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Future Development Of Engine NVH
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Abstract - The engine is not only the power source of the vehicle, but also the key component of the vehicle power system. noise, vibration and inequality characteristics have a great impact on the working performance and ride comfort of the vehicle power system. Automobile NVH is an important part of automobile, which has a great impact on the overall noise, service life and reliability of automobile. Excellent NVH control can improve powertrain efficiency, reduce energy consumption, improve fuel efficiency, and improve exhaust emissions. In recent years, due to the improvement of environmental protection health care, more attention has been paid to the ride comfort and sound quality of vehicles. The noise and vibration generated when the car is driving will not only cause noise, but also endanger the safety of driving. Through the analysis of the research status and development trends of vehicle vibration and noise reduction technology at home and abroad, combined with my many years of research work, the development direction, research methods and future    development direction of this technology are discussed.
1. RESEARCH PROGRESS OF VIBRATION AND NOISE REDUCTION TECHNOLOGY FOR ELECTRIC VEHICLES
First of all, with the continuous promotion of electric vehicles, the application of conventional engines will be gradually eliminated, and the noise and vibration of engines will be reduced. The lightweight, integration and high-speed development of automobile lead to the decline of automobile material rigidity, and there are differences in different degrees between each part, which leads to more prominent problems such as vibration and noise caused by high-speed rotation. Aiming at SMRM (e.g. [1]), this project uses 3D numerical simulation technology to study the NVH characteristics of SMRM and its gearbox, establishes a more accurate sound and vibration prediction algorithm, and improves its noise prediction accuracy by introducing the rigidity of gear teeth. Chen Sihang (e.g. [2]) studied the vibration and noise amplitude and frequency characteristics of the electric transmission system under different working conditions by constructing NVH simulation model of the electric gearbox system, and carried out experiments to study the vibration and noise reduction performance of the electric gearbox assembly different conditions after adding acoustic damping materials, so as to improve its vibration and noise reduction effect. Starting from the source of excitation, the suppression of vibration and noise is realized.

2. INTELLIGENT TECHNOLOGY
With the development of intelligence, the improvement of vehicle NVH performance will be improved to a greater extent. This project takes intelligent noise reduction, active noise reduction and advanced damping control as the research object, and adopts advanced perception and control system and algorithm to realize the intelligent monitoring and control of noise, vibration and vibration noise of internal combustion engine. This can reduce the noise level of the engine and the whole vehicle. Continuous monitoring and measurement of major components and features, such as accelerometers, acoustic sensors, engine vibration and noise levels, etc. The system adopts a new method, that is, by processing the data collected by the sensor. It is of great significance for mastering the working condition of diesel engine and finding abnormal or abnormal vibration and noise. The integrated intelligent control system can adjust the measured data dynamically. Such power regulation can effectively reduce vibration and noise and improve driving comfort. Automobile NVH control is a kind of automobile NVH control system which can be adjusted dynamically according to the driving condition and working environment. This adaptability continuously ensures optimized NVH performance. Combined with cloud technology, manufacturers can remotely monitor the vibration and noise of cars. In this way, the long-distance diagnosis and maintenance of the vehicle can be realized, thus the reliability of the vehicle and the effectiveness of maintenance can be increased. The NVH control system not only aims to reduce noise and vibration, but also optimizes the overall performance, fuel efficiency and other related issues of the engine. The extensive use of intelligent NVH control system in cars will bring users a quieter and more comfortable driving experience. And can better adapt to the higher and higher automobile exhaust and noise standards. With the continuous development of science and technology, the future intelligent NVH system will produce more innovation, so that users can enjoy better driving conditions.

3 LIGHTWEIGHT STRUCTURES OF THREE DIFFERENT MATERIALS
The new materials and lightweight will have a far-reaching impact on the rigidity and damping performance of the transmission system. Although the structure with less weight is conducive to the improvement of fuel efficiency, it will also cause vibration, noise and other problems. Therefore, in order to ensure the rigidity of the car body, the lightweight of the vehicle will pay more and more attention to the research and development and use of new materials. This project intends to take nodular cast iron as the research object, optimize it to make it have better mechanical properties and higher comprehensive properties, and realize its dynamic balance, torsional vibration and bending fatigue strength in the spindle system. The use of the optimal lightweight body structure can reduce the body weight, reduce the resonance and noise transmission, reduce the body weight, increase the fuel efficiency, and reduce the noise caused by unbalance and vibration. However, because its rigidity is not enough, it is easy to cause problems such as vibration and resonance of the system, so it is necessary to carry out in-depth engineering research.

