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1.0 - Introduction: 
This report will evaluate the design and tolerancing of an assembly of a triple clamp suspension fork assembly for a Honda CRF 450. Considerations in relation to the required tolerances, fits, thread sizing, pitches and the bill of materials will be included. 
Tolerancing components and assemblies requires in depth knowledge of the how they function within a system. There are two major tolerances to consider in this report; Physical measurement (dimensioning) and attribute which relates to the time required for the assembly and the costings (Study.com, Tolerances, 2019).
From the engineering drawings an assembly drawing can be made to allow an engineer or manufacturer to produce the assembly efficiently and accurately. From this a bill of materials can be produced , giving an overview for the cost per unit when manufactured. 




2.0- Literature Review:
2.1- Engineering Drawing:
An engineering drawing is a technical drawing used to define requirements for components or engineering products. An engineering drawings purpose is to clearly and accurately convey and capture all geometric measurements and features of a product or component to allow for a manufacture or engineer to produce the part required accurately. It can also be used as a representation of an engineering idea, regarding the manufacturing processes or design processes. It can also be used as a record for an existing item (designingbuildings.com, 2019).
An engineering drawing is different to an illustration in the way it describes the sizes for each part of a component or product and the shape. It provides information regarding acceptable tolerance limits, loading limits, materials to be used and any other information an engineer or manufacture needs to make an exact accurate component required. Information adapted from (designingbuildings.com, 2019). 
2.2- Tolerancing: 
A tolerance is defined as a range of how far a true measurement can be from the intended specified measurement. There a two main types of tolerances; Physical measurement dimensions or an attribute tolerance that includes time, temperature and sound level (Study.com, 2019).
The most relevant tolerancing for this report is the Physical Measurement tolerance. This is the most common tolerance In an engineering drawing according to (Study.com, 2019). The tolerance specifies the deviation firm the dimensions included in the drawing, this is the acceptable range for the components measurement to be within to maintain the desired accuracy by the engineer. A consideration when it comes to physical tolerance is in regard to tolerance stack up. It is crucial for designers to look at the overall assembly tolerances and figure out their physical tolerance allowance. This is mainly related to moving assemblies. Adapted from (Study.com, Tolerances, 2019). An attribute is included in this report, but doesn’t require tolerancing. 












2.3- ISO tolerancing Symbols: 
The industry standard for Europe and the UK is the ISO standards. This is the preferred metric fits and tolerances for holes and shaft basis systems ISO 286-1 (2010) and the ANSI B4.2- 1978 standards used through the industry.
Preferred metric fits and tolerances for hole and shaft basis systems which are given in ISO 286-1 (2010) and ANSI B4.2-1978 standards are summarized in the following tables. The usage of these tolerances is advised for economic reasons and efficiency (Basis of tolerances, deviations and fits, 2010). 
[bookmark: _Hlk3400981][image: ]ISO metric fits relevant to the design and manufacture of the components in this report can be seen in figure 1 below, with a reference for the fits needed for the different aspects of the assembly. (Tables of standard tolerance classes and limit deviations for holes and shafts, 2010). Figure 1: ISO Shaft based system for tolerancing, (Tables of standard tolerance classes and limit deviations for holes and shafts, 2010).
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Figure 2: ISO tolerance measurement table, (ENG.gov, 2019).

2.3.1 ISO thread toleraning refrence table: 
[image: ]
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3.0- Methodology:Figure 3: ISO Thread Tolerancing Standards, (Accu, 2019).

The different parts required to create the assembly were modelled and needed to be redefined to allow them to accomidate the Honda CRF 450 Forks. The assembly is for a triple clamp system that uses a shaft for the head set on the bikes frame, with two spacer attachments to locate the shaft centrally, and the upper and lower yokes that clamp onto the suspension forks of the bike. The upper yoke accomidates a direct mounted stem that connects the handle bars at a later point. The parts were assembled using solid works assembly tool which can be seen in the figure below. 
[image: ]Figure 4: Fork Triple clamp assembly, (Daniel Salathiel, 2019).















[image: ]Figure 5: Transparent view for design locations internally, (Daniel Salathiel, 2019).












3.1- Redifining the Upper Yoke Paramiters: 
The upper yokes measurements for the diameters of the holes the shaft of the forks locate were incorrectly established from the original design. The measurements were given for the forks upper and lower nominal diameters. For the upper diameter the radius of the upper yokes locating diameters where redifined to 52.6mm nominal size. These measurements for the final assembly will be analysed in section ‘4.1’ of this report. The diameters were changed in the sketch of the relivant part of the component before proceeding to the engineering drawings. 

[image: ]
Figure 6: Top Yoke redefining key measurements, (Daniel Salathiel, 2019).










