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The aim of this assignment is to modify a modelled set of triple clamps taken from a Honda CRF 450 by calculating the required tolerances to secure the suspension forks in place. Engineering drawings of the different components will be created to illustrate the dimensions and the tolerances for the different parts of the assembly; upper clamp; lower clamp; top and bottom inserts and the stem. To accompany the engineering drawings of the components, an assembled drawing of the complete triple clamp will be produced, accompanied by a bill of materials and total costings of the assembly.   
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Geometric dimensioning and tolerancing (GD&T) is a system of symbols developed to be used to define shapes, orientation, locations, amongst other things, Meadows, 2017. This system is made up of three general rules. These rules are provided to control situations and help to provide a common foundation to applying and interpreting GD&T Puncochar, 1997:
· The first rule applies to the all features that are controlled by plus/minus tolerances. Rule one states: “where only a tolerance of size is specified, the limits of size of an individual feature prescribe the extent to which variations in its geometric form, as well as size, are allowed”. 
· Rule two is primarily a designers rule. Rule two states: “regardless of feature size (RFS) applies, with respect to the individual tolerance, datum reference, or both where no modifying symbol is specified. Maximum Material Condition (MMC) or Least Material Condition (LMC) must be specified on the drawing where it is applicable. Circular runout, total runout, concentricity and symmetry are applicable only on a RFS basis and cannot be modified to MMC or LMC”. 
· Rule three applies to all screw threads, gears, and splines and states that, “for each tolerance of orientation or position and datum reference specified for screw threads applies to the axis of the thread derived from the pitch cylinder, for gears and splines the MAJOR DIA, PITCH DIA, or MINOR DIA must be specified”. All the rules mentioned above have been produced by Puncochar, 1997. 
Geometric tolerances cover a wide range of characteristics, which have a corresponding symbol, as mentioned above. A range of these characteristics and symbols can be seen below, provided by Cogorno, 2010:
[image: E:\Solidworks\year 3\tolerance assignment\table of geometric characteristics and symbols.PNG]















Table 1 - The different types of geometric tolerances


The importance of knowing these symbols with respect to their categories is paramount, as some characteristics that apply to one geometric control could also apply to other controls in the same category. When applying a geometric tolerance to a dimension, it is laid out in the following format, provided by Technia, 2019:
[image: E:\Solidworks\year 3\tolerance assignment\layout of geometric tolerance.PNG]Figure 1 - The intended layout of a geometric tolerance










There are many different types of fit that can be used in relation to GD&T. There are three main types of fit in terms of mechanical engineering, according to Dannana, 2018:
· Clearance fit, meaning there is a gap between the two mating parts. 
· Interference fit, where there is no gap between the two parts, as a consequence meaning that there will be a class between the materials. 
· Transition fit, not tight or lose compared to clearance and interference fits. 
Within these classifications of fits, there are sub categories in which fits can be based on, stated by mechcadcam.com, 2017. 
Under the clearance fit classification, there are five sub categories:
· Slide fit: Sliding fits have a small clearance between the mating components. An example of a sliding fit would be tail stock spindle in a lathe. 
· Easy slide: An easy slide fit provides a small clearance between the shaft and the hole. Piston and slide values are examples of easy slide fits. 
· Running fit: Running fits have some clearance between the components. They are used for components rotating at moderate speeds, gears being an example. 
· Slack running fits: The clearance this fit produces may be used as compensation for errors during mounting, an example being spaced out supports on a shaft. 
· Loose running fits: These fits have the largest clearance out of the clearance fit classification and are mainly used for parts that are rotating at high speeds. 
Under the transition fit category, there are two sub categories:
· Wringing fit: This fit provides either zero interference or zero clearance. This type of fit is usually used where the parts can be changed easily without any major issues, gears of machine tools being an example. 
· Push fit: This fit is used for parts that must be taken apart during the lifetime of a machine. 
Under the interference fit classification, there are three sub categories:
· Force fit: This type of fit is used for mating two parts that are not going to be taken apart during the lifetime of the machine. 
· Tight fit: This type of fit has less interference than a force fit. Tight fits are mainly used for components that mate together, but may be taken apart during a service of the machinery. 
· Heavy force/Shrink fit: More force is required to mate the parts compared to using, usually has a negative clearance. 
All information above justified by mechcadcam.com, 2017. 





