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1-Introduction 
There are no 2 products that can be made perfectly identical with variation coming in due to inefficiencies within the manufacturing process, this will then result in engineers applying tolerances into their design to ensure that it still works correctly even with the changes to material size and shape (Project Lead The Way, 2019). A tolerance is an acceptable amount of dimensional variation that will still allow an object to function correctly (Reif, 2014) Tolerances come in a range of different types including limit dimensions that show the largest and smallest dimensions that the product can be which means anything in-between the 2 figures is acceptable, unilateral tolerances when a target dimension is given with error only allowed in 1 direction and finally bilateral tolerance that gives a target dimension as well as variations in both the positive and negative direction (Conway, 1966). This report will look at the tolerances required for a Honda CRF triple clamps with the instruction given that it must be a tight fit but not so tight that it has to be machine pressed out. 

2-Dimensioning 
Dimensioning will be required on an engineering drawings, this is so that they are clear allowing for manufactures to accurately produce the products. The dimensioning of component will give the size as well as the position of the component, there are many different kinds including linear, aligned, angular, radius and reference (Yarwood, 1982). The units for measurements will need to be as a standard using decimals over any sort of fractions, SI measuring will be needed including metric measurements including millimetres and meters, if units are not included with each dimension a note should be put on the age to specify the units for the whole drawing. Any number that is less than 1 should have a 0 placed before the decimal for example 0.75 (Conway, 1966). Numbers that are over 5 figures should include a space included in them where commas are usually found. 







There are several different abbreviations that are used when dimensioning these include:
A/F-Across Flats 
C’BORE-Counter Bore 
M-SO metric Thread 
PCD-Pitch Circle Diameter 
R-Radius 
S’FACE-Spot Face 
SPHERE R-Spherical Radius 
SPHERE Ø-Spherical Diameter 
Ø-Diameter 
□-Square 
2.1-Plane Dimensioning 
Figure 1- Datum Plane Dimensioning (Drexel University , 2019)
[image: age6image810587728]

Above figure 1 shows how to dimension such things as lengths and widths for a drawing, with lines being extended out of the side being measured with a line in-between the 2 having an arrow at each end with the measurement placed into the middle. They should be well spaced between one and other to allow the measurement to be easy to read, larger dimensions lines should be placed on the outside of smaller dimensions. (Drexel University , 2019)
2.2-Cylindrical Dimensioning  
Figure 2-Cylindrical Dimensioning (Drexel University , 2019)

[image: age7image809636864]

Above figure 2 shows how to dimension cylindrical objects, this is particularly useful when it comes to such things as shafts and rods. It includes going from one edge to another of a cylindrical object with the Ø symbol being used to show the diameter of the object, it follows the same rules as plane dimensioning. (Drexel University , 2019)









2.3-Angles Dimensioning (Drexel University , 2019)
Angular dimensioning can be done in 2 different ways this includes the Co-ordinate method and the angular method. (Drexel University , 2019)
2.3.1-Co-ordinate Method 
Figure 3-Co-ordinate Method (Drexel University , 2019)
[image: age8image769024080]

This method includes putting a measurement of where the cut will start and end giving reference points for the manufacture to work off as shown in figure 3. The measurements for the lengths will be done using the same method as the plane dimensions (Drexel University , 2019).











2.3.2-Angular method 
Figure 4- Angular Method (Drexel University , 2019)
[image: age9image809616816]

This method will be done using a datum point of where the angle will start and then an angle itself in degrees as shown in figure 4. The marking for the angle will be done using a curved line with an arrow at either edge. (Drexel University , 2019)
2.4-Chamfer Dimensioning 
Figure 5-Chamfer Dimensioning (Drexel University , 2019)
[image: age10image811031520]
Figure 5 shows that to dimension a chamfer, both the size of the chamfer and the angle that it is at need to be included to ensure it is accurate. (Drexel University , 2019).

3-Geometric Dimensioning &Tolerances 
Geometric dimensioning and tolerancing is a way of not only dimensioning an object due to lengths and its tolerances around them, it also allows for an object to have limits due to its geometry (Sligo, 2017). A designer will use a geometric dimension and tolerance to more accurately specify a feature. Geometric controls are in place to ensure that materials are the shape required, an object can meet tolerances without being the shape that is required, this will mean that an oblong object can meet the tolerances for a circular dimension. 
By specifying more detail, it allows for more accuracies below shows a table of geometric controls (Vincent, 2018).
Table 1-Geometric Controls 
[image: age20image1030184960]


The symbols show all the different kinds of controls but for these to be used correctly they need to be applied with the information of the tolerance as well as datum points to reference where it is from. 
An example of this is below in figure 6:
Figure 6- Geometric Dimensioning &Tolerance (Slideplayer, 2019)
[image: ]

This labelling will ensure that features are correctly placed as well as making sure that they are the right shape.

