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Course Name Theory of Machines and Mechanisms
Course Overview 
	Level of study
	Bachelor Degree 

	Workload
	ECTS: 4
Total Hours: 144
Contact Hours: 64
· Lectures: 24
· Labs: 8
· Seminars: 32


	Course Code
	

	Semester
	Summer

	Prerequisites
	Mathematics, Physics, Engineering Graphics, Theoretical Mechanics

	Course Objectives
	Provide students with the fundamentals of machine and mechanism structure, analysis and design for application in engineering. The course considers mechanism structure, kinematic and force analyses, transmission mechanisms, dynamics of mechanisms. Students should be able to apply this knowledge in engineering.

	Learning Outcomes

	As the result of studying the course “Theory of Machines”, students should possess such knowledge and skills, which would be enough for their further studying of other comprehensive and special courses.

After studying the course, students should know:

· constructions and principles of mechanism operation;

· the physical phenomena, which take place in machine elements during its operation and their mathematical description;

· methods of kinematic and dynamic analyses;

As the result of the discipline studying, students should be able:

· to analyze mechanisms;

· to design mechanical system or mechanism under specified parameters of its operation;

· to select reference literature which is necessary for designing, standards and other normative materials (including graphic);

· to take into account in designing process the requirements of economy, workability, maintainability, standardization, unification, safety and ecology;

· to draw up the graphic documentation and engineering data, paperwork according to the requirements of Unified system for design documentation.

Planned course learning outcomes

1. to apply knowledge of general laws, theories, equations, methods of mechanics in studying of mechanical processes

2. to carry out calculations (kinematic, force, dynamic) in the analysis and synthesis of mechanisms

3. to apply experimental methods to define properties of mechanism elements and structures

4. to process and analyze the data received in theoretical and experimental researches 



	Syllabus

	4. Course structure and contents
The course consists of the following sections:

Introduction
Brief history of mechanisms and machines evolution. Concepts: machine, mechanism. Classification of machines and mechanisms. 

Structural and Kinematic Analyses of Mechanisms
Structure of mechanisms. Kinematic pairs and its classification. Kinematic trains and its classification. Mechanisms. Classification of mechanisms. Motion freedom of mechanisms, its definition. Passive links and kinematic pairs. Structural classification of mechanisms (by Assur-Artobolevski). 

Lever mechanisms. Velocity and acceleration analogs. Analytic methods of kinematic researches of planar lever mechanisms. Determination of link positions, velocities and accelerations for four -linkage mechanisms (in general). 

Kinematic examination of lever mechanisms by diagram method. Velocity and acceleration diagrams, its plotting and behavior. Finding the magnitudes and directions of linear velocities and accelerations of specified points and angular ones of links. 

Dynamics of Machines. Force Analysis of Mechanisms.
Forces, acting on machine during its work. Machine motion equation (including special cases: run-up, steady motion, halt). 

Mechanism efficiency. Finding efficiency of simple and complex mechanisms. 

Friction in kinematic pairs. Kinds of friction. Definition of friction force and power in rectilinear pairs. Friction angle and cone. 
Friction in turning pairs. Definition of friction moment and power in turning pairs.

Rolling friction. 

Force analysis of mechanisms. Goals, methods. Static definability conditions of trains. Force analysis of planar mechanisms by methods of diagrams. Force analysis of two-link two-dog Assure’ groups ([R-R-R], [R-R-T]). 

Force analysis of initial mechanism. Balancing force and balancing moment definition. Method of Zhukovski’ lever. 

Force analysis of mechanism taking into account friction forces in kinematic pairs. 

Force analysis of Assure’ groups with higher degree kinematic pairs. 

Dynamics of mechanisms. Reduction of forces, moments; reduction of mass, moments of mass inertia. 

Examining of machine movement under the action of forces being function of position of its parts. Non-uniformity of a machine running at the steady motion and its estimation (non-uniformity factor of a motion, dynamic factor). Regulation methods of machine motion.

Cam Mechanisms 
Cam mechanisms. Cam mechanism types, their merits and demerits. Cam mechanisms kinematic analysis and synthesis according the specified parameters.

Pressure angle as criterion of cam mechanism serviceability. Pressure angle values for various cam types. Cam mechanism with a rotary cam and rocker follower.

