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Higher Graphic Communication

Dimensioning Tolerances & British Standards
When a product is being developed for manufacture there are certain stages of drawings that need to be produced. These are split into three areas. These areas are called

1. Preliminary

2. Production

3. Promotional

Preliminary Graphics

At the Preliminary stage sketches of the product are made. These hand produced sketches cover many views of the object so that the client can see it from as many different points of view as possible. This is to get an excellent idea of how the product will look. Orthographic, Isometric, Planometric, Oblique, Perspective and rendered drawings are contained at this stage.

Production Graphics

This stage of the process contains all the drawings that will allow the product to be manufactured. These are technical, dimensioned drawings drawn, in this country, to British Standards. Orthographic views, sections and assembly views are contained at this stage.

Promotional Graphics

At this stage the product is advertised to the public through a number of different graphics. The drawings tend to be computer generated and are produced to a very high quality. They will show the product in its finished state and much time is spent ensuring the layout of the presentations involved is perfect.
Drawing sheets

There are 2 ways you can set out a sheet of paper for working on. These are:
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There is also a set of predefined sizes of paper that most people use. These are sized by the letter A then followed by a number. The larger the number used, the smaller the sheet of paper. This is shown below.
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floor plan.


Drawing Conventions

There are 2 main methods of drawing objects. These are 1st angle and 3rd angle projection. These are described in the diagram below. Traditionally 1st angle projection was used in Britain while 3rd angle was the American method of showing views. 3rd angle projection is now widely used all over.
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These are the symbols for 1st and 3rd angle projection. They are used on a drawing in the title block to tell people what convention has been used for that particular drawing.
Title Block
It is important that you follow some simple rules when producing an engineering drawing which although may not be useful now, will be useful when working in industry.

All engineering drawings should feature a title block. An example is shown below. 
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Common information recorded on an engineering drawing

TITLE 

The title of the drawing. 

NAME 

The name of the person who produced the drawing. This is important for quality control so that problems with the drawing can be traced back to their origin. 

CHECKED 

In many engineering firms, drawings are checked by a second person before they are sent to manufacture, so that any potential problems can be identified early. 
VERSION 

Many drawings will get amended over the period of the parts life. Giving each drawing a version number helps people identify if they are using the most recent version of the drawing. 

DATE 

The date the drawing was created or amended on. 

SCALE 

The scale of the drawing. Large parts won't fit on paper so the scale provides a quick guide to the final size of the product. 

PROJECTION SYSTEM 

The projection system used to create the drawing should be identified to help people read the drawing. (Projection systems will be covered later). 

COMPANY NAME 

Many CAD drawings may be distributed outside the company so the company name is usually added to identify the source. 

  
Dimensioning
A dimensioned drawing should provide all the information necessary for a finished product or part to be manufactured. An example dimension is shown below. 
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Dimensions are always drawn using continuous thin lines. Two projection lines indicate where the dimension starts and finishes. Projection lines do not touch the object and are drawn perpendicular to the element you are dimensioning. 

In general units can be omitted from dimensions if a statement of the units is included on your drawing. The general convention is to dimension in mm.
All dimensions less than 1 should have a leading zero. i.e. .35 should be written as 0.35

Lettering

All notes and dimensions should be clear and easy to read. In general all notes should be written in capital letters to aid legibility. All lettering should be of the same size and preferably no smaller than 3mm. 

Parallel Dimensioning
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Parallel dimensioning consists of several dimensions originating from one projection line.
Chain Dimensioning

Chains of dimension should only be used if the function of the object won't be affected by the accumulation of the tolerances. (We will discuss tolerances later in this booklet).
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Combined Dimensions

A combined dimension uses both chain and parallel dimensioning.
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Dimensioning Small Features

When dimensioning small features, placing the dimension arrow between projection lines may create a drawing which is difficult to read. In order to clarify dimensions on small features any of the methods shown below can be used.
[image: image25.jpg]2





Dimensioning by Co-ordinates
This type of dimensioning treats the drawing like a map and tells you a “grid reference” of where details are to be positioned. The drawing below shows this with 3 holes. 
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Two sets of superimposed running dimensions running at right angles can be used with any features which need their centre points defined, such as holes.