4-Tolerance Fits
 A tolerance fit will often be seen in parts that will be part of an assembly. The fit is the given clearance between the 2 parts and will dictate how they are joined together whether it is free moving or in a fixed position. There are 3 types of tolerance fits these are a clearance fit which will mean there is clearance for the part to move freely under all tolerances, interference fit which will interfere between 2 parts meaning they are fixed into position and a transition fit which both a clearance and interference can exist depending on tolerance conditions.
 There is a series of engineering fits that have been determined by the ISO which will mean a fit can be given to a drawing using a number and a letter. 
Below shows a description of each fit: 
Table 2- Clearance Fits (Engineers Edge, 2019)
	Hole 
	Shaft 
	Description 

	H11/c11
	C11/h11
	Loose running fit for wide commercial tolerances or allowances of external members. 

	H9/d9
	D9/h9
	Free running fit not for use where accuracy is essential, but good for large temperature variations, high running speeds or heavy journal pressures. 

	H8/f8
	F8/h7
	Close running fit for running on accurate machines and for accurate moderate speeds and journal pressures. 

	H7/g6
	G7/h6
	Sliding fit not intended to run freely, but to move and turn freely and locate accurately. 

	H7/h6
	H7/h6
	Locational clearance fit provides snug fit for locating stationary parts; but can be freely assembled and disassembled. 



Table 3-Transition Fits (Engineers Edge, 2019)
	Hole
	Shaft 
	Description 

	H7/k6
	K7/h6
	Locational transition fit for accurate location, a compromise between clearance and interference. 

	H7/n6
	N7/h6
	Locational transitional fit for more accurate location where greater interface is permissible. 









Table4-Interference Fits (Engineers Edge, 2019)
	Hole
	Shaft 
	Description 

	H7/p6a
	P7/h6
	Locational interference fit for parts requiring rigidity and alignment with prime accuracy of location but without special bore pressure requirements.  

	H7/s6
	S7/h6
	Medium drive fit for ordinary steel parts or shrink fits on light sections, the tightest fit usable with cast iron. 

	H7/u6
	U7/h6
	Force fit suitable of parts which can be highly stressed or for shrink fits where the heavy pressing forces required are impractical 



These tolerances fits will have a metric measurement of the sizes required that will then need to be looked up for the size of the fit. Below shows this: (Skills for sure , 2019).
[image: ] 
5- Bill of Materials 
A BOM (Bill of Materials) is a full list of parts that will be make up the assembly of a product it will include the materials that are used in each product. The list should allow a manufacture to manufacture the product correctly. The bill of materials should also include instructions of how to build the product and where the materials should be brought from (Kenton, 2017). 
The BOM should include a series of different things: 
-BOM Level- Assign each part of assembly with where it fits in the hierarchy of the BOM allowing someone to understand the structure of the product. 
-Part Number- Assign a part number to each part to reference and identify parts quickly.
-Description- Provide a detailed description of each part that will help with identifying similar parts from one and other. 
-Quantity- The number of that component that are required in the assembly. 
-Unit of measure- Clarification of the measurement units that are used in the drawings. 
 This will be produced using solid works as it is a built-in feature. 


6- Component assembly 
The assembly will need to be completed using a series of mates including a concentric mate for the shaft into the holes to make sure that they are aligned, a concentric mate will do as the name suggests and align 2 concentric features. These parts will then be done using a FACE mate to secure the components into the end to ensure that it does not come apart. There will then be a parallel mate applied to ensure that there is no movement in place, this will be on the face of both the top and bottom yoke. 









Figure 7-Assembly Full 
[image: ]
Figure 8-Assembly Full 
[image: ]

Above Figure 7 and 8 show a full assembly of how all the components will fit together, once this is done each induvial part can then be put into an assembly drawing to show the full measurements and tolerances included. 


