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ABSTRACT Dislocation substructures of Zr-4 under in-phase and out—of-phase loading were ob-
served by transmission electron microscope. The results reveal that the typical dislocation structure
is paralle] dislocation lines and dislocation bands produced by {1010} prismatic slip at the eguivalent
strain range of 0.8%, as the principal strain ratio increases. It changes from parallel dislocation lines to
embryonic dislocation cells as the equivalent strain range increases. The typical dislocation configura-
tion of Zr-4 under out—of-phase loading evolves from planar dislocation bands to cells when the phase
angle changes from 30° to 90°. The dislocation substructure remains cells at the same phase angle of
90° and in different equivalent strain ranges. With increasing of phase angle the {1010} texture in the
original specimens is weakened and {1011} texture is strengthened, indicating that the deformation
mode of Zr-4 under out—of-phase loading changes from prism slip to prism slip together with pyramidal
slippage. The mechanism of additional hardening can be attributed to the increase of critical resolved
shear stress (CRSS) and the interaction between dislocations.
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Fig.1 Dislocation substructures in biaxial 1P fatigued Zr—4 under different principal strain ratios, beam direction /! [T2T4]
(a) S1, £3/g)=—0.805 k) 82, E3f51 =—{.706 (c) 83, g3/21=-0.631 (d} S4, €3/, =—0.653
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Fig.2 Dislocation substructures in biaxial IP

fatigued Zr—4 under different equivalent
stratn ranges, beam direction ! [1219]
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(b) S6, Agey=0.95%

(c) 8T, Aeeq=1.146%
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Fig.3 Dislocation substructures in biaxial OP fatigued Zr—4 under different phase angles, beam direction [T219]

{a} S8, & =30° (b) 59, ¢ =30°
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Fig.4 Dislocation substructures in biaxial OP fatigned Zr—4 under the phase § = 907 and different equivalent

strain ranges

(a) 512, Aseq=0.597%, incident beam [2429]
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(b} §13, Ageq=0.403%, incident beam § [1211]
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Fig.5 Initial textures of recrystallized Zr—4 {RD-rolling direction, TD-transverse direction)
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Fig.6 Textures of 30° OP deformed Zr—4 (S8)

(a) {1010} prism pole figure {b) {0002} base pole figure
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Fig.7 Textutes of 30° OF deformed Zr-4 (S11)

(a) {1010} prism pole figure
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