Simplified dimensioning by co-ordinates
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It is also possible to simplify co-ordinate dimensions by using a table to identify features and positions.

Functional Dimensions
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Functional dimensions are those that directly effect how a product will work. These types of dimensions must be shown directly on the drawing. This is to make it obvious to manufacturers what size to make the most important parts of an object.
Auxiliary dimensions
Auxiliary dimensions are used where it would be useful to show a dimension but not vital. For example if the positions of the centres of an angled set of holes were dimensioned you would not need to know the distances between the holes to manufacture the object. However, it may be of interest to know these distances to help clarify the drawing.

These auxiliary dimensions should be shown inside a set of brackets. They are also not toleranced as they do not directly effect how the object works.
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Dimensioning Holes
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When dimensioning holes the method of manufacture is not specified unless they necessary for the function of the product. The word hole doesn't have to be added unless it is considered necessary. The depth of the hole is usually indicated if it isn’t indicated on another view. The depth of the hole refers to the depth of the cylindrical portion of the hole and not the bit of the hole caused by the tip of the drill.
Dimensioning Holes in a Circular Pattern
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When holes are to be made in a circular pattern they are dimensioned slightly differently. There are two different circular patterns that holes can be made on. These are with the same angle between each hole or with different angles between each hole. The methods for each of these patterns are shown below.
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Dimensioning circles

All dimensions of circles are preceded by this symbol; 
(a) Shows two common methods of dimensioning a circle. One method dimensions the circle between two lines projected from two diametrically opposite points. The second method dimensions the circle internally.

(b) Is used when the circle is too small for the dimension to be easily read if it was placed inside the circle. A leader line is used to display the dimension.

(c) The final method is to dimension the circle from outside the circle using an arrow which points directly towards the centre of the circle.

The first method using projection lines is the least used method. But the choice is up to you as to which you use.
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Dimensioning Radii

All radial dimensions are preceded by the capital R. All dimension arrows and lines should be drawn perpendicular to the radius so that the line passes through the centre of the arc. All dimensions should only have one arrowhead which should point to the line being dimensioned. There are two methods for dimensioning radii.

(a) Shows a radius dimensioned with the centre of the radius located on the drawing. 

(b) Shows how to dimension radii which do not need their centres locating.
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Spherical dimensions

The radius of a spherical surface (i.e. the top of a drawing pin) when dimensioned should have an SR before the size (as shown at (c) above) to indicate the type of surface.

Dimensioning angles

Angles should be shown clearly on drawings. It is important to show angles relative to either the horizontal, vertical or other angles previously dimensioned from these areas.

You must also make sure that the dimension is easy to read by writing them for reading from the right or the flat. This is shown below.
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Dimensioning chamfers
Dimensioning chamfers are split into two areas. These are: 45° angles; and all other angles.
45° chamfers
45° chamfers can be dimensioned in 3 ways shown below. The do not need a note as the chamfer is obvious from the drawing.
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Chamfers at all other angles

When dimensioning chamfers shown at other angles it is important to clearly show this angle using the technique used to show angles discussed earlier. This is shown below.

[image: image43.png]Courtney's Sit-Ups

2 120
2 100
80

60 O Seriest

3 [k

o E AT

Number of Sif

Day of the Week





[image: image44.png]A two-point perspective drawing

Vanishing Vanishing
Paint Paint




[image: image45.png]



Tolerancing

It is not possible in practice to manufacture products to the exact figures displayed on an engineering drawing. The accuracy depends largely on the manufacturing process used and the care taken to manufacture a product. A tolerance value shows the manufacturing department the maximum permissible variation from the dimension.

