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Research on axial accuracy of cone type single point incremental forming parts
ZHANG Jingchong, LI Yan, WU Xueliang, YANG Mingshun, YUAN Qilong
(School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)
Abstract: Accuracy deficiency of the sheet metal single point incremental forming (SPIF) is an
important factor restricting the development of this technology, with axial accuracy being the key
part of the accuracy of workpieces. Firstly, the cause of axial error in the process of SPIF is ana-
lyzed based on 1060 Aluminum sheet conical parts. Then, the finite element model is established,
with the variation of the axial error under different process parameters discussed by numerical
simulation. The selected process parameters include forming angle, layer spacing, sheet thick-
ness, feed rate and diameter of tool head. Subsequently, the results of the numerical simulation
are verified according to the corresponding experiments. Finally, the methods for improving the
axial accuracy are presented. The results show that the axial error increases with the increase of
tool head diameter, layer spacing, feed rate, forming angle and sheet thickness; the method for
using height compensation and improving the tool rotation speed can effectively reduce the axial
error and improve the accuracy of the parts.
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Fig. 1 Principle diagram of SPIF
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Fig. 2 Diagram of axial error
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Tab.1 1060 aluminum material properties
WE e/ MR R EIREE
L I .
(g/mm?) E/GPa Y 8,/ MPa
1060 %5 2.71 70 0.3 30
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Tab.2 1060 aluminum stress-strain relationship

I3/

21 45 64 76 87 92 98

R ZE0.002 0.017 0.051 0.084 0.120 0.136 0.167
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Fig. 6 Finite element model of SPIF
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Fig. 7 Stress cloud after simulation
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Tab.3 Experimental parameters

gy TR ERBE HESHE HUP SO

D/mm Z/mm v/(mm/min) «/(°) t/mm

L, 6 0.6 100 45 0.6
L, 6 0.8 200 53 0.8
Ls 6 1 300 60 1
L, 10 0.6 100 53 0.8
Ls 10 0.8 200 60 1
Ls 10 1 300 45 0.6
L, 14 0.6 200 45 1
Lg 14 0.8 300 53 0.6
Lo 14 1 100 60 0.8
Lio 6 0.6 300 60 0.8
L 6 0.8 100 45 1
Ly 6 1 200 53 0.6
Lis 10 0.6 200 60

Ly 10 0.8 300 45

Lis 10 1 100 53

Lis 14 0.6 300 53 1
Lis 14 0.8 100 60 0.6
Lig 14 1 200 45 0.8
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Tab. 4 Single experimental parameters
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B, 10 0.8 200 45 1
B, 10 1 200 45 1
C 10 1 100 45 1
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D, 10 1 200 45 1 Fig. 8 Radial accuracy measurement method
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Tab.5 Effects of different process parameters on axial error simulation
g | LRRER T S WA BN %
D/mm Z/mm v/ (mm/min) a/ (%) t/mm AH/mm
L, 6 0.6 100 45 0.6 3.758 7
L, 6 0.8 200 53 0.8 4.282 9
L; 6 300 60 1 4.988 9
L, 10 .6 100 53 0.8 4.778 8
L; 10 8 200 60 1 4.648 6
Ls 10 300 45 0.6 4.472 1
L; 14 200 45 1 4.676 6
Ly 14 300 53 0.6 4.691 8
L, 14 100 60 0.8 4.770 5
Lo 6 300 60 0.8 4.652 4
Ly 6 100 45 1 4.698 0
L, 6 200 53 0.6 4.479 0
L 10 .6 200 60 0.6 4.642 5
L 10 .8 300 45 0.8 4.219 5
Lis 10 100 53 1 4.614 0
Lis 14 .6 300 53 1 4.597 1
Lz 14 .8 100 60 0.6 4.891 0
Lig 14 1 200 45 0.8 4.834 4
K, 26. 860 2 27.106 2 27.511 2 26.659 2 26.935 2
K, 27.375 6 27.432 0 27.564 0 27.443 4 27.538 8
K; 28.461 6 28.159 2 27.621 6 28.594 2 28.223 4
13} 4.476 7 4.517 7 4.585 2 4.343 2 4.489 2
ks 4.562 6 4.572 0 4.594 0 4.507 3 4.589 8
k3 4.743 6 4.693 2 4.603 6 4.742 3 4.703 9
W2 D 1.601 4 1.053 0 0.110 4 1.9350 1.288 2
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