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Fig.1 Schematic diagrams of structural designing on target

component: (a) 3D model and (b) dimensions
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Table 1 Chemical composition of experiment material (w/%)

Si Fe Cu Mn Mg Ti Zn Al
0.06 0.15 0.01 0.64 6.4 0.05 0.02 Bal
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Table 2 Mechanical properties of experiment material

UTS/MPa YS/MPa
363 158 28.0

Elongation/%
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Fig.2 Schematic diagrams of structural designing on spinning

mold: (a) 3D model and (b) dimensions
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Fig.3 Morphology of microcrack after spinning at 290~330 C
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Table 3 Relationship between inner diameter of straight
section and spinning temperature for alien spinning
piece

Maximum diameter Maximum diameter

No. Temperature/'C

of member/mm of mold/mm
1 290~330 342.50~344.84
2 370~420 340.42~340.56 340.40
3 430~470 340.48~340.54
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Fig.4 Morphology of flaring effect after spinning at 450~470 ‘C
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Table 4 Relationship between length and wall thickness of
straight section and spinning temperature for alien

spinning piece

No Temperature/ Length of Wall thickness of
) C straight section/mm  straight section/mm
1 290~330 512~515 5.62~5.71
370~420 510~513 5.66~5.73
3 430~470 530~550 5.14~5.38
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Fig.5 Morphologies of overburning induced instability after
spinning at 480~500 C: (a) overlooking view and (b) side

view
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Fig.6 Morphology of alien piece after spinning at 370~420 C
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Table 5 Relationship between surface quality of alien spinning
piece and spinning pass, thinning rate

Pass thinning
rate/%

Total thinning

No. Pass
rate/%

Surface

Wrinkle,
apophysis
Perfect
Incomplete

1 4~6 29~33

2 10~12 20~25 35~50

3 16~19 11~16
deformation
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Fig.7 Schematic diagrams of spinning passes reduction in each pass:

(a) reduction in each pass of ordinary spinning and (b) redu-

ction in each pass of strong spinning
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Fig.8 Morphology of alien piece after spinning at reasonable

rotating speed and feed ratio
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Fig.9 Microstructures of alien piece at different positions after spinning: (a) top of arc segment, (b) bottom of arc segment, (¢) middle of

straight segment, and (d) bottom of straight segment
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Table 6 Mechanical properties of alien piece with
large aspect ratio

Mechanical property UTS/MPa YS/MPa  Elongation/%
Raw material 363 158 28.0
Spinning piece 367 174 29.0
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Study of Netshape Spinning Process of Al-Alloy Alien Piece with Large Aspect Ratio

Wen Tao, Zhang Xuhu, Yin Zhongwei, Shen Zhengzhang, Yin Jiaming, Zhao Lei, Chen Yonglai
(Aerospace Research Institute of Materials & Processing Technology, Beijing 100076, China)

Abstract: The effect of temperature, passes, thinning rate and feed ratio on the alien piece with large aspect ratio during spinning
formation was studied though processing test and analysis of microstructure and mechanical properties. The optimized conditions are as
follows: characteristic temperature 370~420 °C, deformation passes 10~12, thinning rate of each pass 20%~25% and whole process
35%~50%, feed ratio of ordinary spinning 2.0~2.5 mm/r, and feed ratio of strong spinning 1.3~1.8 mm/r. It is achieved that alien piece with
large aspect ratio spinning is formed directly from sheet material which undergoes only one time card loading. The process above not only
improves production efficiency significantly, but also simultaneously fulfils requirements of controlling shape and properties. The wall
thickness difference of alien piece with large aspect ratio is not greater than 0.2 mm, and the unilateral gap between inner profile and
theoretical model is not higher than 0.1 mm. Compared to those of the original plate, the ultimate tensile strength and elongation of alien
piece with large aspect ratio basically is unchanged, while the yield strength increases by 10.1%.

Key words: large aspect ratio; alien piece; netshape spinning
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