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Abstract of Thesis

Wire-arc additive manufacturing (WAAM) has much higher productivity for large-size parts compared
to additive manufacturing (AM) processes using heat sources such as lasers and electron beams. However,
WAAM can result in significant residual stress and deformation, potentially affecting the strength of the
components. Therefore, controlling and reducing residual stress in WAAMed components is an important
research subject. Currently, studies have primarily relied on experimental approaches, with insufficient use of
numerical simulations for residual stress. The purpose of this dissertation was to clarify the residual stress
generation mechanism and distribution characteristics in WAAM by combining experimental measurement
and thermo-elastic-plastic finite element analysis, with a particular focus on the compressive residual stress
induced by LTT (low transformation temperature) welding wire used for WAAM parts.

Chapter 1 provided a brief overview of the current status of WAAM. Additionally, the research on the
application of LTT material in WAAM was introduced, demonstrating the potential of applying LTT to
improve the mechanical properties of WAAM.

Chapter 2 introduced the principle of two residual stress measurement methods and basic equations of
thermo-elastoplastic finite element analysis (FEA) for WAAM. Additionally, a basic model for numerically
analyzing transient heat conduction phenomena and residual stress in WAAM using the research software
JWRIAN was also constructed, and the influence of element size was investigated.

In Chapter 3, stainless steel welding wire SUS308LSi and a plate of stainless-steel SUS304 as the
substrate were used to build wall and pipe WAAM parts. A thermomechanical coupling simulation model with
an equivalently parallelized dual heat source was developed to reproduce both the temperature field and
residual stress field, and its accuracy is validated by comparison with the measurement. Furthermore, the
formation mechanism of the WAAM residual stress was elucidated and the correlation with the deposition
height was quantitatively analyzed.

In Chapter 4, the research focuses on pipe parts primarily used for storage and transportation, applying
10Cr10Ni LTT welding wire in WAAM. A thermo-elastoplastic finite element model for WAAM using LTT
welding wire was developed to predict thermal stress changes, residual stress, and residual deformation during
deposition. The predicted results were consistent with measured values, verifying the accuracy of the
numerical analysis model. The distribution characteristics of residual stress and its evolution with increasing
deposition layers in LTT WAAM parts were also clarified.

In Chapter 5, the large-area surface cladding specimens were fabricated using newly developed 16Cr8Ni
LTT welding wire under different WAAM conditions. A thermo-elastoplastic finite element model was built
to predict the residual stress due to LTT surface cladding, confirming the generation of compressive residual
stress under various WAAM conditions. Additionally, residual stress distribution was measured using both the
contour method and XRD method, verifying the accuracy of the numerical analysis.

In Chapter 6, the main conclusions were summarized and extended research issues were presented.
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BT — X ZHASNTBY By 2 b—v a3 U EAWTERBIS I OMIT AR LT 5, R o BIE, EERIE
& BN MEA BREEMRAT 2 M A A DT, WAAMIZE T DRI DA A 1 =R B LAk Z2 A HMcT 5 2 & T
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F1IETIL, WAAMDELIR & LTTH B OIS AICBIT 201984 L E 2 — L, LTNEBE DY A v % AV DWAAMES L 2 JE e R R IS
TIIAERR S VD FIREMEZR T LTV D,
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