Topic area: Materials

1. Make a list of materials that are commonly used in engineering.

Typical materials are: low-, medium- and high-carbon steels, copper, brass, bronzes, aluminium, cast iron; nylon, polythene, polypropylene, bakelite, PVC.

2. What is the difference between the two types of properties?
Physical properties are the properties inherit in the material due to the chemical and physical structure of the matter in the material.
Mechanical properties are the properties produced by the material whilst being subjected to various load conditions.

3. List some of the main factors in the choice of materials for engineering components.

Strength
Operating temperature

Toughness
Working conditions of component
Hardness wear
Shape – can it be produced?

Fatigue
Appearance

4. Choose one answer from (a), (b), (c) and (d) to satisfy the following question.
If a material has the property to resist the growth of cracks it is said to be:

(a) Strong

(b) Ductile

(c) Tough

(d) Hard

(c) Tough

5. Define brittleness.

The tendency to fracture without appreciable deformation and at low stress.

6. What is the difference between strength and toughness?

Strength is the ability to resist loading or forces without fracture.

Toughness is the ability to withstand bending and forming without fracture – a resistance to crack growth.

7. A malleable material has the ability to withstand deformation plastically when subject to tensile loading. (TRUE / FALSE)

FALSE

8. What effect does increased carbon content have on the hardness of steel?

The hardness is increased by the carbon content.
9. A component which is to be manufactured from a plain carbon steel required a composition with maximum ductility. Which category would be most suitable?

Low-carbon steel.

10. State whether low-, medium- or high-carbon steel should be used for the following applications.

(a) Heat-treated pin

(b) Welded bracket

(c) Guillotine blades

(d) Forgings

(a) Medium
(b) Low

(c) High

(d) Medium or low
11. Why are cutting tools manufactured from high-carbon steel in preference to low- or medium-carbon?

High-carbon steels contain more carbon and are therefore harder both initially and after heat treatment. In most instances the cutting tool must be harder than the material being cut.
12. What are the three stages the material goes through during this heating?

Stress relief, recrystallization and grain growth.
13. Which of the following processes is used to soften fully a work-hardened steel?

(a) Tempering

(b) Normalizing
(c) Hardening

(d) Annealing
(d) Annealing

14. As the tempering temperature of a fully hardened steel increases, ductility of the material decrease. (TRUE / FLASE)

False. The higher tempering temperatures normally increase ductility.
15. Which heat treatment is required to reduce brittleness after hardening?

Tempering.

16. Cast irons are better in tension that plain carbon steels. (TRUE / FALSE)

False. Cast irons are better in compression.
17. What is the basic difference in the compositions of cast iron and plain carbon steel?

Both are produced primarily from iron and carbon. The carbon content of carbon steels is up to 1.7%. For cast iron it varies between 2.0% and 4.0%.

18. Suggest whether low-, medium- or high-carbon steel should be used for the following applications:

(a) Nails
(b) Ball bearings

(c) Car bodies

(d) Crankshafts

(e) Heat-treatable machine parts

(f) Drills

(a) Low 

(b) High 

(c) Low 

(d) Medium

(e) Medium

(f) High

19. Select from the list which applications are more suitable for ‘white’ or ‘grey’ irons:

(a) Machine tool beds
(b) Crusher hammers

(c) Rollers in cement works

(d) Brake drums

(e) Water pipes

(f) Furnace parts

(a) Grey
(b) White

(c) White

(d) Grey

(e) Grey

(f) Grey
20. What are the two forms which carbon can take in cast iron and which type of iron does it produce?

Cementite – producing ‘white’ iron
21. List the effects of tempering on strength, hardness and toughness of plain carbon steels.

As the tempering temperature increases both strength and hardness reduce. However, in contrast to these toughness increases.
22. State whether the carbon contents below relate to low-, medium- or high-carbon steels.
(a) 0.29%
(b) 0.65%
(c) 0.87%
(d) 0.08%
(e) 1.32%
(f) 0.31%
(g) 0.59%
(a) Low

(b) High

(c) High

(d) Low

(e) High

(f) Medium

(g) Medium

23. What effect does annealing have on the properties of a steel?

Annealing is used for softening a material and produce maximum ductility.
24. In which ways does the normalizing treatment differ from the annealing treatment?

The only difference between annealing and normalizing treatments is the way in which they are cooled. Material which is being annealed is cooled in the furnace whilst for normalizing cooling is done in still air.
25. A steel has less strength after normalizing than after annealing. (TRUE / FALSE)
FLASE.
26. List any three applications of copper used in the home.

