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  CHAPTER 12 
Manufacturing technical objects

 1   MATERIALS

•
To decide which materials are suitable for making technical objects, manufacturers must first determine the stress the objects will be exposed to and the possible resulting deformations. 
The manufacturers must also know the properties of the selected materials (p. 386).

•
A constraint describes the effect of external forces on a material. The main types of constraints are compression, tension, torsion, deflection and shearing (p. 387).

•
Depending on the constraints on the constituent materials of an object, three types of deformation can take place: elastic deformation, plastic deformation or fracture (p. 387).

•
The reaction of a material under stress often depends on its properties. The mechanical properties of a material describe how it reacts when subjected to one or more constraints. Some examples of mechanical properties are hardness, elasticity, resilience, ductility, malleability and stiffness (p. 388).

•
Other properties that may be desirable in a material are resistance to corrosion, electrical conductivity and thermal conductivity (p. 389).

•
All materials degrade, although at different rates. The degradation of a material is the decline in some of its properties due to the effects of the surrounding environment (p. 389).

•
A material can be protected to counteract the damaging effects of degradation. The protection of a material is the application of procedures that prevent or delay its degradation (p. 390).

 2   CATEGORIES OF MATERIALS AND THEIR PROPERTIES

•
Wood was one of the first materials to be put to use by humans. It is a material obtained by harvesting and processing trees (p. 390).

•
The main properties of wood are its hardness, elasticity, resilience and toughness; its low thermal and electrical conductivity; the ease with which it can be shaped and assembled; its beauty, colours and shades; and its lightness (p. 391).

•
Modified wood is treated wood or a material made from wood mixed with other substances. Common products include plywood, particleboard and fibreboard (p. 391).

•
Wood is a material that can degrade swiftly. Various means exist to protect wood from the effects of organisms that degrade it. For example, it can be varnished, painted or treated with protective coatings. It can also be heated to a high temperature (p. 392).

•
A ceramic is a solid material obtained by heating inorganic matter containing various compounds, usually oxides (p. 392). 

•
The properties of ceramics vary with the raw materials used to make them and with the baking method. Ceramics are useful materials because of their low electrical conductivity, their generally high degree of hardness, their heat resistance and low thermal conductivity, their resistance to corrosion and, in some cases, their resilience (p. 393).

•
In general, ceramics are very durable. However, exposure to acids, bases and thermal shocks should be avoided. Certain properties of ceramics can be further enhanced by choosing suitable raw materials and baking temperatures (p. 394).

•
A metal is a material extracted from a mineral ore. Metals are usually shiny in appearance and are good conductors of electricity and heat. They are usually mixed with other substances, metallic or otherwise, which enhance their properties. These mixtures are called alloys. An alloy is a mixture of a metal with one or more other substances, which may be metallic or nonmetallic (p. 394).

•
Alloys can be divided into two types. The most common are ferrous alloys, whose main component is iron. All other alloys (whose main component is a metal other than iron) are called nonferrous alloys (p. 394).

•
The main cause of metal and alloy degradation is oxidation, which causes corrosion. To protect metals and alloys from degradation, coatings and surface treatments are often used. The material is isolated from its surroundings, and then the surface is treated so that a protective coating can adhere to it (p. 395). 

•
Steel heat treatments are methods of enhancing certain mechanical properties of steel through periods of heating. Harder steels are obtained through the processes of quench hardening and tempering. Annealing, another type of heat treatment, restores the original properties of steel after it has been deformed—by welding, for example (p. 395).

•
A plastic is a material made of polymers, to which other substances may be added to obtain certain desirable properties. Plastics are generally divided into two subcategories: thermoplastics and thermosetting plastics. A thermoplastic is a plastic that becomes soft enough when heated to be moulded or remoulded and that hardens enough when cooled to hold its shape. A thermosetting plastic is a plastic that remains permanently hard, even when heated (p. 397).

