[image: image5.png]B






1.
Engineering communication
Engineering requires the use of accurate specifications and standards that are often presented using engineering drawings, particularly when products are being manufactured. In recent years computer aided drafting (CAD) has largely replaced hand-drawn techniques (for 2D) and model-making (for 3D). CAD allows the production of high quality, accurate drawings very quickly. This information can be transferred electronically, thereby saving time and resources. Similarly, the information can be used, in conjunction with other software packages, to increase the speed, quality and reliability of production.

activities

2D drafting
· In groups of three produce a list of at least five advantages of using CAD over traditional drafting. Write down these advantages on a whiteboard, a flipchart or in a PowerPoint slide (as directed by your teacher/tutor) to share with your class.

3D modelling

· Before 3D CAD models were available manufacturers had to rely upon model makers to construct scaled down and full-size models of components. In pairs, list five reasons why CAD models have largely replaced this technique. 

points for discussion

· What are the disadvantages of introducing a CAD system?

· How can 3D physical models be generated from 3D CAD models?

2.
Hardware and software requirements
In recent years CAD has largely replaced hand-drawn (for 2D) and model-making (for 3D) techniques. CAD allows the production of high quality, accurate drawings very quickly. This information can be transferred electronically, thereby saving time and resources. However, it requires organisations to invest in computer systems, and the hardware and software requirements for CAD and associated systems can be significant. 
activities

A local manufacturer is considering introducing a CAD package, for which you have been asked to determine the hardware and software requirements. Produce a checklist to include: 

· computer specification 

· key input devices 

· key output devices

· operating system 

· CAD software

· consumables.
points for discussion

· What are the cost implications of introducing a CAD system?
· How are CAD drawings stored? What about backup copies?

· How is CAD data transferred within the company and with its customers?

3.
Circuit diagrams
Constructing circuit diagrams is often necessary for installations involving hydraulic, pneumatic, and electronic applications. Whilst specific software is sometimes used, it can be quickly and easily facilitated using CAD software.

Websites such as those listed below can be accessed to download pre-drawn symbols that allow circuit diagrams to be quickly and easily produced.

http://cben.net/
http://www.cad.homemicro.co.uk/l
Please be aware that whilst the above websites are accurate at the time of producing this case study, it cannot be guaranteed that they will always be available and hold the appropriate information.

activities

Task 1

[image: image5.png]In groups of three, split up the symbols shown here so that each of you draws three symbols. Use the ‘grid’ function and appropriate text and editing commands to construct the symbols. 

Using memory sticks/shared network drives or other techniques, share the symbols and produce a simple circuit diagram such as that shown below.
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Task 2
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The diagram below shows a typical circuit drawn using a grid layout. In groups of five split up the symbols shown here so that each of you draws one symbol. Use the ‘grid’ function and appropriate text and editing commands to construct the symbols. Using memory sticks/shared network drives or other techniques, share the symbols and produce the circuit diagram below.
points for discussion

Divide into groups and research one of the following using the Internet:

· software for producing pneumatic circuit diagrams
· software for producing hydraulic circuit diagrams
· software for producing electronic circuit diagrams
· software for producing electrical circuit diagrams.
What are the advantages and applications for these software packages and what kind of companies would use them? 

4.
Accurate drawing construction
Engineering requires the use of accurate sizes and dimensions in drawing, which is of particular importance when drawings are imported into other software packages such as those for computer aided manufacturing (CAM). CAD facilitates the production of accurate drawings by allowing direct data input. Using the ‘dot to dot’ approach allowed by the use of grids is often slow and lacks finesse. Absolute 
co-ordinates use the ‘x’ and ‘y’ co-ordinate system, which allows you to draw lines to/from precise points on the screen (x, y).