Definition of the least cam sizes according the transfer movement angle (the analysis and synthesis of mechanism).

Gearings 
Gear mechanisms and their application in engineering (review). The basic geometrical parameters of cylindrical spur gearing (the circular pitch and module of gearing, pitch and initial circles, gear ratio, elements of a tooth).

Kinematics of complex gear mechanisms with motionless axes (multiple gearings, mechanisms with consecutive gearing). Gear ratio definition. A relationship between powers and the torques of input and output shafts.

Differential and planetary trains. Kinematics of gear mechanisms with mobile axles.

The differentially-closed mechanisms. Gear ratio definition.

Kinematic synthesis of planetary mechanisms. Existence conditions for planetary mechanisms, trial and error methods of teeth numbers.

Engagement theory. The theorem of velocity projections to normal line, the basic theorem of gearing, the requirement to teeth profiles, involute and its properties, the involute equation. 

The main parameters of involute gearing: a line, an angle, an arc of action, active segment of teeth profile, contact ratio, specific sliding, specific pressure on teeth profile.

Manufacturing of gear wheels. Methods of toothing, their merits and demerits. The equipment and tools for toothing.

The phenomenon of teeth undercutting. The minimal tooth number according the condition of teeth undercutting absence. Definition of displacement factor (Xmin) to meet a condition of teeth undercutting absence.

Toothing of wheels using tool rack displacement. The geometrical parameters of gears, toothed with a rack displacement (tooth thickness, centre distance). Fundamentals and methods of displacement factor choice.

Toothing of wheels with tooth number Z < Zmin (definition of displacement factor).

Definition of the maximal (Xmax) and the minimal (Xmin) displacement factor values in toothing by envelope method.

	Labs

	1. Determining of link mechanical parameters (mass, mass center position, moment of inertia).

2. Valuation of geometric parameters of gears by measuring.

3. Gear cutting by involute standard rack.

4. Cam profiling.
)

	Projects

	Typically: Structural, kinematic and force analysis of six-bar  linkage, synthesis and analysis of gear train and cam mechanism.

	Assessment
	: Exam and Differential Credit Test for course project

	Resources

	Primary literature:

1. M. V. Gorbenko. T.I. Gorbenko. Theory of machines and mechanisms. Textbook. Tomsk: TPU Press, 2002.

2. Theory of Machines and Mechanisms. John J. Uicker, Gordon R. Pennock and Joseph E. Shigley. Oxford University Press. 2003

Supplementary literature:

1. Mechanical Engineering Design. Sixth Edition./ Joseph E. Shigley, Charles E. Mishake. Mc Graw Hill 2003. 1088p.

2. Machinery’s Handbook. 26th Edition. A reference Book for the mechanical Engineer, Designer, manufacturing Engineer, Draftsman, Toolmaker, and Machinist. by Eric Oberg. NEW YORK, INDUSTRIAL PRESS INC. 2000, 2640p

3. Introduction to Mechanisms. Yi Zhang, Susan Finger and Stephannie Behrens. Carnegie Mellon University. http://www.cs.cmu.edu/~rapidproto/mechanisms/tablecontents.html
4. Горбенко М.В., Горбенко Т.И. Сборник задач и упражнений по теории механизмов и машин: уч. пособие. – Томск: Изд. ТПУ, 2011. 188с.

5. Горбенко Т.И., Горбенко М.В. Практикум по теории механизмов и машин: уч. пособие. – Томск: Изд. ТГУ, 2011. 219с. CD-disk, http://edu2.tsu.ru/eor/resourse/118/tpl/index.html
6. Теория механизмов и машин. Курсовое проектирование: Учеб. пособие /В.Т. Горбенко, М.В. Горбенко, – Томск: Изд. ТПУ, 2014. –144с.

7. Gorbenko M.V., Gorbenko V.T. Kinematic Analysis of Gear Trains: Methodical directions to laboratory accomplishment Tomsk TPU Press, 2012



	Instructors

	Gorbenko Mikhail V. http://portal.tpu.ru/SHARED/g/GMVSKI 


Примечание: пример описания дисциплины можно посмотреть по ссылке: http://www.ecs.soton.ac.uk/module/COMP6233#overview 
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