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III 

摘 要 

 随着我国经济的发展，工程车辆在国民经济、社会发展和国防安全等方面发

挥着举足轻重的作用。工程车辆的智能换挡技术是工程车辆亟待研究和解决的核

心技术，对于保障车辆的动力性的前提下提高经济性、提高作业效率和减轻驾驶

员作业强度等方面都有重要的意义。本文以实现工程车辆的智能化为目的，在优

先考虑工程车辆动力性基础上兼顾燃油经济性，开展基于作业谱特征提取与模式

识别的工程车辆智能化换挡关键技术及应用研究，并通过调控柴油发动机功率模

式实现节能降耗。 

 本文针对工程车辆自动换挡技术存在换挡参数多样、换挡控制目标不合理，

提出多参数最优换挡控制目标理论，统一自动换挡控制规律的研究方向，将研究

重点调整到换挡控制策略的研究，并开展仿人智能模糊控制策略的研究；针对自

动换挡技术的研究仍处于台架试验阶段且研究遇到瓶颈等问题，提出了开展基于

作业谱分析与模式识别的换挡技术研究，将自动换挡技术的研究建立在整机试验

的基础上，使研究与实际应用相结合，突破了自动换挡技术研究的瓶颈；针对柴

油发动机具有功率模式可调以及未来可能出现功率直接根据负载情况实时可调

的新亮点，开展了基于作业谱的作业周期、作业阶段和作业工况的识别研究工作，

并将作业工况的识别研究与自动换挡技术相结合，为未来智能换挡的研究提供了

新的研究方向。 

 针对以上的研究问题及解决方案，本文以某企业 ZL50 轮式装载机为研究对

象，设计与建立一套工程车辆作业谱采集方案与采集系统，并基于四种典型工况

进行轮式装载机的作业谱采集；对采集到的作业谱进行数据处理，提出一种新的

改进阈值函数的小波阈值法去噪，改进与优化小波的滤波效果，同时结合平滑滤

波与小波滤波得到滤波效果更好的混合滤波法；提出作业谱有效作业段的概念与

用作业难度度量作业工况的方案，实现作业谱数据的作业周期、作业阶段的自动

识别及作业工况的识别与评价；设计与开发自动换挡控制器与性能验证平台，在

性能验证平台上完成对自动换挡控制器的校验，并开展自动换挡控制器的台架试

验与整机试验研究，成功地将换挡控制策略应用于整机试验。 
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 本文研究工作对工程车辆自动换挡技术在整机上实现与应用具有重要的意

义，同时推动自动换挡技术进入一个新的研究领域，打破传统的研究方法，与作

业谱分析相结合开展研究，为实现工程车辆智能化自动控制走向应用奠定基础。 

 

关键词：工程车辆；自动换挡；最优换挡控制目标；作业工况识别；作业谱 
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ABSTRACT 

With the development of China's economy, engineering vehicles play an important role 

in the national economy, social development and national defense security. Intelligent 

shift technology is the key technology to study and solve of the engineering vehicle, it 

is of great significance to improve the economy, improve the efficiency of the operation 

and reduce the intensity of the driver's work. In this dissertation, with the main purpose 

of realizing the intelligence of engineering vehicles; on the basis of the priority 

consideration of the power characteristics of the engineering vehicle, the fuel economy 

is considered; the key technology and application research of engineering vehicle 

intelligent shift based on activity spectrum feature extraction and pattern recognition 

are studied; and regulating the power mode of diesel engine to achieve energy saving 

and consumption reduction. 

In this dissertation, for the diversity of engineering vehicle automatic shift technology 

parameter shift, shift control target is not reasonable, we present the optimal shifting 

control goal theory based on multi parameter, unified the direction of automatic shift 

control, adjust the focus research to shift control strategy, and carry out the study of 

human simulated intelligent fuzzy control strategy. For the automatic shift technology 

research is still in the bench test stage and encountered bottlenecks and other issues 

proposed to carry out the shift control research based on operation spectral analysis and 

pattern recognitiontechnology. We study the automatic shift technology established on 

the basis of whole vehicle experimental, combining the research and practical 

application, and to break the bottleneck of automatic shift technology research. For the 

highlights of diesel engine with power mode adjustable and its power can be adjusted 

directly according to the load situation real-time in the future, we carry out based on 

spectral assignment of operating cycle, phase of the working stage and working 

condition recognition and automatic shift techonology combined, and provides a new 

research direction for the future research on intelligent shift. 
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According to the above research problem and solutions, we take the ZL50 wheel loader 

of a company as the research object, design and establishment of a set of engineering 

vehicles spectrum acquisition scheme and acquisition system, and carry out working 

spectrum acquisition for wheel loader, which based on four typical working conditions. 

We present a new improved threshold function of wavelet threshold method denoising, 

improvement and optimization of wavelet filtering effect, and design a mixed filtering 

combining with smoothing filtering and wavelet filtering. The concept of effective 

working segment of working spectrum and a sheme to measure the working condition 

by the difficulty of operation is proposed. The working cycle, working stage, and 

working condition of working spectrum is realized. Design and development of 

automatic gear shifting controller and performance verification platform, checking of 

the automatic gear shifting controller is completed on the performance verification 

platform, and carry out the automatic gear shifting controller bench test and engine test 

research, shift control strategy is applied to the whole test successfully. 

In this dissertation, it has important implications for the research work of realization 

and application of automatic shift technology on the machine. It promotes the automatic 

shift technology into a new field of research, to break the traditional research methods, 

and do the research combining with working spectral analysis to lay the foundation for 

the realization of the application of intelligent automatic control of engineering vehicle. 

 

Key words: Engineering vehicle; Automatic shift; optimal shift control target; Working 

condition identification; Working spectrum 
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