附件6．  机械科学与工程  学院国际一流水平 研究生课程简介
	课程名称：机械振动学
	课程代码：100.551

	课程类型：□一级学科基础课 ■二级学科基础课 □其它：              

	考核方式：  考试                            
	教学方式：讲授

	适用专业： 机械工程所属二级学科 
	适用层次：■硕士  ■博士

	开课学期： 秋季          
	总学时：32
	学分：2

	先修课程要求：

	课程组教师姓名
	职  称
	专  业
	年  龄
	学术方向

	黄其柏（负责人）
	教授
	机械设计及理论
	50
	振动噪声及其控制

	毛宽民
	教授
	机械设计及理论
	48
	机床动力学

	李善德
	博士后
	机械设计及理论
	33
	振动噪声控制

	课程负责教师教育经历及学术成就简介：
黄其柏，男，1962年4 月生，1994年华中理工大学获博士学位，1996年博士后出站。 教授，博士，博士生导师。2001-2004先后在美国通用汽车公司和澳地利AVL公司工作或访问。现任机械学院机械设计与汽车工程系主任，华中科技大学振动噪声与设备诊断研究中心主任，国家级重点学科“机械设计及理论”及“车辆工程”学科学术带头人。兼任中国振动工程学会理事，中国声学学会理事，湖北省声学学会副理事长、学术委员会主任，湖北省工程图学会副理事长，湖北省汽车工程学会常务理事及《内燃机学报》特邀编委等职。1998年入选华中科技大学113跨世纪中青年学科带头人和湖北省跨世纪中青年学科带头人。长期从事机械工程、汽车工程学科的研究和教学工作，其主要研究方向为：振动噪声及其控制；机电系统动力学与动态设计；汽车系统动力学等。近年来主持承担并圆满完成过国家“九五”攀登项目、国家自然基金项目、国际合作项目等在内的国家和企业重大研究项目50余项，并在国际国内权威和重要刊物上发表学术论文150余篇，其中近百篇论文被EI、SCI等权威检索工具收录或获奖，出版著作1部，获国家专利4项，主讲博士、硕士及本科生课程6门，招收培养硕士、博士研究生70余名。

	课程教学目标：

通过该课程的教学，拟达到三个目标：其一，使学生掌握机械振动学的基本理论与方法，并学会运用所学知识解决科学研究及工程实际中与振动相关的问题；其二，培养学生现代设计意识，使学生养成用动态的观念来思考问题、分析问题和解决问题；其三，开展创新能力的培养，通过课堂教学，实现将知识教育与能力培养的有机结合，培养学生的创新能力。

课程大纲：（章节目录）
第一章  单自由度线性系统的自由振动
§1.1  振动系统的简化及其模型
§1.2  单自由度线性系统的运动微分方程
§1.3  无阻尼系统的自由振动
§1.4  有阻尼系统的自由振动
第二章单自由度线性系统的强迫振动
§2.1谐波激励下的强迫振动
§2.2  周期激励下的强迫振动，Fourier级数法
§2.3  非周期激励下的强迫振动，Fourier变换法
§2.4  非周期激励下的强迫振动，脉冲响应函数法
§2.5  冲击与系统的冲击响应
第三章  两自由度系统的振动
§3.1两自由度振动系统的运动微分方程
§3.2  无阻尼系统的自由振动，自然模态
§3.3  坐标变换与坐标耦合
§3.4  自然坐标
§3.5  拍击现象
§3.6  两自由度系统在谐波激励下的强迫振动
第四章  多自由度系统振动的基本知识
§4.1  广义坐标
§4.2  线性系统的运动方程及其矩阵表达式
§4.3  线性变换与坐标耦合
§4.4  无阻尼自由振动，特征值问题
§4.5  模态向量的正交性与展开定理
§4.6  系统对初始激励的响应
§4.7  有阻尼多自由度系统的自由振动
§4.8  多自由度系统的一般响应
§4.9  多自由度振动系统的几种特殊情况
第五章 多自由度系统的Lagrange动力学模型
§5.1  引言
§5.2  功和能
§5.3  虚功原理
§5.4  势能与动能的广义坐标表达式
§5.5  D’Alembert原理
§5.6  Lagrange方程
§5.7  系统的线性化及线性系统的Lagrange方程
第六章 多自由度系统振动分析的常用方法
§6.1估算多自由度系统自然频率与模态向量的几种方法
§6.2子系统综合法（一）——传递矩阵法
§6.3子系统综合法（二）——机械阻抗法
§6.4子系统综合法（三）——模态综合法
第七章 连续系统的振动及其精确解
§7.1  弦的横向振动
§7.2  杆的纵向振动
§7.3  轴的扭转振动
§7.4  弦、杆、轴振动方程的相似性
§7.5  边界条件
§7.6  对于初始激励的响应
§7.7  对于过程激励的响应
§7.8  波动方程
§7.9  梁的弯曲振动
§7.10  模态正交性
§7.11  以阵型叠加法研究梁的响应

