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1. EXPLANATORY NOTE
The syllabus of discipline «Aviation Materials» is developed on the basis of "the guidelines for the development and execution of training programs and work training courses", enacted by order 16.06.2015y. №37 / роз.

This discipline is a part of the body of knowledge required in the design, operation and maintenance of electronic equipment and control - navigation systems.

The aim of learning the discipline «Aviation Materials» is to develop the knowledge and skills that ensure solution of engineering problems associated with the use of electrical and structural materials in the construction, maintenance and repair of avionic equipment and flight and navigation systems.

The aim of mastering the discipline is:
·  mastery of knowledge about classification and marking of electrical and structural materials;

· ability to reasonably choose the correct materials under the terms of design, operation and maintenance;
· ability to analyze the effects of operational and environmental factors on the properties of electrical materials.
As a result of mastering the discipline student should:
To know:
· physical concepts of phenomena in the materials for maintenance, their relationship with the properties;

· basic characteristics and properties of electrotechnical and structural materials;

· the results of maintenance influence on the materials of electronic equipment and navigation aids

To be able:
·  to determine the basics characteristics of electrotechnical end structural materials;

· to value the material behavior by different maintenance conditions action;

· to choose the materials for electronic equipment an navigation aid reliability according their functional prescription.

· Handout of course is structured in a modular manner and consists of two classical training modules, namely: 
· training module №1 «Fundamentals of alloy theory. Iron-carbon alloys» 

training module №2 «Nonferrous metals and alloys. Composite materials», 
each of which is logically complete, relatively independent, integral part of the discipline, learning of which provides for modular test and analysis of its doing.

Academic discipline «Science of Aviation Materials» is based on the knowledge got during studying the disciplines: «Physics», «Chemistry», and is the basis for the study of such disciplines as: «Design and strength of aircraft», «Structiral mechanics», «Aircraft and space rocket engines», «Maintenance of aircraft», and others.

2. THE CONTENT OF THE DISCIPLINE
Module №1 «Fundamentals of alloy theory. Iron-carbon alloys»
Topic 2.1.1. Solid body structure.

Structure and properties of solids. Crystaline and amorphous bodies. Types of interatomic bonds. Classification of materials. Crystaline structure of metals. Anisotropy and isotropy.
Topic 2.1.2. Microstructure and imperfections of crystalline structure of metals.
Diffusion in metals. Crystallization of metals. Imperfections in crystalline structure. The effect of imperfections of crystalline structure on the properties of metals. Oding’s curve. The task of microanalyses. Equipment and methods of microanalyses. 

Topic 2.1.3. The elements of alloy theory. 
The definition of alloys. Components and phases. Alloys cooling curves. Diagrams of the phase equilibrium of reliable systems and methods of their construction. Gibbs phase rule. Lever rule.
Topic 2.1.4. Iron-carbon phase diagram.
Iron-carbon phase diagram. Components and phases in this system. The effect of carbon and permanent impurities on the properties of steel..
Topic 2.1.5. Carbon steel and cast iron.

Steel production. Carbon steels and their classification, designation, structure and purpose. Cast iron Types of cast iron.
Topic 2.1.6. The theory of heat treatment of steels.
Types of heat treatment. Interconnection of heat treatment and "iron-carbon" phase diagram. Transformation of perlite into austenite in steels with heating. The decomposition of supercooled austenite. Martensitic transformation. Tempering. The effect of heat treatment on the properties of steel.
Topic 2.1.7. The technology of heat treatment.
Types of annealing. Selection of heating time. Heating time for quenching. Chemical impact of heating medium. Methods of heating and and their use. Cryogenic treatment of steels. Deffects of quenching. Tempering of steel. Surface hardening of steels by HFC and high-energy flows.
Topic 2.1.8. Chemical heat treatment of metals.
CHT Classification. Formation of diffusion layer. Basic processes of chemical heat treatment. Case hardening. Nitriding. Nitrocarburizing. Diffusion saturation by metals and by set of elements. Diffusion chromium plating. Aluminizing. Crhomating+Aluminizing. Boronizing. Laser chemical heat treatment.
Topic 2.1.9. Coatings deposition technologies
Gas sprayed coatings. Plasma ion implantation. Galvanic coatings. Laser deposition techniques. Electro-spark coatings. Surface texturing.
Topic 2.1.10. Alloy steels. Classification and designation of alloy steels according to national and international standards.
Aircraft engineering demands for alloy steels. Classification and designation of alloy steels according to national and international standards. The effect of alloying elements on the properties of steels.
Topic 2.1.11. Alloy steels. Types and use of alloy steels.

Structural alloy steels. High-strength low-alloy steels. Steel for bearings. Stainless steels. Precipitation-hardening steel. Wear-resistant, cryogenic, heat-resistant and heat-strength steels. Tool steel.
Topic 2.1.12 Heat resistant nickel and cobalt alloys
Generations of nickel "superalloys". The effect of alloying elements on the properties of nickel. Cast, wrought and sintered alloys. Heat treatment of nickel alloys. Alloys based on cobalt. The use of nickel and cobalt alloys. 
2.2. Module №2 «Nonferrous metals and alloys. Composite materials».

Topic 2.2.1. Alluminium alloys, classification, designation and heat treatment
The effect of alloying elements on the properties of alluminium. wrought, cast, sintered (powder and granulated) alloys. Heat resistant, high-strength, antifrictional, porous alloys.
Topic 2.2.2. Titanium based alloys. 

