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摘要 

I 

摘  要 

随着社会对可持续发展和节能减排的日益重视，水电已成为优先发展的清洁

能源，大容量 轴流转桨式机组在水电建设中已得到普遍采用，但其调速系统的

控制机理复杂，安全性与可靠性要求较高。 

本文在可编程计算机控制器（PCC）的基础上对该类机型的调速器进行了研

究和设计，并对现场应用及试验情况进行了详细介绍。 

针对轴流机组控制复杂的特点及当前调速器测频的精度和可靠性不高的缺

点，通过对比分析，采用高可靠性的 PCC 模块作为机组调速器的硬件，并设计

了 PCC 调速器的电气控制系统结构，阐述了频率测量的原理及实现方法。 

本文对调速器采用的 PID 控制算法进行了研究，分析了对积分环节以及调差

的反馈信号所取位置进行改进之后的优点；还研究了调速器的调节过程和控制规

律，在此基础上依据可靠性和模块化的原则编制了相应的各工况控制软件流程

图。本文还研究了调速器人机交互界面的开发，详细介绍了机组信息显示、参数

设置、试验记录等界面的设计。 

最后本文研究了新研制的调速系统在黄河班多电站水轮机控制系统上的工

程应用及实践，通过现场试验及性能测试，验证了研发的调速器能够承担大型轴

流转桨机组的转速及功率控制，且具有良好的调节指标。 

 

关键词：调速器；PCC 控制器；PID 控制  
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ABSTRACT 

III 

ABSTRACT 

With increasing emphasis on sustainable development and energy conservation 

of society, hydropower has become a priority to the development of clean energy. 

Large-capacity kaplan-type turbine in hydropower construction has been universally 

adopted. The mechanism of control of the Governor system is complex and also it 

requires high safety and reliability.  

The research and design has been done to the governor system based 

on programmable computer controller (PCC) in this Dissertation, also the field 

Application and test situation are described in details. 

Firstly, this dissertation provides an overview of the research situation and the 

development trend of large-capacity kaplan-type turbine governor, and the 

background and purpose of the thesis, the main contents are described. 

Secondly, with the complex features of the Axial flow units control and low 

frequency measurement accuracy and reliability of the current governor, through 

comparative analysis, we use PCC module with high reliability as the hardware of the 

unit governor, design the electrical control system structure and also elaborate the 

principle of frequency measurement and implementation method.  

In this dissertation, the PID control algorithm used by the governor is researched, 

the derived analysis of the advantages of integral part and feedback position of 

adjusted different signal which is improved, also study the adjustment 

process and the control rule of the governor, the conditions to control the software 

flow chart are prepared on the basis of the principles of reliability and modular. The 

human-machine interface development is also designed, of which the unit information 

display, parameter settings, test records are introduced in detail. 

Finally, the application and practice of a newly developed control system of 

governor turbine on the Yellow River is also researched in the dissertation. Through 

field test and performance testing, it verifies that the governor system can control the 

speed and power of Large-capacity kaplan-type turbine, and has a good regulation 

indicator.  

Key Words: Governor; Programmable Computer Controller (PCC); PID Control 

With increasing emphasis on sustainable development and energy conservation 

of society, Hydropower has become a priority to the development of clean energy 
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ABSTRACT 

IV 

Large-capacity Kaplan-type turbine in hydropower construction has been universally 

adopted. The mechanism of control of the Governor system is complex and also it has 

high safety and reliability requirements.  

The research and design has been done to the Governor system based 

on Programmable Computer Controller (PCC) in this Dissertation, also the field 

Application and test situation are described in details. 

Firstly, this dissertation provides an overview of the research situation and the 

development trend of large-capacity Kaplan-type Turbine Governor, and the 

background and purpose of the thesis, the main contents are described. 

Secondly, with the complex features of the Axial flow units control and low 

frequency measurement accuracy and reliability of the current Governor, through 

comparative analysis, we use PCC module with high reliability as the hardware of the 

unit governor, design the electrical control system structure and also elaborate the 

principle of frequency measurement and implementation method.  

In this dissertation, the PID control algorithm used by the governor is researched, 

the derived analysis of the advantages of integral part and feedback position of 

adjusted difference signal which is improved, also study the adjustment 

process and the control rule of the governor, the conditions to control the software 

flow chart are prepared on the basis of the principles of reliability and modular. The 

human - machine interface development is also designed, of which the unit 

information display, parameter settings, test records are introduced in detail. 

Finally, the application and practice of a newly developed control system of 

Governor Turbine on the Yellow River is also researched in the Dissertation. Through 

field test and performance testing, it verifies that the Governor system can control the 

speed and power of Large-capacity Kaplan-type turbine, and has a good regulation 

indicator.  

Key Words: Governor; Programmable Computer Controller (PCC); PID Control 
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