions

Case Max(mm) Min(mm) | Average(mm)
1 5.19 3.63 4.16
2 5.19 3.63 417
3 5.16 3.53 4.12
4 5.13 3.52 4.12

Fig.11 Changes of punch contact in the process; (a)
before, (b) after

(@) (b)
(©) ©)

Fig.12 Formed shapes for respective cases; (a) Case 1,
(b) Case 2, (c) Case 3, (d) Case 4

Table 7 Area outside and inside the boundary of the
target geometry

Case 1 2 3 4

A

(mﬁi‘) 32280 | 31356 | 32484 | 33550
3.22 52 HotH HA
Fuodud 94 We A% 949 ¥ a4
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(©
Fig.13 The contacts between the punch and tubes for
respective cases; (a) Case 1, (b) Case 2, (c) Case

3, (d) Case 4
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Fig.14 Formed shapes for respective cases; (a) R=1D, (b)
R=1.5D, (c) R=2D

Table 8 Area outside and inside the boundary of the
target geometry

Radius R=1D R=1.5D R=2D

Area

(mmz) 39880 22988 13007
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