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Forming defect analysis and parameter optimization on new energy vehicle
accumulator cylinder based on Taguchi test

Luo Tingjie, Liu Gang
(School of Traffic Engineering, Guangxi Technological College of Machinery and Electricity, Nanning 530007, China)

Abstract: Aiming at the problems of cylinder deformation, poor quality of cylinder wall and large load encountered in the production
process for a certain type of new energy vehicle accumulator cylinder, the forming process of accumulator cylinder was studied by finite el-
ement software Deform-3D. Firstly, the causes of the actual forming defects for accumulator cylinder were analyzed, and the optimization
objects and variables of the process were determined. Secondly, the orthogonal test scheme was established based on Taguchi test, and the
modeling, simulation and experimental data acquisition of each scheme were completed by UG and Deform-3D. Finally, the different
kinds of experimental data were unified by weighted scoring method, and the data was analyzed and optimized by using the expected large
characteristic model of signal-to-noise ratio. The simulation and test results show that when the billet temperature is 950 °C, the mold pre-
heating temperature is 400 °C , the extrusion speed is 35 mm + s™' and the working belt length of conves die is 20 mm, it is the optimal
process level combination, which can not only solve the problems of accumulator cylinder deformation and cylinder wall cracking, but also
reduce the forming load, effectively prevent the mold cracking and prolong the service life.
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Fig. 1 Part drawings of accumulator cylinder

(a) Dimension drawing
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(b) Solid model drawing
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Fig. 2 Forming process of accumulator cylinder
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Fig. 3 Actual defects of product

(a) Cylinder deformation
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Table 1 Value range of variables

witER X,/C X,/C X3/ (mm - sfl) X,/mm
BUEIEE 750~1050  300~450 15~45 20~50
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(b) Cylinder wall crack and cylinder deformation
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Fig. 4  Finite element model
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Table 2 Schemes and results of experiment

kS ESES SR

415 X,/C X,/C Xy/(mm+s')  Xy/mmo Y C Yy, Yy/kN - Z,; Zy Zy S n,

1 750 300 15 20 337 0. 89 1028 44.9 80.0 45.6 56. 8 35. 0870
2 750 350 25 30 368 0.95 1206 28.3 66. 4 0.0 31.6 29. 9937
3 750 400 35 40 306 1.23 956 61.5 45.0 64.1 56.9 35.1022
4 750 450 45 50 311 0. 86 1167 58.8 73.3 10.0 47.4 33.5156
5 850 300 25 40 298 1.28 981 65.8 41.2 57.7 54.9 34.7914
6 850 350 15 50 321 1.17 1040 53.5 49.6 42.6 48.6 33.7327
7 850 400 45 20 286 0. 68 873 72.2 87.0 85.4 81.5 38.2232
8 850 450 35 30 245 0.51 960 94. 1 100. 0 63. 1 85.7 38. 6596
9 950 300 35 50 263 1.04 1049 84.5 59.5 40.3 61.4 35.7634
10 950 350 45 40 234 0.71 1093 100.0 84.7 29.0 71.2 37. 0496
11 950 400 15 30 291 0. 87 816 69.5 72.5 100. 0 80.7 38. 1375
12 950 450 25 20 248 0.55 1119 92.5 96.9 22.3 70.6 36.9761
13 1050 300 45 30 421 1.82 908 0.0 0.0 76.4 25.5 28. 1308
14 1050 350 35 20 329 1. 00 1072 49.2 62.6 34.4 48.7 33.7506
15 1050 400 25 50 372 0. 86 911 26.2 73.3 75.6 58.4 35.3283
16 1050 450 15 40 341 0.73 1108 42.8 83.2 25.1 50. 4 34. 0486
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Table 3 Average signal-to-noise ratio and range results

s X, X, X3 X,y
. 33.42 33.44 35.25 36.01
Mo 36. 35 33.63 34.27 33.73
Mo 36. 98 36.70 35.82 35.25
T 32.81 35.80 34.23 34.58
R, 4.17 3.25 1.59 2.28
FARKF 950 C 400 C 35 mm - s~ 20 mm
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Fig. 5 Simulation results of optimal level combination

(a) Temperature distribution diagram  (b) Damage value distribution diagram  (c¢) Forgming load-conves die stroke curve
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Fig. 6 Forming results of accumulator cylinder

(a) Upsetting part  (b) Preformed part  (c¢) Accumulator cylinder ~ (d) Surface condition of cylinder ~ (e) Section of cylinder
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Fig. 7 Field test drawings

(a) Before extrusion  (b) After extrusion
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Table 4 Comparison of internal and external diameter
measurement results for accumulator cylinder before and

after improvement (mm)
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