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1) [bookmark: _Toc34042102]Introduction
There are two main dimensioning and tolerancing standards used globally known as the ASME and ISO (Krulikowski, 2012), hence why this report will take the ISO 286 standards into consideration when implying GD&T techniques to an assembly of Honda CRF 450 triple clamps. The first phase of the report will be to assemble the given model on Solidworks, this model will then need to be modified with features such as materials, threads, bolts and dimensions depending on the chosen forks. 
Once the model is modified and defined with the added features, each part will need to be added to a technical drawing detailing the dimensions along with appropriate notes that need to be mentioned. When adding the parts into technical drawings tolerances and fits need to be calculated for them. To find the tolerances and fits for the parts ISO 286 will be used as a guide to choosing different fits for the parts and the reasoning behind those fits. Calculations for the tolerances will then be included by following the procedure in the ISO 286 standards. 
As well as calculating the tolerances, GD&T symbols will be used for each part to describe to the machine shop the tolerances needed to create the parts as required by the design team. The symbols will then be described and analysed to explain why they needed to be added to the drawings. 
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2) [bookmark: _Toc34042103]Geometric Dimensioning and Tolerancing 
[bookmark: _Hlk31475691]‘A design model is an idealized representation of a part design’ Sigmetrix (2010). However, the design model on its own without the use of GD&T does not fully define the product due to imperfections in the manufacturing and inspection processes where the physically manufactured products never match the actual design (Sigmetrix, 2020). Therefore, to clarify these details in the design, GD&T is a combination of symbols and standards that are very well known by engineers and manufacturers to describe a product. This technique also helps facilitate communication between entities within the project to produce something efficiently. Having deep knowledge and a good understanding of how to create a well-structured GD&T will massively improve the communication within the process especially within the machine shop where everyone understands their role by speaking the same engineering language (Hill, 2017). ‘The language of GD&T consists of dimensions, tolerances, symbols, definitions, rules, and conventions that can be used to precisely communicate the functional requirements for the location, orientation, size, and form of each feature of the design model’ Sigmetrix (2010).
Considering that there are a lot of things to learn before using GD&T, the main concepts of the system are listed below;
· CNC machining tolerances
· The Datum Reference Frame (DRF)
· Interpreting GD&T Symbols
· The Feature Control Frame
· Communicating Basic Dimensions
· Material Condition Modifiers                                                    (Hill, 2017)
Because the language is used by most designers worldwide, for it to be effective there are certain standards to follow. ASME standards are commonly used in the U.S whereas the ISO standards are used within European companies. These standards have relation to the application and use of GD&T to keep everyone in tact with the use of the language. Similar to other Government standards, these two organisations have several standards within that are applicable to GD&T where each standard is periodically revised with each standard identified by the year of its acceptance (Sigmetrix, 2020).



[bookmark: _Toc34042104]2.1) GD&T Symbols
This is what springs to mind when GD&T is usually discussed. Also known as Geometric Characteristics, there are fourteen of these included in the table below which describes them and their uses within GD&T. The symbols are usually placed in the first compartment of a feature control frame and they will also define the type of tolerance that is needed for that feature. The characteristics are grouped together into types of tolerance: form, orientation, location, runout, and location of derived median points (Hill, 2017). 
[image: ] [bookmark: _Toc33547626]Figure 2 - GD&T Symbols table (fictiv.com)






















3) [bookmark: _Toc34042105]ISO 286 Standards
Standards for fits and limits were brought in to play mainly by the requirement for interchangeability between mass-produced parts and the inherent inaccuracy of manufacturing methods along with the fact that the exactness of a size was unnecessary for most work pieces. To satisfy the fitment of certain work pieces, it was found sufficient to manufacture parts that’s sizes lay within two permissible limits, i.e. tolerances. Tolerance being the variation in size acceptable in the manufacturing process while ensuring the functional fit requirements of the product. These specific set of standards give values of the limit deviations for commonly used tolerance classes for holes and shafts calculated from ISO 286-1. Where two pieces mate together, a specific fit condition is required and an allowance, either positive or negative to the nominal size, is needed to achieve the required clearance or interference (ISO, 2010). 
[bookmark: _Toc34042106]3.1) ISO 286 Part 1
The figures below are examples of corresponding classes for holes and shafts where they are split into classes of limits and fits. This system gives a wide range of possible tolerances while restricting the selection and by doing this, avoids an unnecessary multiplicity of tools and gauges. The classes shown below only correspond to simple general purposes which don’t need a specific class, unlike keyways where they require a more specific selection (ISO, 2010).  