(
This is the positive ‘y’ direction
(
This is the negative ‘y’ direction 

(
This is the positive ‘x’ direction 
(
This is the negative ‘x’ direction

So, rather like map reading, (65,54) is a point 65 units in the ‘x’ direction (to the right) and 54 units in the ‘y’ direction (upwards). Similarly (-10,54) is a point 10 units to the left (negative of the origin) and 54 units (upwards). If a line was drawn between these two points you can determine that it would be horizontal and 75 units long.
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 Working with ‘x’ and ‘y’ co-ordinates can be time consuming because you have to calculate points from the origin all the time. Consequently, ‘relative’ co-ordinates are frequently used. Relative co-ordinates specify the distance from the point, in ‘x’ and ‘y’ terms, that you are currently considering.

 Polar co-ordinates allow you to define a point by specifying the displacement and direction/angle from a given point. So to draw a line at an angle you need to specify how long the line is and what angle is required. Angles are normally defined using the convention shown here, can you fill in the missing angles?

Sometimes you will need to connect drawing objects to each other, for example when drawing a line from the centre of a circle to the mid-point of another line. This technique is often referred to as object snap and is useful for editing as well as drawing.

Example

100,100






270,100
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The line shown above can be drawn using:

· absolute co-ordinates, using the points as shown
· relative co-ordinates, with the end point being 170,0 away from the start point
· polar co-ordinates, with the end point being 170 units at 0( from the start point.
activities

Task 1

Construct the following symmetrical shape using absolute, relative and polar co-ordinates.
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Task 2

Construct the Profile shown below to the given sizes. You will need to investigate how to use the appropriate tool to construct circles, but there is no need to add dimensions to your drawing. However, you should use the object snap tools to complete the line shown on the Amended profile part of the drawing, starting at the bottom left hand corner the line is constructed using:

End, Centre, Perpendicular, Middle, Quadrant, Quadrant, Middle, Tangent and Intersection. 
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points for discussion

Co-ordinates are used to position entities on CAD drawings. Draw a chart and make notes in each section comparing the following methods:

· using a pre-determined grid

· using absolute and relative Cartesian co-ordinates

· using absolute and relative polar co-ordinates

· connecting objects to each other using ‘object snaps’.
5.
Using CAD features
CAD systems have many features to make the production of technical drawings quick and accurate. The construction of drawings is made a more efficient process with the use of features such as:

· pre-defined linetypes
· simple text editing routines
· pre-defined hatch patterns
· simple dimensioning tools
· user definable layers/levels
· comprehensive zoom and pan options
· modification tools that allow you to drag and drop elements from one drawing to another
· editing tools such as copy, rotate, mirror, scale, trim, extend, lengthen and stretch
· drawing tools allowing the filleting and chamfering of pre-drawn objects
· drawing tools allowing the construction of circles, hexagons, rectangles, etc.
For example, the following drawing can be easily developed with the use of guidelines. Conventional engineering drawing techniques would require thin guidelines to be constructed, but using CAD these guidelines can be constructed on a layer/level that can be turned on and off as and when required. Different colours can also be used to highlight different purposes. The hidden detail lines and centrelines can also be colour-coded and be given a dedicated layer/level.

This use of colours and layers/levels can be extended to text, dimensions, etc., and is often part of template drawing files.
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activities

Task 1

Produce a template similar to that shown on the next page, but with editable text in the title box that you can use as a template for all further CAD drawings. You should construct the template to either A4 or A3 size, depending upon the print/plot facilities you have access to. Ensure that you save this drawing using the appropriate format to ensure it can be used to produce all further CAD drawings. You should also set layers/levels populated with a variety of different linetypes in preparation for drawing.

Task 2

Using the template produced in Task 1, create a CAD drawing of the Drive Adaptor. Use the dimensioning, text, hatch and linetype tools as necessary and use different layers/levels for the dimensions, text and the different linetypes used. Save and plot your drawing to an appropriate scale.
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points for discussion

In pairs produce a list of useful commands used in CAD drawings, indicating how each command can speed up the drawing process. Separate the commands into:

· drawing tools
· modification options
· dimensioning tools
· plotting/printing.
6.
Interpreting information from CAD drawings
A CAD system can produce accurate, rapid and consistent drawings, and the electronic file produced can be studied to extract a great deal of information. Additionally, the drawing files produced can be used by other software packages for a variety of applications and useful data can also be extracted from the drawing. 

activities

Task 1

Referring to the profile below, produce an outline drawing and determine the perimeter of the given object and its area by using the appropriate CAD tools.
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Task 2

Using appropriate research techniques find three examples of how CAD drawings are used with other software packages to aid the design process. For each example you should list:

· the purpose of the software package

· how it uses the CAD drawing to generate the required data/function

· the file format required by the individual software packages.
points for discussion

· How can the information obtained in Task 1 be used? Can you list any practical applications?