Each dimension on a drawing must include a tolerance value. This can appear either as:

· a general tolerance value applicable to several dimensions. i.e. a note specifying that the General Tolerance +/- 0.5 mm. 

· or a tolerance specific to that dimension 

There are two methods of tolenrancing dimensions. These are symmetrical and asymmetrical tolerances.

Symmetrical tolerances

Symmetrical tolerances are used where the manufactured object can be out from the dimensioned size by the same amount smaller or larger. They are shown like the diagram below.
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Asymmetrical tolerances
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Asymmetrical tolerances are shown when a size must be between two given dimensions. These are shown like the diagram below.
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Tolerancing of individual linear dimensions
When it is important that individual dimensions are toleranced over and above the general tolerance for an object, the tolerance should be written as shown below. This shows the minimum and maximum sizes for the part clearly.
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Note the larger size limit is placed above the lower limit.

All tolerances should be expressed to the appropriate number to the decimal points for the degree of accuracy intended from manufacturing, even if the value is limit is a zero for example.



45.25 should be expressed as 45.25




44.8 should be expressed as 44.80

Drawing threaded parts

Drawing Conventions
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Threads are drawn with thin lines as shown in this illustration. When drawn from end-on, a threaded section is indicated by a broken circle drawn using a thin line.
Frequently a threaded section will need to be shown inside a part. The two illustrations below demonstrate two methods of drawing a threaded section. Note the conventions. The hidden detail is drawn as a thin dashed line. The sectional view uses both thick and thin line with the hatching carrying on to the very edges of the object.
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Internal threads are shown with a broken line outside the circle drawn to show the position of the hole.
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External threads are shown with a broken line inside the circle drawn to show the position of the hole.
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Showing a sectioned threaded part
When sectioning a threaded part you have to follow British Standards for this. This is shown in the diagrams below.
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Labelling Drawings

There are times when parts of drawings need to be labeled in order to let people know whet they are or to provide extra information.
When labels are applied, the lines used to show the specific part of the drawing are called leader lines. There are different styles of leader lines that can be used.
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Drawing Abbreviations

A list of abbreviations used in drawings is shown below.


Engineering Terms

The diagram below shows a number of Engineering features named and also their uses illustrated.

Nuts & Bolts

When drawing nuts and bolts there are British Standards you must follow. These standards apply to how they are described on a drawing and also how they are drawn.
1. a 20mm diameter x 40mm long bolt is described by: M20 x 40

2. a 16mm diameter x 50mm long screw is described by: M16 x 50

3. a 12mm diameter nut is described by M12

The drawings below show how nuts bolts and washers should be dimensioned and the sizes calculated when drawing.


Keys & Keyways 
Keys and keyways are used on shafts as a non permanent method of locking a shaft into a hub. The key can be removed which makes this method useful for moving parts which are regularly taken apart then assembled for any reason.
Below are a number of different arrangements of keys and keyways to help you make sense of what they do.

Surface textures

When manufacturing objects some surfaces need to be machined in order to give them a smooth surface finish. Some surfaces must not be machined. Any surface of an object that requires a surface finish should be shown on a drawing by using variations of a tick shape which are joined onto the surface in question. These symbols are shown below.





When surfaces are to be machined a number is written above the triangle. This number is called the roughness value and is measured in micrometres.

Knurling

Knurling is a manufacturing process used to put a pattern onto metal to allow it to be gripped better. 



Knurling should be shown on a drawing using one of two methods. The type used depends on the type of knurling used. The type shown on the previous page is called diamond due to the diamond shapes that are left pressed into the metal.



Drawing Scales 

Drawing scales are used regularly in drawing sets. They tell you how much smaller or larger a drawing is than the real life object.

They can be calculated very easily. A scale of 2:1 means double size while a scale of 1:2 is half size. To work it out replace the : with a dividing /. For example,


Drawing Sets

Drawing sets contain all the drawings necessary to complete a building project. Parts of this drawing set are drawings to show clearly the position the buildings are to be situated.