Typical applications included: domestic water tanks, tubing for central heating, ornamental canopies above fires, jugs, vases.
27. Which is the most desirable property of the purest copper obtainable?

Electrical conductivity.
28. List two physical properties and any two mechanical properties of copper.

Physical – electrical and thermal conductivity.
Mechanical – ductility and malleability

29. What is the difference in the composition of copper and brass?

Copper is a commercially pure metal.
Brass produced by the addition of zinc to copper in quantities up to 45%.
30. Explain why brass is not as good an electrical conductor as copper.

The addition of zinc to produce brass, together with other elements and impurities, drastically reduces the conductivity of the material.
31. Select the material from list B which would be most suitable for each application in list A.

	A
	B

	(a) Domestic water tank
	1
	Brass (α and β)

	(b) Marine rudder
	2
	Brass (high tensile)

	(c) Cartridge cases
	3
	Copper

	(d) Pump components
	4
	Brass (α)

	
	5
	Brass (β)

	(a) 

	3

	(b) 
	2

	(c) 
	4

	(d) 
	1


32. From the list below select those properties which apply to copper.

	(a) Brittleness
	(d) Ductility

	(b) Good electrical conductivity
	(e) Low thermal conductivity

	(c) High tensile strength
	(f) Malleability


(b), (d), (f)
33. State the difference in composition of brass and bronze.

Both are alloys of copper. Brass is mainly a combination of copper and zinc, whereas bronze is an alloy of copper and tin. Each can contain other elements in smaller quantities.
34. State two typical applications for

(a) Copper

(b) Brass

(c) Bronze

Typical applications included:

Copper – electrical conductors, pipes, architectural cladding, boiler tubes.

Brass – jewellery, presswork and marine applications.

Bronze – bearings (light and heavy duty), pump, valves, etc., coins.

35. Aluminium alloys are usually applied in four forms. What are the forms?
Wrought alloys – heat-treatable
Wrought alloys – non-heat-treatable

Cast alloys – heat-treatable

Cast alloys – non-heat-treatable

36. When aluminum is alloyed, which property can be achieved which makes the alloy better proposition than steel?

It achieves a higher strength: weight ratio and is therefore highly advantageous for aircraft parts.
37. The alloy is heated until all the constituents re-combine as one (α) and is then quenched rapidly to room temperature. What is the name of this treatment?

Solution treatment.
38. What condition is the material of self-assessment question 37 in after the treatment?

A soft and ductile state – similar to an annealed steel.
39. Give the names of two hardening processes used after solution treatment.

Ageing and precipitation hardening.
40. For the compositions below, state the form of supply of the alloy.
(i) 98% aluminium, 2% manganese
(ii) Aluminium, 4% copper, small amounts of silicon and magnesium

(iii) Aluminium, 10% silicon, 1.6% copper

(iv) 90% aluminium, 10% silicon

(i) Wrought alloys – non-heat-treatable

(ii) Wrought alloys – heat-treatable

(iii) Cast alloys – non-heat-treatable

(iv) Cast alloys – heat-treatable

41. By which process do magnesium alloys achieve their maximum strength?

By heat treatment similar to aluminum alloys – ageing or precipitation hardening.
42. Give four elements commonly alloyed with magnesium.

Aluminium, manganese, zinc, zirconium.
43. Listed below are a number of elements combined to form alloys.

State the approximate composition of each.

Alloy (a) – magnesium and manganese
Alloy (b) – magnesium, aluminium, manganese and zinc (give figures for both a cast and a forged material)

Alloy (c) – magnesium, zinc and zirconium (rolled or extruded material)

Alloy (a) –
98.5%, 1.5%
Alloy (b) – 
91%, 8%, 0.3%, 0.7% (cast)

90.7%, 6%, 0.3%, 1% (forged)

Alloy (c) –
96.3%, 3%, 0.7%

44. For which of the following applications are magnesium alloys suitable?

(a) Portable tools

(b) Bridge construction

(c) Machine beds

(d) Aircraft parts

(e) Ladders

(f) Railway tracks

(a), (d), (e)
45. All aluminium alloys can be heat-treated to produce their required strengths. (TURE / FALSE)

False
46. Select from the list below the possible forms of supply of magnesium alloys.