· If you were constructing a 3D CAD drawing what different data would be available to that for a 2D drawing?

· Is CAD only a useful tool for engineers? Can you find applications in other industries?

7.
3D CAD drawing
Drawings produced using CAD systems are traditionally produced as a replacement for conventional 2D drafting techniques. However, in recent years, producing a 3D model of the desired object has become commonplace. The co-ordinate system for 2D is based on the Cartesian ‘x’, ‘y’ system. Similarly, for 3D the ‘x’, ‘y’, ‘z’ system is used, as shown below.
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Using this system lines can be drawn in three dimensions to produce the outline, or ‘frame’, of an object. Consequently, drawings/models produced using this technique are known as ‘wireframe’ drawings.

A wireframe is, as the name suggests, simply a frame, and if you imagine it being constructed out of pieces of wire you would be able to see through the resulting shape.
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You can give this type of structure surfaces to give it the illusion of being a solid shape as shown below.

[image: image24.wmf]
3D wireframe model showing how to apply 3D faces.
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Completed 3D model showing edge to remove.
As you can see in the previous example, the problem of when edges should and shouldn’t appear can be an issue; consequently you should be careful to hide edges where required.

activities
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Using appropriate 3D drafting techniques, produce the 3D wireframe shown below. Next, add surfaces to produce the 3D surfaced drawing at the bottom of this page.



points for discussion

· What is the difference between isometric drawing and 3D drawing?

· What are the potential issues when viewing 3D wireframe drawings?

· What benefits does drafting in 3D give in comparison to conventional 2D drafting?

· Is it always necessary to construct a 3D wireframe before adding surfaces? Explain.
· Can 2D orthogonal views be generated from 3D surface models? How?

· How can more complex 3D surfaces, involving curves for example, be added to wireframe models?

· How can complex data from building surveys or co-ordinate measuring machines, for example, be transferred into a CAD drawing as a 3D model? 

· What viewing considerations need to be considered when viewing 3D drawings, particularly of very large structures?

8.
Solid modelling
3D CAD drawings can be constructed by the use of wireframe models and adding surfaces to the models. However, depending upon the 3D model required, this technique can be complex and time consuming. The use of solid models can often be a better option.

3D solid models can be generated from specific drawing tools, allowing shapes such as cubes and cylinders to be quickly generated. Similarly, complex profiles can be drawn in 2D and developed or extruded to form 3D solid objects. These objects behave in a similar way to ‘real’ objects and can be edited in a similar manner. So objects can be joined together, holes can be ‘drilled’ into them, segments can be removed or hollowed out, etc. You can treat the object produced as a true 3D shape with mass and volume and study it as such.

activities

Task 1

Using appropriate 3D modelling techniques, produce the 100mm sided cube with (30mm holes through each face as shown below. When complete, rotate the object in each plane to ensure you can ‘see’ through each hole!


[image: image1]

Task 2

Construct the profile shown in the diagram of a shaft and revolve this around the centre line.

Construct the rectangular profile and extrude by 100 mm.

Join the two objects together to form the completed assembly. The rectangle is 30mm in from the left hand end as shown; ensure that the completed assembly has the (10 hole running all the way through the centre!


[image: image2]


Assembly
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points for discussion

In groups of three, produce a list of advantages and disadvantages of solid modelling in comparison with other 3D techniques. You may need to research the different applications carefully and should consider:

· time
· cost
· the variety of 3D profiles that can be generated by each technique
· customer application
· ‘printing’ in 3D.
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3D wireframe drawing
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3D surfaced drawing
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