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Influencing factors on simulation accuracy of sheet metal incremental
forming process
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Abstract: The waste of processing experiment materials and energy can be avoided by simulating the processing process and predicting the
actual processing results through finite element simulation, and the accuracy of finite element simulation is the premise to ensure this
work. Therefore, for the single point incremental forming method of metal sheet, the 1060 aluminum sheet was choosed to design the or-
thogonal experiment, and each group of parameters was processed by experiment. Then, the finite element simulation was carried out by
Abaqus, and the simulation results were compared with the experimental results. Furthermore, the influences of forming angle, forming
depth, layer feeding amount and initial sheet thickness on the simulation accuracy were analyzed in detail, including depth error, sidewall
angle error and sidewall thickness error. The results show that the initial sheet thickness has the most significant influence on the errors
between the simulation and experimental results. The order of influence of various factors on the depth error is initial sheet thickness>layer
feeding amount>forming angle>forming depth, and the order of influence on the sidewall angle error and the sidewall thickness error is ini-
tial sheet thickness>forming angle>forming depth>layer feeding amount.

Key words: single point incremental forming; 1060 aluminum sheet; orthogonal experiment; simulation accuracy; notability analysis
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Fig. 1  Principle diagram of single point incremental forming
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Fig. 2 Finite element model

(b) Meshing

(a) Three-dimensional model
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Fig. 3 Tensile specimen (a) and true stress-true plastic strain curve (b)
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Fig. 4 Schematic diagram of compensation for tool head sizes
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Fig. 5 Motion trajectory of tool head
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Fig. 6  Experimental equipment and processing process

(a) FANUC robotic arm  (b) Incremental forming processing process
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Table 1 Material performance parameters of 1060

aluminum sheet
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Fig. 7 Experimental workpiece and scan processing results

(a) Formed part
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(b) NURBS surface fitting

(¢) Extraction location of section contour
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(a) Equivalent stress nephogram
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Fig. 8 Numerical simulation results

(b) Equivalent strain nephogram

(¢) Thickness distribution diagram  (d) Section contour comparison diagram
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Table 2 Experimental schemes and results

5 RIBAE a/(°)  RIBHE h/mm  PUARIE s /mm ZHEGSEE /mm BEERZE/mm MR IERRZE/(°)  MIERREIRZE/ mm
1 45.0 20 1.2 1.0 0.3410 0.2265 0.112
2 45.0 32 1.0 0.2 -0. 4059 0.3010 0. 064
3 45.0 24 0.8 0.4 -0.5106 0.2228 0. 064
4 50.0 20 0.8 0.8 —0. 4463 0. 5596 0. 059
5 42.5 20 1.5 0.5 0. 5205 1.5258 0. 031
6 42.5 36 0.8 0.2 -0.5931 0.2377 0. 060
7 42.5 28 0.5 0.4 -0.8379 0. 3227 0. 030
8 47.5 28 1.2 0.2 -0. 2025 0. 3662 0.070
9 45.0 36 0.5 0.5 -0. 8559 0. 0909 0.022
10 50.0 24 1.5 0.2 0. 1650 1.3390 0.028
11 50.0 28 1.0 0.5 -0.3218 0. 4727 0. 039
12 47.5 20 1.0 0.4 -0. 1986 0. 6677 0. 059
13 50.0 32 0.5 1.0 -0.5739 0. 3953 0. 009
14 47.5 24 0.5 0.8 -0.7219 0. 1921 0. 020
15 47.5 32 0.8 0.5 —-0.4729 0.1222 0. 045
16 42.5 24 1.0 1.0 0. 2860 0.5379 0. 035
17 47.5 36 1.5 1.0 0. 8034 1.3971 0.039
18 50.0 36 1.2 0.4 —-0.2938 1. 0926 0. 075
19 40.0 24 1.2 0.5 0.2794 0. 3440 0.129
20 45.0 28 1.5 0.8 0.4189 0. 6599 0.078
21 40.0 28 0.8 1.0 -0.2626 0. 2069 0.070
22 40.0 32 1.5 0.4 0. 3805 0. 4664 0.076
23 42.5 32 1.2 0.8 0.2838 0. 0462 0. 048
24 40.0 36 1.0 0.8 -0.1630 -0. 1503 0. 060
25 40.0 20 0.5 0.2 -0. 7986 0.6774 0.035
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Table 4 Variance analysis results of forming depth
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Fig. 9 Diagrams of range analysis
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Table 5 Variance analysis results of sidewall forming angle
WERE P Bl M F e
BB 0.768 4 0.192 2.722 0. 106
RS 0.348 4 0.087 1.233 0.370
WILAHUR 1,293 4 0. 548 7.770 0. 007
BUETRE  0.594 4 0. 148 2.103 0.172
R 0. 564 8 0.071
Bt 4. 467 24
F6 MNEEEHNAFENNER

Table 6 Variance analysis results of sidewall thickness
WKW I HE B F I FE
BIEFE  0.005 4 0. 001 3.577  0.059
Bkt 2.76x10 4 6.91x107>  0.204  0.929
WITHHUE 0. 10 4 0.003 7.664  0.008
BOBEREE 3.94x107* 4 9.86x10™°  0.291 0. 876
W2 0. 003 8 3.38x107*
Mt 0.019 24
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