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Module 4 – General Sheet Metalwork
Unit 14 – Conical Reducer
Duration – 7 Hours

Learning Outcome:
By the end of this unit each apprentice will be able to:
· Read and interpret drawings involving conical triangulation
· Calculate material requirements for pattern development

· Organise the production sequence

· Produce and fabricate a conical reducer using the triangulation method
Key Learning Points:

	D
	Drawing and development of a conical transition piece/reducer.

	Rk
	Where to use triangulation with conical transitions (i.e. unobtainable apex).

	Rk
	Methods used to arrive at conditions of development.

	H
	Safety in assembly.

	M
	Density/specific gravity.


Training Resources:

· Toolkit
· 0.6mm galvanised mild steel
· Conical bench stakes

· Tools and machinery/equipment

· Safety equipment and protective clothing
· Spot welder, pedestal/handtype, pedestal

· Notepad
· Job card
Key Learning Points Code:
M = Maths
           D= Drawing     RK = Related Knowledge Sc = Science

P = Personal Skills
Sk = Skill
   H = Hazards
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Figure 1 - Conical Transition Piece
Right Cone (Radial Line) XE "Right Cone (Radial Line)" 
[image: image2.jpg]. Draw the elevation and plan views and divide the
base circumference into equal parts in the normal
way

2. With centre O and radius equal to the slant height
5" of the cone draw the base circumference of the
cone pattern and step- off the equal arc lengths from
the plan view

3. Draw the end elements 0-1' and 0-12

4. With radius equal 10 the slant length S*and centre O
draw the top arc to complete the pattern




Figure 2 - Development of a Right Cone Frustrum (Radial Line)
Triangulation XE "Triangulation" 
[image: image3.jpg]



Figure 3 - Development of a Truncated Cone (Triangulation)
Density XE "Density" 
Would you say that coal is heavier than wool? Careful! You could be wrong. Look at the two men in the figure shown here. When comparing substances in this way we should compare the same volume of each substance, e.g. 1 cubic centimetre of each.

[image: image4.jpg]cotton wool

The mass of unit volume of a
substance is called its density.





Figure 4 – Density

Density = mass/volume
If a piece of iron of mass 39 g has a volume of 5 cm³, what is its density?
The mass of 5 cm³ = 39 g

→ 
the mass of 1 cm³ = 39g/5cm³ = 7.8 g cm³.
Mathematically we can now say that
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where p is the density and v is the volume.
To Find the Density of an Irregular Solid XE "Density:To Find the Density of an Irregular Solid" 
1. Use a balance to find the mass of the solid.
2. Fill the overflow can with water and allow the excess to drip away.
3. Place a graduated cylinder under the spout.
4. Lower the solid gently into the overflow can.
The volume of water which overflows into the cylinder equals the volume of the solid.
5. Now divide the mass by the volume.
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Figure 5 - Finding the Density of an Irregular Solid
	Aluminium
	2.7
	Silver
	10.5

	Copper
	8.9
	Zinc
	7.1

	Gold
	19.3
	Mercury
	13.6

	Iron
	7.8
	Meths
	0.8

	Lead
	11.4
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Table 1 - Some Common Densities g cm
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The S.I. unit of density is kg m  , but g cm   is more convenient.
[image: image7.png]density of any substance
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E.g. since the density of water is taken as 1 g cm   and the density of mercury is 13.6 g cm  , then the relative density of mercury is 13.6.
Relative Density (Specific Gravity) XE "Density:Relative Density (Specific Gravity)" 
The weight of a substance per volume, compared to an equal volume of water. For example, 1 m³ of water weighs 1000 kg at 4°C whereas 1 m³ of lead weighs about 11 300 kg; thus it can be seen that lead is 11.3 times heavier. From this we can calculate the weight of any substance by dividing the density of a substance by the density of water. Water is always shown with a specific gravity number of 1.0; therefore any material with a number higher than 1. a will sink in water and those with a number less than 1.0 will float.
The relative density of gases can also be measured and are compared with the specific gravity of air which is also expressed as 1.0.
It is worth noting that we can compare materials with each other; for example, we can see that cast iron weighs less than tin per equal volume and that natural gas is lighter than air and will rise upwards should there be a leak.
Density XE "Density:Density" 
Density is the number of molecules per volume in a particular substance. As previously stated, 1 m³ of water at 4°C weighs 1000 kg whereas a cubic metre of water at 82°C weighs only 967 kg; thus it can be seen that the water at the lower temperature is heavier, there being more molecules, and that the molecules are closer or 'more dense' (more compact).
Water, when cooled below 4° Celsius, begins to expand again; this is a strange phenomenon peculiar to water. It will be seen that water is at its maximum density at 4°C.
Physical Properties of Materials XE "Physical Properties of Materials" 
The term physical properties refers to the weight, colour and strength etc. of a material. All materials have their own qualities and properties, the meaning of each being identified as follows:
Density
The mass of molecules per volume in a particular substance, thus the weight, e.g. kg/m³ (see relative density).

