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Analysis of Formability and Wrinkle Formation according to the Thickness
Ultra-thin Stainless Steel in the Incremental Sheet forming Process
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Abstract

Demand for ultra-thin materials is increasing due to their light-weight and versatile properties. In this work, the
formability of the ultra-thin stainless steel sheets of various thicknesses in the incremental sheet forming (ISF) process is
investigated. The effects of the thickness on formability were evaluated with forming experiments of the truncated cone
shape with 10° intervals. As the thickness of the material decreased, the maximum forming angle decreased and wrinkles
also occurred quickly. The maximum forming angles in the truncated cone shape without the wrinkles for the thickness of
0.05 mm, 0.08 mm, and 0.1mm were 30°, 40°, and 50°, respectively. Wrinkles occurred in a twisted shape along the moving
direction of the tool. As the material thickness increased, the size of the wrinkles increased.
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Table 1 Mechanical Properties of SUS304H with respect
to the thickness [8]

Thickness Ultimate tensile | Yield stress | Elongation
(mm) strength (MPa) (MPa) (%)
0.1 856 671 48.14
0.08 1091 951 15.86
0.05 1130 1015 8.46
0.03 1327 1216 3.79

Fig. 1 Experimental set-up for incremental forming
process
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(c) Wrinkling (d) Success

Fig. 3 Classification of Experimental Results: (a)
Fracture (b) Partial Fracture (c) Wrinkling (d)
Success

Agde Ay AF (Success), FA U
(Wrinkling), Y- 3t (Partial fracture), <%l
4 74A 71Eel wel dske] 4

o iy

2L 2 i ofh 3@ rUoH

of A e 4¥H 2 75 2 54 24 330

del et
gol w4
E

S A=

2
B
rn
0z
g
0z

>
oot

=)
Aol ARG 4Bt QE

2 1 AL
Ageith B Al NE TAAOR 7 T dw
] o
]

ol st oA gHel AEsh=A, 4P AN
o|s @ Sl WAEEA sefeti Ao
e Fu A9e Adasth AR

5,

6000rpm, ©]<% <1 800mm/min ol A 21 ¥ 319
g4 A3 A= Table2 9 2t

Wrinkling
(c) t=0.08mm

(d) t=0.1mm

Fig. 4 Experimental result of the truncated cone shape
(50°) according to the thickness of the material:
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Table 2 Experimental result with thickness and cone
angle (S: Success, W: Wrinkling, F: Fracture,
PF: Partial Fracture)

hickness | 003 | 0.05 | 008 | 0.1 | 0.5

Angle o o o ™ il
20° Wi s | s | s |s
30° Fls | s | s |s
20° Flw/|s | s |s
50° = F W S S
60° F F F W S

70° F F F F PF
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Fig. 5 Thickness distribution of truncated cone shape
(40°) with thickness of 0.05mm, 0.08mm, and
0.1mm
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Table 3 Comparison of plastic strain in incremental
forming and elongation of material with
respect to thickness

Plastic strain
. Maximum (calculated Elongation
ormin rom the in uniaxia
Th(lrcT;]krTr]\)ess forming § h . axial
angle (°) forming tension
angle)
0.03 20° 0.06 0.03
0.05 40° 0.27 0.08
0.08 50° 0.44 0.16
0.1 60° 0.69 0.48
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