《船舶结构力学(2-2)》教学大纲
 Structure Mechanics of Ship Ⅱ
	课程基本信息
Course Information

	课程名称
Course Name
	船舶结构力学(2-2)

	
	Structure Mechanics of ShipⅡ

	开课院部
School
	石油工程学院
	院部代码
School Code
	02

	负责人
Leader
	李昌良
	课程团队
Team Members
	船舶结构力学教学团队

	课程编码
Course Code
	02237
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	32
	实验学时
Experiment Hours
	0

	
	
	上机学时
Programming Hours
	0
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	32

	适用专业
Audience
	海工

	授课语言
Language of Instruction
	中文

	先修课程
Prerequisite
	高等数学、线性代数、材料力学、船体结构与制图、船舶结构力学 Ⅰ

	课程简介
Course Description
	本课程在《船舶结构力学Ⅰ》的基础上，进一步介绍船舶结构稳定性方面的知识以及结构动力学方面的理论和方法，具体内容包括薄板的弯曲理论，杆和板的稳定性，单自由度系统、多自由度系统振动等。 课程旨在是通过各个教学环节，使学生掌握薄板的筒形弯曲理论、理解结构失稳的概念，掌握单自由度系统固有频率的计算方法；了解单自由度系统的无阻尼、有阻尼强迫振动；掌握建立多自由度振动系统的运动微分方程的方法；掌握多自由度系统无阻尼自由振动计算方法；理解主模态近似计算的原理和方法；理解杆、梁和板的微幅振动。通过该课程的学习，使学生更加深入地掌握船舶结构力学，特别是结构动力学的基本概念和基本理论，并熟悉和掌握现代的分析和解决船体结构问题的方法。

	
	< Structure Mechanics of ShipⅡ> , following the < Structure Mechanics of Ship Ⅰ> , focus on the basic theory and methods of the stability of the ship structure and the structural dynamics of the ship and ocean engineering. The contents of this course include the blend theory of thin plate, the stability of rod and plate, the vibration of one-degree-of-freedom systems and multi-degree-of-freedom systems, et al. By conducting the teaching procedures, the students are expected to be developed in the following points: to master the cylindrical bending of sheet, to understand the concept of structural instability, to grasp the method of calculating natural frequency of the single degree of freedom system, to know the forced vibration of single degree of freedom system with or without damping force, to grasp the method of building the differential equation of motion of multi degree of freedom vibration system, to grasp the method of calculating undamped and free vibration of the multi degree of freedom system, to understand the principle and method of the main modal approximate calculation and to understand the slight vibration of rod, beam and plate. The study objective is to master the basic concept and theory of the vibration of ship and offshore structures, and to master the modern methods for analyzing and solving the problems of ship vibration for the students.  



	课程教学大纲
Course Syllabus

	课程目标
Learning Outcomes
	课程目标
	毕业要求指标点

	
	目标1：了解船舶与海洋工程结构中板弯曲及结构稳定性的相关理论及研究方法
	3.1

	
	目标2：掌握结构动力学的基本理论与方法
	3.1

	
	目标3：培育船舶结构强度分析和结构设计的能力。
	2.1，3.1 ，5.1，6.1

	
	Learning Outcomes
	Major Objectives

	
	Outcome 1:  To understand the theory and method of plate bending and structural stability in ship and ocean engineering structures
	3.1

	
	Outcome 2: To understand the basic concepts and general methods of structural dynamics.
	3.1

	
	Outcome 3: To cultivate the ability of ship structural strength analysis and structure design.
	2.1，3.1 ，5.1，6.1

	教学内容
Topics
	
第一章  薄板的弯曲理论                                                   
本章的重点难点：薄板的筒形弯曲理论，薄板的弯曲微分方程及其解。
1.1薄板的筒形弯曲
薄板的筒形弯曲，板条梁的概念                                              
1.2薄板的弯曲微分方程式
单三角基数、双三角基数求解刚性板的弯曲问题；查表法求解板的弯曲问题
1.3薄板弯曲问题的解法                                               
板的分类及刚性板、柔性板的计算（外加中面力柔性板、大挠度柔性板）

