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Fig.5 Finite element model of residual stress retained in the C(T) specimen: (a) WAAM/substrate wall, (b) C(T) specimen, and (c) fine

mesh around crack tip
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Residual Stress at the Interface of Wire + Arc Additive Manufactured Titanium Alloy
and Its Influence

Zhang Jikui'?, Chen Baihui', Zhang Xiang’
(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)
(2. National Engineering Laboratory of Additive Manufacturing for Large Metallic Components,
Beihang University, Beijing 100191, China)
(3. Faculty of Engineering, Environment and Computing, Coventry University, Coventry CV1 2JH, UK)

Abstract: A Ti-6A1-4V wall was fabricated by wire+arc additive manufacturing (WAAM) on the basis of substrate alloy. Residual stress in
the WAAM-substrate wall was measured by a contour method, revealing there are considerable residual stresses. A finite element model
was developed to simulate stress releasing in the cutting processing of the compact tension (C(T)) specimen from the wall. The calculated
residual stress retained in the C(T) specimen is in good agreement with the measurement result obtained by the contour method. Residual
stress evolution and its effect on the crack propagation behavior at the WAAM/substrate interface were estimated by the developed finite
element model. Experimental and numerical analyses show that residual stress distributions are quite different in Type A and C specimens.
For Type A specimen (notch located in the substrate), the compression residual stress area is close to the notch, whereas for the Type C
specimen (notch located in the WAAM alloy), the compression residual stress area is far away from the notch. Residual stresses have a
little effect on the fatigue crack growth life of Type A specimen since most of them are released after the crack quickly enters and goes
through the compression area. However, residual stresses decrease slightly with the crack growth at a long period for Type C specimen,
which results in a high stress intensity factor and shortens the fatigue crack growth life.

Key words: additive manufacturing; titanium alloy; residual stress; fatigue crack growth; finite element model
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