There are 3 drawings used to show this. These are listed below along with the scale they are drawn at:

1. Location plans – 1:1250

2. Site plans – 1:200

3. Floor plans – 1:50





Showing flat surfaces
When showing flat surfaces on a drawing we use crosses in an area. These crosses have lines joining the opposing corners of an area. The drawing below shows the Elevation and End Elevation of a flat surfaced object.


Gantt Charts

Gantt charts are a method of showing people timelines. They tell people when certain stages of a project have to be completed by. They clearly show deadlines and concentration of work.


Bar Graphs
Bar graphs show differences between amounts of a chosen topic. The example here shows the amount of sit-ups that a girl called Courtney has managed to complete over a number of days during a week.


Pie Charts
Pie charts show the percentage of a group of people asked questions have a certain belief. In the example below the digest percentage of people asked had no pets.


Sketching techniques

1 point perspective shows an object as if it is disappearing to 1 point in the distance. All horizontal and vertical lines remain this way while depths make their way to the vanishing point. This method is used if sketching a room from inside of it and looking at walls square on.


2 point perspective sketching is a method used to show items in a realistic way. This sketching method takes all horizontal lines to vanishing points, any vertical lines remain that way and sizes seem to get smaller as the go into the distance.




Linetypes

Different line types used in drawings include:
· outlines

· projection lines

· hidden detail

· centre lines

· cutting planes

· fold lines
· lines of symmetry
Outlines

Outlines are used to show the outline of an object.

They are thicker than projection lines.

Drawn at 0.7mm thick.


Projection Lines

Projection lines are used to help construct a drawing.

They are not part of the outline of the drawing and are drawn lightly and thin.

Hidden Detail

Hidden detail lines are used to show any part of an object that cannot be seen but does exist.

They are dashed lines.

Centre Lines

Centre lines are used to show the centre of circles or lines of symmetry.

They are drawn as a series of long and short dashes.


Cutting Planes

Cutting planes are used to show where an object is cut in a sectional drawing.

The arrows tell us what direction the cut is to be viewed.

The letters are the label of the section.

The ends of the cutting plane are drawn slightly thicker than the rest of it.



Fold Lines

Fold lines are used to show where surface developments should be folded.

Lines of Symmetry
Lines of symmetry are shown as a centre line with 2 short lines crossing it at either end.


Interrupted Components

When showing components that are too long to have the whole of them drawn they should be broken and drawn as shown in the diagram below.

Bearings
Bearings are an enclosed ring of small metal balls which lessen friction between moving parts of an object. They have a standard method of being shown on drawings. This is shown below.



Drawing Symbols
When drawing plans for buildings, there are symbols used to stand for different parts that are found inside and outside the building. There are British Standard symbols for each of the items found in the building trade that are used in these drawings. These commonly used symbols are also stored in a CAD library so that users don’t have to redraw them every time they want to use them. 
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Vertical dimensions always written on the left hand side of the line so they can be read from the right edge of the page.





Leader line





Value placed in centre and on top of line.
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This arrow should be in line with the centre of the circle.





This wavy line means that the bar is extended further down than this.
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A threaded part





Leader line ending in dots





Leader line ending in arrowheads





This example uses letters to label the parts of the drawing in order to avoid long or intersecting leader lines.





Long or intersecting leader lines should not be used, even if it means repeating dimensions.
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Above is shown a metric bolt and its sizes.





Above is shown both a metric nut and washer and their sizes.
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This symbol is the North sign. It points to North in order to let people understand the position of the map.
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Square sides show by the arrows





A kitchen in 1 point perspective
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Site Plans





		This is an example of a site plan.
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Floor Plans

		This is an example of a floor plan.
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Location Plans

		This is an example of a location plan.



Albany Terrace

Albany Drive

Albany Road
























































































































































































































