  电子信息科学与技术  专 业 主 干 课 程 简 介
(Major Course Descriptions for   Electronic Information Science & Technology  )

	课 程 名 称
	自动控制原理
	学 分(Credits)
	3

	Title 
	Automatic Control Principles
	学 时
(Credit Hours)
	54


课 程 简 介
	课内学时：54（48学时课堂+12学时实验）   　    

学    分：3学分

课程性质：学科方向课程         

开课学期：第5学期

课程代码：182301                              

考核方式：考试 (笔试80%+实验20%)

适用专业：电子信息工程专业，电子信息科学与技术专业

开课单位：电子科学系

1、 课程概述

《自动控制原理》课是电子信息科学与技术专业、电子信息工程专业必修的专业基础课，主要掌握线性系统的经典控制理论。包括以下几个方面：线性定常系统的数学模型的建立；控制系统常用的三种分析方法：时域分析法、根轨迹分析法和频域分析法；控制系统的设计与校正。该课程为学生掌握基本的自动控制理论、电子机械设备的工作原理及分析方法打下基础。

2、 课程基本要求

重点掌握系统方框图的绘制方法，完全理解负反馈控制原理；牢固掌握传递函数的概念、定义和性质并能求出系统的传递函数、能熟练地进行结构图等效变换、熟练运用梅逊公式求系统的传递函数；掌握系统稳定性概念、稳定的充要条件、稳态误差的概念、静态误差系数法及其应用的限制条件，在此基础上，熟练运用代数稳定判据判定系统的稳定性、计算稳态误差的一般方法、一阶系统、二阶系统特征参数及一阶、二阶欠阻尼系统动态性能计算方法、典型欠阻尼系统特征参数、极点位置与动态性能之间的关系；掌握根轨迹的绘制法则，并能熟练绘制系统的根轨迹；掌握Nyquist曲线图、Bode图、稳定判据及相角裕度、幅值裕度的计算；基本掌握闭环频率特性的有关指标及用实验数据、Bode图确定传递函数；重点掌握串联校正的设计方法，包括频率设计法和根轨迹设计法、掌握校正系统网络的频率特性及其作用、正确选择校正网络。

3、 课程知识点与考核目标

1. 自动控制的基本概念

1）要点：

   1’ 自动控制的基本概念

   2’ 控制系统的组成

   3’ 负反馈控制原理

   4’ 控制系统的分类

5’ 对控制系统的基本要求

2） 考核目标：

正确理解和掌握负反馈控制原理；了解控制系统的组成与分类；能确定控制系统的被控对象、被控量和给定量；掌握根据工作原理图绘制系统方框图的方法。

2． 自动控制系统的数学模型

1） 要点：

   1’ 建立系统微分方程的方法

   2’ 用拉普拉斯变换解微分方程

   3’ 传递函数与微分方程之间的关系

   4’ 梅逊公式求传递函数的方法

2）考核目标：

了解建立系统微分方程的一般方法、掌握运用拉普拉斯变换解微分方程的方法、牢固掌握传递函数的概念、定义和性质、明确传递函数与微分方程间的关系、能熟练的进行结构图等效变换、明确结构图与信号流图间的关系、能熟练运用梅逊公式求系统的传递函数、掌握从不同途径求传递函数的方法。

3. 时域分析法

1）要点：

1’ 稳定性判断的基本要求

   2’ 稳态误差方面的基本要求

   3’ 动态性能计算方面的基本要求

2）考核目标：

稳定性判断方面：正确理解系统稳定性概念及稳定的充要条件；能熟练运用代数稳定判定系统的稳定性，并进行有关的分析计算。

稳态误差计算方面：正确理解有关稳态误差的概念；了解终值定理应用的限制条件；牢固掌握计算稳态误差的一般方法；牢固掌握静态误差系数法及其应用的限制条件。

动态性能计算方面：牢固掌握一阶系统、二阶系统特征参数，牢固掌握一阶系统、二阶欠阻尼系统动态性能计算方法及应用限制条件；掌握典型欠阻尼系统特征参数、极点位置与动态性能之间的关系；了解附加闭环零极点对动态性能的影响；正确理解主导极点的概念；会估计高阶系统动态性能。

4．根轨迹法

1) 要点：

  1’ 根轨迹的绘制方法，绘制系统的根轨迹

  2’ 根据根轨迹定性分析系统性能指标随参数变化的趋势

  3’ 确定闭环零极点及计算系统动态性能指标的方法

2) 考核目标：

能正确了解根轨迹的概念；掌握根轨迹的绘制法则，并能熟练绘制系统的根轨迹；能根据根轨迹定性分析系统指标随参数变化的趋势；掌握确定闭环零极点及计算系统动态性能指标的方法。