第二章 杆与板的稳定性                                                    
本章的重点难点：结构失稳的概念，单跨压杆的稳定性及其解法。
2.1单跨压杆的稳定性；多跨压杆的稳定性
单跨压杆解析法，能量法，非弹性稳定性，多跨压杆稳定性
2.2甲板板架的稳定性； 
板架(中间弹性支座)稳定性临界刚度
2.3板的中性平衡微分方程式及其解；板稳定性的能量法；
板的稳定性的计算(解析法、能量法)                    

第三章 单自由度系统的振动                                                             
本章的重点难点：单自由度系统固有频率的计算方法
3.1 无阻尼自由振动
系统运动自由度的概念，单自由度运动方程及方程的解，无阻尼自由振动的特性
3.2 固有频率的计算方法
解析法、静伸长法、能量法
3.3 粘性阻尼系统的自由振动
粘性阻尼、粘性阻尼系统的运动
3.4 粘性阻尼系统对简谐激励的响应
运动方程式及方程的解，稳态强迫振动响应的特点
3.5 周期激励下系统的响应
3.6 任意激励载荷下单自由度系统的响应
任意激励载荷、单位能量作用下的系统响应

第四章 多自由度系统的振动                                                 
本章的重点难点：多自由度振动系统运动微分方程的建立，多自由度系统的自由振动
4.1 运动微分方程的建立
牛顿-达朗贝尔原理、拉格朗日方程
4.2 多自由度系统的自由振动
两自由度系统的自由振动、多自由度系统的固有频率和固有振型、固有振型的正交性、固有振型的正则性
4.3 主模态近似计算的原理和方法
瑞利法、瑞利-里兹法
4.4 多自由度系统的强迫振动
阻尼的表达与处理、系统对任意激励的响应、系统都正弦激励的响应

第五章 杆、梁、板的微幅振动                                                         
本章的重点难点：梁的横向强迫振动、薄板的横向振动
5.1 杆的纵向振动和扭转振动
杆的纵向振动、杆的扭转振动
5.2 直梁的横向自由振动
运动方程式、固有频率和固有振型、固有振型的性质、
5.3 直梁的横向强迫振动
无阻尼强迫振动、有阻尼强迫振动
5.4 弹性基础、轴向力及剪切和剖面转动对梁固有频率的影响
弹性基础和轴向力的影响、剪切和剖面转动的影响
5.5 薄板的横向振动
微分方程和边界条件、固有振型和固有频率
5.6 弹性系统振动分析的能量法
瑞利-里兹法求固有频率、瑞利-里兹法求响应


	
	Chapter 1 Blend Theory of Thin Plate
Focus and difficulties: cylindrical bending theory of thin plate, the differential equation and its solution of a plate.
1.1 the cylindrical bending of plate
the cylindrical bending of sheet, strip beam concept
1.2 sheet bending differential equations
the single base of the triangle, double triangle base to solve the rigid plate bending problem; Look-up table method for solving plate bending problems
1.3 thin plate bending solution of the problem.
the classification of the master plate and the calculation of the rigid plate, flexible plate (plus the surface force flexible plate, flexible plate with large deflection)

Chapter 2 Stability of Rod and Plate
Focus and difficulties: the concept of structural instability, the stability of the single span compressive bar and its solutions.
2.1 The stability of the single span compressive bar; The stability of the multi-span compressive bar
analytical method and energy method of single span compressive bar, inelastic stability, stability of multi-span compressive bar
2.2 the stability of the deck plate frame
plate frame elastic support (middle) stability critical rigidity
2.3 plate neutral equilibrium differential equation and its solution; Plate on the stability of energy method
the stability of calculation of plate (analytical method, energy method)

