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	课程简介
Course Description
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]有杆泵采油是目前油田生产应用最广泛的开采方式，随着有杆泵采油新设备、新工艺和新技术在油田矿场的推广应用，有必要对石油工程专业的学生系统地介绍有杆泵采油的相关知识，打下扎实的专业基础。本课程是学习《采油工程》核心专业课之后，在已经掌握了采油工程的基本理论、方法和对有杆泵采油的基本内容已有初步了解的基础上，为深入和详细地介绍有杆抽油系统而开设的限定选修课。本课程学习后，要求学生能够系统掌握有杆泵采油的基本理论、工艺过程及设计方法，具备油气田开发整体方案设计的宏观视野下应用基础知识和石油工程专业知识进行单井工程设计的基本能力，以及分析和解决石油工程复杂问题、进行技术创新、科技开发和矿场应用的初步能力。

	
	The rod pump is the most widely used method in oil production. With the new equipment, new process and new technology developing in the oil field, it is necessary to systematically introduce knowledge of rod pump oil production to the students major in petroleum engineering profession and lay a solid professional foundation on them. This course is an elective course set for depth and detailed introduction of the rod pumping system after learning the core of the professional course oil production and on the basis of mastering the basic theory and methods of oil production engineering and the basic content of rod pump oil production. After the course is studied, the students are required to master the basic theory, process and design method of the pump oil production system, and have the basic ability of single well engineering design with the basic knowledge and petroleum engineering expertise in the macroscopic vision of oil and gas field development, as well as the initial capacity to analyze and address complex issues of petroleum engineering, technological innovation, technology development and field application.



	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

	
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]目标1：系统掌握有杆泵采油的基本理论、工艺过程及设计方法
	1.1，1.3，1.4

	[bookmark: _Hlk485737513]
	目标2：具备油气田开发整体方案设计的宏观视野下应用基础知识和石油工程专业知识进行单井工程设计的基本能力
	2.2，3.1，9.1，10.2

	
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]目标3：具备分析和解决石油工程复杂问题、进行技术创新、科技开发和矿场应用的初步能力
	3.2，3.3，4.1，4.2，4.3

	
	Learning Outcomes
	Major Objectives

	
	Goal 1: systematically master the basic theory, process and design method of rod pump oil production
	1.1，1.3，1.4

	
	Goal 2: Basic capacity for single well engineering design with basic knowledge and petroleum engineering expertise in macro vision with oil and gas field development overall program design
	2.2，3.1，9.1，10.2

	
	Goal 3: Have the initial capacity to analyze and address complex issues of petroleum engineering, technological innovation, technology development and mine applications
	3.2，3.3，4.1，4.2，4.3

	教学内容
Topics
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]第一章  抽油机                                                      
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15]本章重点难点：掌握抽油机的基本运动规律、各部件受力状况；明确抽油机平衡的基本原理和平衡方式的平衡方法；了解无梁式抽油机的基本类型。
1.1 抽油机基本知识
抽油机的分类，抽油机的工况条件，抽油机的技术要求。
1.2 游梁式抽油机的结构及类型
游梁式抽油机的基本结构、工作原理，游梁式抽油机的类型。
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]1.3 游梁式抽油机的运动分析
简化为简谐运动时悬点运动规律，简化为曲柄滑块机构时悬点运动规律。
1.4 游梁式抽油机的受力分析
静载荷（抽油杆柱载荷、液柱载荷、沉没压力、井口回压）、动载荷（惯性载荷、摩擦载荷、振动载荷），静载荷作用下的柱塞冲程，冲程损失，理论示功图分析，典型示功图分析，抽油机井工况诊断技术。
1.5 游梁式抽油机的平衡理论
平衡准则，平衡方式，游梁式抽油机平衡状况判断，平衡装置及平衡调节。
1.6 游梁式抽油机的减速传动装置
抽油机皮带传动、齿轮传动、链传动。
1.7 游梁式抽油机的动力装置
异步电机的运行状态分析，异步电机的电流及功率分析，软特性电机驱动游梁式抽油机的性能分析，大转差率电动机驱动游梁式抽油机的性能分析。
1.8 无游梁式抽油机
链条式抽油机等。
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]工程案例分析环节一：第一章：1、新型抽油机调研；2、油田实测功图分析
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]第二章  抽油杆                                                       
本章的重点难点：抽油杆的基本类型、了解抽油杆的受力分析和强度校核、了解抽油杆柱的主要附属设备及其作用。
2.1 抽油杆结构和制造工艺
抽油杆结构及分类，接箍，抽油杆制造工艺。
2.2 特种抽油杆
超高强度抽油杆，玻璃钢抽油杆，空心抽油杆，电热抽油杆，连续抽油杆等。
2.3 抽油杆的失效分析
抽油杆的失效类型，影响抽油杆疲劳寿命的主要因素及失效原因，抽油杆强度校核。
2.4 抽油杆柱附属设备
抽油光杆及附属设备，抽油杆扶正器，加重杆，抽油杆减振器，抽油杆防脱器等。
工程案例分析环节二：第二章：1、特种抽油杆调研；2、抽油杆工况分析
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]第三章  抽油泵                                                       
本章的重点难点：明确抽油泵的基本工作原理；了解不同类型抽油泵的基本结构、适应性。
3.1 抽油泵工作原理及工作特点
抽油泵的结构及其工作原理，泵的理论排量计算，泵效计算，影响泵效的因素，提高泵效的措施，抽油泵的工作特点。
3.2 抽油泵的类型及结构
抽油泵的类型及基本参数，标准抽油泵（可打捞式管式泵、不可打捞式管式泵、定筒式顶部固定杆式泵、定筒式底部固定杆式泵、动筒式底部固定杆式泵）的结构及特点，软密封柱塞泵。
3.3 特殊用途的抽油泵
抽稠油的抽油泵（流线型抽油泵、液力反馈抽稠油泵、双向进油抽稠油泵、环流抽稠油泵），适合含砂油井的抽油泵（三管抽油泵、防砂卡抽油泵等），适合油气比大的油井使用的抽油泵（两级压缩抽油泵、机械启闭阀抽油泵）。
3.4 有杆泵抽油井井下附属设备
油管锚，气锚，砂锚，泄油器。
3.5 地面驱动螺杆泵采油系统
螺杆泵采油技术发展过程及其特点，螺杆泵采油系统的分类及组成，地面驱动单螺杆泵采油系统主要设备，螺杆泵采油系统工作理论基础，螺杆泵主要性能参数计算，螺杆泵抽油杆受力分析，螺杆泵采油系统优化设计，螺杆泵采油系统测试与工况诊断技术。
工程案例分析环节三：第三章：1、特种抽油泵调研；2、抽油泵工况诊断
井下工具参观学习
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]第四章  有杆抽油系统研究与分析方法                                   
本章的重点难点：有杆抽油系统的协调分析方法及动态预测技术。
4.1 有杆抽油系统设计与工况分析
抽油杆强度计算及杆柱设计方法，有杆抽油系统工况分析。
4.2 有杆抽油系统的动态预测技术
物理方法，数学方法。
第五章  系统效率分析及系统测试与监测                                 
本章的重点难点：有杆抽油系统的效率分析方法，及各部分效率的计算理论。
5.1 有杆抽油系统的系统效率分解
5.2 有杆抽油系统的系统效率的计算与测试
工程案例分析四：有杆抽油系统设计
学科前沿知识讲座

