Unit 2
MECHANICAL PROPERTIES OF METALS

Starting Up
· What properties of metals do you know?
· What metals are mostly used for the following items? Why? 
 (
wires
 and cables
cooking foil
fences
sculptures
aircraft body
jewelries
water
 taps
machine tools
fireplace
)


Text: Mechanical Properties, Part I
Study the vocabulary 
	
	Word
	Translation

	1. 
	meet the needs
	отвечать требованиям

	2. 
	external forces  /ɪkˈstɜːnl /
	внешние силы

	3. 
	tension /ˈtenʃən/
	напряженность

	4. 
	compression  /kəmˈpre ʃən/ 
	сжатие

	5. 
	torsion  /ˈtɔːʃən/
	кручение

	6. 
	to bend
	гнуть, согнуть

	7. 
	shear  /ʃɪə/
	срез

	8. 
	elastic deformation  /ɪˈlæstɪk ˌdiːfɔːˈmeɪʃən/
	упругая деформация

	9. 
	permanent deformation /ˈpɜːmənənt/
	постоянная деформация

	10. 
	creep /kriːp/
	ползучесть

	11. 
	fatigue / fəˈtiːɡ /
	усталость металла

	12. 
	twisting
	закручивание, изгиб

	13. 
	volume 
	объем, количество

	14. 
	bar
	брусок, прут

	15. 
	to stretch
	растягивать

	16. 
	to exceed /ɪkˈsiːd/
	превышать

	17. 
	elastic limit
	предел упругости

	18. 
	rupture  /ˈrʌptʃə/
	разрыв

	19. 
	cyclic  stress /ˈsaɪklɪk/
	циклическое напряжение

	20. 
	to occur  /əˈkɜː/
	происходить

	21. 
	to propagate  /ˈprɒpəɡeɪt/
	распространять(ся)

	22. 
	cross-sectional area
	площадь поперечного сечения

	23. 
	to loosen /ˈluːsən/
	ослаблять, расшатывать

	24. 
	fracture  /ˈfræktʃə/
	перелом, излом

	25. 
	to extend  /ɪkˈstend/
	расширять


Exercise 2.1. Read the text. While reading fill in the tables below. 
	External Force Affecting Metal
	Main Features
	Reasons

	Compression
	
	

	Tension
	
	



	Effect of External Forces
	Reasons
	Results

	Fatigue
	
	

	Creep
	
	


Material Science and Technology is the study of materials and how they can be fabricated to meet the needs of modern technology. Using the laboratories, techniques and knowledge of physics, chemistry and metallurgy, scientists are finding new ways of using metals, plastics and other materials. 

Engineers must know how materials respond to external forces, such as tension, compression, torsion, bending, and shear. All materials respond to these forces by elastic deformation. That is, the materials return their original size and form when the external force disappears.  The materials may also have permanent deformation or they may fracture. The results of external forces are creep and fatigue. 

Compression is a pressure causing a decrease in volume. When a material is subjected to a bending, shearing, or torsion (twisting) force, both tensile and compressive forces are simultaneously at work.  When a metal bar is bent, one side of it is stretched and subjected to a tension force, and the side is compressed. 

Tension is a pulling force; for example, the force in a cable holding a weight. Under tension, a material usually stretches, returning to its original length if the force does not exceed the material’s elastic limit. Under larger tensions, the material does not return completely to its original conditions, and under greater forces the material ruptures. 

Fatigue is the growth of cracks under stress. It occurs when a mechanical part is subjected to a repeated or cyclic stress, such as vibration. Even when the maximum stress never exceeds the elastic limit, failure of the material can occur even after a short time. No deformation is seen during fatigue, but small localized cracks develop and propagate through the material until the remaining cross-sectional area cannot support the maximum stress of the cyclic force. Knowledge of tensile stress, elastic limits, and the resistance of materials to creep and fatigue are of basic importance in engineering. 

Creep is a slow, permanent deformation that results from steady force acting on a material.  Materials at high temperatures usually suffer from this deformation. The gradual loosening of bolts and the deformation of the components of machines and engines are all the examples of creep. In many cases the slow deformation stops because deformation eliminates the force causing the creep. Creep extended over a long time finally leads to the rupture of the material. 
After-reading tasks:
Exercise 2.2. Answer the questions:
1. What are the external forces causing the elastic deformation of materials? Describe those forces that change the form and size of materials.
2. What are the results of external forces?
3. What kinds of deformation are the combinations of tension and compression?
4. What is the result of tension? What happens if the elastic limit of material is exceeded under tension?
5. What do we call fatigue? When does it occur? What are the results of fatigue?
6. What do we call creep? When does this type of permanent deformation take place? What are the results of creep?


