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Resistant Materials Metal
Where do Metals come from?

Metals are made by mining ore from within the earth. Metal is then extracted out of the rocks in an extremely large scale industrial process. There are three main types of metals ferrous metals, nonferrous metals and alloys.
Much of the worlds Iron ore is mined in Australia with the majority of the mining operations based in Western Australia. 
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Metal Types
Ferrous metals

Ferrous metals are metals that consist mostly of iron and small amounts of other elements. Ferrous metals are prone to rusting if exposed to moisture. Ferrous metals can also be picked up by a magnet. The rusting and magnetic properties in ferrous metals are both down due to the iron. Typical ferrous metals include mild steel, cast iron and steel.
Non-Ferrous Metals
Non-ferrous metals are metals that do not have any iron in them at all. This means that Non-ferrous metals are not attracted to a magnet and they also do not rust in the same way when exposed to moisture. Typical Non-ferrous metals include copper, aluminium (coke cans), tin and zinc.
Metal Alloys

Alloys are substances that contain two or more different metals and occasionally other elements. The metals are carefully chosen and mixed to achieve specific properties these include reducing the melting point making the alloy light weight, etc, etc.

Metal properties
There are a lot of properties which need to be thought of when deciding what metal to use:
	Property

	Hardness – resistance to scratching, cutting and wear.

	Elasticity – the ability to get back to its original shape after it has been misshapen.

	Malleability – the ability to be easily pressed, spread and hammered into shapes.

	Work hardness – when the structure of the metal alters as a result of consistent hammering or strain.

	Ductility – the ability to be stretched without breaking.

	Brittleness – it will break easily without bending.

	Compressive strength – very strong when under pressure.

	Tensile strength – very strong when stretched.

	Toughness – resistance to breaking, bending or deforming.


Metal Sizes and Profiles
Steel is available in many standard sizes and shapes which are utilised by industry. Steel comes in differing grades or specifications which allow the manufacturer to choose a steel section and type that will suit the application. 
Questions  (Answer these on an electronic copy of this document)
1). How do we get metal?
2.) What is a ferrous metal?
3.) What is a non ferrous metal?
4.) What is an alloy?
5.) What is a metals hardness?
6.) What is a metals Malleability?
7.) What is a metals Toughness?
8.) What metal sizes are available?

Design Brief

The design brief is to create a camping spade that is strong, durable, and practical, making it an essential tool for campers. The spade should be constructed primarily using steel, with a moderate-sized blade and a comfortable handle. The design should be optimized for ergonomics, safety, aesthetics, and cost-effectiveness.

Constraints
The camping spade can be constructed as per the drawing or with modification to suit the user’s intended application. 

· All design modifications must be presented as technical drawings or CAD files

· Utilise existing materials and equipment in the workshop.

· Be safe and justifiable within the brief.
Materials (Cutting List) 
	MATERIAL
	NUMBER 
	DIMENSION

	25x3 FMS
	2
	150mm

	25x25x2 RHS
	1
	500mm

	2mm MS plate
	1
	150x200mm

	2mm MS plate
	1
	30x20mm

	2mm MS plate
	1
	20x20mm

	25x1.6 MS Round tube
	1
	125mm


Procedure

Handle Materials
1) Cut 310mm of 25x3mm FMS with the Bench shear 

2) From this piece cut 2 pieces at 130mm long using a hacksaw

3) Use a file to square and deburr one end of both pieces

4) Mark the other end of both with a 25mm diameter half circle
5) Remove most of the excess with the hacksaw or bench shear and then grind to the mark and deburr with a file or pedestal grinder.
6) Mark 30mm from the square end of each piece and 50mm from   the rounded end of each piece 
7) Bend the FMS using the bar bender to 45 degrees on both marks to achieve a 50mm offset.

8) Cut a 500mm piece of 25x25 RHS using the bandsaw

9) Use a hacksaw to cut one end on a 45-degree angle and deburr both ends of the RHS 

10)  Cut a piece of 25mm diameter round tube to 125mm and deburr
11) Cut a 20x20mm and a 30x20mm piece of 2mm plate using the bench shear. 

The Blade

12) Using a scribe mark 25mm from the 150mm edge of the 2mm plate and mark the corners at 45 degrees

13) Mark the centre of the plate down the 200mm length

14) Mark lines 12.5 mm either side of the centre line
15) From a point 15mm either side of the centre line mark the top edge to the intersection of the parallel lines and the line 25mm from the top edge

16) Mark out your blade shape that you have designed

17) Use a hacksaw to cut down to the line 25mm from the top edge along the angled line on each side of the centre

18) Use pliers to break out the section between the cuts and file to deburr
19) Use the Guillotine to trim the top corners on the 45 degree marks

20) Cut out the shape of the blade

21) Deburr all edges

22) Fold the 25mm at the top of the blade to 90 degrees

23) Fold along the 2 parallel lines to about 5 degrees

Assembly

24) Cap both ends of the RHS with the 2mm plate using the MIG and clean up with a flap disc on the angle grinder


25) Tack the handle pieces together and onto the shaft as per the drawing 

26) Tack shaft onto blade as per the drawing (take care to align correctly)

27) Weld shaft to blade and handle components

28) Clean up all welds using file and flap disc

29) Apply coating.
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Rio Tinto’s iron ore operations in the Pilbara began in 1966, with the Mount Tom Price mine (pictured) part of Hamersley mine complex, opening that year. (Image courtesy of � HYPERLINK "https://en.wikipedia.org/wiki/Mount_Tom_Price_mine" \t "_blank" �Wikipedia.�)
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