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[bookmark: _Toc35112654]1-Introduction
The report will investigate how geometric dimensioning and tolerancing are implemented to provide a complete specification of a component, ensuring that design intent can be met at every stage of manufacturing. An assembly of triple clamps off a Honda CRF 450 will be modified according to dimensions and tolerances calculated. A set of drawings will be created showing all dimensions and tolerances needed for the manufacturing of the component. The report will evaluate positions of various features including size, position, location, geometric control and surface texture. The is evaluation will cover how each dimension and tolerance is applied regarding the standard which was consulted when specifying a dimension or tolerance. 
[bookmark: _Toc35112655]2- Geometric Dimensioning and Tolerancing 
Geometric Dimensioning Tolerancing (GD&T) is key to the successful manufacture of a product. If a dimension or tolerance is set too tight for the current technology to manufacture, the cost will increase dramatically. On the other hand, if the tolerance is set to lose for a precision application, the product will be usable. (Kuei, 2016)  
Geometric Dimensioning and Tolerancing (GD & T) is a language of symbols and standards developed and is used by engineers and manufacturers. Before designers apply geometric tolerancing correctly, the fit and function of each feature of a part must be considered. A geometric tolerance is the maximum allowable variation of form or position of a workpiece. The is controlled by defining the size and shape of a tolerance zone. The specific part of the feature must be within this tolerance zone, this variation in size acceptable in manufacturing whilst insuring the functional fit requirements of the workpiece. (Green, 2005) The need for limits and fits for a machined feature was mainly due to the requirement of interchangeable ability between mass-produced products and manufacturing processes. Drawings with properly applied GD & T provide the best opportunity for uniform construction and cost-effective assembly. (Hill, 2017) (International Organization for Standardization, 2010) (Cogorno, 2011)
[bookmark: _Toc35112656]2.1- Datums and Features
Datums and features are the point/reference for the location and orientation of feature. They are key for approximate tolerancing a component. The Datum Reference Frame (DRF) is a three-dimensional Cartesian Coordinate system, it is the frame of reference to which all referenced geometric specifications are related and the origin of all dimensions. (Cogorno, 2011, Hill, 2017)
Datums are theoretical perfect points, axes and planes or a combination of all three. These make up the DRF. Datum features are actual physical points such as holes, faces, slots etc. When specifying dimensions for a component an engineer will try and use datum features that are most important to the functional requirements of the component. Plane flat surfaces on a rectangle allow for the most convenient features. (Hill, 2017)













[bookmark: _Toc35112657]2.2- GD & T Symbols
Symbols or geometric characteristics are placed into the first part of a feature control frame and defines the type of tolerance for that certain section/feature of the component. There are 14 geometric characteristic symbols of tolerances which are grouped into runout, profile, orientation, form, and location. Figure 1 show all the symbols used for GD & T, these symbols have very specific meanings allows for an accurate representation of the drawing during manufacturing. (Hill, 2017, Cogorno, 2011)[image: ]
[bookmark: _Toc35115249]Figure 1- GD&T Symbols (Simmons, et al., 2012)
[bookmark: _Toc35112658]2.3- Feature Control Frame
The feature control frame displays the requirements or instructions for a feature which is to be followed.  A feature control frame should only display on instruction, if more than one instruction is needed for a feature then additional frames should be used. (Hill, 2017)The different section of the control frame includes:
· Geometric Characteristic
· The shape of the Tolerance Zone
· Individual Feature Tolerance 
· Feature Modifier
· Primary Datum Feature
· Secondary Datum Feature 
· Third Datum Feature 
· Size Tolerance of Feature
The layout of these in a control frame can be seen in figure 2.
[image: ]
[bookmark: _Toc35115250]Figure 2-Feature Control Frame (Hill, 2017)


[bookmark: _Toc35112659]3- International Organization for Standardization (ISO) Standards 
The requirement for limits and fits for machined workpieces was originally developed for the interchangeability between mass-produced parts and to reduce the inaccuracy of manufacturing methods. Whilst also allowing the manufacturing of size without the exact size shown on the drawing being followed, which is unnecessary for most components. Components were found to fit function satisfactory even with there being a variation in size, requiring variation is acceptable whilst retaining the functional fit of the product. (International Organization for Standardization, 2010)
However, manufacturing of parts with a variation in size poses an issue of fit between tow separately manufactured parts. It is key to assign an allowance being either positive or negative to be able to achieve the correct fit, being clearance, transition ore interference. ISO 286 provides an internationally accepted code system for tolerances on linear sizes. The system of tolerances and deviations for sizes of two feature which are of a cylinder or parallel opposite surfaces. Forming a fit using ISO on liner sizes requires that the normal sizes of the hole and shaft are Identical. The fits from the ISO 286 are divided into classes for different sizes and refinement of clearance, transition or interference fit, figure 3 is a table of the different fit which each have their own tolerance depending on the size of the feature. (International Organization for Standardization, 2010)
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[bookmark: _Toc35115251]Figure 3- Preferable fits of the shaft-basic system (International Organization for Standardization, 2010)













[bookmark: _Toc35112660]
4- Methodology
The parts for a triple clamp assembly of a Honda CRF 450 were supplies for a GD & T accurate drawing to be created. The parts were given as a Solidworks part, these were then modified so the parts were accurate for dimensioning. Holes and threads extrude cut or extrude boss depending whether they were internal or external threads, yoke fork holes were changed to allow accurate tolerancing of the parts. The drawings were then correctly dimensioned and tolerance using features in Solidworks software. 