Chapter 3 Vibration of Single Degree-Of-Freedom(SDOF) Systems
Focus and difficulties: Calculation of the natural frequency of the SDOF 
3.1 Undamped free vibration
The concept of the degree-of-freedom of a system, the motion equation and its solution of the SDOF, Character of the undamped free vibration
3.2 Calculation method of the natural frequency
Analytic method, static elongation method, energy method
3.3 Free vibration of the viscous damping system
Viscous damping, motion of the viscous damping system
3.4 The influence of the viscous damping on the harmonic excitation
Motion Equation and its solution, Character of the steady forced vibration
3.5 System response to the periodic excitation
3.6 System response to the arbitrary excitation
arbitrary excitation, System response to the unit energy 

Chapter 4 Vibration of Multi-Degree-Of-Freedom(MDOF) Systems
Focus and difficulties: Building the differential equation of motion of MDOF vibration system, Free Vibration of the MDOF system
4.1 Building the differential equation of motion
Newton-D’Alembert Principle, Lagrangian equation
4.2 Free Vibration of the MDOF system 
Free Vibration of the Two-DOF system, Natural frequency and natural mode shape of the MDOF, Orthogonality of natural mode shapes, Regularity of natural mode shapes
4.3 Theory and method of the approximation of the main mode
Rayleigh method， Rayleigh-Ritz method
4.4 Forced vibration of the MDOF
Express and treatment of the damping, System response to the arbitrary excitation, System response to the sine excitation

Chapter 5 The slight vibration of rod, beam and plate
Focus and difficulties: Forced transverse vibration of a beam, Transverse vibration of a plate 
5.1 Longitudinal vibration and torsion vibration of a rod
Longitudinal vibration, torsion vibration
5.2 Free transverse vibration of a straight beam
Motion equation, natural frequency and natural mode shape, the character of the natural mode shape
5.3 Forced transverse vibration of a straight beam
Forced vibration without damping, Forced vibration with damping
5.4 The influence of the Elastic foundation, axial force, shear and section rotation on the natural frequency of the beam
The influence of the Elastic foundation, axial force, The influence of the shear and section rotation 
5.5 Transverse vibration of a plate 
Differential equation and boundary condition, Natural frequency and natural mode shape
5.6 Energy method of the vibration analysis of an elastic system
Natural frequency calculation via Rayleigh-Ritz method, Natural mode shape calculation via Rayleigh-Ritz method

	
教学进度及要求
Class Schedule & Requirements


	内容
	课内
学时
	教学方式
	课外
学时
	课外环节
	课程目标

	
	1.1
	1
	讲授
	
	
	目标1

	
	1.2
	2
	讲授
	2
	作业
	目标1、3

	
	1.3
	1
	讲授
	2
	作业
	目标1

	
	2.1
	2
	讲授
	2
	作业
	目标1

	
	2.2
	2
	讲授
	2
	作业
	目标1、3

	
	2.3
	2
	讲授、讨论
	2
	作业
	目标1、3

	
	3.1
	1
	讲授
	
	
	目标2

	
	3.2
	1
	讲授
	2
	作业
	目标2

	
	3.3
	1
	讲授
	
	
	目标2

	
	3.4
	1
	讲授
	2
	作业
	目标2、3

	
	3.5
	1
	讲授
	
	
	目标2

	
	3.6
	1
	讲授
	2
	作业
	目标2、3

	
	4.1
	2
	讲授
	2
	作业
	目标2

	
	4.2
	2
	讲授
	2
	作业
	目标2、3

	
	4.3
	2
	讲授
	2
	作业
	目标2

	
	4.4
	2
	讲授
	2
	作业
	目标2、3

	
	5.1
	1
	讲授
	
	
	目标2

	
	5.2
	1
	讲授
	2
	作业
	目标2、3

	
	5.3
	2
	讲授
	2
	作业
	目标2、3

	
	5.4
	1
	讲授
	
	
	目标2

	
	5.5
	2
	讲授
	2
	作业
	目标2、3

	
	5.6
	1
	讲授
	2
	作业
	目标2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
	1
	Teaching
	