Introduction to titanium alloys. The effect of alloying elements on mechanical properties of titanium. α and β stabilizers. Structure and properties of titanium alloys. Heat treatment of titanium alloys.
Topic 2.2.3. Magnesium based alloys.

Introduction to magnesium alloys. The basic alloying elements for magnesium alloys. Wrought and cast magnesium alloys. Heat treatment of magnesium alloys.

Topic 2.2.4. Copper based alloys.
Copper and its alloys. Classification and designation. Tin, aluminum, silicon and beryllium bronze. Single-phase and double-phase brass. Properties of brass and their purpose.
Topic 2.2.5. Tribotechnical materials. 
Materials for tribotechnical purposes. The main types of friction and wear. Antifriction and friction materials. Classification and requirements to them. Use of tribotechnical materials in friction units of aircraft.
Topic 2.2.6. Corrosion of metals
Basic mechanisms of corrosion. Factors that affect the rate of corrosion. Varieties of electrochemical corrosion. Methods of corrosion protection. 
Topic 2.2.7. Aircraft fabrics. Aircraft wood.
Textile materials and their classification: fibers, yarn, threads and fabrics. Textile materials for light aircraft covering. Structure of aircraft wood, properties and purpose.
Topic 2.2.8. Polymeric aircraft materials
Classification of polymers. Thermoplastics. Thermosets. Crystalline polymers. Main groups of aircraft polymers. Aramide, carbon ond glass fibers. Adhesives and sealants.

Topic 2.2.9. Structure and classification of composite materials materials 

The classification of composite materials. Laminates, Sandwich structures. The properties of fillers and matrix materials. Metal matrix composites.
Topic 2.2.10. Types of composite materials

Polymer matrix composites. Ceramic matrix composites. C-C composites. The structure and properties of composites and the application for aerospace engineering. The protection of aircraft from thermo-mechanical impact of lighting.
Topic 2.2.11. Novel aerospace materials.

Smart materials. Pecularities of structure and properties. Materials with shape memory effect. Double SME. Superelastic materials. Materials for thermal barrier coatings.
Topic 2.2.12. Nanomaterials. 
Nanomaterials The main idea of nanoscience. Properties of carbon nanotubes Array of CNT. Paper based on CNT. Metal and ceramic materials strengthened by CNT. Polymer composites reinforced with CNT. Modification of lubricants by CNT. Graphene and materials on its basis.
3. METHODOLOGICAL GUIDES AND TEACHING MATERIALS ON THE DISCIPLINE

3.1 Recommended literature.

3.1.1. Бялік О.М. та ін. Металознавство. Підручник – К.: ІВЦ «Політехніка», 2001. –375 с: іл. 

3.1.2. Матеріалознавство: підручник./ М.В. Кіндрачук, В.Ф. Лабунець, Т.С. Климова, І.Г. Черниш.-К.: НАУ, 2011. – 492 с.;

3.1.3. Лабунець В.Ф. Авіакосмічні матеріали з високою питомою міцністю: навч. Посіб. / В.Ф. Лабунець. – К. : НАУ. – 2015. – 204 с.

3.1.4. Лабунец В.Ф. Авиационные конструкционные материалы с высокой удельной прочностью: Учебное пособие. – Киев: КМУГА, 1993. – 116 с. 

3.1.5. Пахолюк А.П., Пахолюк О.А.. Основи матеріалознавства і конструкційні матеріали. – Львів: Світ, 2005 – 172с.

3.1.6. Полімерні композиційні матеріали в ракетно-космічній техніці: Підручник /Є.О. Джур, Л.Д. Кучма, Г.А.Манько та ін. – К.: Вища освіта, 2003. –399 с: іл. 
3.1.7.Матеріалознавство: російсько-українсько-англійський словник: 9000 слів / укл. : Я. А. Криль [та ін.]. - Л. : Новий Світ-2000, 2009. - 304 с.
3.1.8. S.L. Kakani, Amit Kakani. Materials science. -  New Age International (P) Ltd., Publishers, 2004. – 640p. 

3.1.9. Introduction to Aerospace Materials. 1st Edition / Adrian Mouritz // eBook ISBN: 9780857095152, Paperback ISBN: 9781855739468, Imprint: Woodhead Publishing, Published Date: 23rd May 2012. Page Count: 640   

3.1.10. Kuznetsov V.D., Labunets V.F., Bilokur I.P. Materifls science and engineering. Cource book of lectures. К.: NAU, 2003. – 119 p.;
3.1.11. Klymova T.S. Bratitsa L.S., Suprunivich O.S.  Materials science. Guide to laboratory practical work for students branch 6.070103 “Maintenance of aircraft”. K., NAU, 2011. – 48p.
3.2. Additional recommended sources

3.2.1. Лахтин Ю.М. Материаловедение: Учебник / Ю.М. Лахтин, В.П.  Леонтьева. – М.: Машиностроение, 2003. – 528 с.;
3.2.2 Бабак В.П. Конструкційні та функціональні матеріали. Частина 1. / В.П. Бабак, Д.Ф. Байса, С.Ф. Філоненко. – Київ: Техніка, 2003. – 344 с.;

3.2.3. Морозова И.Д. Электрорадиоматериалы / И.Д. Морозова. – М.: Воздушный транспорт, 2003р. – 200 с.

3.2.4. Алюминиевые сплавы "Состав, свойства, технология, применение" Справочник / В.М. Белецкий, Г.А. Кривов. – К.: "КОМИНТЕХ", 2005. – 365с
3.2.5. Groover Mikell. Fundamentals of modern manufacturing. Materials, processes and systems. - USA, John Willey and sons, Inc, 2007. – 1022p.
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