	教材： 

师汉民，机械振动系统，华中科技大学出版社，2004年。



	主要参考书：

1. 傅志方主编，振动模态分析与参数识别，机械工业出版社 1990
2. 李东旭编著，高等结构动力学，科学出版社，2010


	本课程达到国际一流水平研究生课程水平的标志：

1、 师资方面：

课程负责人黄其柏教授长期从事振动工程研究与教学，是中国振动工程学会理事、中国声学学会理事，湖北省声学学会副理事长及减振降噪领域专家。在振动噪声领域取得了丰硕的成果，在国内外权威刊物上发表学术论文150余篇。并已主讲“机械振动学”研究生课程近20年。
课程组成员毛宽民教授长期从事机床动力学研究，在振动领域具有较深造诣，主讲过“随机振动”等相关课程。

2、 教学内容方面：

在教学内容方面，一方面，讲授机械振动学的基础理论与方法，强调知识的系统性，另一方面，理论与实际有机结合。结合振动实例，阐述振动系统的建模与分析方法。
3、 教学方式方面：

课堂讲授、研讨及项目实践（Project）相结合。
4、 教材方面：

  以师汉民教授主编的“机械振动系统”作为主要教材，同时参考国内外近期发表的相关学术论文。




附件6．  机械科学与工程  学院国际一流水平 研究生课程简介
	Course title：Mechanical Vibrations
	Course Code：100.551

	Course type：□Basic course of first level discipline ■Basic course of second level discipline □Others：              

	Evaluation mode： Examination                           
	Modes of Instruction  ：lecture

	Applicable major： Second discipline of Mechanical engineering 
	 Applicable level：■Master candidate  □  Doctoral Candidate  

	Semester： Autumn         
	Total class hours：32
	Credit：2

	Requirements of prerequisite course：

	Teacher's name of course
	Professional title
	Major  
	Years
	Academic orientation

	Huang Qibai（person in charge of course）
	Professor 
	Mechanical design and theory
	50
	Vibration, noise and its control

	Mao Kuanmin
	Professor
	Mechanical design and theory
	48
	Machine dynamics

	Li Shande
	Postdoctoral research fellow
	Mechanical design and theory
	33
	Vibration, noise and its control

	Brief Introduction of Course Professor’s Educational Background and Academic Achievement:

Huang Qibai, male, born in April 1962, received Ph.D. in Mechanical Engineering  from Huazhong University of Science and Technology (HUST) in 1994, and finished post-doctoral research in 1996. He is a professor and a doctoral supervisor of HUST. From 2001 to 2004, he worked as a visiting scholar in American General Motors Corporation and Austrian AVL Corporation respectively. Now professor Huang is a director as department of mechanical design and institute of vibration, noise and equipment diagnosis respectively. He severs as academic leaders of mechanical design of the national key discipline and vehicle engineering of another discipline. Professor Huang also serves as leader in many important academic institutions, including the director of Chinese Society for Vibration Engineering and Acoustical Society of China，the vice-president and academic committee chairman of the Acoustical Society in Hubei province, the vice-president of Hubei Engineering Graphics Society，the executive director of Society of Automotive Engineers of Hubei，and the special editorial board of Transactions of Internal Combustion Engine. In 1998, he was elected as one of the 113 Cross Century Young and Middle-aged Academic Leaders of HUST，and one of the Cross Century Young and Middle-aged Academic Leaders of Hubei province. Professor Huang has enjoyed a very distinguished academic career. He has long been engaged in the research and teaching in the discipline of mechanical engineering and vehicle engineering, and his main research areas include noise and vibration control, dynamics and dynamic design of Mechatronic system, and vehicle system dynamics, etc. In recent years, he has presided and successfully accomplished over 50 important national and enterprise projects, including the National Basic Research Program of China, NSFC projects, and international cooperative projects, etc. He has published over 150 papers in the domestic and international academic prestigious journals, and nearly 100 of them have been indexed by SCI, or EI. Furthermore, Professor Huang holds 4 patents and publishes one academic textbook. Now, he lectures six professional courses to doctoral candidates, master candidates and undergraduates. Under the supervision of professor Huang, more than 70 students have received master degree or doctoral degree.


	Teaching aims of the course:

Through the teaching of the course, three goals will be achieved: First, enable students to master the basic theories and methods of mechanical vibrations, and ensure them learn how to use the knowledge to solve the vibration problems in scientific research and engineering practice. Second, train students awareness of modern design, so that students cultivate a dynamic concept to think, analyze and solve problems; Third, develop the innovative ability of students, realize the organic combination of knowledge education and ability cultivation through classroom teaching, and cultivate their ability to innovate.

