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ABSTRACT: The work aims to explore the best process parameters for the necking forming of the inner flange of the large

conical cylinder part. Firstly, according to the process principle of the inner flange necking forming, the simulation model of the
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inner flange necking forming was built by 3D software, and the simulation forming was performed with Deform. On this basis,
the height of the necked part and the forming load were used as the basis for judging the forming quality of the inner flange, and
the regression prediction model about the height of the necked part and the forming load was obtained based on the response
surface method. The effects of the different friction factors, extrusion speed and concave die taper on the forming quality of the
inner flange were analyzed for optimization to get the best forming process parameters, and finally physical tests were con-
ducted for verification. The response surface method was used to fit the multivariate nonlinear model of necked part height and
forming load with respect to three factors. The probability of significance P-values obtained when the model passed through the
F-test were all less than 0.000 1 and the mismatched term values were all greater than 0.05. In addition, the relationship between
the values predicted by the model and the values simulated by the experiment was close to a straight line, which fully illustrated
the reasonableness of the mathematical model. When the friction factor, extrusion speed and die taper were 0.3, 3 mm/s and 9°,
respectively, the forming load of the workpiece reached a minimum of 90 kN and the height of the necked part was a minimum
of 1 350 mm. Compared with the predictions by the model, the errors were less than 10%. The optimized process parameters
contribute to high quality inner flange forming, smooth surface without defects and low forming load, which provides a refer-
ence for the inner flange forming process of large conical cylinders.

KEY WORDS: inner flange; necking forming; response surface method; height of necked part; forming load; process opti-
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[16-17] Tab.2 Test scheme and response objectives

Number A4  B/(mm-s') C/(°) Ry/mm  Ry/kN

[18-19] 1 0.3 1 6 1366 143
6 2 0.7 3 9 1380 109
3 0.5 5 9 1359 107
[20-22] 4 0.5 3 6 1410 103
[23-25] 5 0.5 3 6 1411 98
A 6 0.5 1 9 1457 144
B C 7 0.5 5 3 1424 199
8 0.5 3 6 1415 95
Bottom die taper angle 9 05 | 3 1 416 256
10 0.3 3 3 1 400 139
11 0.3 3 9 1365 83
12 0.3 5 6 1380 145
13 0.5 3 6 1407 90
14 0.7 1 6 1398 239
6 15 0.7 3 3 1437 268
Fig.6 Concave die for necking forming 16 0.7 5 6 1410 215
17 0.5 3 6 1 405 110
Ry 1460 -
R, 1440
! E 1420 [
£1 ABIESMKT 2 a0k
Tab.1 Forming process parameter level ‘°§)
3
Factor Low level High level g 1380
Friction factor 4 0.3 0.7
. 1 1360
Extrusion speed B/(mm-s™") 1
Bottom die taper angle C/(°) 3 9 1340
1340 1360 1380 1400 1420 1440 1460
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Tab.3 Variance analysis of height of necked part
Factor Sum of squares DF Mean square F value P value Significance
Model 9 092.54 9 1010.28 30.52 <0.000 1 Significant
A-A 1 624.50 1 1 624.50 49.08 0.000 2
B-B 162.00 1 162.00 4.89 0.062 6
Cc-C 5832.00 1 5 832.00 176.19 <0.000 1
AB 1.00 1 1.00 0.0302 0.866 9
AC 121.00 1 121.00 3.66 0.097 5
BC 9.00 1 9.00 0.2719 0.618 1
A? 224.38 1 224.38 6.78 0.0352
B? 801.85 1 801.85 24.23 0.001 7
c 194.69 1 194.69 5.88 0.045 7
Residual 231.70 7 33.10
Lack of fit 172.50 3 57.50 3.89 0.1114 Not significant
Pure error 59.20 4 14.80
Cor total 9324.24 4 14.80
x4 BEBEHESH
Tab.4 Variance analysis of forming load
Factor Sum of squares DF Mean square F value P value Significance
Model 60 545.98 9 6727.33 47.30 <0.000 1 Significant
A-A 12 880.12 1 12 880.12 90.56 <0.000 1
B-B 1830.13 1 1 830.13 12.87 0.008 9
Cc-C 22 472.00 1 22 472.00 158.01 <0.000 1
AB 169.00 1 169.00 1.19 0.3118
AC 2 652.25 1 2 652.25 18.65 0.003 5
BC 56.25 1 56.25 0.3955 0.549 4
A? 3891.20 1 3 891.20 27.36 0.001 2
B 13 157.09 1 13 157.09 92.51 <0.000 1
c? 1709.57 1 1709.57 12.02 0.010 4
Residual 995.55 7 142.22
Lack of fit 760.75 3 253.58 4.32 0.095 7 Not significant
Pure error 234.80 4 58.70
Cor total 61 541.53 16
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