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Incremental sheet metal forming can be used to manufacture various products without the punch and die set. However, it is
difficult to manufacture the desired shape due to section deflection and springback of the sheet. Section deflection is
caused by the force of the blank holder for fixing the sheet and the tool for forming the sheet. In this study, we analyzed
the characteristics of the section deflection according to the geometries of the circular cup shapes in the sheet incremental
forming process. The section deflection increased with an increase in the entering radius and forming angle in the section
deflection region. However, section deflection was constant according to the exit radius. In addition, the secondary forming
process for reducing the shape error was introduced. The secondary incremental forming process was conducted in the
opposite direction. Characteristics of the shape error according to the entering depth of the tool among the forming
parameters for reducing the shape error of the cup shape were analyzed. The springback in the cup-shape was reduced
by the additional forming process with an optimum entering depth of the tool.

NOMENCLATURE

R;, = Enter radius

R, = Exit radius

&, = Forming angle

Az = Step down size

Zp = Entering depth of tool

H = Forming height

® = Spring back angle in skirt region

A = Region of section deflection
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Fig. 1 Shape errors in the single point incremental forming process
(a) Section deflection () and (b) Skirt spring back (6)
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Fig. 2 Schematic of the two-stage incremental forming process to
reduce shape error
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Fig. 4 The strain-stress curve of AIS052 by tensile test

Table 1 Material properties of AIS052 by tensile test
Oys [MPa] ouTS [MPa] E [GPa] Elong. [%]
167.8 223.4 79.5 9.4
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Fig. 5 Specimen for incremental forming
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Fig. 7 (a) Tool path and (b) Parameters of cup shape in incremental
forming
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Fig. 8 (a) Tool path and (b) Parameters of disk shape in incremental
forming to reduce section deflection
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Table 2 Experiment condition of cup shape in incremental forming
according to (a) Rou, (b) Ry, and (c) 6y

(@) Rou [mm] Oh [Degree] Ri, [mm] Az [mm]
30 20 10 60 40 0.3
() Ry, [mm] 6Oy [Degree] Ry, [mm] Az [mm]
40 35 30 25 60 10 0.3
(c) On[Degree] Riy[mm]  Rgy [mm] Az [mm]
60 55 50 45 40 10 0.3
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—————————————————————————————————————————— Reference plane
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Top surface initial
contact point
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CAD data

Region of section deflection
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Measurement region of forming height

: Section profile of top surface in SPIF
- === Section profile of top surface in CAD data

Fig. 9 Experimental measurement of cup shape in incremental
forming
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Fig. 10 Experiment results of incremental forming of cup shape
when Ry, is (a) 10 (b) 20 and (c) 30 mm
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Fig. 11 Comparison of cross section according to R,,,
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Fig. 12 Variation of the section deflection according to R,
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Fig. 13 Experiment results of incremental forming of cup shape
when R;, is (a) 40 (b) 35 (c) 30 and (d) 25 mm
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Fig. 14 Comparison of cross section according to R;,
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Fig. 15 Variation of the section deflection according to R,,
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Fig. 16 Experiment results of incremental forming of cup shape
when 6, is (a) 45 (b) 50 (¢) 55 and (d) 60°
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Fig. 17 Comparison of cross section according to &,

—@— 40mm from center axis
—A— 45mm from center axis
—- 50mm from center axis

Forming height(/) [mm]

S e = DNDNWWRAONNNN
S hohhohhohmhs o o
| I N NN NN N N S SN S —

60 55 50 45
Forming angle(8,) [degree]

Fig. 18 Variation of the section deflection according to &,
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Fig. 19 Experimental measurement according to Zp in two-stage
incremental forming process
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Fig. 20 Experimental results in 1st+2nd incremental forming when
Zpis (a) 0 (b) 1 (c) 2 mm and (d) 1st incremental forming
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