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Application of Vague set in ironing process parameter optimization of C15 stainless steel

Zhang Chenrui, Li Hui
(Department of Physics, Lyuliang University, Lyuliang 033000, China)

Abstract: Finite element simulation of ironing process for C15 stainless steel was carried out in Simufat. forming software. Taking ironing
rate, concave mold cone angle and ironing speed as the process parameter variables, Ly(3”) orthogonal experiment with three factors and
three levels was designed. Taking ironing force, residual stress and wall thickness springback amount as the evaluation indexes of forming
quality, the variation coefficient method was adopted to objective weight distribution of three evaluation indexes. The Vague set was intro-
duced to the orthogonal test results for multi-objective optimization, the optimal combination of process parameters and the influence order
of each process parameter on the comprehensive evaluation index were obtained. The results show that when the ironing rate is 42%, the
concave mold cone angle is 9° and the ironing speed is 10 mm + s, the forming quality of C15 stainless steel ironing workpiece is higher.
The influence order of process factors on comprehensive forming quality for ironing parts is as follows: ironing speed > ironing rate >con-
cave mold cone angle. The maximum relative error (wall thickness springback amount) of the simulation and test results is not more than
7.61%. The simulation results have good reliability, which can provide theoretical guidance for practical production.
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Fig. 1 Ironing forming process
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Fig. 2 Ringmesh meshing
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Table 2 Factors and levels of orthogonal test

KT AT 5/% M HE S o/ PR o/
() (mm - s™")

-1 30 9 10

0 36 15 14

+1 42 21 18
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Table 3 Schemes and results of orthogonal test

TZ258 WA TR bR
S B MHEHES @/ PR o/ BV ) /AN BRAN J) FE JEL ] B i
(*) (mm - s7") S/MPa 8/mm
1 30 (-1) 9 (-1) 10 (-1) 582. 406 783.411 0. 092
2 30 (-1) 15 (0) 14 (0) 677.294 827.323 0. 088
3 30 (-1) 21 (+1) 18 (+1) 886. 593 853. 631 0. 082
4 36 (0) 9 (-1) 18 (+1) 691. 348 830. 554 0. 089
5 36 (0) 15 (0) 10 (-1) 741. 862 820. 012 0. 074
6 36 (0) 21 (+1) 14 (0) 840. 264 825. 783 0. 064
7 42 (+1) 9 (-1) 14 (0) 744. 979 796. 482 0.070
8 42 (+1) 15 (0) 18 (+1) 817. 524 810. 046 0. 062
9 42 (+1) 21 (+1) 10 (-1) 837.795 813.325 0. 042
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Table 4 Vague set values

RS S, (vy)  BRANA S, (vy)  HEFERIBEE S, (xy)
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Table 5 Similarity and total similarity of optimal

ideal values

Ly 1=/ [2) 1=/, I3 1-f3

1 1. 000 1. 000 1. 000 1. 000 0. 000 0. 000

2 0. 688 0.733 0.375 0.385 0.080 0. 107
3 0. 000 0. 000 0. 000 0. 000 0.20 0.260
4 0. 642 0. 689 0.329 0.338 0. 060 0. 081
5 0. 476 0. 527 0. 479 0. 489 0. 360 0. 446
6 0. 152 0. 179 0.397 0.407 0. 560 0. 652
7 0. 466 0.517 0. 814 0. 820 0. 440 0.532
8 0.227 0.263 0. 621 0. 631 0. 600 0. 690
9 0. 160 0.188 0.574 0. 585 1. 000 1. 000
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Table 6 Average similarity of each process parameter

. SRR » ]
TLBH W KT
KIFE-1 KFEO0  KF+1
AR o 0.117 0.125 0.179 0.062  7KF+1
MIAHE o 0. 164 0. 140 0.142 0.024  JKF-1
PRI v 0. 181 0.117 0. 098 0.083  JKF-1
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Table 7 Comparison between Vague set optimal result and

orthogonal test result

. PRI BRAN S e L[] i
F/KN S/MPa 8/mm

Vague % 705. 640 803. 020 0. 056

IEASIRE R 886.593 853. 631 0. 092

FEEE 5L/ % 20. 41 5.93 39.13
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Fig. 3 Wall thickness measurement of ironing workpiece
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Table 8 Comparison between simulation and test results

BRANLTT S B [m] 5L &

A

o Dirl/ R/ MIXHRZE, DiEUE/ Rl MIxHRE/
MPa MPa % mm mm %

1 783.411 834.261 6.49 0.092 0. 099 7.61

4 830.554 878.614 5.79 0. 089 0. 093 4.49
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