6.1- Top Yoke
Figure 9-Top Yoke Assembly Drawing 
[image: ]

Above shows the top half of the forks assembly, this includes various different parts including a section for the stem to fit into as well as allowing holes for the forks to slide in through whilst allowing for tightening through tightening the clamps resulting in the holes closing.   This has the tolerance of H7-h6 this is given the description of a Locational clearance fit provides snug fit for locating stationary parts; but can be freely assembled and disassembled (Engineers Edge, 2019), this matches the customers’ requirements in the brief of allowing it to be a tight fit but not requiring a press to remove the components, this is for out of ease to the consumer as a H7-p6 would still function for the bike it would then make disassembly and assembly much harder processes. This would result in using H7 for all holes included. The chosen material that will be used is aluminium this is because it will be used outdoors meaning that oxidation and rusting will need to be taken into consideration as it will prolong the life of the bike as it is expected to last over 20 years. Aluminium will also have a good strength to weight ratio meaning that it will be able to meet the forces that are put under it without the additional weight that a steel would contain, aluminium can vary in strengths depending on the grade of which. The chosen grade is aluminium 5052 this is used in various different applications including cars, motorbikes and aircrafts. The part when made out if aluminium 5052 has a weight of 0.68kg and when taking into consideration the price at £0.69 per pound this results in a manufacturing cost of £29.08 (Solidworks, 2019).
6.2- Bottom Yoke
Figure 10-Bottom Yoke Assembly Drawing 
[image: ]

Above shows the bottom half of the forks assembly, there is only slight differences between the 2 and are very similar products, with the bottom clamps working the same. The tolerance used again is H7-h6 this is given the description of a Locational clearance fit provides snug fit for locating stationary parts; but can be freely assembled and disassembled (Engineers Edge, 2019), this matches the customers’ requirements in the brief. This will be made using the same 5052 grade of aluminium because it will be subject to the similar forces and will have to survive the same conditions as the top yoke. The part when made out if aluminium 5052 has a weight of 0.73kg and when taking into consideration the price at £0.69 per pound this results in a manufacturing cost of £38.69 (Solidworks, 2019). 






6.3-Stem
Figure 11-Stem Assembly Drawing
[image: ]

Figure 10 above shows the stem that will connect the 2 yokes, it will be a simple rod with an extended end on one side, The tolerance used will be the H7-H6 fit as it will be given the same requirement as previous parts of assembling and reassembling easily without requiring a machine press (Engineers Edge, 2019). This is a shaft so the h6 will be used to allow the fit required. The stem will come under high forces to ensure that the 2 components are kept together securely so it will need to be made from a strong material and the chosen material is 316 stainless steel this is because it is a very strong metal whilst also being corrosive resistant meaning it will not rust when used outside. When made from this it gives a weight of 1.15kg and once this is priced at the £1.05 per kg the cost to manufacture this part sits at £31.45 (Solidworks, 2019). 







6.4-Inserts 
Figure 12-Insert Top Assembly Drawing
[image: ]
Figure 13-Insert Bottom Assembly Drawing 
[image: ]





Above shows the 2 inserts one for the top and one for the bottom yoke and they will be used to secure the stem into the 2 yokes. They have again been given the instruction of tight fit but not using a machine press to remove so h7-h6 is again applicable (Engineers Edge, 2019). Unlike the other parts this includes both holes and a shaft. The holes will use the h7 tolerance whilst the shaft will use a h6 tolerance. The parts will again be put under the same conditions as the yoke so the aluminium 5052 is again a suitable choice for material. There are slight differences in the parts this will result in a weight of 0.14 for the top insert and 0.13 for the lower insert. This then leads to a price of £41.57 for the top and £40.03 for the lower insert (Solidworks, 2019). 

6.5-Bill of materials
The total manufacturing costs are £180.82 with the bill of materials below. 
	Part Number 
	Description 
	Quantity 
	Material 
	Mass KG
	Cost £

	1
	Top Yoke
	1
	Aluminium 5052
	0.68
	29.08

	2
	Bottom Yoke
	1
	Aluminium 5052
	0.72
	38.69

	3
	Stem
	1
	Stainless Steel 316
	1.15
	31.45

	4
	Top Insert 
	1
	Aluminium 5052
	0.14
	41.57

	5
	Bottom Insert 
	1
	Aluminium 5052
	0.13
	40.03














7-Conclusion 
[bookmark: _GoBack]Although there are many different tolerances choosing the right one can massive effect on the fittings of a component, this will mean a poor choice in tolerancing can cause major impacts on an end product. A clear engineering drawing will allow a manufacture to correctly manufacture the part as if measurements are incorrect it can occur high costs as waste manufacturing can cost thousands. The forks will be tolerance correctly using the h7-h6 tolerance as it doesn’t make too tight or loose of a fit, if the brief was to change to want a tighter or looser fit it would be simple to change the tolerance. The total price may be adjusted when the forces that the forks are put under is known as currently it is estimations which means the materials may be excessive forces through it. If more information was given then more accurate material estimates would be possible.
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