•
The degradation of plastics is frequently slow, but always irreversible. Three main factors cause their degradation: penetration by a liquid, oxidation and ultraviolet rays. Methods of protection against degradation include the application of a waterproof coating, the addition of antioxidants, such as carbon black, and the addition of pigments that absorb ultraviolet rays (p. 398).

•
A composite is formed by combining materials from different categories to obtain a material with enhanced properties. A composite has two main components: the matrix and the reinforcement. The matrix constitutes the skeleton of the material and gives it its shape. It surrounds and supports the reinforcements, which are inserted into the matrix to strengthen it (p. 399).

•
Each composite has its own characteristics, depending on the matrix and the type of reinforcement (p. 401).

•
The degradation of composites usually takes the form of a deformation or fracture of the matrix or the reinforcements, or a loss of adherence between the matrix and the reinforcements. To protect composites from degradation, it is important to ensure that their constituent materials are not likely to become deformed or break under the conditions of their intended use. Assuring a strong adherence between the matrix and the reinforcements is also essential (p. 401).

 3   TECHNICAL DRAFTING

•
A projection is the representation of a three-dimensional object on a two-dimensional surface (p. 402).

•
When an object is drawn so that the lines representing its length, height and depth form 
120° angles on the paper, the drawing is an isometric projection (p. 402).

•
To create a multiview projection of an object, the drafter must visualize the object in the middle of a transparent cube. Using basic lines, the drafter draws the different views of the object as they would appear on the sides of the cube. The result is a multiview projection (p. 402).

•
A general arrangement is a technical drawing representing the overall appearance of an object (p. 403).

•
An exploded view is a drawing in which the various parts of the object are separated from one another (p. 404).

•
A detail drawing is a drawing specifying all the relevant information for manufacturing a part (p. 405).

•
The functional dimensioning of a drawing specifies the information required for the object to work (p. 406).

•
A development is the representation of the surface area required to make a part by bending (p. 407).

•
A diagram is a simplified representation of an object, a part of an object, or a system (p. 408). 

•
The main types of diagram are:

· the design plan, which is a simplified representation of one or more of the operating principles of an object or a system

· the technical diagram, which provides information on the selected manufacturing process of an operational object or system

· the circuit diagram, which is a simplified drawing with symbols to show the layout of various components (light bulb, wire, battery, switch, etc.) of an electrical circuit (p. 408)

 4   MANUFACTURING: TOOLS AND TECHNIQUES
•
Manufacturing is a series of operations resulting in the creation of a technical object (p. 410).

•
A tool is an instrument used in the manufacture of an object (p. 411).

•
A machine tool is a tool that is held and operated by forces other than human force (p. 411).

•
The manufacturing process is usually divided into three stages:

– measuring and laying out the parts

– machining the parts

– assembling and finishing the parts (p. 411)

•
Measuring is the act of determining the size or position of a marking (p. 412).

•
Laying out is the act of tracing markings or reference points onto a material (p. 412).

•
Machining consists in shaping a material into a desired configuration (p. 413).

•
Cutting consists in giving a material a desired shape (p. 414).

•
Drilling consists in making a hole in a material (p. 414).

•
Tapping is a machining technique in which screw threads are formed inside holes drilled into a material (p. 415).

•
Threading is a machining technique in which screw threads are formed around a rod (p. 415).

•
Bending is a machining technique in which a material is curved into a certain shape (p. 415).

•
A part is inspected in various ways during machining, including:


– checking its length, width and thickness

– ensuring that any holes are the right size and in the correct places

– checking that it has the right shape (square, hexagonal, triangular, etc.) and is bent at the correct angle

– ensuring that surfaces are level (p. 416)

•
Assembling is a set of techniques by which various parts are united to form a complete technical object. There are numerous assembly techniques, including nailing, screwing, bonding, riveting, joining, bolting and welding (p. 417).

•
Finishing is a set of techniques that complete the manufacture of the parts of a technical object (p. 417).
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