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1. Summary of content
The free piston engine (FPE) is considered a potential alternative to the traditional internal combustion engine thanks to its ability to flexibly adjust the compression ratio by eliminating the crankshaft. FPE stands out for its simple design, fewer moving parts, making the engine compact, reducing friction, maintenance costs and improving fuel efficiency. This structure also helps save space, reduce engine mass, contributing to increased performance and reduced manufacturing costs. Despite its many advantages, the widespread implementation of FPE technology faces major challenges in terms of operational stability, complex piston reversing support equipment and continuously changing piston reversing positions. This requires a more complex control system to maintain synchronization and avoid vibration when the engine operates at high speeds. This is a major barrier to the application of FPE in vehicles and industrial equipment.
The thesis introduces a two-stroke, two-cylinder, gasoline-powered, spark-ignition dual-FPE prototype, with a new feature being a mechanical starting mechanism based on the principle of mechanical resonance, instead of a linear electric motor. This mechanism helps to start faster, more stable, and reduces dependence on power sources. To optimize the starting process, the piston guide controller moves along a fixed trajectory of 22 mm. The Culit mechanism exploits natural oscillations for quick starting, reducing starting time and increasing reliability, meeting the performance and stability requirements of the FPE. The PIC 18F4550 microprocessor plays a central role in controlling ignition and starting, ensuring efficient operation. Combined with the NI USB 6212 controller and LabVIEW software, this system accurately controls fuel quantity and engine parameters, helping to improve overall performance.

Simulation using Matlab Simulink shows that the engine starts at a speed of 0.7 m/s with a compression ratio of 3, reaching a combustion pressure of 8 to 12 bar in 2 – 5 ms. Experimentally applying a pulling force for 1.4 seconds helps the piston reach a speed of 0.7 m/s, reaching a compression ratio of 3 and a maximum pressure of 10 bar, meeting the performance requirements of FPE.

The test showed that the compression pressure of 4 bar was reached in 1.4 seconds, which is sufficient for the combustion process, proving the feasibility of the mechanical starting mechanism. This system reduces the dependence on the linear electric motor and opens up a new research direction for crankless engines, focusing on optimizing performance and reducing costs. At the same time, after starting, the FPE can operate itself by using the combustion pressure to reverse the piston of the opposite cylinder, proving the research hypothesis.
2. New contributions of the topic

The thesis contributes to synthesizing and analyzing related scientific works and supplementing the theory of simulation and simulation model of the combustion process of FPE crankless engine.

The thesis develops and introduces a new, feasible technical solution for the FPE starting mechanism based on the principle of mechanical resonance, designed to suit the FPE with a double-piston, two-stroke, two-cylinder type. It is proven that this FPE can maintain stable operation without the need to design a complex reversing support system.

The thesis also proposes a method to control fuel injection and electronic ignition for FPE based on the theoretical foundations of the combustion process and compares it with experimental results.

 The thesis has designed and manufactured an effective FPE model, capable of starting and operating appropriately (continuous operation time over 10s) for the study of FPE engine flow characteristics. The methods presented in this thes
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