Chapter 4 Appendix written by Soliman Edris

Appendix 4.1: Terminology
Below are diagrams showing how I will refer to the different aluminium bars and to their positions within the robot.
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Here are a few examples of the system for naming the different aluminium bars of the robot’s frame (shown in red):
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Appendix 4.2: Calculation to Determine the Dimensions of the Frame’s Corners
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This can be simplified to the simple geometrical problem:  What position, x, must the 3cm bolt be screwed into the length and width aluminium bars in order to allow it to fit under the diagonal bar?  A simplified diagram, with dimensions, is shown below:
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Figure 4.A1 - Geometrical Bolt Positioning

There are several relationships which can be deduced from the above diagram:

xp = x + ½f = x + 0.5cm

g = a – 2b = 3.81 – 0.635 = 3.175cm

c + xp = g = 3.175cm

d = h – 2b = 3 – 0.635 = 2.365cm

d = c tan(45) = c
From [4] and [5]: 

c = d = 2.365cm

From [3] and [1]: 

c + xp = c + x + 0.5 = 3.175cm



Therefore
x = 3.175 – c – 0.5 = 3.175 – 2.365 – 0.5





x = 0.31cm

So we require the distance to the centre of the bolt from the edge of where the length and width bar meet (x) to be less than 0.31cm.  Since the radius of the bolt is 0.5cm, this would be unfeasible since the bolt would then be cutting into the width bar, as is demonstrated below:
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Figure 4.A2: Bolt Cutting into Width Aluminium Bar

So now let us assume that we have the ability to cut the bolt length down to a more appropriate size, or to purchase a more appropriately sized bolt.  We must now calculate the length of the bolt that would give us the ‘neat’ bolt position that is centred in the middle of the width bar and the aluminium bar, as id demonstrated in the figure below:
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Figure 4.A3 - The ‘Neat’ Bolt Position
So we wish to find the length of the bolt (either h or d as they are both directly linked by equation [4]) that will position the bolt as shown in the diagram above.

Note that the value given for equation [4] is no longer true as it uses a defined value of h.

So we wish to find d such that:
 c + ½f = x = ½g = 1.5875cm

According to equation [5]: 

d = c.



Therefore:

d + ½f = 1.5875cm






d + 0.5 = 1.5875






d = 1.0875cm

Therefore the height of the bolt that will fit into the ‘neat’ position is:

h = d + 2b = 1.0875 + 0.635 = 1.7225cm

This is for an exact fit.  Since we would like a little bit of allowance for space, a bolt size of 1.65cm would be just about ideal in order for the bolt to be positioned in the ‘neat’ position.

For a similar analysis of the nut, we simply change the value of f to the maximum nut width.
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Figure 4.A4 - Dimensions of Regular Hexagonal Shaped Nut
Putting this value of f into equation [7] will give us the required depth, d, of the nut.

d + ½f = d + (½ x 1.89) = d + 0.945 = 1.5875cm



Therefore:
d = 1.5875 – 0.945 = 0.6425cm

Thus, to allow for the ‘neat’ and stable structure, we require a bolt of length 1.65cm and a nut of depth 0.63cm.
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We already have some of the values from measurements:


a = 1.5 inches = 3.81cm


b = 1/8 inch = 0.3175cm


2b = 0.635cm


h = 3cm


f =1cm
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Note, I have labelled the length as ‘a’ as it is in fact the same ‘a’ as in Figure 4.A1.








The distance, ½a, represents the relative distance of the bolts with respect to the width, a, of each bar.�(ie: the bolt is exactly centred with respect to both bars).
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As can be seen in the diagram, the new value of f should be 1.89cm.