Text B Mechanical Properties, Part II
Study the vocabulary:
	
	Word
	Translation

	1. 
	density 
	плотность

	2. 
	volume 
	объем

	3. 
	to sink
	тонуть

	4. 
	stiffness
	жесткость

	5. 
	stress
	давление, напряжение

	6. 
	strain 
	нагрузка, напряжение, деформация

	7. 
	rigid 
	жесткий

	8. 
	strength  /streŋθ/
	прочность

	9. 
	yield strength  /jiːld/
	предел текучести

	10. 
	ductility  /dʌkˈtɪləti/
	ковкость, эластичность

	11. 
	to absorb /əbˈsɔːb/
	поглощать

	12. 
	toughness /tʌf nəs/
	прочность, стойкость

	13. 
	crack 
	трещина

	14. 
	inversely /ˌɪnˈvɜːsli/
	в обратном порядке

	15. 
	square root
	квадратный корень

	16. 
	tensile strength /ˈtensaɪl/
	прочность на разрыв

	17. 
	constituent /kənˈstɪtʃuənt/
	компонент

	18. 
	creep resistance /kriːp/
	устойчивость к ползучести

	19. 
	gradual /ˈɡrædʒuəl/
	постепенный

	20. 
	permanent /ˈpɜːmənənt/
	постоянный 


Exercise 2.7. Read the text. While reading fill in the table below. 
	Property of Metal
	How it is measured or defined
	Importance

	Density
	
	

	
	
	


Density (specific weight) is the amount of mass in a unit volume. It is measured in kilograms per cubic meter. The density of water is 1000 kg/m³, but most materials have higher density and sink in water. Aluminium alloys, with typical densities around 2800 kg/m³ are considerably less dense than steels, which have typical densities around 7800 kg/m³. Density is important in any application where the material must not be heavy. 

Stiffness (rigidity) is the measure of the resistance to deformation such as stretching and bending. The Young modulus is a measure of the resistance to simple stretching or compression. It is the ratio of the applied force per unit area (stress) to the fractional elastic deformation (strain). Stiffness is important when a rigid structure is to be made. 

Strength is the force per unit area (stress) that a material can support without failing. The units are the same as those of stiffness, but in this case the deformation is irreversible. The yield stress is the stress at which a material first deforms plastically. For a metal the yield strength may be less than the fracture strength, which is the stress at which it breaks. Many materials have a higher strength in compression than in tension.

Ductility is the ability of a material to deform without breaking. One of the great advantages of materials is their ability to be formed into the shape that is needed. Materials that are not ductile are brittle. Ductile materials can absorb energy by deformation but brittle materials cannot.  

Toughness is the resistance of a material to breaking when there is a crack in it. For a material of toughness, the stress at which it will fail is inversely proportional to the square root of the size of the largest defect present. Toughness is different from strength: the toughest steels, for example, are different from the ones with highest tensile strength. Brittle materials have low toughness: glass can be broken along a chosen line by first scratching it with a diamond. Composites can be designed to have considerably greater toughness than their constituent materials. The example of a very tough composite is fiberglass that is very flexible and strong. 

Creep resistance is the resistance to a gradual permanent change of shape, and it becomes especially important at higher temperatures. A successful research has been made in materials for machine parts that operate at high temperatures and high tensile forces without gradually extending, for example the parts of plane engines. 
After-reading tasks: 
Exercise 2.8. Answer the questions:
1. What is the density of a material?
2. What are the units of density? When is low density needed?
3. What are the densities of water, aluminum and steel?
4. What does stiffness measure? When is it important? 
5. What is called Young modulus? 
6. What is strength? Yield strength? Why is fracture strength always greater than yield strength?
7. What is ductility? Give some examples of ductile materials. Give some examples of brittle materials. 
8. What is toughness? 
9. What properties of steel are necessary to produce: a) springs b) car body parts c) cutting tools?
10. What are the most common applications of aluminum due to its light weight?