5．频率响应法

1) 要点：

   1’ 频率特性分析系统的稳态响应

   2’ 系统的动态误差系数的计算

   3’  Bode图、Nyquist曲线的绘制方法

   4’ 稳定判据

   5’ 相位裕度、相角裕度的计算

   6’ 闭环频率特性的基本知识和有关指标  

   7’ 根据实验数据确定传递函数、由Bode图得到系统的传递函数

 2) 考核目标：

掌握运用频率特性分析系统的稳态响应；会确定系统的动态误差系数；会画Nyquist曲线图、Bode图；掌握稳定判据；掌握相角裕度、幅值裕度的计算；闭环频率特性的基本知识和有关指标；基本掌握系统指标的近似计算；掌握用实验数据确定传递函数，用Bode图得到系统的传递函数。

6．控制系统的设计与校正

1) 要点：

   1’ 校正网络频率特性及其作用

   2’ 校正网络的选择

   3’ 串联校正的设计方法、包括频率设计法和根轨迹设计法

   4’ 反馈校正、复合校正设计方法

2) 考核目标：

掌握校正系统网络的频率特性及其作用；会正确选择校正网络；重点掌握串联校正的设计方法，包括频率设计法和根轨迹设计法；掌握反馈校正、复合校正设计方法。

4、 本课程与其它课程的关系

1． 本课程需要的先修课程：

电路分析、模拟电子线路、数字信号处理、信号与系统

2．本课程的后续课程

计算机控制原理

3．本课程的其它知识点说明

本课程中的可选知识点：拉普拉氏变换、后续可开《现代控制理论》选修课。

五、教材

1．推荐教材：《自动控制原理》   西安电子科技大学出版社   薛安克等编

2．参考书： 1’《自动控制原理》  西安电子科技大学出版社   杨庚辰等编

            2’《自动控制原理》  西北工业大学出版社       史忠科等编

六、《自动控制原理》课程讲授计划

序言  数学补充                          （参考学时：3）

第一章：自动控制的基本概念              （参考学时：2）

第二章：控制系统的数学模型              （参考学时：8）

第三章：时域分析法                      （参考学时：10）　

        习题课                          （参考学时：2）

第四章：根轨迹法                        （参考学时：7）

第五章：频率响应法                      （参考学时：11）

        习题课                          （参考学时：2）

第六章：控制系统的设计与校正            （参考学时：7）


Course Description
	Class Hours: 54（48 in class + 6 in lab）

Credits: 3 

Categorization: Disciplinary course

Semester: 5th

Course Code: 182301

Assessment: Exams (Written exam 80% + Experiments 20%)

Target Students: Majors of  Electronic and Information Engineering, Electronic Information Science & Technology

Affiliated Department: Department of Electronic Science 

1. Description

“Automatic Control Principles” is a required basic specialized course for students majoring in Electronic and Information Engineering, and Electronic Information Science & Technology. It requires students to have the knowledge of classical linear control system theories which includes the following topics: establishing mathematical models for linear time-invariant systems, three analysis methods commonly used in control systems (i.e. Time-Domain Analysis, Root-Locus Technique, and Frequency-Domain Analysis), and the design and correction of control systems. The course lays the foundation for students to learn the basic automatic control principles, and the working principles and analysis of electronic and mechanical devices. 

2. Objectives

· To master the rendering of system block diagrams and fully understand the negative feedback control principles;

· To master the concept, definition, and features of transfer function as well as its solution in a system; to be able to do equivalent transfer of structure charts and get transfer function of a system by using Mason formula;

· To master the concept of stability and its necessary and sufficient conditions, the concept of steady state error, the solution of the coefficient of static receiver errors, and the restrictions of their application; to skillfully use algebra stabilization criteria to decide on the system stability, possess the common computation methods of steady state errors, learn the characteristic parameters of first- and second-order systems, know about the computation of the underdamping dynamic performance of first- and second- order systems, and enhance the understanding of the characteristic parameters of typical underdamping systems and the relationship between pole position and dynamic performance;

· To master the root locus method and be able to draft root locus of a system skillfully;

· To learn the Nyquist wave drawing, Bode map drawing, stability analysis and dynamic performance analysis; 

· To get the general understanding of the indexes of closed-loop frequency properties and their corresponding experimental data, and the decision of transfer function of Bode map;

· To master the design of cascade compensation (including frequency design and root locus design), and know about the frequency characteristics of correction system network and their functions as well as the right selection of correction network. 

