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The PURPOSES And PROBLEMS of the subject MATTER
The purposes of discipline teaching 

As a result of studying discipline "The theory of machines and mechanisms" students of IIE should acquire knowledge and the skills which are necessary for studying of special disciplines and for the further engineering activity.
The purpose of studying discipline "The theory of machines and mechanisms" is the acquisition of knowledge about structure, principles of work, kinematics and dynamics of mechanisms and mechanical systems, acquisition of skills to analyze mechanisms and to design it.
The student who has finished studying discipline "The Theory of machines and mechanisms" should acquire knowledge about the base laws and tendencies in design, researching and developing of modern mechanisms.
Problems of a statement and studying of discipline

Theory of machines is a scientific basis for special courses of machine design for different branches. The main purposes and problems are:

-To teach students in general methods of research and designing of machines and devices;

-To teach students to understand the general principles of movement realization using mechanisms, interaction of mechanisms in the machine, which cause kinematic and dynamic properties of mechanical system;

-To teach students in system approach of machine design, methods for finding the optimum parameters of mechanisms under the given operating conditions.

To achieve the specified purposes - mastering by knowledge and skills of using these knowledge in the decision of engineering problems - wide set of methodical means is used: lectures, practical training, and developing class individual and home works, individual consultations, both in theoretical problems of discipline, and in practical ones, connected to the performance of individual tasks.

Course project is an integral part of discipline, indispensable kind of individual cognitive activity of the student. Projecting, solving an individual engineering, design problem, student fixes and extends his knowledge and the skills received on all kinds of cognitive activity, and acquire new knowledge and the skills caused by this kind of work.

The CONTENTS of the THEORETICAL part of DISCIPLINE (LECTUREs)

6th semester 

Preface (2 hours)

Science about mechanisms and machines, brief history of its evolution, its role and importance in modern mechanical engineering. The contribution of Russian scientists to development of sciences about mechanisms. Concepts: the machine, the mechanism. Classification of machines, mechanisms. The machine - automatic transfer line.

Structural and kinematic Analyses of Mechanisms (10 hours)

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. 
Force Analysis of Mechanisms. (6 hours)

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. 
Gearings (16 hours)
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.

7th semester
Dynamics of Machines.
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 (6 hours)

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).

Friction gears
Designs. The basic kinematic relationships. Infinitely variable speed transmission (variable-speed gears).

Intermittent Mechanisms (the Geneva mechanisms)

Designs. Principle of operation. Bases of synthesis.

The CONTENTS of the PRACTICAL partition of DISCIPLINE

Practical training 
Group practical training is devoted to practical application of theoretical knowledge for the decision of individual educational problems (using the reference books, abstracts of lectures and consultations of the teacher). Before performance of individual tasks the teacher gives necessary explanatory to concrete and develop theory.

Except for group practical training there are provided the performance of individual tasks. 
Practical training themes

6th semester
1. Studying of the basic types of mechanisms according to the structural and functional classification 
2 h.
2. Planar mechanism kinematic analyses (analytic methods).
2 h.

3. Planar mechanism kinematic analyses (plan methods)
2 h.

4. Planar mechanism force analyses (analytic methods).
2 h.

5. Planar mechanism force analyses (plan methods).
2 h.

6. Initial mechanism force analyses and planar mechanism force analyses accounting friction in kinematic pairs
2 h.
7. Definition of link inertia moments by swing of pendulum method
2 h.
8. Gears. Kinematic analysis
2 h.
9. Mechanism motion by action forces which don’t depend on mechanism position
4 h.

10. Mechanism motion by action forces which depend on mechanism position
4 h.

11. Kinematic examining of planar lever mechanism (computer lab)
2 h.

12. Force analyses and design of cam mechanism with translational motion of follower
2 h.

13. Force analyses and design of cam mechanism with rotational motion of follower
2 h.
7th semester
1. Cam profiling according the specified follower motion law
4 h.

2. Force analysis and design of cam mechanism with translational motion of follower
4 h.

3. Force analysis and design of cam mechanism with rocker follower
4 h.

4. Planetary gearing
2 h.

5. Closed differential gearing
4 h.

6. Planetary gearing design. Tooth number definition
4 h.

7. Displacement factor choice
2 h.
8. Toothing of involute gears by running method
2 h.

9. Corrected gears profiling
2 h.

Course project
The goal of the course project is to gain experience by students to project and investigate the elementary planetary gearing and lever mechanisms and the acquisitions of skills to execute (according to standards of ESKD) the design documentation.

Course project is one of the major forms of independent creative activity of students under the supervision of teacher, directed to the decision the engineering design problem.

As themes of course projecting the standard constructions are used. Such mechanisms are prevailing and have the big practical significance. Except for this it also are not subject of obsolescence in the foreseeable future. There are, for example, translating lever mechanisms and multilink gear mechanisms with the planetary stage, which are used in various technological, transporting, load-lifting and other machines. 

