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[bookmark: _Toc56109039]Module 4
[bookmark: _Toc56109040]Lesson 6:  Heat Treatment Processes: Hardening, Tempering, Annealing and Normalizing
[bookmark: _Toc56109041]Introduction
Steels and other alloys are applied in different areas of engineering practice (such as changing conditions), and these conditions require different properties. In some places, some suffer from bending and others suffer from distortion. 
[bookmark: _Toc56109042]Classification of heat treatment processes
The heat treatment process is categorized as follows:
Annealing: This is an important process that stabilizes the metal structure. This heat treatment results in a uniform structure, softens the metal and produces the desired macrostructure. 
Normalization: The normalization process is similar to sequential annealing, but with different heating. It is usually used as the final step in the heat treatment of a material.
Hardening: A widely used process for cutting tools and machine parts made of all alloys. Steel, molds, and certain mechanical parts require heavy labor
Tempering: This process is primarily aimed at tempering steel to convert martensite to ferrite and cementite. In this process, the hardened steel is reheated to a lower temperature.
[bookmark: _Toc56109043]Lesson 7: Metal Cutting
In metal cutting operations, one or more cutting edges are used to gradually push the cutting tool into the excess material of the work piece. This removes any excess material that impedes relative movement in the form of chips. 
Cutting tools
Metal cutting tools can be divided into single-point, double-point or multi-point tools according to the number of effective cutting edges on the tool. Drills have two cutting edges, while milling cutters usually have more than two cutting edges. 
[bookmark: _Toc56109044]Module 5
[bookmark: _Toc56109045]Lesson 8: Electrical Arc Welding
Introduction
Welding is the process of joining similar metals with or without heat or applying pressure and adding filler (Alhendal, 2019). Welded joints have continuous homogeneous materials with similar parts composition and characteristics and are connected together. 
[bookmark: _Toc56109046]Types of welding
Plastic welding: Metal parts to be added are usually heated to a plastic state, and then forged together by external pressure. Examples are forging, resistance and hot welding.
Fusion welding: Material at the joint together with the filler metal, it is heated to a molten state and solidified. Examples include are arc, gas and thermit welding.
[bookmark: _Toc56109047]Electric arc welding
It involves putting two current-carrying conductors together to produce an arc separated by a small distance, as long as there is enough voltage available for current to flow through the air gap. 
[bookmark: _Toc56109048]Types of welded joints
Lap joint: It is used to connect two overlapping boards in order to weld the edge of each board to another. 
Corner joint: It is used to join the two edges of two plates with surfaces of the two plates at right angles to each other suitable for light and heavy duty.
Edge: It is used in connecting the edges of parallel plates by welding. It is economical for thinner boards and it is not suitable for components that bear direct tension or bending.
[bookmark: _Toc56109049]Lesson 9: Gas Welding
In gas welding, the heat required to heat and melts the matrix and filler metal is obtained by burning gas with oxygen. Commercial gases used in welding practice are acetylene, hydrogen and natural gases. 
[bookmark: _Toc56109050]Oxyacetylene flame
Like all other flames, an oxyacetylene flame is produced when two gases meet and burn with the release of heat and light. Using commercially pure oxygen and acetylene produce the hottest known flame.
[bookmark: _Toc56109051]Flame temperature
The higher the temperature, the higher the heating and melting efficiency of the metal. The temperature of the flame is not constant. It varies along the flame across the flame and depends on the composition of the flame 
[bookmark: _Toc56109052]Oxyacetylene welding techniques
In oxyacetylene welding, welding starts by preheating the base metal and generating a small amount of molten metal pool. In forward welding, the electrode guides the welding torch in the welding direction, and the flame is guided forward in the direction of welding. This technology produces clean-looking welds and can be used to weld thin metal plates. 
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