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Abstract of Thesis

Carbon fibre reinforced plastic (CFRP) is a kind of new generation lightweight structural material. The
hybrid structure of metal and CFRP has great potentiality in the lightweight design of body-in-white. In the
present dissertation, an advanced coaxial one-side resistance welding (COS-RSW) technology was proposed for
joining metal and CFRP. Meanwhile, the digital twin of COS-RSW focusing on transient temperature field was
established. Compared with traditional finite element analysis (FEA), this digital twin is based on data-driven
modelling rather than physics-based modelling. The essential components of the digital twin, such as high-
accuracy numerical modelling, underlying joining mechanism of COS-RSW, and the artificial intelligence (AI)
technology, were investigated in detail.

In Chapter 1, the background of automobile lightweight design, the application of numerous lightweight
materials and the requirement of advanced joining technologies for metal/CFRP dissimilar materials structure
were introduced. The development of digital twin and the main related techniques such as artificial neural
network (ANN) were also presented.

In Chapter 2, the advanced COS-RSW technology and its numerical simulation were investigated. The
algorithm of FEA and the 2-D FE model of COS-RSW were described in detail. The material properties of CFRP
were determined by the experimental measurement. The influence of welding parameters and the shape of
electrodes were discussed. Furthermore, the characteristic of thermal cycles in molten zone was clarified.

In Chapter 3, the joining mechanism and fracture models of COS-RSW joint were investigated. The single-
lap shear test was employed to detect the mechanical performance of COS-RSW joints. Multiple characterization
techniques were processed to study the fracture surfaces. The interface bonding condition, the morphology of
fracture surface and the failure mechanism were analyzed in detail. The joining strength was evaluated and
connected with welding conditions.

In Chapter 4, the FEA-ANN integrated method was proposed to optimize the COS-RSW process. The
dataset was established by FEA instead of actual experiments to reflect the relationship between welding
parameters and corresponding outputs. The ANN was built based upon the Python platform and optimized by
multi-task learning algorithm to approximate dataset and predict welding outputs. An index was proposed to
evaluate the joining strength qualitatively. A process window was also established to provide the optimum
parameters directly for the desired welding quality.

In Chapter 5, the high-accuracy 3-D FE modelling was realized as the other essential component of digital
twin. A full-scale 3-D model of COS-RSW joint was established to reproduce the welding process, which was
verified by the measured thermal cycles. The sensitivity of material properties of electrodes was investigated
numerically. The component of accumulated heat generation during COS-RSW was also discussed in detail.

In Chapter 6, the application of current digital twin for COS-RSW was practiced. The big data of COS-RSW
was generated by the 3-D FE model. The multiple dimension interpolation was employed to perform the data
processing. When received target parameters, the digital twin can select and read necessary dataset
automatically, then realize the prediction and visualization of the transient temperature field during welding
process with high accuracy in real-time.

In Chapter 7, the investigated results of COS-RSW were summarized and some future research issues were

also discussed.
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