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ABSTRACT

Localised overheating in aircraft structural components made from AA 7010 can occur
during machining, causing a decrease in electrical conductivity (EC), hardness (Hv) and
strength. When overheating is detected by non-destructive testing with electrical
conductivity and hardness is slightly outside the material specification, the affected
components are scrapped. If data correlating EC and Hv with strength were available,
the severity of overheating could be assessed and the component could be repaired. It is
also commonly observed that the EC and Hv change notably from the outside surface
towards the centre of the plate, even when no overheating is present. This suggests
property inhomogeneity through the plate thickness. However, little information is
available in the public domain on the property correlation and property inhomogeneity
in thick products of AA7010.

This investigation studied the evolution of properties with age hardening for AA 7010
and correlated EC, Hv, strength and ductility for a range of age hardening conditions.
The property homogeneity through the plate thickness of AA 7010, perpendicular and
parallel to the rolling direction, was also assessed. The effect of quenching rate on the
properties, specifically the evolution of EC, Hv and strength with artificial age
hardening, was assessed for seven different quench delays.

The tensile strength (UTS) and 0.2% proof strength (PS) have a good linear correlation
with hardness, regardless of the test piece thermal history. The PS gives a lower
regression correlation coefficient than UTS, but the accuracy of its prediction can be
improved by combining Hv and EC, especially for any EC values above 35.9% IACS.
The EC, Hv and strength show inhomogeneity across the plate thickness, both in the
directions perpendicular and parallel to the rolling direction. The inhomogeneity is
inherent from segregation of alloying elements during casting, with the segregation of Zr
and Ti at the plate centre resulting in high EC and low Hv. The gradient of quench rate
from the surface to the centre of the plate, after the solution heat treatment, is not the
main contributor to the inhomogeneity. The EC, Hv and strength are sensitive to the
changes of heat treatment conditions such as quench delays, ageing temperature and
time. The variations of properties are a direct result of the formation of various
precipitates and the continuous changes in their sizes and volume fractions. The
combination of EC and Hyv tests is found to be a reliable quality indicator to assess the
ageing process of AA 7010 and can be used in non-destructive assessment of property
homogeneity of thick products. From the network of EC - Hv curves obtained under a
wide range of age conditions, an unknown thermal condition for AA 7010 can be
estimated for any EC and Hv values. For test pieces smaller than 11x11 mm?, quench
delays shorter than 198 seconds, followed by standard artificial ageing, can produce
satisfactory properties. Longer quench delays result in mechanical properties below the
material specification. This is because high temperature heterogeneous precipitation of
the equilibrium phases during quenching depletes the solid solution of alloying elements
available for subsequent age hardening.
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