[image: ][bookmark: _Toc33547627]Figure 3 - Tolerance classes for holes (top) and shafts (bottom) (ISO-286, 2010)













Similar to the tolerance classes in part 1, there are also tables that represent different fits of holes and shafts. Based on the decision of the tolerance, the fit can then be chosen to represent the mating of a certain shaft and hole. The figures below show the different classes of fits which are clearance, transition and interference fits which range from being very loose (clearance fit) to being a press fit (interference fit), depending on the application of the part. The types of classes that are mentioned in the figures, as stated in the ISO-286 Part 1 (2010), ‘are used for ordinary engineering purposes where only a small number of fits are required therefore, the mentioned fits will usually meet the needs of an average engineering organization’ (ISO, 2010).    
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[bookmark: _Toc33547628]Figure 4 - Fit classes for shafts (top) and holes (bottom) (ISO286-1, 2010)



From here, the user can now move on to part 2 of the standards and produce calculations to determine the tolerance values of each part in the technical drawings ready for the machine shop.  



[bookmark: _Toc34042107]3.3) ISO-286 Part 2
After choosing a fit in part 1, the user can now move onto choosing the right tolerances in table 1 which can be found in appendix 1.A. Once the numbers are found in the table, this allows the equations to be used from part 1 and the tolerances of the parts to be calculated. Below are the equations used to calculate the tolerances after completing this step in part 2. This example was given when the user chose to use a 36mm diameter hole along with a H8 fit.  
[image: ][bookmark: _Toc33547629]Figure 5 - Tolerance equations from ISO-286 Part 1 (ISO-286 Part 1, 2010)







From here, the upper limit of the hole is taken out of the lower limit of the hole, resulting in a positive number as does the equation for the shaft. This means that the fit has a minimum clearance of 0.025mm and a maximum clearance of 0.089mm, indicating that it is a clearance fit. 
 













4) [bookmark: _Toc34042108]Methodology
[bookmark: _Toc34042109]4.1) Assembly 
Before assembling the parts together the parts had to be assigned with a material. After some research 6061 alloy was found to be a popular material used for triple clamps of a motorcycle therefore, the parts were made as 6061 alloy (TygaPerformance, 2019). 6061 is a good quality aircraft material therefore, strong enough to withstand the forces experienced on a motorcycle (Aalco, 2019).
[image: ]Below is an exploded view of the assembly with a bill of materials included. To make it easier for the machine shop to see how many of the parts are needed there are balloons with reference numbers in conjunction with the assembly for example number 7, there needs to be 14 of them to complete this assembly.  








[bookmark: _Toc33547630]Figure 6 - Model assembly drawing (Deion Atkinson, 2020)


[bookmark: _Toc34042110]4.2) Modifications
[image: ]As well as adding countersunk holes and threads for the bolts in the yokes, the top and bottom inserts were modified for them to be interchangeable during race weekend to change the rake angle of the front wheel. They are both fitted the same way and have the same tolerance as the standard inserts but are offset forwards by 2 mm, as can be seen in the drawing below.  
[bookmark: _Toc33547631]Figure 7 - Modified bottom insert (Deion Atkinson, 2020)


As well as the modifications above, the top and bottom yokes were modified by changing the diameters of the holes for the forks where the diameter of the top of forks are 52.6 mm and the bottom of the forks are 58.4 mm. The modifications were to change the diameter of the holes on the top yoke to 52.6 mm and the bottom yoke holes to 58.4 mm, doing this allows the holes to be given a tolerance for the machine shop.  

