





1. Description of the discipline

Branch of science,

Description of the discipline

Number of academic hours for full-
time tuition:

auditorium — 64,

independent work and individual
task — 86

Academic degree:

bachelor

Characteristics specialization, academic
degree full-time tuition
Branch of science Rated
17
Credits — 5 «Avionics»
(cipher and name)
Modules — 2 Academic year:
Semantic modules — 2 Field of education: 6.051101 second
Individual research task - 86 «Aircraft and Rocket Semester
Construction and Design»
Total number of academic hours — 3-rd
150 Lectures, a.h.
32

Practices, seminars, a.h.

Laboratory activities, a.h.

32

Independent work, a.h.

86

Individual task, a.h.

Form of examination

examination

Note: relationship between classes’ hours and student independent works’ hours for full-time education is

equal:

150/86=
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The purpose of education - learning the rules and laws of theoretical mechanics to use in
ensuing study of special subjects and solving practical problems.
As aresult of "Engineering Mechanics (TM)" studding student must know:
- basic laws of mechanics, limits their use;
- methods of equivalent transformation of systems of forces;
- conditions of equilibrium of system of forces.
- general geometric properties of mechanical motion of particles, bodies and
mechanical system,;
- mathematical modeling of complex mechanical systems dynamics in generalized
coordinates;
must be able to:
- competently apply the laws of mechanics for problems solution;
- clearly understand the ranges of mechanical laws applicability;
- develop a mathematical model of the mechanical system physical state (motion,
rest);
- to analyze the results of mathematical calculations.
A student must have an idea about:
- the linear and nonlinear vibrations of mechanical systems;
- kinematics and dynamics of nonholonomic systems;
- the stability of equilibrium and motion of mechanical systems.
Learning aims is study of the main provisions? Theoretical foudations for the
development of modern control systems; modern principles, schemes and methods of
constructions of control systems, their characteristics.

3. Course content
TERM 3

ModuleNe 1 Statics.

Topics

1. Introducing. Two principal problems of statics. Main conception of statics: rigid body, force,
system of forces, resultant of a force system, balanced force system. Axioms of statics. Main conceptions
of vector algebra used in statics. Classification of forces: internal and external forces, concentrated and
distributed forces, applied forces and reactions. Constraints and their reactions. Procedure of forming of
free body diagram.

2. The resultant of concurrent force system. Methods of resultant determination: analytical,
graphical. Equilibrium equation of concurrent force system. Vector and axial moment of force. Couples
of forces and their features. Couple theorems.

3. General force system. Translation of a force to a parallel position. Total vector and total moment
about a center of a general force system. Main theorem of statics (theorem about general force system
reduction). Total moment dependence on a position of a reduction center. General force system equations
of equilibrium. Special force system equations of equilibrium. Procedure of solving of problem about
single constrained body equilibrium. System of bodies. Problem about system of constrained bodies
equilibrium, procedure of solving.

4. Parallel force system resultant. Varignon’s theorem. Mass centre of a rigid body, system of
bodies. Methods of mass enter position determination



Module 2. Kinematics. Dynamics.

Topics

5. Space and time in classical mechanics. Reference systems. Main problems of kinematics of a
particle. Different methods of a particle motion representation: vector, coordinate and in terms of path
(natural). Velocity and acceleration: vector and coordinate methods. Velocity and acceleration in terms of
path variables. Normal and tangential accelerations. Cases when normal and tangential accelerations
equal zero. Analytical researching of motion and researching with help of velocity hodograph.

6. Main problems of a rigid body kinematics. Translation of a rigid body, features of the motion.
Rotation of a rigid body about fixed axis, the motion description. Angular velocity and angular
acceleration of body. Velocity and acceleration of a point of rotating body.

7. Plane motion of rigid body. Equations of motion. Chasles’ theorem. Velocity of a body’s point.
Instantaneous center of zero velocity (ICZV). Methods of ICZV finding. ICZV as pole. Plane motion of
rigid body. Acceleration of point on a body.

8. Spherical motion of a rigid body (rotation about a fixed point). Instantaneous axis of rotation.
Angular velocity and angular acceleration of the body. Velocity of a point on the body. Acceleration of a
point on the body. Motion of a free body. Velocity and acceleration of a free body point.

