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Inhomogeneity of microstructure and mechanical properties
in ultra-thick 7050-T7451 plate

RAN Hongwei', HAO Min™", HAO Shijia™’, LIU Xing”™, LI Zhangiang™, LEI Yue™

(1. Technical Center, Southwest Aluminum Industry (Group) Co., Ltd., Chongging 401326, China; 2. Aluminum Alloy Research
Institute, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 3. Beijing Engineering Research Center of
Advanced Aluminum Alloys and Application, Beijing 100095, China )

Abstract: The ultra-thick 7050-T7451 plates, which are commonly utilized in the primary load-bearing components of aerospace
structures, confront a challenge: a discrepancy in properties along their thickness directions. To unravel the hidden principles
governing this phenomenon, a comprehensive suit of tests and characterization techniques is employed on 0155 mm ultra-thick 7050-
T7451 plate. These techniques encompass conventional tensile tests, plane strain fracture toughness tests, as well as imaging
methods such as optical microscopy(OM ), scanning electron microscopy(SEM ), electron backscatter diffraction(EBSD) and
transmission electron microscopy(TEM) . Samples for property testing and microstructure characterization are extracted from
different thickness regions along different directions. The results of the property testing reveal that the tensile properties at different

thickness regions along L direction are similar. However, in LT direction, 7/4 thickness region exhibits higher tensile strength
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compared to 7/2 thickness region. Conversely, the fracture toughness of 7/2 thickness region surpasses 7/4 thickness region in both
directions, with more pronounced difference observed in L-T direction. Microstructural observations demonstrate that the fracture
surface morphology of small cleavage fractures at 7/4 thickness region converts to transgranular slip at 7/2 thickness region. As the
thickness region transferring from 7/4 to 7/2, grain morphologies and texture types vary obviously, while the types and distribution
of precipitated phases remain consistent. The texture types are numerous and dispersed at 7/4 thickness region with a small grain size
and a large amount of sub-grains. The texture types are mainly recrystallization R-Brass texture {111} { 112) at 772 thickness
region with a big grain size but a decrease in sub-grain quantity. Along grain and sub-grain boundaries, coarse 1 precipitation phases
and precipitate free zones are observed, while numerous 1' precipitate phases are detected within the grains. The disparities in
macrostructure and microstructure between the thickness regions from 7/4 to 7/2 stem from variations in the texture types and

quantities of sub-grain boundaries. This factor also influences the plastic deformation zone at crack tips and crack propagation paths,

ultimately determining differences of the tensile strength and fracture toughness.

Key words: ultra-thick 7050-T7451 plate; tensile property; fracture toughness; precipitate phase; texture
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Table 1 Chemical compositions of ultra-thick 7050-T7451 aluminum alloy plate at various sampling locations(mass fraction/% )
Sampling location Si Fe Cu Mn Mg Zn Zr Ti Al
Any locations 0.03 0.08 2.07 0.02 2.05 5.82 0.1 0.049 Bal.
72 0.03 0.07 2.06 0.02 2.05 5.82 0.1 0.045 Bal.
T/4 0.03 0.08 2.07 0.02 2.05 5.81 0.1 0.049 Bal.
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Table 2 Mechanical properties on different locations of ultra-thick 7050-T7451 plate

Direction of fracture

Direction of tensile sample toughness sample Location of sample ~ R,,»/MPa  R,/MPa  A4/% Kio/(MPa - m"”)
L L-T T/4 435 494 11.4 343
L L-T 12 435 499 10.5 42.1
LT T-L T/4 429 503 9.7 304
LT T-L 172 414 483 10.3 339
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Table 3 Texture composition at different thickness regions of 7050-T7451 plate
Total fraction/%
Type Name Orientation {hkl} (uvw) Orientation Euler angle/(°)
T/4 12
Rolled texture Copper {112} (111) 270, 35.3, 45 0.8 0.5
Brass {110} (112) 54.7, 90, 45 33 0
S {123} (634) 121, 36.7, 26.6 3.4 0.1
Recrystallize texture Cube {100} <001 ) 0,0,0 1.5 2.6
R-Brass {111y (112) 270.0, 54.7, 45.0 5.3 18.3
Goss {110} <001 ) 90, 90, 45 45 0
R-Cube {001} (110) 315,0,0 0 4.2
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Fig. 5 Bright field images of precipitated phase at the intracrystalline(a) and grain boundary(b) in 7/4 thickness region as well as
the intracrystalline(c) and grain boundary(d) in 7/2 thickness region of ultra-thick 7050-7451 plate
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Table 4 1,4 Of textures of slip system {111} (110) in different orientations

Name Orientation {hkl} {uvw) Orientation Euler angle/(°) Z:m 90°

Copper {112} (111 270, 35.3, 45 0.272 0.408
Brass {110} (112) 54.7, 90, 45 0.408 0.272
S {123} (634) 121, 36.7, 26.6 0.421 0.444
Cube {100} <001 ) 0,0,0 0.408 0.408
Goss {110} <001 ) 90, 90, 45 0.408 0.408
R-Cube {001} (110) 315,0,0 0.408 0.408
R-Brass {111} (112) 270.0, 54.7,45.0 0.272 0.408
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Fig. 6 Scanning electron microscopy fracture morphology of fracture toughness samples in different directions at 7/4 and 7/2 thick-

ness regions

(a)L-T direction at 7/4 thickness region; (b)T-L direction at 7/4 thickness region;

(¢)L-T direction at 7/2 thickness region; (d)T-L direction at 7/2 thickness region
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