[bookmark: _Toc35112661]4.1- Bill of Material, Material and Fit
The assembly of triple clamps off a Honda CRF 450 is shown in figure 4, here an expanded view of the part can be seen. The expanded allows for a clear view of how the assembly fits together with each part, balloons are used in the drawing to accurately link each park with the bill of materials. 
The expanded view’s details a Bill of Materials which specifies the quantity, material and other considerations of each part. The bolts being used have a material spec of 316 stainless steel to withstand the forces and stress which the triple clamps will be subjected to, yoke bolts sold by Pro-Bolt have also made to the same material due the properties and manufacturing of the material. (Pro-Bolt, 2020) The Yokes and Inserts are a major component of the assembly, their material has been specified as 7075 T6 aluminium. Aluminium 7075 is a strong lightweight material with good rigidity, this material has been used my Moto 46 in the development of their triple clamp system. (Moto46, 2020)
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[bookmark: _Toc35115252]Figure 4- Bill of Material, Exploded View












[bookmark: _Toc35112662]5- Calculating Tolerances 
When a standard has been chosen for a drawing then tolerance can be specified for a certain part, this drawing used ISO 286. There are three fits which can be specified for a part and how it mates with another part: Clearance Fit, Transition Fit and Interference Fit. (International Organization for Standardization, 2010) 

[bookmark: _Toc35112663]5.1- Stem & Yoke Insert
The stem and insert require a fit which has minimal movement as this would result in movement between the handlebars and the tyre. However, the stem must have the availability to be3 removed by hand or with a minimal force so inserts can be changed quickly. This specification has meant that a Transition fit was chosen. Once a fit has been chosen the ISO standards can be consulted, using the tolerance classes see figure 3 table an exact transition was chosen. k6 was chosen for the stem and K7 for the Yoke Insert, using the tables from the ISO standards and the stem and insert dimension the following was able to be calculated: Upper Limit ES mm, Lower Limit EI MM, Upper Limit Size, Lower Limit Size and calculation of fit. (International Organization for Standardization, 2010)
	Part Section
	Fit Type
	Class
	Upper Limit ES mm
	Lower Limit EI mm
	Upper Limit Size 
	Lower Limit Size
	Calculation of Fit

	Centre Hole
	Transition 
	K7
	0.006
	-0.015
	30.006
	29.985
	-0.03
	0.004

	Stem Main Shaft
	Transition 
	K6
	0.015
	0.002
	30.015
	30.002
	-0.03
	0.004


Table 1- Calculation of Fit Stem & Insert
The upper ES and lower EI limit mm is taken from the ISO standard table for the class of fit and dimension of the part. Using this limit the upper and lower limit size is calculated by adding the dimension of the part and the upper ES or lower EI limit mm. Once a Limit size has been calculated the calculation of fit was calculated using the formula from the ISO standards. (International Organization for Standardization, 2010)







[bookmark: _Toc35086339]Equation 1- Calculation of Fit K7/k6 (International Organization for Standardization, 2010)
The calculation results in a negative figure and a positive number. This signifies that there is a maximum clearance of 0.03mm and a minimum of 0.004mm meaning that it is a transition fit. 
[bookmark: _Toc35112664]5.2- Bottom Yoke and Forks
The Bottom Yoke and Forks are designed to slide easy though each over then tight with a pinch bolt on the yoke to keep the fork in place. The use of these pinch bolts to secure the fork means that a clearance fit is used for the yoke and fork tolerance. Once a fit has been chosen the ISO standards can be consulted, using the tolerance classes see figure 3 table an exact transition was chosen. G7 was chosen for the Yoke and g6 for the Fork, using the tables from the ISO standards and the stem and insert dimension the following was able to be calculated: Upper Limit ES mm, Lower Limit EI MM, Upper Limit Size, Lower Limit Size and calculation of fit. (International Organization for Standardization, 2010)
	Part Section
	Fit Type
	Class
	Upper Limit ES mm
	Lower Limit EI mm
	Upper Limit Size 
	Lower Limit Size
	Calculation of Fit