9. Relative motion of a particle. General relationship between time derivatives of a vector for
different references, the relationship between velocities of a particle for different references, acceleration
of a particle for different references. Cases when Coriolis acceleration equals zero.

10. Dynamics of a Particle. Axioms of dynamics. The two main problems of dynamics. Solution of
direct and inverse problems of particle dynamics.

11. Motion of a particle with respect to the noninertial frame of reference. Free and constrained
particles equations of motion in noninertial frame of reference. Forces of inertia their features. Classical
mechanics relativity principle. The relative resting conditions.

12. Particles system. Parameters of a particle system: mass, center of mass, Mass moment of inertia
about an axis (axial), about a pole (polar), Parallel-axes theorem. The simplest bodies axial moments.

13. Linear momentum of a particle. Total linear momentum of the particle system. Force-
momentum principle. Principle of linear momentum conservation. Principle of system mass-center
motion. Differential equations of translational motion of particles system.

4, Course arrangement
Calculation-graphic work.
Problem 1. Single constrained body equilibrium 8§
Number of hours
full-time tuition
total
namely
1 total | lec | pr | lab | sl
TERM 3
Thematic module 1

TOPIC 1. Introducing. Two principal problems of
statics Main conception of statics: rigid body, force,
system of forces, resultant of a force system, balanced 12 2 - 2 8
force system. Axioms of statics. Main conceptions of
vector algebra used in statics.

TOPIC 2. The resultant of concurrent force system.
Methods of resultant determination: analytical, graphical.
Equilibrium equation of concurrent force system. Vector | 14 4 - 4 6
and axial moment of force. Couples of forces and their
features. Couple theorems.

Names of Modules and Topics
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TOPIC 3. General force system. Translation of a
force to a parallel position. Total vector and total moment
about a center of a general force system. Main theorem of
statics (thcorem about general force system reduction).
Total moment dependence on a position of a reduction
center. General force system equations of equilibrium.
Special force system equations of equilibrium.

22

14

TOPIC 4. Classification of forces: internal and
external forces, concentrated and distributed forces,
applied forces and reactions. Constraints and their
reactions. Procedure of forming of free body diagram
(FBD). Procedure of solving of problem about single
constrained body equilibrium. System of bodies. Problem
about system of constrained bodies equilibrium,
procedure of solving.

21

13

TOPIC 5. Parallel force system resultant. Varignon’s
theorem. Mass centre of a rigid body, system of bodies.
Methods of mass enter position determination

6

Totally for module 1

75

16

16

43

Thematic module 2

TOPIC 6. Particle kinematics.

Space and time in classical mechanics. Reference
systems. Main problems of kinematics of a particle.
Different methods of a particle motion representation:
vector, coordinate and in terms of path (natural). Velocity
and acceleration: vector and coordinate methods. Velocity
and acceleration in terms of path variables. Normal and
tangential accelerations. Cases when normal and
tangential accelerations equal zero. Analytical researching
of motion and researching with help of welocity
hodograph.

15

TOPIC 7. Main problems of a rigid body kinematics.
Translation of a rigid body, features of the motion.
Rotation of a rigid body about fixed axis, the motion
description. Angular velocity and angular acceleration of
body. Velocity and acceleration of a point of rotating
body.

14

TOPIC 8. Plane motion of rigid body. Equations of
motion. Chasles’ theorem. Velocity of a body’s point.
Instantaneous center of zero velocity (ICZV). Methods of
ICZV finding. ICZV as pole. Plane motion of rigid body.
Acceleration of point on a body.

10

TOPIC 9. Spherical motion of a rigid body (rotation
about a fixed point). Instantancous axis of rotation.
Angular velocity and angular acceleration of the body.
Velocity of a point on the body. Acceleration of a point on
the body. Motion of a free body. Velocity and
acceleration of a free body point.

10

TOPIC 10. Compound motion of a particle. General
relationship between time derivatives of a vector for
different references, the relationship between velocities of
a particle for different references, acceleration of a
particle for different references. Cases when Coriolis
acceleration equals zero. Compound motion of a body.

10

TOPIC 11. Dynamics of a Particle. Axioms of
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dynamics. The two main problems of dynamics. Solution
of direct and inverse problems of particle dynamics.

