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Abstract


The traditional valve train system consists of a spring mechanism with a specific level of stiffness. When compressing the spring, a significant amount of power is required. However, by replacing the conventional valve spring mechanism with a desmodromic valve system, the stiffness is reduced, leading to improved engine performance. This study analyzed the impact of this replacement on the engine’s performance and overall weight using finite element modeling. A comparative study was also conducted, which revealed that the desmodromic valve system generates a torque of more than 120 Nm, surpassing the 105 Nm produced by the traditional valve system. Furthermore, the weight of the desmo engine only increased by 2.75 kg.
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1. Introduction


The internal combustion engine relies on precise valve timing for optimal performance [1]. Traditional cam-driven valve systems use springs to return the valves to their closed position after being opened by the camshaft lobes. However, these valve springs have certain limitations, especially at high engine speeds, which can lead to valve float and reduced performance [2]. In conventional cam-driven systems, the valve springs act as elastic components, providing the force necessary to close the valves. A higher spring stiffness results in a stronger force for a given valve displacement, while a lower stiffness leads to a weaker force [3]. At high engine speeds, the camshaft rotates rapidly, causing the valve to follow the cam profile closely during its opening phase. However, during the closing phase, the valve spring’s inertia and mechanical limitations can lead to valve bounce or float. Valve float occurs when the valve fails to close quickly enough, reducing the engine’s ability to maintain proper compression and combustion, ultimately limiting its performance [4]. A desmodromic valve system overcomes the limitations of conventional valve springs by eliminating the reliance on springs for valve closure. Instead, the desmodromic system uses two separate cams, one for valve opening and another for valve closing, ensuring precise control over the valve’s movement without relying on spring force. With a desmodromic system, the spring stiffness is not a limiting factor in achieving high engine speeds and performance. Since the valve closure is mechanically actuated using a separate cam, there is no reliance on spring forces to close the valves, eliminating the possibility of valve float [2]. This precise valve control allows for optimized valve timings, improved volumetric efficiency, and better combustion characteristics, contributing to enhanced power output, fuel efficiency, and reduced emissions. Ensuring the appropriate stiffness of the desmodromic actuation mechanism is essential to achieving accurate valve timing and reliable operation under various engine conditions [5].



In this work, a desmodromic valve system is designed for 4-stroke internal combustion engines. Unlike the standard valve system that utilizes a spring-loaded mechanism, the spring is replaced with two cam profiles for each valve in the desmodromic valve system. An end cam is incorporated into this valve system to prevent cam hop when used alongside a conventional valve system.




2. Methodology


2.1. FE Model and Meshing


For the analysis, 3D CAD models of both mechanisms had to be created. To accomplish this, MATLAB software was used, which takes inputs such as base circle diameter, lift, angles of rise and fall, and dwell angles, and then generates the cam profiles according to the chosen function. The resulting profile is then imported into SolidWorks to generate the 3D shape of the camshaft. For other parts, CREO software was employed to create their models by taking dimensions from the physically existing engine (HONDA D13B2) presented in Figure 1. The meshing of the part in ANSYS was carried out using a linear mechanical meshing approach with an average element size of approximately 2 mm. The resulting mesh comprised 10,207 nodes and 22,729 elements, ensuring a sufficient resolution to capture the intricate features and complexities of the parts’ geometry. To validate the mesh quality, a series of convergence tests were conducted, ensuring that the simulation results remained consistent and independent of the mesh refinement.




2.2. Boundary Conditions


In the FE analysis of the desmodromic valve train, frictionless contact regions are considered. Figure 2a,b illustrates the applied boundary conditions for both mechanisms.



The connections between the ground and camshaft, as well as the rocker arms, allow for rotational movement, while the connection between the valve and ground enables linear motion. A rotational velocity of 1 rad/s is used to simulate the camshaft’s rotation. Similarly, the traditional valve train mechanism also assumes frictionless contact regions and employs revolute joints between the ground, camshaft, and rocker arm. The spring is supported at the bottom and connected to the valve at the upper end.




2.3. Regular and Desmodromic CAM Profiles


The regular cam shape (Figure 3a,c), which is capable of opening and closing the valve using a single cam, was generated using MATLAB code. During the rise phase of a standard cam mechanism, the lift angle is 65 degrees, and the duration of lift is 1 unit. Similarly, during the fall phase, the lift angle is 65 degrees, and the duration of lift is 229 units. In a desmodromic cam mechanism (Figure 3b,d), the ascent angle is 65 degrees, and the dwell period during the rise phase is 229 units. Similarly, the descent angle is 65 degrees, and the dwell period during the fall phase is 1 unit.





3. Results and Discussion


In the case of the conventional valve mechanism, there are two primary locations shown in Figure 4 where stresses occurred: the lower end of the spring and the base circle of the cam profile. Upon analysis, the maximum stress observed at these points was found to be 3.3566 × 10−6 MPa, while the minimum stress recorded was 2.5399 × 10−19 MPa. Within the desmodromic valve system, stress was distributed across various components such as the rocker arms and cam profiles. However, the valve stem bore the highest stress levels. With a maximum stress of 113.56 MPa and a minimum stress of 3.9438 × 10−11 MPa, it is imperative for the valve stem to exhibit sufficient strength to withstand these stresses and avoid any deformation or failure. When comparing the engine torque, the traditional valve system produced an engine output torque of 105 Nm, while the desmodromic valve system generated 120 Nm, which was calculated by considering the forces acting on the system and the moment arms associated with those forces. The mass of engine was increased by only 2.75 kg using the desmodromic valve mechanism instead of the traditional spring-based mechanism.




4. Conclusions


It is evident that the desmodromic valve system offers advantages over the spring valve system. The stress on the rocker arm was reduced to −0.127785 MPa from 8.774 × 10−4 MPa (conventional mechanism), and the engine torque was increased to 120 Nm. Lower stress levels were typically experienced by the desmodromic spring-less valve system in comparison to a regular valve system. This is due to the elimination of valve float at high engine speeds, preventing excessive stress on the valve components. Precise and consistent valve opening and closing are ensured by the direct mechanical linkage in the desmodromic system, thereby minimizing the chances of valve impacts or collisions.
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Figure 1. (a,b) Geometry and meshing of traditional valve system. (c,d) Geometry and meshing of desmodromic valve system. 
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[image: Engproc 45 00046 g001]







[image: Engproc 45 00046 g002] 





Figure 2. (a) Boundary conditions for desmodromic valve system and (b) for traditional valve system. 
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Figure 3. (a) Regular CAM profile; (b) desmodromic CAM profile; (c) lift vs. CAM angle for regular CAM and for (d) desmodromic valve mechanism. 
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Figure 4. (a) Equivalent stresses for traditional valve system and for (b) desmodromic valve system. 
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