	
	Chapter 1  Pumping Unit
Key points: the basic movement and the force condition of each component of the pumping unit, clear the basic principles of the balance of the pumping unit and the balance theory of each balance method; understand the basic type of no beam pumping unit.
1.1 Basic knowledge of pumping unit
Classification, operating conditions and the technical requirements of pumping unit;
1.2 Structure and type of beam pumping unit
The basic structure, working principle, and the types of beam pumping unit.
1.3 Movement analysis of beam pumping unit
The law of the movement of the hanging point in the simple harmonic motion and the law of the movement of the crank slider.
1.4Analysis of the force of the beam pumping unit
Static load (the sucker rod string load, the load of the liquid column, the sunk pressure, head back pressure), dynamic load (inertia loads, frictional load, vibration load), the plunger stroke under static load, the stroke loss, theory dynamometer analysis, typical dynamometer analysis, pumping unit operating conditions diagnosis technology.
1.5 Balance theory of beam pumping unit
Balance criteria, balance method, balance judgment of beam pumping unit, balance device and balance adjustment.
1.6 The slowdown transmission of beam pumping unit
Belt drive, gear drive and chain drive of pumping unit .
1.7 Powerplant of beam pumping unit
Asynchronous motor running state analysis, asynchronous motor current and power analysis, soft characteristic motor driven beam pumping unit performance analysis, large slip motor driven beam pumping unit performance analysis.
1.8 No beam pumping unit
Chain pumping unit and so on.
Case Study I: Chapter 1: 1 the new pumping unit research; 2 oil field measured power diagram analysis.
Chapter 2  sucker rods
Key points: the basic types of sucker rods, the force analysis and strength checking of sucker rods, and the main ancillary equipment of sucker rods and their effects.
2.1 Sucker rod structure and manufacturing process
Sucker rod structure and classification, coupling, sucker rod manufacturing process.
2.2 Special sucker rods
Ultra-high strength sucker rods, FRP sucker rods, hollow sucker rods, electric sucker rods, continuous sucker rods and so on.
2.3 Failure analysis of sucker rods
The types of failure of the sucker rods, the main factors affecting the fatigue life of the sucker rods and the cause of the failure, the checkpoint of the sucker rod strength.
2.4 Sucker rod column ancillary equipment
Pumping rods and ancillary equipment, sucker rod centralizer, heavy rod, sucker rod shock absorber, sucker rods, such as anti-off.
Case Study II: Chapter 2: 1 special sucker rod research; 2 pumping rod operating conditions analysis.
Chapter 3  Pumps
Key points: clear the basic working principle of pump; understand the basic structure and adaptability of different types of pumps.
3.1 Working principle and working characteristics of pumps
The structure of the pump and its working principle, the theoretical displacement calculation of the pump, the calculation of the pump efficiency, the factors influencing pump efficiency, the measures to improve the pump efficiency and the working characteristics of the pump.
3.2 Pump type and structure
Pump type and basic parameters, standard pumping pump (salable tubular pump, non-salable tubular pump, set cylinder top fixed rod pump, set cylinder bottom fixed rod pump, moving cylinder bottom fixed rod pump) structure and characteristics of soft seal piston pump.
3.3 Special purpose pumps
Heavy oil pump (streamlined pump, hydraulic feedback heavy oil pump, two-way heavy oil pump, circulating heavy oil pump), sand oil pump (three-tube pump, sand control pump, etc.). high gas ratio oil pump (two-stage compression pump, mechanical opening and closing valve pump).
3.4 Underground ancillary equipment of rob pump wells
Tubing anchor, gas anchor, sand anchor, oil drain.
3.5 Ground-driven screw pump oil recovery system
Screw pump oil production technology development process and its characteristics, the classification and composition of the screw pump oil recovery system, the main equipment of the ground-driven single-screw pump oil recovery system, the theoretical basis of the working system of the screw pump, the main performance parameters of the screw pump, force analysis, screw pump oil recovery system optimization design, screw pump oil recovery system testing and condition diagnosis technology.
Case study III: Chapter 3: 1 special pump research; 2 pump condition diagnosis
Underground tools visit and study
Chapter 4 Research and Analysis Methods of Rod Pumping System
Key points: Coordinate analysis method and dynamic forecasting technology of rod pumping system.
4.1 Design and condition analysis of rod pumping system
Calculation of sucker rod strength and pole design method, analysis of rod pumping system.
4.2 Dynamic prediction technology of rod pumping system
Physical method, mathematical method.
Chapter 5 System Efficiency Analysis and System Testing and Monitoring
Key points: the efficiency analysis method of rod pumping system and the efficiency calculation theory of each part .
5.1 System efficiency decomposition of rod pumping system
5.2 Calculation and Testing of system efficiency for rod pumping system
Case Study IV: Design of Rod Pumping System
Subject Frontier Knowledge Lecture
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	内容
	课内
学时
	教学方式
	课外
学时
	课外环节
	课程目标