TOPIC 12. Motion of a particle with respect to the
noninertial frame of reference. Free and constrained
particles equations of motion in noninertial frame of
reference. Forces of inertia their features. Classical

mechanics relativity principle. The relative resting 8 1 1 6
conditions. Particles system. Parameters of a particle
system: mass, center of mass, Mass moment of inertia
about an axis (axial), about a pole (polar), Parallel-axes
theorem. The simplest bodies™ axial moments.
Totally for modulei 2 75 16 16 43
Totally for term 150 32 32 86
S. Laboratory works
Ne Name Hours
Term 3
Topics 1 and 2. Force. Force resolution onto components, composition of forces.
1 . 2
Algebraic moment of force about a center
2 Topic 3. Equilibrium of a body (2D). Reaction of constraints. FBD 4
3 Topic 3. Equilibrium of a system of bodies (2D). 2
4 Topic 3. General force system. Total vector and total moment about choosing center 4
of reduction
6 Topic 6. Particle kinematics 2
7 Topic 7. Rigid body in translation. Rigid body rotation about fixed axis 4
8 Topic 8. Plane motion of a rigid body 2
9 Topic 9. Spherical motion of a rigid body 2
10 Topic 10. Particle compound motion 2
11 Topic 11. Axioms of dynamics particle dynamics in inertial frame of reference . 2
12 Topic 12. Particle dynamics in noninertial frame of reference . 2
13 Topic 13. Force-linear momentum principle 2
14 Topic 14. Moment-angular momentum principle in inertial frame of reference. 2
6. Independent work
Ne Name Hours
Term 3
1. TOPIC 1. Two main problems of statics Axioms of statics..
5 TOPIC 2. The resultant of concurrent force system. Equilibrium equation
' of concurrent force system. Vector and axial moment of force. Couples.
TOPIC 3. General force system. Total vector and total moment about a
3 center of a general force system. Main theorem of statics. General force )
' system equations of equilibrium. Special force system equations of
equilibrium.
4 TOPIC 4. Classification of forces: Constraints and their reactions. FBD. )
' Main conceptions of vector algebra used in statics. Method of section.
TOPIC 5. Parallel force system resultant. Varignon’s theorem. Mass centre
5. of a rigid body, system of bodies. Methods of mass enter position 2
determination
6. TOPIC 6. Particle kinematics. 4
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TOPIC 7. Translation of a rigid body features of the motion. Rotation of a
rigid body about fixed axis.

TOPIC 8. Plane motion of rigid body.

TOPIC 9. Spherical motion of rigid body.

TOPIC 10. Particle compound motion.

11.

TOPIC 11. Axioms of dynamics Particle dynamics in inertial frame of
reference .

12.

TOPIC 12. Particle dynamics in noninertial frame of reference .

13.

TOPIC 13. Mass-geometrical characteristics of a particle system.

14.

TOPIC 14. Force-Linear momentum principle

N[NNI N W[N] N

7. Individual task

Term 3

Name

Hours

Calculation-graphic work 1«System of two rigid bodies equilibrium (2D).
Rigid body equilibrium (3D)».

Stages of work.

System of two rigid bodies equilibrium (2D)

FBD for system of two rigid bodies forming;

FBD for separated bodies forming;

Forming of Equilibrium conditions for separated bodies;

Solution of system of linear algebraic equations (equilibrium
conditions equations);

Checking up of the solution with help of Equilibrium conditions for
system of two rigid bodies;

Results analysis.

25

Calculation-graphic work 1 «Plane motion of Rigid body. Particle compound

motiony.

Stages of work.
Plane motion of Rigid body

Bodies character of motion analysis;

Position of ICZV determination;

Determination of Angular velocity of rigid body in plane motion;
Determination of velocities of points of rigid body in plane motion,;
Choice of the method of determination of angular acceleration of rigid
body in plane motion;

Solution of vector equations about linear accelerations distribution for
bodies in the problem.

Position of ICZA determination, Checking up of the problem solution.

Compound motion of a particle

Determination of character of bulk motion, type of relative motion of
the particle;

Determination of relative, bulk and absolute velocities, Graphical
presentation of the velocities;

Determination of relative, bulk, Coriolis’ and absolute accelerations,
Graphical presentation of the accelerations.