Course Outlines:

Charter 1  Free vibrations of one-degree-of-freedom linear systems

§1.1  Simplified model of the vibration systems

§1.2  One-degree-of-freedom linear systems of differential equations of motion

§1.3  Free vibrations with undamped systems

§1.4  Free vibrations with damped systems

Charter 2  Forced vibrations of one-degree-of-freedom linear systems

§2.1  Forced vibrations with harmonic excitation 

§2.2  Forced vibrations with periodic excitation, Fourier Series

§2.3  Forced vibrations with non-periodic excitation, Fourier transforms

§2.4  Forced vibrations with non-periodic excitation, impulse response function method

§2.5  Impact vibration response of the systems

Charter 3  Vibrations of two-degree-of-freedom linear systems

§3.1  Two-degree-of-freedom linear systems of differential equations of motion

§3.2  Free vibrations with undamped systems, natural modal

§3.3  Coordinate transformation and coordinate coupling

§3.4  Natural coordinates

§3.5  Rattling phenomenon

§3.6  Forced vibrations of two-degree-of-freedom linear systems with harmonic excitation 

Charter 4  The fundamental theories and methods of multi-degree-of-freedom systems

§4.1  Generalized coordinates

§4.2  Motion equations of linear system and its matrix expression

§4.3  Linear transformation and coordinate coupling

§4.4  Undamped free vibrations, eigen-value problems

§4.5  Modal vector orthogonality and expansion theorem

§4.6  System responses to the initial excitation

§4.7  Free vibrations of multi-degree-of-freedom systems with damping

§4.8  General responses of multi-degree-of-freedom systems

§4.9  Some special cases of multi-degree-of-freedom vibration system

Charter 5 Lagrange dynamic model of multi-degree-of-freedom systems

§5.1  Introduction

§5.2  Power and energy

§5.3  Principle of virtual work

§5.4  The generalized coordinate expression of potential energy and kinetic energy

§5.5  D'Alembert principle

§5.6  Lagrange equations

§5.7  Linearization of systems and Lagrange equations of linear systems

Charter 6 General methods of vibration analysis of multi-degree-of-freedom systems 

§6.1 Some methods for estimating natural frequency and modal vector of multi-degree-of-freedom systems 

§6.2  Subsystem synthesis method (1) - Transfer matrix method 

§6.3  Subsystem synthesis method (2) - Mechanical impedance method

§6.4  Subsystem synthesis method (3) - Modal synthesis method

Charter 7 Vibrations of continuous systems and its exact solutions

§7.1  Lateral vibration of string

§7.2  Vertical vibration of rod

§7.3  Torsional vibration of axis

§7.4  Similarities of vibration equations of string, rod, and axis 

§7.5  Boundary conditions

§7.6  Response to initial excitation

§7.7  Respond to procedural excitation

§7.8  Wave equation

§7.9  Bending vibration of the beam

§7.10  Modal orthogonality

§7.11  Use mode superposition method for investigating response of beam



	Textbook： 
Shi Hanmin, Mechanical Vibration System. Huazhong University of Science and Technology Press, 2004


	References: 
1. Fu Zhifang etc. Vibration modal analysis and parameter identification. Beijing: China Machine Press,1990

2. Li Dongxu etc. Advanced structure dynamics. Beijing: Science Press,2010

	The marks of this course’s international standard in postgraduate courses:

1.Teachers
Professor Huang is responsible for this course and has long engaged in research and teaching in vibration engineering, he serves as leader in many important academic institutions, including the director of Chinese Society for Vibration Engineering and Acoustical Society of China，the vice-president and academic committee chairman of the Acoustical Society in Hubei province, the vice-president of Hubei Engineering Graphics Society，the executive director of Society of Automotive Engineers of Hubei. Professor Huang has gained distinguished achievements in noise and vibration fields, and published more than 150 papers in domestic and international academic journals. He has gained nearly 20 years’ experience in lecturing on graduate course “Mechanical Vibration System”.

Professor Mao, member of the course group, has long engaged in machine dynamics research, and is of great attainments in vibration area. He has lectured on some vibration courses, for instance, random vibrations.

2. Teaching content areas:
On the one hand, teach the fundamental theories and methods of mechanical vibrations, and emphasize the systematic knowledge. On the other hand, require theory and practice organic combination. Expound the modeling and analytical methods of vibration systems by using vibration practices.

3.Teaching methods areas:

Combination of lectures, seminars and project practice.

4. Textbook’s quality

We select the textbook “Mechanical Vibration System” edited by Professor Shi Hanmin as main course textbook, and select some latest published relevant academic papers as references.