	
	Outcome 1

	
	1.2
	2
	Teaching
	2
	Homework
	Outcome 1,3

	
	1.3
	1
	Teaching
	2
	Homework
	Outcome 1

	
	2.1
	2
	Teaching
	2
	Homework
	Outcome 1

	
	2.2
	2
	Teaching
	2
	Homework
	Outcome 1,3

	
	2.3
	2
	Teaching, Discussion
	2
	Homework
	Outcome 1,3

	
	3.1
	1
	Teaching
	
	
	Outcome 2

	
	3.2
	1
	Teaching
	2
	Homework
	Outcome 2

	
	3.3
	1
	Teaching
	
	
	Outcome 2

	
	3.4
	1
	Teaching
	2
	Homework
	Outcome 2,3

	
	3.5
	1
	Teaching
	
	
	Outcome 2

	
	3.6
	1
	Teaching
	2
	Homework
	Outcome 2.3

	
	4.1
	2
	Teaching
	2
	Homework
	Outcome 2

	
	4.2
	2
	Teaching
	2
	Homework
	Outcome 2,3

	
	4.3
	2
	Teaching
	2
	Homework
	Outcome 2

	
	4.4
	2
	Teaching
	2
	Homework
	Outcome 2,3

	
	5.1
	1
	Teaching
	
	
	Outcome 2

	
	5.2
	1
	Teaching
	2
	Homework
	Outcome 2,3

	
	5.3
	2
	Teaching
	2
	Homework
	Outcome 2.3

	
	5.4
	1
	Teaching
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	Outcome 2

	
	5.5
	2
	Teaching
	2
	Homework
	Outcome 2,3

	
	5.6
	1
	Teaching
	2
	Homework
	Outcome 2

	
	
	
	
	
	
	

	考核方式
Grading
	评价环节
	比例

	
	环节1 平时表现
	10%

	
	环节2作业
	20%

	
	环节3实验
	10%

	
	环节4 期末考试
	60%

	
	Evaluation
	Percentage

	
	Evaluation 1：Attendance and Performance
	10%

	
	Evaluation 2：Homework
	10%

	
	Evaluation 3：Experiment
	10%

	
	Evaluation 4：Final Exam
	70%

	教材及参考资料
Textbooks & Other Materials
	1.《船舶结构力学》，陈铁云，陈伯真，上海交通大学出版社，1994
2.《船体振动学》，金咸定，夏利娟，上海交通大学出版社，2011
3.《船体振动与噪声》，姚熊亮，张阿漫，国防工业出版社，2010

	
	1. Chen Tieyun,Chen Bozhen, Structure Mechanics of Ship, Shanghai Jiao Tong University Press,1994
2. Jin Xianding, Xia lijuan, Ship Vibration, Shanghai Jiao Tong University Press,2011
3. Yao Xiongliang, Zhang Aman, Ship Vibration and Noise, National Defense Industry Press, 2010

	其它
More
	

	备注
Notes
	

	大纲执笔人
Author
	张伟
	审核人(系/教研室主任)
Approved by
	娄敏


注：
1. 表格中红色为示例，绿色为说明。
2. 考核方式包括作业（Assignment）、实验（Experiment）、平时表现（Attendance and Performance）、期中考试（Midterm Exam）、期末考试（Final Exam）等。
3. 院部代码：地学院01，石工学院02，化工学院03，机电学院04，信控学院05，储建学院06，计通学院07，经管学院08，理学院09，文学院10，马克思主义学院11，体育教学部12，工训中心及其他20。
4. 如有实验内容，须完善对附表中实验项目信息进行完善。
附表：
	实验项目信息

	实验项目名称
	所在实验室名称
	实验室编号
	实验中心名称
	项目编号
	每组人数
	项目学时
	实验类别
	实验要求
	实验类型
	面向专业
	实验室分室
	仪器设备名称
	是否开出

	
	
	
	
	
	
	
	
	
	
	
	
	
	




