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Optimization on forging process for spray formed 7055 aluminum alloy
aircraft wheel hub based on response surface method

Yang Xingwang', Tao Zhiwei', Yuan Kai*, Huang Yao', Wang Leigang'
(1. School of Material Science and Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Jiangsu Haoran Spray Forming Alloy Co. , Ltd. , Zhenjiang 212009, China)

Abstract: For the problems such as incomplete filling of wheel hub forgings and mold wear caused by the complex shape of aircraft wheel
hub, in the wheel hub forging for a certain type of aircraft take-off and landing system, spray formed 7055 aluminum alloy extruded rod
was used, and the hot die forging method was taken by adding a design of forgings preforming. Taking final forging filling rate and final
forging force of forgings as the optimization goal and billet pre-forging reduction amount, billet heating temperature, mold preheating tem-
perature and mold pressing speed as the design variables, the response surface model was established. Then, the process parameters of
wheel hub forgings were optimized by the combination of the second-order response surface method and Design Expert software, and the opti-
mal parameters were determined as the billet pre-forging reduction amount of 45. 30 mm, the billet preheating temperature of 430 °C, the mold
preheating temperature of 447 °C and the mold pressing speed of 5.00 mm -+ s™". The production verification shows that the improved preforming
scheme and process parameters can solve the problem of incomplete filling and produce qualified products under the lower final forging force.
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Table 1 Chemical compositions of 7055 aluminum alloy ( %, mass fraction)

Si Fe Cu Mn Mg Cr

Zn Ti Ir Al

0.1 0.15 2.0~2.5 0. 05

1.8~2.2 0. 04

7.7~8.4 0. 06 0.08~0. 25 NE
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Fig. 1 Drawings of aircraft wheel hub forgings

(a) Two-dimensional drawing
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(b) Three-dimensional section drawing
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Fig. 2 Improved process flow of aircraft wheel hub forgings
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Table 2 Central composite experiment design of four

factors and five levels

K-
G

-2 -1 0 1 2
A/mm 10 20 30 40 50
c/C 370 390 410 430 450
D/C 390 410 430 450 470
E/(mm-s') 5 10 15 20 25

®3 BoRERMER

Table 3 Part simulation results of experiment

F5 A/mm C/C D/C E/(mm-s') Yi/% Y,/kN

1 40 390 450 20 0.9365 4870
2 10 410 430 15 0.7777 2760
3 20 430 450 10 0.8597 2540
4 50 410 430 15 0.9793 4960
5 40 430 410 20 0.9371 3750
26 40 430 450 10 0.9490 3170
27 30 370 430 15 0. 8866 5820
28 20 430 410 10 0.8432 2870
29 20 430 450 20 0.8540 2710
30 30 410 430 15 0. 8968 3290
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Fig. 3 Comparison between predicted and experimental values

(a) Final forging filling rate

x4 MEEEPSHER

Table 4 Results of response surface regression analysis
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Fig. 4 Relationships between Y, and design variables
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Fig. 5 Relationships between Y, and design variables
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Table 5 Values of optimal design variables and prediction

values of optimized objects
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Fig. 6 Results of production verification
(a) Curve of forming load and simulation drawing of forgings (b) Actual forgings  (c) Finished part
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