26




8. Learning methods

Lectures, practices; individual consultations; homework instructor-led; self-study student with the

aid of tutorials were published by chair; olympiad.
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10.

I1.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

Questions for independent work
Term 3

Basic conceptions: rigid body, force, force system, rigid body equilibrium. Statics problems.
Statics axioms.
Moment of force about a center: magnitude, direction.
Moment of force about an axis: magnitude, methods of calculation.
Couple. Couple vector moment: direction, magnitude. The features of couple.
Total vector and total moment of a force system. Methods of total vector and total moment
determination. Statics invariants.
Reducing of the general force system. Total vector and total moment. Dependence of the total
vector and total moment on the particular center of reduction selected.
Force system resultant. Varignon’s theorem.
Special force systems. Conditions of equilibrium.
Free and constrained body. Constraints and their reactions. Common types of constraints and their
reactions (2-D and 3-D). Construction of free body diagram.
Statically determinate and indeterminate rigid body. The crucial steps in solving equilibrium
problem for single body.
Equilibrium of system of rigid bodies. External and internal forces, the features of internal forces.
Method of section (method of isolating of connected system members).
Center of gravity and its coordinates. Ways of definition of center of gravity position.
The ways of particle motion representation. Trajectory, velocity and acceleration of a particle in
terms of rectangular coordinates x,y,z.
The ways of particle motion representation. Velocity and acceleration of a particle in terms of path
variables.

The ways of particle motion representation. Normal W?" and tangent W* accelerations of a
particle in terms of rectangular coordinates x,y,z.

Conditions of accelerated, decelerated or uniform motion of a particle. Researching of particle
motion (type of motion determination) for different methods of particle motion representation.
The simplest types of rigid body motion: translation, rotation about fixed axis. The features of
these motions.

Velocity of point in rigid body in plane motion with respect to any base point. Angular velocity of
rigid body in plane motion. Angular velocity independence of particular base point selected.
Plane motion of rigid body. Ways of particle velocity determination: with respect to a base point
(pole), according to the equiprojectivity principle.

Plane motion of rigid body. Instantaneous center of zero velocity: definition, ICZV existence
condition, the ways of definition of ICZV position.

. Plane motion of rigid body. Ways of particle acceleration determination: with respect to a base

point (pole), with respect to instantaneous center of zero acceleration

A particle motion observed from a system which itself is in plane motion. Basic conceptions:
absolute, relative and transport motion. Absolute velocity of a particle.

A particle motion observed from a system which itself is in plane motion. Basic conceptions:
absolute, relative and transport motion. Absolute acceleration of a particle. Coriolis acceleration:
magnitude, direction, conditions under which Coriolis acceleration is equal to zero.

Axioms of dynamics
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25. Free particle equation of motion in inertial frame of reference. Different forms.

26. The two problems of dynamics

27. Free particle equation of motion in noninertial frame of reference. Forces of inertia. The features
of the forces of inertia, conditions of the inertia forces zeroing.

9. Testing

The course is divided into four modules:

1. Statics.

2. Kinematics.

3. Dynamics.

Term 3. Module 1 is passed during 10-th week (one attempt), module 2 is passed during 18-th week
(one attempt).

Term 3. Module 2 is passed during 9-th week (one attempt), module 4 is passed during 15-th week
(one attempt).

Before passing modulus, student must make all laboratory works, individual task and independent
work of this modulus.
Defense of individual task is in writing and orally forms.

Deadline for submitting and defense of individual tasks:

individual task problem 1 — 9- th week of term 3,

individual task problem 2 — 15- th week of term 3,

individual task problem 3 — 18- th week of term 3,

After deadline time, students do not obtain points for individual tasks.

Terms 3 and 4 — examinations.

10. Points distribution between topics
Term 3

Monitoring and independent work
Thematic module 1 Thematic module 2 Exam
T1 | T2 | T3 T4 TS T6 T7 | T8 | T9 Total
8 9 28 5 8 8 15 4 15 100 100

National scale and ECTS grade

Total score ECTS scale Mark on national scale (exam or grade test)
90...100 A Excellent
83...89 B
75...82 C Good
68...74 D .
0. 67 C Satisfactory
35...59 FX Unsatisfactory (exam repeating is possible)
Unsatisfactory (it is necessary to repeat the
0...34 F
course)







