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 Table 1: Abbreviations 

	Abbreviation
	Meaning

	GD&T
	Geometric dimensioning and tolerancing

	BOM
	Bill of Materials 


1. [bookmark: _Toc38433349]Introduction
The following report follows the Geometric dimensioning and tolerancing of a triple clamp system from a Honda CRF450. This includes the procedure followed in the creation of technical drawings as compared to industry standards. In addition the manufacturing process and cost has been highlighted and compared to small and large batch production. The components seen throughout this report have been supplied or created and will be noted as such for each item, but have all had adaptations to meet the GD&T industry specification selected. Additional adaptations have been made for the benefit of the consumer such as tooling required and ease of fitment.  
The product of this report is a set of technical drawings of the triple clamp system fully defined to the BS 8888, BS 4500, ISO 4762 and BS 3643 standards. This includes an assembly, exploded diagram page and BOM. These can be view in the Appendices or via the OneDrive link in the conclusion (and References).   



















2. [bookmark: _Toc38433350]Research 

[bookmark: _Toc38433351]2.1 Background
When properly applied GD&T clearly communicates design intent in a technical drawing for an end product. It is a standardized language used by engineers to convey high level description of complex products. Industries have benefited from GD&T since the turn of the century, additionally became further popularized by war with large volume production of equipment (Paraphrased Efunda, 2020). This later transferred over to automotive industry with addition of the CAD software familiar of today. With the design of components for vehicles nowadays done with CAD software GD&T has be integrated to work with these programs. For example Solidworks has a large array of standards for GD&T and standardized notation for form, profile, orientation, location & runout, including their sub-categories. 
GD&T saves cost and time in not only the design process but the production as well. In the design section complex parts can be designed to a given standard and be mated together in an assembly to a given tolerance. These tolerances are predefined by the standard and can result in either a clearance, transitional or press fit. With this in mind a designers collaboration reduces the number of iterations of a design saving time and cost. These fits previously mentioned can reduce additional steps during production helping to save cost, such as using a press fit instead of weldment which is energy intensive and can change the material characteristic from heating possibly coursing embrittlement.
[image: ]Tolerancing can be specified to a given production method which again saves cost. For example designing a component with tolerances that can be achieved with a lathe or by milling instead of using methods such as honing or lapping which are higher precision with a higher cost incurring. Ideally injection molding or forging would be used as in large production (after initial equipment costs) these methods are very cheap however have a low tolerances (Lorenzoni, et al., 2019). However this can also have the flip-side of not have a high enough tolerance, this cause rejects or cast-offs products that don’t mate correctly or in the way intended. This incurs the cost of lost products to sell and the re-design to a higher specification. [bookmark: _Toc38433358]Figure 1, Max and Min material condition, (Green, 2005)

GD&T maximum and minimum material condition (MC) is a simplified version for the designers to determined product fit. For holes and shafts the max metal condition is where the hole is at its smallest and the shaft is at its biggest (maximum amount of material). This is opposite for minimum material condition and both can be seen in figure 1. The smallest tolerance will be achieved at Max MC and the largest at MinMC. 


 
Additionally to what has been mentioned prior, while constructing technical drawings it’s important to follow other simple principles. Proving exploded diagrams of an assembly can aid the assembly process. With annotations and a BOM this can inform a user how to assemble the product and number of specific parts required. This system works so efficiently at conveying the complex language of technical drawings into a simply to understand format that it’s even used by Lego. 
 [image: ]
[bookmark: _Toc38433359]Figure 2, BOM and Exploded Assembly diagram, (Lego, 2019)

[bookmark: _Toc38433352]2.2 Standards 
BS 8888:2011 (BSI, 2011) is the key standardized specification this report is working to with additions of; BS 3643-1 and 3643-2 (BSI, 1981), ISO 4762 (Westfield Fasteners, 2019) and BS 4500:1969 (Simmons , et al., 2009).  
Reasoning for the standards selected fall into a few categories. Firstly BS 8888 gives the layout and general overview of the scope of the specification. BS 4500 provides to tolerances of the hole and shaft for the given and required fit. BS 3641 gives the tolerances and sizing of Hex nuts and bolts, and ISO 4762 for socket head cap bolts. Other than purpose each of these fulfill, they were selected as the documentation is valuable and hence difficult to access especially up to date versions. These versions selected are readily available online and in books.   
[image: ]
[bookmark: _Toc38433360]Figure 3, Shaft basis BS-4500 fits,  (Simmons , et al., 2009) 
[image: ]
[bookmark: _Toc38433361]Figure 4, Hole basis BS-4500 fits,  (Simmons , et al., 2009)
[image: ]
[bookmark: _Toc38433362]Figure 5, Socket head cap bolts at ISO 4762 (Westfield Fasteners, 2019)
[image: ]
[bookmark: _Toc38433363]Figure 6, M6 Hex Bolts BSI 3641, (BSI, 1981)
3. [bookmark: _Toc38433353]Methodology
The design of the technical drawing start from the CAD files provided. These were turned in to an assembly. Then provided the fitment desired for certain sections and the size of the steering arms the GD&T on the individual components could begin. 
[bookmark: _Toc38432404]Table 2, Tolerance selection of BS 4500 for components, Standing .L, 2020
	HOLE
	SHAFT
	SIZE
	BS SIZE
	FIT TYPE
	BS- HOLE
	BS- SHAFT
	IT