	Fork Hole
	Clearance
	G7
	0.04
	0.01
	58.44
	58.41
	0.02
	0.069

	Fork Bottom
	Clearance
	g6
	-0.01
	-0.029
	58.39
	58.371
	0.02
	0.069


Table 2- Calculation of Fit Fork & Bottom Yoke




[bookmark: _Toc35086340]Equation 2- Calculation of Fit G7/g6 (International Organization for Standardization, 2010)

The calculation results in a negative figure and a positive number. This signifies that there is a maximum clearance of 0.02mm and a minimum of 0.069mm meaning that it is a clearance fit. 
5.3- Top Yoke and Fork
[bookmark: _Hlk35052153]The Top Yoke and Forks are designed to slide easy though each over then tight with a pinch bolt on the yoke to keep the fork in place. The use of these pinch bolts to secure the fork means that a clearance fit is used for the yoke and fork tolerance. Once a fit has been chosen the ISO standards can be consulted, using the tolerance classes see figure 3 table an exact transition was chosen. G7 was chosen for the Yoke and g6 for the Fork, using the tables from the ISO standards and the stem and insert dimension the following was able to be calculated: Upper Limit ES mm, Lower Limit EI MM, Upper Limit Size, Lower Limit Size and calculation of fit. (International Organization for Standardization, 2010)
	Part Section
	Fit Type
	Class
	Upper Limit ES mm
	Lower Limit EI mm
	Upper Limit Size 
	Lower Limit Size
	Calculation of Fit

	Fork Hole
	Clearance
	G7
	0.04
	0.01
	53.04
	53.01
	0.42
	0.469

	Fork Top
	Clearance
	g6
	-0.01
	-0.029
	52.59
	52.571
	0.42
	0.469


Table 3- Calculation of Fit Fork & Top Yoke




[bookmark: _Toc35086341]Equation 3- Calculation of Fit G7/g6 (International Organization for Standardization, 2010)
The calculation results in a negative figure and a positive number. This signifies that there is a maximum clearance of 0.42mm and a minimum of 0.469mm meaning that it is a clearance fit. (International Organization for Standardization, 2010)



[bookmark: _Toc35112665]5.4- Geometric Dimensioning and Tolerancing 
Figure 5 shows a dimensioned and tolerance drawing for the bottom yoke, the drawing has many different GD & T methods to display the form, features and size of the part.
 The datum point show with blue circle allows the drawing to be centred around one specific point, which allows for accurate measuring of dimensions. (Cogorno, 2011)
Tolerances are circled in orange; these represent the fit calculated using ISO 286 standards showing the upper and lower limit of certain features. (International Organization for Standardization, 2010)
Tolerances for the part shown circled in green use an individual feature tolerance which has been chosen so the part can be made within an accurate of expectable tolerance without a fit needing to be specified, the tolerance shown 0.1 which represents the measurement can be within 0.1mm of its original measurement. (Cogorno, 2011)
 The chamfers were all created identical on the part therefore a note has been placed in the corner of the drawing, the note specifies that all chamfers to be 1.5mm 45 degrees unless specified otherwise. (Hill, 2017)
A detailed view has been used to split on of the view, this has allowed for more detailed dimensioning of quite a complex area of the part. 
Depth characteristic is shown with a GD&T symbol along with a specified depth in mm, an example of this can be seen circled in purple. (Hill, 2017)
The parts form of the surface has been specified to flat within a certain tolerance, this is circled in yellow. (Hill, 2017)
[image: ]
[bookmark: _Toc35115253]Figure 5- Bottom Yoke Drawing













[bookmark: _Toc35112666]6- Conclusion 

The report has highlighted the need for many different processes of GD & T and applying their methods. GD&T methods have allowed for accurate drawings for the manufacture of triple clamps, GD&T methods along with ISO standards means that the drawing can be followed during manufacture to create a correctly dimensioned component. The importance of following these standards means the component is manufactured without any mistakes which mean there is not a waste of material, time or function error. 
The drawings allow easy interpretation by any engineer following GD&T, this assists with communicating international and external manufacture without the issues of incorrect fitment or specified sections. The ISO standard provides uniform calculation of ensuring the size of the part were correct to the fitment required form the product specification and these tolerances are internationally recognised. This means a correct tolerance triple clamps using GD&T along with ISO 286, are key for the application of bike racing where the part must be disassembled quickly whilst the component retains a precision fitment to create a high-performance component which could be manufactured from the technical drawing created in this report. 
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[bookmark: _Toc35115254]Figure 6-Bottom Yoke Insert Bolt
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[bookmark: _Toc35115255]Figure 7- Insert 0mm
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[bookmark: _Toc35115256]Figure 8- Insert Bottom
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[bookmark: _Toc35115258]Figure 10- Top Yoke
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[bookmark: _Toc35115259]Figure 11- Top Yoke Fork Bolt
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[bookmark: _Toc35115260]Figure 12- Top Yoke Insert Bolt
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