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Abstract; The traditional creep age forming process is required to extend from elastically loading to elastic-plastically loading for achieving
the precise formability and property of large thin-walled structures with complex shapes. To investigate the effect of elastic-plastically load-
ing state on the creep deformation and age hardening of materials and structures, a series of studies were conducted, including the charac-
terisation of stress relaxation ageing, building of cross-scale constitutive model, and the simulation and experimental analysis for creep age
forming of typical stiffened panels. The cross-scale material model based on the variation of creep threshold stress, which considers the
different initial dislocation characteristis under elastic-plastically loading, can effectively realize the simulation and prediction of the elas-
tic-plastic creep ageing characterisation. The experimental and simulation results of creep age forming for typical stiffened panel structures
show that the plastic strain produced in the loading process significantly reduces the springback percentage of specimens. For the speci-
mens with the maximum loading total equivalent strains of 1.62% and 0.46%, the springback percentages are 13.8% and 31. 0%, re-
spectively. The yield strength of stiffeners and skin areas of the experimental specimen is improved, and the yield strength of stiffener is
slightly higher than that of skin after forming.
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Table 1 Chemical compositions of 2219 aluminium alloy

( %, mass fraction)

Cu Mg Mn Si Fe Ni Zr Ti Al
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Fig. 1 True stress-true strain curve of 2219 aluminium alloy at 165 °C
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Table 2 Design schemes of stress relaxation

experiments at 165 °C
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Fig.2  Sample geometrical sizes (a) and equipment (b) of stress relaxation experiment
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Fig. 3  Creep age forming experiments

(a) Schematic diagram of specimen  (b) Die

panel specimens

(c¢) Formed stiffened



230 B

5 48

R3I EHERGELARTEAESEH
Table 3 Geometrical sizes and forming parameters of

stiffened panel specimens

bW yad w/mm I/mm h/mm t/mm R/mm
No. 1 45 150 9 3.0 600
No. 2 45 150 5 1.5 1000
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Table 4 Parameters of creep ageing constitutive model for AA2219-T37 aluminum alloy

R A, A,/MPa Ay/h! B,/MPa B,/MPa c, C,/MPa Cys/MPa C./h!
BAH  4.50x107°  100.00 120. 00 3.60x1072  49.00 6.50x1072  27.00 5.00 2.00x107"
2% C,/MPa k,/MPa k, ks k,/MPa™! m, m, my m,

BMEH  35.00 95. 00 2.00 17. 00 1. 00 2.00x107! 3.80 10. 00 1.00x107"
28 ms n, n, ny ny Q Yo C,/MPa

BE  9.00x10™" 6.77x107"! 1.30 1. 00 2.00 1.20 1. 00 1.00x107"!
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Fig. 4 Results from experiments and calculation of constitutive model under different loading stress levels

(a) Stress relaxation in elastic region
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Fig. 5 Finite element simulation model for creep age forming
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Fig. 6 Comparison of deformation profile curves between experiment and simulation results after creep age forming for stiffened panel specimens
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Fig. 8 Evolution results of stress distribution for No. 1 stiffened panel specimen during creep age forming process

(a) After loading  (b) 5 h creep ageing
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creep age forming
(a) Equivalent creep strain result after 11 h creep ageing

(b) Yield strength result after creep age forming
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Fig. 11 Evolution of equivalent creep strain for stiffeners and

skins of stiffened panel specimens during creep age forming process
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Fig. 12 Evolution of yield strength for stiffeners and skins of stiffened

panel specimens during creep age forming process
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