	Top Yoke 
	Steering Arm *
	52.6
	50-65
	Clearance 
	H7
	h6
	8/7

	Top Yoke 
	Top Insert *
	47.5
	40-50
	Transitional
	K7
	h6
	7/6

	Top Insert *
	Stem
	26
	18-30
	Clearance 
	H7
	h6
	7/6

	Bottom Insert*
	Stem
	26
	18-30
	Clearance 
	H7
	h6
	7/6

	Bottom Insert*
	Stem
	32.5
	30-40
	Clearance 
	H9
	d10
	7/10

	Bottom Yoke
	Bottom Insert*
	47.5
	40-50
	Transitional
	K7
	h6
	7/6

	Bottom Yoke
	Steering Arm *
	58.4
	50-65
	Clearance 
	H7
	h6
	7/6


As seen in table 1 the use of figure 3 and 4 allowed the tolerances desired to be used in the technical drawings. The first two columns state which items are being tolerance and the “*” denotes the basis used, for example the first row is a shaft basis. Then the size is the size provided or requested of the designated basis item. This is used in the next column where it specifies what row of values it’s within on the tolerance spreadsheet. Then fit type is used to select the column in the tolerance spreadsheet giving the BS-Hole and BS-Shaft tolerance. 
These values can used on the technical drawings in Solidworks by selecting “fit with tolerance” when applying a dimension to a component. [image: ]
[bookmark: _Toc38433364]Figure 7, Total weight of Aluminum 6061 components, Standing .L, 2020.
[image: ]
[bookmark: _Toc38433365]Figure 8, Total weight of Alloy Steel SS components, Standing .L, 2020
[image: ]A Breakdown of each component material is in the BOM of the technical drawings. In figures 7 and 8 we see the weight of all the Aluminum 6061 and Alloy Steel (SS). The selection of these materials come from research showing the product in figure 9. The triple clamp system for sale comes build form the same Aluminum 6061 used in the technical drawings. Based on cost of material alone using the weights seen in figures 7 and 8 the raw material are valued at £149.50 (£72/kg aluminum 6061, £22/kg Steel (okchem.com)). [bookmark: _Toc38433366]Figure 9, Competitor triple clamp, procircuit, 2020. 

With this in mind looking back at the last column “IT” on table 2. This looks at the manufacturing process and as seen in figure 10 the lower the IT value the more precision of tolerance and higher cost to manufacture. In table 2 the lowest value is 6 requiring grinding or honing as seen in figure 10.  One point to note is that even though a IT of 10 is present for the stem 5th row down as it appears earlier with 6IT hence the whole shaft will have to meet this tolerance.   
[image: ]
[bookmark: _Toc38433367]Figure 10, IT Table, Morgan R, UWTSD, 2013


4. [bookmark: _Toc38433354]Results
The Technical drawings are completed and to a standard highlighted prior as BS 4500 for the holes and shafts, BS 3641 for Hex nuts and bolts and ISO 4762 for the socket head bolts. Images of each of the technical drawings can be found in the appendices and a PDF link in the reference section. Of which there is the inclusion of the “steering arms”. These don’t account for the weight of the components in figures 7 or 8. They are used as a representative of the steering arms to aid in the technical drawing process.  
Ultimately the cost incurred in the manufacturing of the components will come down to the scale of production. For a small single product production these is little need for a forge casting, alternatively there is for a large batch production. As a small batch production and in most cases large scale production components such as nuts, bolts, and washers are outsourced or bought in (Shafeek, H & Marsudi, M. 2015).





















5. [bookmark: _Toc38433355]Conclusion 
Overall the triple clamp setup provided in the form of a CAD model has been converted to a technical drawing adhering to standards and tolerances specified throughout. This comes with developing an understanding of tolerancing and fit types while many standards are difficult to attain as previously mentioned. The resolve for using older documentation is beneficial in this scenario as the general understanding of the process is learnt. Through reading it’s apparent that the GD&T is language that is complex and can be daunting for a first time viewer of the subject. The use of an exploded diagram in a technical drawing has displayed how the overall complex process can be simplified so that even a member outside of an engineering background can understand. This becomes more apparent when in industry where concept designs would be presented to colleges of other backgrounds, such as finance where the product design would have to be presented in a palatable way to gain funding. Additionally a BOM does a similar thing where an improved design might not visually present any advantages at first glance, however may include less fasteners such as nuts and bolts, reducing cost. Using this BOM table it can quickly be seen where an improvement of that kind had been made. 
Overall the use Solidworks made work almost effortless with a simple and easy to navigate menu, especially after having to create many of the models and drawings a second time. This follows from a series of events leading to an extension of the deadline, then Covid-19 caused the closure of university. With all this and other major project work large sections of work was misplaced. Ultimately this re-enforces the need to copy files and store them on multiple devices and online, preventing such a need in the future to extend workload unnecessarily. 
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Table 1 — ISO metric screw threads: limits and tolerances for finished uncoated threads for normal length of engagement

All dimensions are in millimetres.
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