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Incremental sheet forming (ISF) is a highly versatile and flexible process for rapid manufacturing of complex sheet metal
parts. Compared to conventional sheet forming processes, ISF is of a clear advantage in manufacturing small batch or customized
parts. ISF needs die-less machine alone, while conventional sheet forming requires highly expensive facilities like dies, molds,
and presses. This equipment takes long time to get preparation for manufacturing. However, ISF does not need the full facilities
nor much cost and time. Because of the facts, ISF is continuously being used for small batch or prototyping manufacturing
in current industries.

However, spring-back induced in the process of incremental forming becomes a critical drawback on precision manufacturing.
Since sheet metal, being a raw material for ISF, has property to resilience, spring-back would come in the case.

It is the research objective to investigate how geometrical shaping parameters make effect on shape dimensional errors. In
order to analyze the spring-back occurred in the process, this study experimented on Al 1015 material in the ISF. The statistical
tool employed experimental design with factors. The table of orthogonal arrays of Lg (27) are used to design the experiments
and ANOVA method are employed to statistically analyze the collected data. The results of the analysis from this study shows
that the type of shape and the slope of bottom are the significant, whereas the shape size, the shape height, and the side angle
are not significant factors on dimensional errors. More error incurred on the pyramid than on the circular type in the experiments.
The sloped bottom showed higher errors than the flat one.
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<Figure 1> Typical Experimental Forming Shapes
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<Table 1> Factors and Levels

Factor Level 1 Level 2
shape type cone pyramid
shape size 100 150
shape height 50mm 30mm
side angle 30° 40°

bottom angle 0° 8°
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<Table 2> Experimental Table

shape shape shape side bottom
type size height angle angle
1 cone 2100 50mm 40° 8°
2 pyramid 100 50mm 30° 0°
3 cone 2150 50mm 30° 8°
4 pyramid 150 50mm 40° 0°
5 cone 2100 30mm 40° 0°
6 pyramid 100 30mm 30° 8°
7 cone 2150 30mm 30° 0°
8 pyramid 150 30mm 40° 8°

<Figure 3> Eight Experimental Shapes
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<Table 3> Results of Dimensional Shape Error(mn)

<Figure 5> 3D Scanner(Smart SCAN)
Exp. No tool tool
B contacted surface non-contacted surface
1 0.2163 0.3263
3. Algddn A BN 2 05027 0.8595 >
3 0.8025 1.1123
=28E 4 )
3.1 Ay 0389 0.6380
5 0.0700 0.3545
O]'EHQJ <Figure 6>°ﬂ 8@94 /Kéﬁ /\E]_@% %Sﬂ °é°17d 6 0.9484 1.3285
= 7 0.1634 0.3697
8 0.9348 1.3344
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<Table 4> ANOVA Table for Tool Contacted Surface(Before

<Table 5> ANOVA Table for Tool Contacted Surface(After

Pooling)

Source DF SS MS F P

shape type 1 0.2899 | 0.2899 | 12.70 | 0.038'
shape diameter 1 0.0382 | 0.0382 1.67 | 0.287

side angle 1 0.0814 | 0.0814 3.56 | 0.156
bottom angle 1 03946 | 03946 | 17.28 | 0.025°
residual error 0.0685 | 0.0228

total 7

Pooling)

Source DF SS MS F P

shape type 1 0.2899 | 0.2899 | 9.17 0.094
shape diameter 1 0.0382 | 0.0382 1.21 0.386
shape height 1 0.0053 | 0.0053 0.17 0.722

side angle 1 0.0814 | 0.0814 | 2.57 0.250
bottom angle 1 0.3946 | 0.3946 | 12.49 | 0.072
residual error 2 0.0632 | 0.0316

total 7

= <Table 6>} 7o) H3l HiW

<Table 6> ANOVA Table for Tool Non-Contacted Surface
(Before Pooling)

Source DF SS MS F P
shape type 1 0.4988 | 04988 | 6.18 | 0.134
shape diameter 1 0.0429 | 0.0429 0.53 0.542
shape height 1 0.0254 | 0.0254 | 0.32 0.631
side angle 1 0.1292 | 0.1292 1.60 0.333
bottom angle 1 0.4418 | 0.4418 547 0.144
residual error 2 0.1615 | 0.0807
total 7 1.2995
gAlo] Eol(shape height)E 12 &3 T 23 A
w48 A7} <Table 7>l e Stk ddd 42
2o 174 Y TR fFolFE 5% e 7% <
A7F YERA] 5k

<Table 7> ANOVA Table for Tool Non-Contacted Surface
(After 1st Pooling)

Source DF SS MS F P
shape type 1 0.4988 | 0.4988 | 8.01 0.066
shape diameter 1 0.0429 | 0.0429 | 0.69 0.468
side angle 1 0.1292 | 0.1292 | 2.07 0.245
bottom angle 1 0.4418 | 0.4418 | 7.09 0.076
residual error 3 0.1869 | 0.0623
total 7 1.2995

ool uke} 12} T FI7E 7K mvlehrial i = @A
(shape diameter)S-
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<Table 8> ANOVA Table for Tool Non-Contacted Surface
(After 2nd Pooling)

Source DF SS MS F P
shape type 1 0.4988 | 0.4988 | 8.68 0.042°
side angle 1 0.1292 | 0.1292 | 225 0.208

bottom angle 1 0.4418 | 0.4418 7.69 0.050°
residual error 4 0.2298 | 0.0574
total 7 1.2995
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