3.2- Redifining the Lower Yoke Paramiters: 
For the Lower yoke design, the diameters for the fork location was also wrongly defined. The diamters for locating the lower part of the forks were given as 58.4mm nominal size. This meant that the hole radii on the component needed to be redifined. This was achieved by entering the sketch of the relivant part of the component and changine the radius for both sides to 29.21mm to achieve the nominal size stated for the forks to be used. This process can be seen in the figure below. 
[image: ]
Figure 7: Redefining Lower Yoke Parameters, (Daniel Salathiel, 2019).












3.3- Creating Engineering Drawings for each component: 
To allow for an engineer or manufacturer to process and make the indiviual components reqiured to make the triple clamp assembly for the Honda CRF 450, engineering drawings needed to be created using the solid works software tool. The engineering drawings contain the key measurements and peramiters needed to accurately make the assembly in this report. The technical requirements such as tolerancing and formatting will be analysed indiviudally in the analyis section of this report.
To open an engineering drawing the following option must be selected in the solid works software seen in figure 4 below. The next step seen in figure 5 is to format the Engineering Drawing. 
  [image: ]
Figure 8: Step 1 for opening an Engineering Drawing, (Daniel Salathiel, 2019).
[image: ]
Figure 9: Step 2 formatting the Drawing, (Daniel Salathiel, 2019).


4.0- Analysis: 
4.1- Upper Yoke Engineering Drawing: 
[image: ]
Figure 10: Upper Yoke Engineering Drawing and Tolerances, (Daniel Salathiel, 2019).
The tolerancing for this component includes the key tolerance for fitting the forks to the assembly. The nominal size for the upper part of the forks for the Honda CRF 450 is 52.6mm. This meant that the tolerance for the holes in the upper yoke design needed to allow for ease of assembly and disassembly, without the component allowing the forks to move around when fully tightened in the clamping position. This type of fit is defined as a clearance fit, and the ISO standard that meets the requirement of the tolerance required and included in the engineering drawing above is the H7/h6 hole basis (ISO 286-1, 2010). This is defined as sliding fit not intended to run freely, but to move and turn freely and locate accurately as defined by (ISO 286-1, 2010). 
The threaded pitch that can be seen in the figure above for the clamping part of the component requires an internal thread tolerance for an M6 standardised bolt, this means that the thread pitch has an accuracy of plus of minus 0.00 mm as an industry standard for bolts, nuts and internal threads ISO standards. (Accu, 2019). This part of the component is standardised which allows bought in M6/1.5mm bolts to be used. This later in the costing section of this report will prove to be more cost effective. The relevant insets and pitch can be seen in the figure above.
The Information section in the bottom of the figure provides details the engineer or manufacture needs to follow In regards to the general tolerancing of the components, and the finish required, in this case the yokes surfaces such as the inner surface that the forks and head set shaft will be in contact with need to be machined smooth and deburred to reduce frictional or scoring damage to the components coming into contact. 


4.2- Lower Yoke Engineering Drawing: 
[image: ]
Figure 11: Lower Yoke Engineering Drawing Screen shot solid works, (Daniel salathiel, 2019).
The tolerances for each of the key parts of the component can be seen in the figure above. The main defined tolerance is that of the radius for the fork of the bike to be located. This required a clearance fit type as stated in section 4.1, where the fit provides a snug fit for locating stationary parts but can be freely assembled and disassembled (Basis of tolerances, deviations and fits, 2010). This is referenced as an ISO shaft basis of H7 for the hole tolerances and h6 for the shaft, in this case the forks as stated by both (Spencer, J. et al. 1972) and (Tables of standard tolerance classes and limit deviations for holes and shafts, 2010).
In the case of the lower yoke clamp manufacture, the nominal value for the hole is 52.6mm. When referenced against the ISO H7 tolerance chart (Tables of standard tolerance classes and limit deviations for holes and shafts, 2010), the clamp lower limit is that of 52.1mm and the upper limit is 52.64. This means that for the clearance to be available for assembly without interference the lower limit needs to be acknowledged. For the component to clamp the fork sufficiently so its not lose and sits stationary, the maximum upper limit for this tolerance is that of 0.049 from the nominal value stated. The use of standardised ISO M6 x 1.5 hex headed bolts has been defined, with the relevant insets and pitches shown in the figure above.
The defined fit above is to allow for the assembly of the clamp to hold the forks securely for safety, but to also not damage the forks when assembling and tightening. This is due to the design of the clamps, meaning the hole in regards to its circumference doesn’t stay a true circular shape when tightened and elongates. This had to be taken into consideration when selecting a suitable tolerance, as not to pinch the forks and damage them. 