[bookmark: _Toc34042111]4.3) Calculating Tolerances
[bookmark: _Toc34042112]4.4) Top and Bottom Inserts into Both Yokes
The first calculation was done for the top and bottom inserts inside the yokes. The hole for the insert is 48mm therefore the insert was made the same size due to it being a clearance fit. Clearance fit was chosen for these parts because the insert is bolted onto the yoke allowing the customer to remove and replace easily to change the rake angle of the front wheel. Choosing this fit from the tables in ISO 286 Part 1 meant that for a 48mm hole, deviation H8 for the hole size and f8 for the shaft size;
48mm Hole size with H8 Deviation                                              48mm Shaft size with f8 Deviation
ES = 0.039 → Upper limit of size = 48.039 mm                 es = -0.025 → Upper limit of size = 47.975 mm
EI = 0 → Lower limit of size = 48.000 mm                          ei = -0.064 → Lower limit of size = 47.936 mm
Therefore; 
Minimum Clearance → Lower limit of hole – upper limit of insert = 48 – 47.975 = 0.025 mm
Maximum Clearance → Upper limit of hole – lower limit of insert = 48.039 – 47.936 = 0.103 mm

[image: ]Both values are positive proving that the type of fit is a clearance fit (ISO, 2010). Going further into detail, Clark (2015) states that there are 5 different clearance fits and for a 48 mm diameter fit with 0.1 mm max and 0.025 mm minimum clearance the fit is known as a close running clearance fit (Clark, 2015).     
[bookmark: _Toc33547632]Figure 8 - Exploded view of the top insert and top yoke together (Deion Atkinson, 2020)


[bookmark: _Toc34042113]4.5) Stem into Inserts
26 mm hole in inserts                                                          26 mm stem diameter
ES = 0.021 → Upper limit of size = 26.021 mm                 es = -0.028 → Upper limit of size = 26.028 mm
EI = 0 → Lower limit of size = 26.000 mm                          ei = -0.015 → Lower limit of size = 26.015 mm
Therefore;
Minimum Interference → Lower limit of hole – upper limit of shaft = 26 – 26.028 = -0.028 mm
Maximum Clearance → Upper limit of hole – lower limit of shaft = 26.021 – 26.015 = 0.006 mm (ISO, 2010)
Both positive and negative values indicating that the fit is a transition fit requiring the stem to be fitted with a small amount of force, also known as a push fit according to (Shafi, 2018). This fit was chosen because the stem needs to be very secure and tight inside the inserts to ensure that the handle bars don’t have any forward/backwards play in them. In order to keep the stem located in situ it has had a thread cut out on top of it and an M22 x 1.75 size nut on top to lock the system together. While the stem is located tightly in the hole it is also easily removed without much force so this will help the customer by making it easier to change the inserts during a race weekend rather than having to take them all off and having to press it out. 
[image: ][bookmark: _Toc33547633]Figure 9 - Exploded view of the stem, inserts and top nut (Deion Atkinson)











[bookmark: _Toc34042114]4.6) Top Yoke
Fork size = 52.6
Diameter of holes in the yoke = 52.6
Clearance fit F8 was chosen for the holes because the forks need to slide in nicely without any interference for them to be changed quickly on a race weekend. Another reason for this is because the forks are clamped with three bolts each side of the yoke allowing it to be a clearance fit due to not needing any tightness inside the yoke. 
F8 = +0.3           Lower limit of hole → 52.6 + 0.3 = 52.9 mm
         +0.76        Upper limit of hole → 52.6 + 0.76 = 53.36 mm

[bookmark: _Toc34042115]4.7) Bottom Yoke
Fork size = 52.6
Diameter of holes in the yoke = 52.6
F8 = +0.3          Lower limit of hole → 58.4 + 0.3 = 58.7 mm        
        +0.76        Upper limit of hole → 58.4 + 0.76 = 58.16 mm














