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Abstract: Optical microscopy (OM), scanning electron microscopy (SEM), transmission electron microscopy (TEM),
hardness test, tensile test, and hole-drilling method of measuring residual stress were used to study the influence of cyclic
loading aging on the microstructure, mechanical properties and residual stresses of Al-Cu casting alloy. The results show
that, the stress orientation effect of 6’ precipitates, which occurs during the artificial aging, is induced by the high residual
stress of the quenched Al-Cu casting alloy. However, the residual stress can be reduced to 0.280, by cyclic loading at
—40—80 MPa, 83 Hz and 40 min. During this process, the dislocations resulted from the micro-plastic deformation can
facilitate the heterogeneous nucleation of 6’ phase and the nucleation, which results in the refinement of precipitates and
the restraint of the stress orientation of 6’ phase. Therefore, the mechanical properties of the Al-Cu casting alloy treated
by the cyclic loading aging are improved.
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Table 1 Chemical compositions of experimental alloys
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Fig. 1  Schematic map of cyclic stress aging device:
1—Incubator; 2—Electrical resistance heater wire; 3—Support;
4 — External platform; 5— Sample; 6 — Built-in platform;

7—Vibration exciter
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Mass fraction/%

Sample
Cu Mn Ti Cd \"% Zr B Fe Al
ZI1205A 4.6-53 0.3-0.5 0.15-0.35 0.15-0.25 0.05-0.3 0.05-0.2  0.005-0.06 <0.15 Bal.
Actual alloy 5.2 0.43 0.25 - 0.18 0.17 0.014 0.13 Bal.
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Table 2 Notations and heat treatment parameters of samples

Sample No. Heat treatment condition
(175 °C, 40 min)+(175 C, 0-6 h);
AA-AA
Tensile sample: 175 ‘C,4.5h
(175 °C cyclic loading aging, 40 min)+
CL-AA (175 °C, 05 h); Tensile sample:

(175 C,40 min)+175 C, 1.5h

AA-AA is common aging; CL-AA is cyclic loading.
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Fig. 2 Dynamic stress imposed on samples by cyclic loading
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Fig. 3 Curves of age hardening of samples under different

heat treatments
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Table 3 Hardness and tensile properties of samples under

different heat treatments

Residual stress, Tensile property
Sample No.
o./MPa on/MPa oy, /MPa /%
AA-AA 307 409 355 3.8
CL-AA 104 428 366 5.1
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Fig. 4 Optical microstructures of samples under different heat
treatments: (a) AA—AA; (b) CL-AA
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Fig. 5 TEM bright field images and selected area electron
diffraction patterns ([110]) of samples under different heat
treatments: (a) AA—AA; (b) CL-AA
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Fig. 6 SEM images of tensile fractures of samples under
different heat treatments: (a) AA—AA; (b) CL-AA
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