Journal of the Korean Society of Manufacturing Technology Engineers 22:5 (2013) 800~805

http://dx.doi.org/10.7735/ksmte.2013.22.5.800

ISSN 2233-6036

AL1050 2%j2| 222 MAME BH M8 HUET H|Z
ol@R? @s{npr Zixjmd

Forming Accuracy Comparison Between Positive and
Negative Incremental Forming Al 1050

Kyeong-Bu Lee’, Hyun-Man Oh®, Jae-Gwan Kang®

“ Department of Advanced Engineering, Graduate School of Kyungnam Univ., Republic of Korea
" Division of Mechanical Engineering, Kyungnam Univ., Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Received 16  August 2013
Revised 26 September 2013
Accepted 8 October 2013
Keywords:

Incremental sheet metal forming
Positive incremental forming
Negative incremental forming
Forming shape error

Surface roughness

Incremental forming of sheet metal is a modern method of forming sheet
metal, where parts can be formed without the use of dedicated dies. Existing
experimental configurations for incremental forming can be broadly classified
into two categories, i.e., negative and positive forming. In this paper, forming
qualities such as shape accuracy and surface roughness of Al 1050 material
were discussed for different forming methods. The formed and the corresponding
opposing surfaces were measured with a three-dimensional scanner and a
surface roughness tester. It was found that in terms of shape accuracy, the
best opposing surface was obtained with positive forming, whereas the worst
formed surface was obtained with negative forming; furthermore, the
opposing surface is always better than the formed surface, regardless of the

forming method used.
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Fig. 1 Various incremental forming products

Fig. 4 Incremental forming machine(DLNC-PA)

Table 1 Incremental forming machine specifications

Spec.
1,100 x 900 mm

1,000 x 900 mm

300 mm

Items

Max blank size (mm)

X-Y table

plate

supporter —

Max forming size (mm)
Max forming depth (mm)

Fig. 2 Negative incremental forming
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836

moving tool

[185

X-Y table

supporter

Fig. 5 CAD model used for the experiment

Fig. 3 Positive incremental forming
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Table 2 Forming conditions

Items Conditions
Tool Ball type @10 mm
Feed 1,000 mm/min
Forming depth 0.3 mm
Material, thickness Al 1050, 1.5t

(a) start .

(b) half (c) finish

Fig. 6 Negative incremental forming processes

(a) start

(b) half

(c) finish

Fig. 7 Positive incremental forming processes
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Fig. 8 Analysis of forming shape errors
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Table 3 Result of forming errors

Positive forming Negative forming
SEC formed opposite formed opposite
surface surface surface surface

(PFS) (POS) (NFS) (NOS)

SEC-1 0.48 mm 0.39 mm 0.54 mm 0.40 mm

SEC-2 0.49 mm 0.35 mm 0.49 mm 0.39 mm

SEC-3 0.34 mm 0.37 mm 0.63 mm 0.53 mm

SEC-4 0.38 mm 0.37 mm 0.62 mm 0.49 mm

Avg.
Ve 0.42 mm 0.37 mm 0.57 mm 0.45 mm
error
Table 4 ANOVA table for forming errors

Source DF SS MS F P

Level 3 0.08603 | 0.02868 7.69 0.004

Residual

esiua 12 | 0.04475 | 0.00373 - -

error

Total 15 0.13078 - - -
0.7

~ 0.6 ’
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E
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Fig. 9 Individual plot of forming errors
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Fig. 10 Surface roughness measurement strategies
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Table S5 Results of surface roughness measurement

Positive forming Negative forming
Before - -
forming formed | opposite | formed opposite
surface surface surface surface
1 1.03 fm | 098 tm | 1.21 /m 0.83 (m
2 0.82 m | 0.53 fm | 0.90 1m 0.72 tm
3 0.80 tm | 0.90 m | 0.82 wm 0.42 (m
4 0.80 m | 0.47 pm | 092 pm | 0.48 um
Total
Avg. [0.20 fm| 0.86 tm | 0.72 fm | 0.96 pm 0.61 1m
error

Table 6 ANOVA table for surface roughness values

Source DF SS MS F P
Level 3 0.2857 0.0952 2.61 0.099
Residual )| 04370 | 00364 | - -
error
Total 15 0.7227 - - -
.01
E 1.24 .
B
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Fig. 11 Individual plot of measured surface roughness
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