3. Topics & Assessment

(1) Basic Concepts of Automatic Control

Key points: basic concepts of automatic control; construction of control system; negative feedback control principles; categorization of control system; fundamental requirements of control system

Assessment: the correct understanding and mastery of negative feedback control principles; the general knowledge of the construction and categorization of control system; the competence of deciding on the controlled object, the controlled variable, and the given variable; the mastery of the method of drafting a block diagram for a system according to its working principles

(2) Mathematical Models of Control System

Key points: the methods of establishing differential equations for a system; the solution of differential equations based on Laplace transform; the relation between transfer functions and differential equations; the solution of transfer functions based on Mason formula

Assessment: the general knowledge of common methods of establishing differential equations for a system; the mastery of the methods of solving differential equations based on Laplace transform; the good understanding of the concept, definition, and features of transfer functions; the knowledge of the relation between transfer functions and differential equations; the competence of doing equivalent transfer of structural charts; the knowledge of the relation between structural charts and signal flow diagrams; the competence of using Mason formula to solve transfer functions of a system; the mastery of solving transfer functions with different approaches

(3) Time-Domain Analysis

Key points: the basic requirements of stability criteria; the basic requirements of steady state errors; the basic requirements of dynamic performance computation

Assessment: 

About stability criterion: the understanding of the concept of system stability and its necessary and sufficient conditions; the use of algebra stability to decide on system stability and the mastery of some relevant computations

About steady state errors: the understanding of the concept of steady state errors; the knowledge of restrictions of applying terminal value principles; the mastery of the common methods of computing steady state errors; the mastery of static error coefficients and the restrictions of their applications

About dynamic performance computation: the mastery of characteristic parameters of first- and second-order systems; the mastery of the computation of the underdamping dynamic performance of first- and second- order systems and the restrictions of their applications; the knowledge of the characteristic parameters of typical underdamping systems, and the relationship between pole position and dynamic performance; the understanding of the influence of additional closed loop zero on dynamic performance; the understanding of the concept of dominant pole; the competence of evaluating the dynamic performance of a higher level system

(4) Root-Locus Techniques

Key points: the drafting techniques of root-locus of a system; the qualitative analysis of the change of system performance according to parameters by means of the root-locus; the decision of closed loop zero; the computation of the dynamic performance indexes of a system

Assessment: the understanding of the concept of root-locus; the mastery of the drafting principles of root-locus and the skillful drafting techniques of root-locus of a system; the competence of deciding on the change of system performance according to parameters by means of the root-locus; the decision of closed loop zero, and the mastery of the computation methods of the dynamic performance indexes of a system

(5) Frequency Response Technique

Key points: the steady state response of frequency-characteristic analysis system; the computation of dynamic error coefficients of a system; the Bode map drawing and the Nyquist wave drawing; stability criteria; the computation of phase margin and phase angle margin; the basic knowledge of closed-loop frequency characteristics and relevant indexes; the decision on transfer functions based on experimental data, and the acquisition of transfer functions of a system with a Bode map

Assessment: the mastery of analyzing the steady state response of a system with frequency characteristics; the decision on the dynamic error coefficients of a system; the competence of drawing a Nyquist wave and a Bode map; the mastery of stability criteria; the mastery of the computation of phase angle margin and magnitude margin; the basic knowledge of closed-loop frequency characteristics and their relevant indexes; the approximate computation of system parameters; the decision on transfer functions based on experimental data; the acquisition of transfer functions of a system with a Bode map

(6) Design and Calibration of Control Systems

Key points: the frequency characteristics of correction network and its functions; the selection of correction network; the design of cascade compensation, including frequency design and root locus design; the design of feedback compensation and recombination compensation

Assessment: the mastery of the frequency characteristics of correction network and its functions; the right choice of correction network; the good mastery of the design of cascade compensation, including frequency design and root locus design; the mastery of the design of feedback compensation and recombination compensation

4. Relation with Other Courses

(1) Prerequisite Courses

Circuit Analysis, Analog Electronic Circuit, Digital Signal Processing, Signals & Systems

(2) Follow-up Courses

    Computer Control Principles

(3) Some notes

Optional topic: Laplace transform

Follow-up elective course: Modern Control Theories
5. Textbooks

(1) Recommended Textbook

Title: Automatic Control Principle 

Author: XUE Anke, et al.

Publisher: Xidian University Press
(2) References

[1] YANG Gengchen et al. Automatic Control Principle. Xidian University Press. 

[2] SHI Zhongke. Automatic Control Principle. Northwestern Polytechnic University Press. 

6. Teaching Plan 
General Introduction: Complementary to Mathematics      (3 hours)

Chapter One Basic Concepts of Automatic Control         (2 hours)

Chapter Two Mathematical Models of Control System      (8 hours)

Chapter Three Time-Domain Analysis                   (10 hours)

Practice                               (2 hours)

Chapter Four Root-Locus Techniques                   (7 hours)

Chapter Five Frequency Response Techniques            (11 hours)

Practice                               (2 hours)

Chapter Six Design and Calibration of Control Systems     (7 hours)


