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Abstract: The hot deformation behavior of high-strength 7075 aluminum alloy, adopted for
lightweight drive shafts of heavy trucks, during the radial forging process is investigated through
isothermal compression tests at different deformation conditions. The test samples are collected
from an extrusion shaft billet with a large diameter that is fully preheated. A modified Hansel-
Spittel constitutive model of 7075 aluminum alloy, which takes into account the effects of
temperature and strain rate on strain hardening and strain softening., is proposed to predict the
hot forming process of drive shafts with a large diameter. The processing maps of 7075 aluminum

alloy are established based on the dynamic material model, and microstructure evolution of the
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shaft billet of 7075 aluminum alloy during a typical radial forging process is analyzed with the
processing maps. The research results indicate that the modified Hansel-Spittel model can
accurately predict the peak flow stress and steady flow stress of preheated 7075 aluminum alloy,
with an average absolute relative error of 2. 71% between the experimental data and the predicted
data. The processing maps show that 7075 aluminum alloy has high thermal stability in the

', and high temperature

temperature range of 350 to 450 °C and strain rate range of 0. 01 to 10 s~
and low strain rate will benefit the microstructure evolution of 7075 aluminum alloy during the
hot forming process. After a typical radial forging process that perform a cross-section
contraction of 55. 6% and a heat treatment of T6, the original elongated grains of the shaft billet
recrystallize and transform into fine grains with large angle boundary, which respectively increase
the tensile strength and the elongation rate of 7075 aluminum alloy to 651 MPa and 12. 5 %. The
drive shaft manufactured from the operated shaft billet can have excellent comprehensive properties.

Keywords: heavy truck lightweight; 7075 aluminum alloy; constitutive model; processing maps;

radial forging; microstructure evolution
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Table 1 Chemical composition of 7075 aluminum alloy

JLH JB ik 43K/ 0% JLH [ i 538/ 0%
Zn 5. 56 Cr 0.22
Mg 2.78 Ti 0.07
Cu 1. 67 Mn 0.05
Si 0.15 Fe 0.19
Al 89. 31
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Fig. 1 Typical hot radial forging processes of 7075 aluminum
alloy drive shaft
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Fig. 2 Sampling position and samples of 7075 aluminum alloy
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Fig. 4 True strain-stress curves of preheated 7075 aluminum

alloy at different temperature and strain rate
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Table 2 Coefficients of the original H-S constitutive model

for preheated 7075 aluminum alloy
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Table 3 Fitted equations and parameters of the coefficients in modified H-S constitutive model for preheated 7075

aluminum alloy
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Fig. 9 Processing maps of preheated 7075 aluminum alloy
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Fig. 10 Radial forging processes of high-strength 7075

aluminum alloy shaft billets
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Fig. 11 Microstructure of 7075 aluminum alloy after different forming processes and heat treatment
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