	
	1.1
1.2
	2
	讲授
	
	
	目标1

	
	1.3
1.4
	4
	讲授
	
	
	目标1

	
	1.5
	2
	讲授
	
	
	目标1

	
	1.6
1.7
1.8
	2
	讲授
	
	
	目标1

	
	
	2
	讨论（工程案例分析一）
	
	综合大作业
	目标2
目标3

	
	2.1
2.2
	2
	讲授
	
	
	目标1

	
	2.3
2.4
	2
	讲授
	
	
	目标1

	
	
	2
	讨论（工程案例分析二）
	
	综合大作业
	目标2
目标3

	
	3.1
3.2
	2
	讲授
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	3.3
3.4
	2
	讲授
	
	
	目标1

	
	
	2
	讨论（工程案例分析三）
	
	综合大作业
	目标2
目标3

	
	
	2
	井下工具参观学习
	
	
	目标1

	
	4.1
4.2
5.1
5.2
	2
	讲授
	
	
	目标1
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	讨论（工程案例分析四）
	
	综合大作业
	目标2
目标3

	
	
	2
	讨论（学科前沿知识讲座）
	
	
	目标1

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1.1
1.2
	2
	Teaching
	
	
	Outcome 1

	
	1.3
1.4
	4
	Teaching
	
	
	Outcome 1

	
	1.5
	2
	Teaching
	
	
	Outcome 1

	
	1.6
1.7
1.8
	2
	Teaching
	
	
	Outcome 1

	
	
	2
	Discussion（Engineering Case Analysis Ⅰ）
	
	Project
	Outcome 2
Outcome 3

	
	2.1
2.2
	2
	Teaching
	
	
	Outcome 1

	
	2.3
2.4
	2
	Teaching
	
	
	Outcome 1

	
	
	2
	Discussion（Engineering Case Analysis Ⅱ）
	
	Project
	Outcome 2
Outcome 3

	
	3.1
3.2
	2
	Teaching
	
	
	Outcome 1

	
	3.3
3.4
	2
	Teaching
	
	
	Outcome 1

	
	
	2
	Discussion（Engineering Case Analysis Ⅲ）
	
	Project
	Outcome 2
Outcome 3

	
	
	2
	Visit & Study of Downhole Tools
	
	
	Outcome 1

	
	4.1
4.2
5.1
5.2
	2
	Teaching
	
	
	Outcome 1

	
	
	2
	Discussion（Engineering Case Analysis Ⅳ）
	
	Project
	Outcome 2
Outcome 3
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	Discussion（Lectures on Frontier Knowledge）
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	环节1：课堂出勤及平时表现
	10%

	
	环节2：工程案例分析一
	15%

	
	环节3：工程案例分析二
	15%

	
	环节4：工程案例分析三
	15%

	
	环节5：工程案例分析四
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	20%
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	20%
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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：
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