	(a) Sand casting
	(d) Extrusions

	(b) Forging
	(e) Die castings

	(c) Rolled sections
	


Magnesium alloys can be obtained in all forms listed.
47. List six suitable applications for aluminium alloys.

Aircraft parts – engine and frame, marine applications, rivets, radiators, gearboxes, sumps, scaffold tubes, cooking utensils, decorative paneling, etc.

48. Which is lighter metal – aluminium or magnesium?

Magnesium

49. What are the disadvantages of using pure aluminium or magnesium structurally?

They are very weak.

50. Magnesium alloys are unsuitable for cold-working. (TRUE / FALSE)

TRUE

51. What is the composition of ‘fine’ tinman’s solder?

62% tin, 38% lead.

52. Give two other elements sometimes added to lead-tin alloys.

Antimony and silver.

53. A solder has the following composition – 43.5% tin, 55% lead, 1.5% antimony. What is a typical application for this alloy?
It is a general-purpose solder.

54. Give the composition of solders having the following users or applications:
(a) Plumber’s solder

(b) For soldering iron or steel

(c) For soldering tin cans

(a) 33% tin, 67% lead

(b) 12% tin, 80% lead, 8% antimony

(c) 40% tin, 60% lead

55. From the list below select four properties which a bearing metal must posses.

(a) High coefficient of friction

(b) Hardness

(c) Brittleness

(d) Some ductility
(e) Wear resistance

(f) Toughness

(b), (b), (e), (f)
56. A planning machine is to be made from some material such that the table slides easily over the bed. If the table and bed are to be similar materials, suggest a suitable material from those discussed in the text.

The best material for machine beds which has bearing qualities is cast iron.
57. Pure metals posses all the necessary properties for a bearing. (TRUE / FALSE)

False. To obtain the very wide range of properties, materials need to be combined together.

58. When two materials are combined to produce a bearing material they usually have a common type of structure. What is the structure like?

The main structure usually consists of a soft but tougher material as the body. This contains hard particles of the second material.

59. Which of the following materials are NOT commonly used as bearing materials?

(a) High-carbon steel

(b) Cast iron

(c) Magnesium

(d) Phosphor bronze

(e) An alloy of lead, tin and antimony

(f) Aluminum
(a), (c) and (f)

60. Name one property which is common to most plastics.
High electrical resistance. This makes them suitable for use as insulating material.
61. Which of the following thermoplastics has the highest operating temperature?

(a) PVC

(b) Nylon

(c) PTFE

(d) Polystyrene
(c)
PTFE

62. List three thermoplastics which may be used for household containers.

The list may include polypropylene, PVC, polystyrene, ploythene.
63. State the main difference between a thermoplastic material and a thermosetting material.

A thermoplastic can be repeatedly heated, softened and re-hardened again without detriment to its properties, whilst a thermostat becomes permanently set during its initial production.
64. State which of the following materials are thermosetts and which are thermoplastics.

(a) Epoxy resin

(b) Nylon

(c) Urea formaldehyde

(d) Polypropylene

(e) Polyurethane
(f) Polyethylene
(g) Polystyrene
Thermosetts (a), (c), (e)

Thermoplastics (b), (d), (f), (g)

65. Which thermosetting material is used for cups, saucers, plates etc?

Melamine formaldehyde

66. Suggest thermosetting materials suitable for the following applications. Note that in some instances more than one material is suitable.
(a) For bonding metal to glass

(b) Electrical plugs and sockets

(c) Reinforcement for aircraft wings

(d) Button

(e) Boat hulls

(a) Polyurethane or epoxy resin
(b) Phenol formaldehyde, urea formaldehyde

(c) Polyurethane foam

(d) Phenol formaldehyde, urea formaldehyde

(e) Epoxy and polyester resins

67. State four of the outstanding properties of epoxy resins.

(a) High strength and toughness
(b) High dielectric strength and resistance

(c) Excellent adhesion

(d) Resistance to chemicals and moisture

(e) Shrinkage is negligible

(f) Excellent ware resistance

68. Thermoplastic materials are generally stringer and more rigid than thermosetting plastics. (TRUE / FALSE)
False. Thermosetts are stronger and more rigid than thermoplastic materials.
69. State four plastics commonly used in the home, together with their application.
Some typical solutions are:
Bakelite – for electrical plugs

Polyurethane – knobs, handles, paint

Acrylics – clothing

Other examples are polyethylene (in food packaging), melamine formaldehyde (formica, etc.)