5) [bookmark: _Toc34042116]GD&T Drawings

Below is the drawing for the bottom insert, as can be seen in the drawing GD&T symbols have been used to represent different parameters that need to be followed by the machine shop (shown in figure 2). The perpendicularity symbol (circled A) represents the 90 degree angle between the top surface and the cylinder that needs to be within 0.1 mm of its nominal size. Above the perpendicularity symbol (circled B) is the flatness symbol which indicates that the surface needs to be parallel to the opposite surface where both must be uniformly flat (GD&Tbasics, 2019). 
[image: ]

[bookmark: _Toc33547634]Figure 10 - Bottom insert drawing with GD&T symbols (Deion Atkinson, 2020)




Figure 11 represents a drawing of the top yoke which has many different GD&T symbols assigned to it because of its complexity. Labelled as A is the cylindricity of the bolt hole where the insert is bolted to, this indicates that the hole needs to be within 0.1 mm of its nominal size and within the tolerance of cylindricity. The circularity symbol can be seen (labelled as B) to represent the holes where the forks are clamped, this indicates that the hole should be a true circle within 0.1 mm of its nominal size so that the forks can be clamped perfectly without the yoke turning oval. In circle C there is a true position symbol in the centre of the hole for the forks to sit in, this means that the centre of the hole has to be within 0.1 mm of each measurement which is 24 mm from the centre of the bolt holes for the insert (GD&Tbasics, 2019).  
[image: ]

[bookmark: _Toc33547635]Figure 11 - Top Yoke drawing with GD&T symbols (Deion Atkinson, 2020)


[bookmark: _Toc34042117]Conclusion
Looking at how GD&T techniques are applied and what they mean to the machine shop it is clear to see that they are very important in the design phase as they could be the difference between a much defined part and a part that doesn’t work to its expected capabilities. As Clark (2015) states that a mistake in the design phase can cost some money but once the part is produced a mistake could cost ten times more depending on the type of mistake and product, proving that the technical drawings along with GD&T is very important to get right. 
Taking the fits of the inserts and the stem into consideration shows how the different tolerances relate to the fits and how they correlate to the purpose of the fits. Both fits are relevant due to the triple clamps being used on a racing bike where the rake angle could be changed quickly in the pits on a race weekend. After identifying the GD&T symbols and tolerances on the technical drawings it is clear to believe that they would be manufactured by the machine shop to the right specification, therefore are suitable for each part in the report.   
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[bookmark: _Toc34042119]7) Appendices
[bookmark: _Toc34042120]1. A
[bookmark: _Toc33529475]Table 1 – Limit deviations for holes, fundamental deviations M and N (ISO 286-2, 2010)
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[bookmark: _Toc34042121]8) Technical Drawings 



[bookmark: _Toc34042122]8.1) Stem
[image: ]
[bookmark: _Toc33547636]Figure 12 - Stem drawing with GD&T (Deion Atkinson, 2020)








[bookmark: _Toc34042123]8.2) Bottom Insert
[image: ][bookmark: _Toc33547637]Figure 13 - Bottom Insert drawing with GD&T symbols (Deion Atkinson, 2020)













[bookmark: _Toc34042124]8.2) Top Insert
[image: ][bookmark: _Toc33547638]Figure 14 - Top Insert drawing with GD&T symbols (Deion Atkinson)












[bookmark: _Toc34042125]8.3) Bottom Yoke
[image: ]

[bookmark: _Toc33547639]Figure 15 - Bottom Yoke drawing with GD&T symbols (Deion Atkinson, 2020)











[bookmark: _Toc34042126]8.4) Top Yoke 
[image: ][bookmark: _Toc33547640]Figure 16 - Top Yoke drawing with GD&T symbols (Deion Atkinson, 2020)












[bookmark: _Toc34042127]8.5) Assembly 
[image: ][bookmark: _Toc33547641]Figure 17 - Assembly drawing with bill of materials (Deion Atkinson, 2020)
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