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N u m e r i c a l  S t u d y  o n  t h e  S t a b i l i t y  o f  R e s i d u a l  S t r e s s e s  I n d u c e d   

b y  H F M I  i n t o  a  W e l d e d  J o i n t  u n d e r  C y c l i c  L o a d i n g (高 周 波 ピ ー

ニ ン グ で 導 入 さ れ た 圧 縮 残 留 応 力 の 繰 返 し 荷 重 下 に お け る 安 定 性

に 関 す る 数 値 解 析 ）  

 

Abstract of Thesis 

HFMI (High Frequency Mechanical Impact) makes use of cylindrical indenters with high-frequency (> about 90 Hz). The 

introduction of compressive residual stresses (RS), work hardening, and reduction of notch effect at the weld toe are the three 

main contributions of HFMI. However, there is concern that this compressive RS might deteriorate due to RS relaxation under 

cyclic loading, and the HFMI treatment might lose its effectiveness. It is needed to develop a numerical simulation technique  

for compressive RS’s development (in welding and HFMI treatment) and relaxation (under cyclic loadings). Numerical 

simulation of the HFMI treatment has been investigated by many researchers, but recommendations on FE meshing and choice 

of simulation parameters for practical applications to marine structures have not been presented yet. The objective of this study 

is set out the best practice guides with respect to those simulations. This study is composed of three parts: a) HFMI simulation 

for a flat stress-free steel plate; b) welding-HFMI simulation of a welded joint; c) RS relaxation under cyclic loadings. 

The thesis is composed of seven chapters, as follows: 

 

Chapter 1 briefly gives a background on fatigue failures of welded joints. Then, the HFMI fatigue strength improvement method 

is introduced. The challenges, objectives and structure of this thesis are also addressed in this chapter. 

 

Chapter 2 shows description of the tools and theories employed in this study: TEP (Thermal Elastic-Plastic) FE simulation based 

on ISM (Iterative Substructure Method) for welding analysis; EEP (Explicit Elastic-Plastic) FE analysis for HFMI and cyclic 

loading analyses; Data transfer from the TEP FE results to the EEP FE model. 

 

Chapter 3 presents a review of experimental and numerical studies from the literatures, which are used as reference solutions in 

this study. 

 

Chapter 4 examines the influence of the FE mesh and various analysis parameters (e.g., constitutive equation, yield stress, tool 

indentations, radius of the tool, etc.) on the RS distribution in HFMI treated flat stress-free plates. Based on these analysis results, 

the recommendations on the best practice guides with respect to HFMI EEP FE simulations are presented. 

 

Chapter 5 develops a practical numerical procedure of TEP FE welding- HFMI EEP FE coupling simulation. The analysis target 

is an out-of-plane gusset welded joint. A software system, which imports the as-welded RS fields calculated by TEP FE into the 

EEP FE model for HFMI simulation, is developed. The validity of the developed procedure and system is verified by the 

comparison with the reference solutions. 

 

Chapter 6 investigates the stability of RS in the HFMI-treated welded joint studied in Chapter 5 under various cyclic loading 

conditions. The effect of compressive excessive load on the RS’s stability is also studied. As results, the relation between the 

load sequence and RS’s stability is clarified. 

 

Chapter 7 summarizes the thesis and identifies the major contributions by this research work. Directions for future work and 

possible extensions to this research are presented at the end of this chapter.  

 