4.3- Head-set Centre Shaft Engineering Drawing: 
[image: ]
Figure 12: Stem component drawing and tolerancing, (Daniel Salathiel, 2019).
The stem shaft component required the same tolerancing specifications as the upper and lower yoke. The only different consideration was that of the inner head set bearing surface. The component required an ease of assembly and disassembly, meaning a tolerance standard of H7/h6. This means that the shaft still conforms to the h6 tolerance seen previously but allows the hole in the head set that hasn’t been modelled to conform to G7, meaning the head set is free to move in a given direction specified (amesweb, 2019). The tolerancing for the length of the shaft still complies to the ISO tolerancing stated previously but allows for greater inaccuracy due to it not effecting the fitment for assembly or disassembly. 






4.4- Upper Insert Engineering Drawing: 
[image: ]
Figure 13: Upper insert spacer Drawing and tolerances, (Daniel Salathiel, 2019).
The tolerances selected for the upper insert is the ISO H7/h6 tolerancing standard. This allows the hole of the insert to be appropriately sized with the correct level of accuracy to ensure the component fits the nominal sizing of the stem shaft. The H7 standard means that when securely located in the assembly the spacer will provide support to the stem shaft securing it safely. The H7 hole tolerance for the centre diameter of a nominal 26mm, means that the lower limit is equal to the nominal value, and the upper limit of inaccuracy is 26.021mm. The 6mm bolt holes use the same basis to allow the bolt to freely pass through the holes to gain access to the threaded part of the top yoke. 



4.5- Lower Insert Engineering Drawing: 
[image: ]
Figure 14: Lower Insert Engineering Drawing and Tolerances, (Daniel Salathiel, 2019).
The bottom insert required the same tolerancing specifications as the upper insert component. Meaning this component uses the ISO H7/h6 tolerancing standard for hole accuracy. The inner diameter of 26mm has a minimum tolerance of the nominal value, and an upper tolerance of 26.1mm to allow the stem shaft to fit accurately. The outer diameters of the component and the geometric shaping is defined by the tolerance inner hole, and both the outer tolerance 6mm holes to allow the spacer to be securely mounted to the lower yoke design as an assembly. 
The curvature radius of the outer edges is defined by the diameter of the holes required, and the tolerance distance they are required to be apart from each other for assembly with the other components. This means that the outer edge measurements aren’t included to prevent the component being over defined.  




4.6- Exploded diagram engineering drawing: 

[image: ]
Figure 15: Manufacture exploded diagram, (Daniel Salathiel, 2019).
The exploded diagram above shows the manufacturer the assembly process of the components. Collins.com, 2019).  The diagram uses a balloon feature of solid works to number each component so the table can be referenced and checked against the relevant part (Solid works, 2018). This process enables accuracy when manufacturing the assembly ensuring all the parts are located and placed in the correct tolerance location. Each part has a specific location in the assembly process, with the addition of an exploded assembly diagram, the engineer or manufacture can easily follow the table and assemble the product more efficiently. This process saves time, making the manufacturing process more cost effective. 


4.7 Bill of Materials analysis: 
 [image: ]
Figure 16: Calculated manufacture cost for 1 unit, (Daniel Salathiel, 2019).
Figure 15 above shows the costing for manufacturing one unit of the assembly. This costing calculation took into consideration the time and labour charge required to manufacture the individual components and assemble them together. It also took into consideration the raw materials costing, the material costing included the aluminium and processing, the sourcing of the ISO standardised M6 bolts and the tooling required to obtain the finish and tolerances stated by the engineering drawings. 








5.0- Conclusion:
Tolerancing of components accurately as an individual part taking into consideration how it assembles and attaches to other components is vital in ensuring the assembly and manufacture process goes smoothly. Tolerances and geometric measurements within a engineering drawing allow an engineer of manufacture to accurately make components as stated by (designingbuildings.com, 2019). Using an industry standard such as the ISO standard allows the component in this report to be made identically by different engineers and manufactures, making components and assemblies interchangeable. This makes the process more cost effective and increases the safety of components that play a key structural role. 
The ISO tolerancing standards used for the components in this report allowed for the engineering drawings to convey the correct accuracy to a manufacturer to produce the assembly for the Honda CRF 450. They were modified to conform to the nominal sizes that were given, which allowed a suitable tolerance format for hole and shaft clearances. The assembly engineering drawing allowed for a clear understanding of how the system fits together including all the relevant sizes, pitches and threads. From this, using the solid works software, a bill of materials was produced to allow for a full costing of manufacture of the assembly system. Coupled with the assembly drawings the assembly can be made accurately and efficiently to the ISO standards for manufacture in ISO 286-1 (2010) and ANSI B4.2-1978. 
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