4 THE APPLICATION OF SIMULATOR IN PRACTICE
The development of computer simulation technology provides a more powerful means for NVH designers to predict and optimize the NVH of the whole vehicle more accurately. By means of modern computer simulation and experimental research, the hidden danger of automobile NVH can be overcome fundamentally. Yu Chao et al established the dynamic mathematical model of elastic suspension system of diesel engine considering cylinder spacing, analyzed the influence of matching spacing between cylinders on cylinder quality and elastic suspension, and concluded that when the cylinder clearance is too large, the offset of cylinder center increases, and then this phenomenon occurs. The vibration of the elastic suspension increases the crank device. In the test of multi-body system, combined with my research results, taking a four-cylinder engine as an example, the finite element method and experimental verification are carried out, and the vibration characteristics of each component and the whole system are studied. The coupling effect of each subsystem under different working conditions is studied by using the method of multi-body dynamics, and it is coupled with the coupling of each subsystem. The wall vibration of internal combustion engine is studied by using Rayleigh integral method.
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Figure 1 Research Technology Route
4.1 A certain type of diesel engine is modeled and simulated by finite element method. 
The three-dimensional finite element models of camshaft cover, cylinder head and cylinder block are established, the modes and vibration frequencies are calculated, and the strength of the structure is analyzed. In order to verify the correctness of the mathematical model, a finite element calculation method of internal combustion engine power transmission system based on vibration mode is proposed in this paper.
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(a) Camshaft cover mesh model (b) Cylinder head mesh model
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(c) Timing cover mesh model
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(d) Cylinder block mesh model
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(e) Mesh model of oil sump Figure

Figure 2 Finite element model of key components

4.2 the multi-rigid-body motion of internal combustion engine is studied. 
Through the calculation of the semi-torque rigidity of the crankshaft, the finite element model is established, and the impact force on the crankshaft is studied. A multibody dynamics model of the timing system and the air distribution mechanism is established to analysis the valve drop force, camshaft shaft bearing force, chain transverse oscillation and chain force. The cylinder group is simplified by modal synthesis method, and its multi-body dynamics model is constructed by combining Valdyn timing, valve multi-body dynamics and Engdyn crank-connecting rod multi-body dynamics modeling, and its vibration characteristics are analyzed. The vibration characteristics of spindle, spindle and spindle bearings under different working conditions are studied by using the combined simulation method of different parameters under different working conditions.
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Figure 3 Valdyn Overall Model
4.3 the vibration and noise of internal combustion engine are simulated. 
The engine vibration simulation model is established, and the excitations such as camshaft bearing force, combustion burst pressure and main bearing force obtained from the whole engine multibody dynamics simulation are applied to the engine model. The vibration of diesel engine is simulated and calculated by modal frequency response method. By comparing the advantages and disadvantages of Helmholtz method and Rayleigh integration method in dealing with external radiated noise, and combining the influence of various factors, an optimization algorithm suitable for the whole structure is selected. Conducting engine vibration tests, and verify the reliability of the engine vibration calculation results through simulation and experimental results alignment.

4.4Vibration and noise control technology of diesel engine. 
By using the mode-frequency response method, the excitation components of the crankcase under different working conditions are studied, and the excitation source which plays a decisive role in the maximum peak of the crankcase is found. Through the calculation of the modal contribution rate of the oil pan, the dominant mode of the oil pan is identified. On this basis, this project takes the camshaft bearing as the research object, through the excitation of the camshaft bearing under the coupling excitation, and on this basis, through the comparative study of the vibration characteristics of the oil pan, the camshaft cover and the whole structure, in order to realize the collaborative optimization of engine excitation and power transmission.
5 CONCLUSION 
on the whole, the research on the sound and vibration performance of the whole vehicle in China will promote the in-depth combination of electrification, intelligence, lightweight and computer simulation, and bring a better driving experience for the automobile industry of our country. This series of changes will certainly drive the powertrain of the whole vehicle to develop in the direction of intelligence, high efficiency and environment-friendly.
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