In performing course projects there are maximum widely covered both a theoretical problems and the knowledge, received in practical training and during performance of individual home tasks. The project contains 1 sheets of A1format - a graphic part of the project and an explanatory note of 15-20 pages. One sheet is devoted to the examining of the lever mechanism.

The explanatory note should include both calculations and vindication of all accepted in this project decisions.

The curriculum does not stipulate special classes for course projecting per 7th semester. Practical training and individual consultations of teacher help to perform of the course project.
the PROGRAM of INDEPENDENT COGNITIVE ACTIVITY

Independent (out-of-class) work of students consists in study of a lecture material, preparation for practical training, performing of individual tasks and course projecting according to individual educational technical projects. It takes 123 hours in the 6th semester which are distributed as follows:

а) studying of theoretical problems and preparing for practical training
63 h.

б) performing of individual home tasks
10 h.

в) performing and presentation of course project
50 h.
and 85 hours in 7th semester.
Study of a lecture material is encouraged with additional points, presence of the lecture abstract, its quality (the abstract is scanned through at examination or before it, in a semester) is taken into account.

Work of the student on practical training is taken into account both during a semester and at examination (the workbook of practical training is scanned through, interview is carried out).

The performance of individual home tasks which "are necessarily defended" during discussion of results is the effective form of independent work of students. These works (it is stipulated three tasks) are rated by points according to a rating-list and are taken into account at certification of the student (current and final).

Course projecting is especially important in self-dependent work. Results of each student’s work in project are rated almost weekly during a semester (both in percentage and in points) and are taken into account in current and final rating. The performed projects are defended and rated according to a rating-list.

A lot of methodical instructions of department are used in teaching, course projecting. 

In the 6th semester there is suggested one individual task of “Dynamics of machine” (85 points max.), in the 7th – two individual tasks “Kinematics of closed differentials” (80 points) and “Tooth number definition for complex gear mechanisms including planetary stage” (100 points).

Current and final control of studying
In studying "Theory of Machines and Mechanisms" rating system to qualify student’s knowledge is used.

Maximal rating point (total rating TR) of disciplines is 1000 points. It includes:

a) lecture rating (LR);

b) practical training rating (PR);

c) home task rating (HTR);

d) examination rating (ER).

LR – is a rating for student’ work on lectures. Maximal rate per one lecture in 6th semester 15 points, in 7th semester 20 points; per practical training 25 and 35 points accordingly. 
Such a way in 6th semester there are 26 lectures, 13 practical classes. Maximal rating:
LR = 15x26=390 points;

PR = 25x13=325 points;

HTR=85.
Maximal rating at the end of semester (SR)

SR = LR+PR+HTR=390+325+85=800 points.

The student is allowed to passing an examination only if he has fulfilled the curriculum (homeworks are performed and presented) and if his rating SR more than 450 points.

Maximal exam rating (ER) is 200 points. The form of exam is defined by lector. The exam is considered to be passed in case it’s rating more than 100 points. The total rating is:
TR=SR+ER.
The total rating is converted to mark by follows dependence:

TR>850 


“excellent”
(5)

701≤TR≤850

“good” 
(4)
551≤TR≤700

“satisfactory”
(3)
In the 7th semester of 18 weeks 
LR = 20х9=180 баллов,

PR = 35х18=630 баллов

Rating at the end of the semester SR=PR+LR=180+630=810 баллов.

There is a test in the 7th semester on theory. Maximal rating of test TeR is 190 points. The test it is considered to be passed if it’s rating more than 100 points. 
TR=SR+TeR.

Course project rating. The curriculum provides that course project should be performed during 16 weeks; last two weeks are assigned for project presentation. Maximal rating of project (PrR) is 800 points. This corresponds to weekly project development about 50 points. Project presentation rating (PPR) is 200 points. The presentation is considered to be successful if it’s rating more than 100 points.
Active work of students in studying discipline is encouraged with additional points: for additional tasks of the advanced complexity - up to 50 points; for extracurricular individual work - up to 50 points; for significant achievements of students in Olympiads etc. - up to 100 points. 

The teacher can give a mark “excellent” according the current control of semester if the student’s rating is more than 850 points.
Methodical providing of discipline

In teaching and studying the discipline, performing of course project and practical training follows methodical providing is used: 
1. Computer programs.

2. The full-scale machine parts.

3. The full-scale displays.

4. Mechanism models.
5. Models for display physical processes and phenomena.
6. Experimental sets.
7. Placards of machine parts, units and mechanisms.

8. Placards illustrated some theoretical aspects, definitions etc. 
9. Tutorials, includes individual tasks for projects, homeworks etc.
10. Methodical guidance for course projecting.
11. Rating-lists.
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