Relative density
(also called specific gravity) The weight of a substance compared to an equal volume of water. Water has a relative density of 1; materials with a number greater than 1 sink of water.

Specific heat

The amount of heat required to raise 1 kg of material by 1°C.
Mass, Volume, Density XE "Mass, Volume, Density" 
The density of water is 1,000 kg per cubic metre; this means that a water tank of volume 1m³ when full with water has a mass of 1,000 kg (neglecting mass of tank).
Example:
Calculate the volume and mass of water which a storage tank of length 0.8m, width 0.4 m, and height 0.5m would contain when completely full. Density of water is 1,000 kg/m³.
Volume = 0.8 x 0.4 x 0.5 = 0.16 m³.

Mass of water = 0.16 x 1,000 = 160 kg.
Another useful relationship is that a mass of 1 kg of water occupies a volume of 1 litre. There are 1,000 litres in 1 cubic metre.
Test Yourself:

Calculate the volume of water in a pipe of diameter 100 mm and length 1m. Express the volume in cubic metres and litres. State the number of mm³ in 1 litre.

Volume 

= π r² 1
= 3.14 x 50 x 50 x 1, 000

Answer:

[image: image8.png]- 7850000
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= 0.00785m²
Volume in litres 
= 0.00785 x 1, 000
= 7.85 litres
1 litre 

= 1,000,000 mm³
A list of densities of common gases, liquids and materials is given below:
Air 
1.3 kg/m³
Petrol 
750 kg/m³
Water 
1,000 kg/m³
Aluminium 
2,600 kg/m³
Mild Steel 
7,300 kg/m³
Cast Iron 
7,800 kg/m³
Brass 
8,200 kg/m³
Copper 
8,700 kg/m³
Lead 
11,400 kg/m³
Mercury 
13,600 kg/m³
Example:
Calculate the volume and mass of a piece of mild steel 100 mm x 120 mm x 10 mm.
Density of mild steel = 7,300 kg/m³
Volume = 100 x 120 x 10 = 120,000 mm³
Volume in m³ = [image: image9.png]120 000
109



 = 0.00012 m³
Remember: There are 10   mm³ in 1 m³
Mass = Volume x Density
= 0.00012 x 7,300
= 0.876 kg
Self Assessment XE "Self Assessment" 
Questions on Background Notes – Module 4.Unit 14

1.     What is the density of water?

	


2.    What volume does 1kg of water occupy?

	


3.    How do you get the true length of a line?

	


4.    Why use triangulation to develop a cone?

	


5.     Calculate the volume of water in a pipe of diameter 200mm and height of 60mm.

	


Answers to Questions 1-5. Module 4.Unit 14

1.

	                     Water is always shown with a specific gravity/relative

                     density of 1.0. 


2.

	1 kg of water occupies a volume of 1 litre. 


3.

	                     Plan length against the vertical height.


4.

	                     Sometimes the apex is a great distance from the base making the  

                     development awkward and wasteful of material.


5.   

	                      Volume  (R² x H   

 3.142 x 100² x 60   =  31420 x 60   =   1,885,200mm³  
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  =  .0018852m²

  Volume in litres   =  .0018852 x 1,000

  Answer                 =   1.8852 litres

  1 litre                    =    1,000,000mm³  
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