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1. Thesis summary
Nowadays, with the market pressure demanding mechanical engineering and manufacturing companies in particular, to enhance productivity and reduce product costs, the machining process for producing components is no exception. One of the obstacles to increasing productivity is the occurrence of vibration during the machining process.

By simulation process, the phenomenon of vibration has been studied in cases of long shaft, thin flange, and deep hole boring in turning. The simulation results indicate that there are several factors influencing vibration and the surface quality of the finished product, including the rigidity of the workpiece, tool rigidity, surface waviness of the workpiece, and cutting parameters. In the case of shaft turning and flange turning, the workpiece rigidity has a significant impact on vibration and surface quality. However, in the case of hole boring, the tool rigidity is the main factor affecting vibration. If the tool overcomes the corresponding limit value of its rigidity, the surface quality of the product will deteriorate rapidly. In this study, the limiting length of the tool shank was determined to be 60 mm, and at that point, the corresponding surface roughness value (Rz) was approximately 20 µm.

Through the experimental process of data collection and the application of machine learning algorithms, the vibration phenomenon was identified for both hole boring and flange turning cases. Algorithms for sound recognition and combined sound and image recognition were utilized. The results demonstrated an algorithm tỷ lệ chính xác of up to 98%. It can be concluded that machine learning models can be used to develop devices for detecting vibrations during the machining process.

The study also conducted experiments on the method of vibration reduction using coercive electromagnetic force during hole boring. The research results showed the following:

· For a unidirectional magnetic force, the vibration reduction factor reached its extreme value when the magnetic force was 140 N, resulting in the lowest surface roughness.

· For a magnetic force acting in two directions, the case where the magnetic force aligned with the main cutting force yielded the best results when the magnetic force was 60 N.

· For a magnetic force acting in three directions, the vibration reduction factor was not significant.

The research findings indicate that coercive electromagnetic force has a positive impact on the vibration reduction process during machining, with the key factor being the placement of the tool in the magnetic field. Under the influence of cutting force, the tool undergoes deformation and oscillation. When the magnetic force is applied, it tends to pull the tool in one direction and diminishes the energy of tool oscillation, thereby quickly suppressing tool vibration. The research results can be applied to the industry with vibration reduction devices using magnetic fields in the cutting process.
2. Thesis novelty
First, the thesis has used numerical calculation methods, specifically the finite element method, to simulate the machining issue. Issues related to element model, elastic deformation, plastic deformation and boundary conditions have been discussed in detail in this content.  A prominence in this content is the simulation of the cutting operation with elastic deformation of the workpiece model and toolholder. Then, the research has determined the parameters of surface roughness of the finished parts and evaluated the influence of factors such as cutting mode, workpiece undulation, toolholder hardness, and vibration characteristics on the quality of workpiece surface in both 2D and 3D simulation models. Besides, the study also applies Taguchi and Neuron Network models to optimize technological parameters and solve regression issues to predict the surface quality of machined parts based on different technological parameters. Thanks to the application of these methods, the thesis has found out the influence of technological factors on the surface quality of the product, and at the same time, it offers optimal solutions for the cutting operation.
Secondly, the thesis has successfully applied a machine learning tool, it’s popular today to detect vibration phenomenon based on collected data during turning. By using the image data of part surface of finished product and collected sound data, models such as VGG16, DenseNet, InceptionNet and ResNet were applied to identify the occurrence of abnormal vibration phenomena. In addition, the thesis has also integrated the CNN model with many input data, supporting to identify the vibration characteristics of the operation by combining the visual ability (the image data of the workpieces) and the auditory ability (the collected sound data during turning). As a result, the vibration characteristics of the system during machining have been precisely determined.
Thirdly, the thesis has successfully applied prediction algorithms in the issue of time series to predict the value of cutting force. In particular, the use of Recurrent Networks (RNNs) and Long Short-Term Memory (LSTM) has allowed us to predict the value of the cutting force, representing the vibration characteristics of the tool and jig technology system effectively.

Finally, the thesis has also succeeded in designing and manufacturing Magnetic Rest Active Control (MRAC) using DC electromagnets. The results of the prediction algorithm of the cutting force through machine learning can be applied to the magnetic force to improve the vibration phenomenon in the turning. The development of this magnetic controller offers potential applications in reducing toolholder vibration when turning holes with long and not enough rigid toolholders, as well as when turning cylinders with small workpiece diameters and not enough sturdy workpiece.
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