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Abstract

technology for next-generation. To address welding quality de-

| Objective | Friction stir welding is a key welding

fects associated with friction stir welding, it i1s necessary to
conduct an in-depth study of its welding process and explore its
[ Method ]| The working

mechanism of friction stir welding i1s analyzed, identifying four

equipment optimization strategies.

common types of its quality defects. Based on TRIZ theory,
potential quality defects in the welding process are examined,
leading to the identification of three pairs of technical contra-
dictions. By querying the contradiction matrix in TRIZ theory,
inventive principles are derived to optimize existing welding
processes and equipment. Based on this, improvement of the
stir pin shoulder structure, optimization of the stir pin design,

and enhancement of the metal insulation ring cover three opti-
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mization strategies are proposed. These optimization strategies
are evaluated using the Analytic Hierarchy Process ( AHP) to
determine the best solution. [ Result & Conclusion ] Improve-
ment of the stir pin shoulder structure is the optimal solution, it
effectively addresses the welding quality defects of friction stir
welding, improves welding quality, and enhances processing
efficiency.

Key words rail transit vehicle; carbody welding; friction

stir welding; optimization of process equipment; TRIZ theory;

analytic hierarchy process
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Fig. 1 Process of solving problems based on TRIZ theory
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Fig.2 Causality diagram of quality defects in friction

stir welding
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Fig.3 Diagram of existing design schemes for stirring head

shaft shoulder-end face
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Fig.4 Diagram of the optimized design scheme for stirring

a) P EL IR AR &

head shaft shoulder-end face

+ 50 -

2025 £

3.3.2 H2xFHMMRATE

o 2 X JE AR T S80S Al il i 2 1]
7 S o AR VR) 0 I FE R, 27 i R B R 7 | T LA 2R
20 JE i) 5 R R 5 J BE  5 o0 33) O = 29 (R <3l
SWEEE) 17 (R4 (L (o #I 5 TI#)) o R
#i 29 (M SRS 1) B, /TS H E A /Y
BEFFET AT G ISk = an (LI S)

HEER

\

———— AER

S

AN

bl

TR
SIS 6 S WK G D S AT (PN 6
Fig.5 Diagram of stirring needle adjustable stirring

head structure
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Fig.6 Design scheme diagram of optimized stirring head

insulation ring cover
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Fig.7 Hierarchical structure model for comparison and selec-
tion between friction stir welding process equipment

optimization schemes
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