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Abstract

The third-generation Al-Li alloys, represented by 2195 Al-Li alloy, have great improvements in strength,
modulus of elasticity, stiffness, fracture toughness and corrosion resistance compared to conventional Al
alloys, and have excellent applications in aerospace lightweight structures [1, 2, 3]. Unfortunately, the addition
of lithium to aluminium, in addition to the benefits it brings, also leads to a decrease in the elongation,
formability and fracture toughness of Al-Li alloys [4]. Deformation and Heat Treatment are the main
strengthening methods for Al-Li alloys. This is because the mechanical properties and fracture mode of Al-Li
alloys are related to the dislocation density as well as the type, size, distribution and number density of
precipitated phases. Pre-deformation increases the number density of nucleation sites and thus promotes the
precipitation of the phases, as demonstrated by Xie et al [5]. In addition, Cheng et al. in their study of the
deformation behaviour of Al-Cu-Mn alloys found that the elongation and hardening index were increased
during cryo-deformation, and this phenomenon still exists in 2195 Al-Li alloys, which provides us with new
ideas [6]. The matching of cryo-deformation and heat treatment techniques of Al alloys is less explored, based
on which we try to regulate the heat treatment and cryo-deformation of 2195 Al-Li alloy in order to obtain a
good matching of strength and plasticity, and thus to obtain a component with good service properties.

In this research, we systematically investigated the regulatory mechanism of the synergistic effect of
cryogenic pre-deformation and heat treatment process on the mechanical properties and microstructure of
2195 Al-Li alloy. It was found that the UTS and yield strength gradually increased with the decrease of the
deformation temperature, and when the deformation temperature was reduced from 25°C to -196°C, the UTS
increased from 581 MPa to 602 MPa, which was a 3.6% increase, and the yield strength increased from 538
MPa to 580 MPa, which was a 7.81% increase. At the same time, the elongation showed a trend of
decreasing and then increasing, when the temperature was decreased from 25°C to -70°C, the elongation
showed a significant decrease from 7.50% to 6.35%, when the temperature continued to decrease to -130C,
the elongation increased back to be comparable with the room temperature, and the elongation increased to
8.55% when the temperature was further decreased to -196°C, which is a 14% increase from the room
temperature. A process-property prediction model was established by designing 90 sets of process parameter
combinations (predeformation amount, aging temperature, aging time) and combining with machine learning
methods (KNN, SVM, LR, DT and MLP). The results show that SVM is the most accurate in predicting the
UTS and yield strength: the accuracy of UTS prediction is 98.3880%, with a standard deviation of 0.4588%,
and the accuracy of yield strength prediction is 96.7720%, with a standard deviation of 0.8981%. MLP was the
most accurate in predicting elongation with an accuracy of 91.4680% and a standard deviation of 0.7872%.
The elongation has more influencing factors than the UTS and yield strength, so the prediction accuracy is
slightly lower than the other two, but still within the acceptable range. Convolutional neural network (CNN)
was further used to analyse transmission electron microscopy (TEM) images to quantify the contribution of
morphological features (average size, volume fraction) of precipitated phases, such as T1, 3 phase and
0’phases, to the strengths, and to simulate the evolution of the microstructures with the help of generative
adversarial network (GAN) under different processes. It is shown that the pre-deformation promotes the
nucleation of precipitated phases through the introduction of dislocations, while the nonlinear coupling of
aging parameters significantly affects the mechanical properties, which provides a theoretical basis and
methodological framework for the optimisation of strength-plasticity matching.
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Fig. 2 Mechanical properties of partial specimens.
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