[bookmark: _Toc4248332]Methodology

There are many steps that need to be carried out to perform the task:
1) Firstly, the parts needed for the triple clamp need to be located. The parts need to be downloaded from UWTSD Moodle, 2019, and saved in a secure place. 
2) The next step is to open all the parts as drawing files, making sure to set the page layout as A4, as shown in the diagram below:
[image: E:\Solidworks\year 3\tolerance assignment\a4 page].PNG]Figure 2 - How to set up the page layout of an engineering drawing



















3) Once all the parts are open, the general dimensions of the components need to be placed onto the drawings. Start with the stem, and work through the two inserts and then finish with the top and bottom yokes. To dimension the components, smart dimension needs to be selected, as seen in the diagram below:
[image: E:\Solidworks\year 3\tolerance assignment\how to dimension.PNG]Figure 3 - How to add dimensions to engineering drawings










4) After successfully adding the dimensions to the parts, general tolerances need to be added, excluding the holes and shafts of the stem, inserts and yokes that need to be calculated. To add tolerances to the dimensions, select the required dimension, and change the tolerance setting from none to your required choice, as shown below:


[image: E:\Solidworks\year 3\tolerance assignment\tolerancing.PNG]Figure 4 - How to add tolerances to engineering drawings




























5) Now that general tolerances have been added to the components, calculations need to be carried out to find the tolerances needed for the holes and shafts of the yokes, inserts and stem. The dimensions for the holes of the yokes may need to be changed depending on the type of fit required. The dimensions for the forks can also be found from UWTSD Moodle, 2019. To calculate the required tolerances, the required fits for the various locations needs to be identified. Once this has been done, using the relevant charts, the tolerance for the hole and the shaft needs to be chosen, and then from that, the maximum and minimum clearance can be calculated. The table below shows the calculations for the clearances of the holes and shafts, with information for the fits being provided by simply bearings, N/A, Coban Engineering, N/A, with AmesWeb, N/A being used to check calculations:

	Number
	Location
	Hole & Shaft
	Diameter (mm)
	Tolerance Fit
	Tolerance (mm)
	Max Clearance (mm)
	Min Clearance (mm)

	
	
	
	
	
	
	
	

	1
	Stem Into Top Insert
	Hole
	26
	H7
	0.021
	0.051
	0.017

	
	
	
	
	
	0
	
	

	
	
	Shaft
	25.9
	g6
	-0.007
	
	

	
	
	
	
	
	-0.02
	
	

	2
	Top Insert Into Top Yoke
	Hole
	48
	H7
	0.025
	0.591
	0.55

	
	
	
	
	
	0
	
	

	
	
	Shaft
	47.5
	h6
	0
	
	

	
	
	
	
	
	-0.016
	
	

	3
	Stem Into Bottom Insert
	Hole
	26
	H7
	0.021
	0.051
	0.017

	
	
	
	
	
	0
	
	

	
	
	Shaft
	25.9
	g6
	-0.007
	
	

	
	
	
	
	
	-0.02
	
	

	4
	Bottom Insert Into Bottom Yoke
	Hole
	48
	H7
	0.025
	0.591
	0.55

	
	
	
	
	
	0
	
	

	
	
	Shaft
	47.5
	h6
	0
	
	

	
	
	
	
	
	-0.016
	
	

	5
	Bottom Fork Into Bottom Yoke
	Hole
	58.4
	H7
	0.03
	0.051
	0.002

	
	
	
	
	
	0
	
	

	
	
	Shaft
	58.4
	p6
	0.051
	
	

	
	
	
	
	
	0.032
	
	

	6
	Bottom Fork Into Bottom Yoke
	Hole
	58.4
	H7
	0.03
	0.051
	0.002

	
	
	
	
	
	0
	
	

	
	
	Shaft
	58.4
	p6
	0.051
	
	

	
	
	
	
	
	0.032
	
	

	7
	Top Fork Into Top Yoke
	Hole
	52.6
	H7
	0.03
	0.051
	0.002

	
	
	
	
	
	0
	
	

	
	
	Shaft
	52.6
	p6
	0.051
	
	

	
	
	
	
	
	0.032
	
	

	8
	Top Fork Into Top Yoke
	Hole
	52.6
	H7
	0.03
	0.051
	0.002

	
	
	
	
	
	0
	
	

	
	
	Shaft
	52.6
	p6
	0.051
	
	

	
	
	
	
	
	0.032
	
	


Table 2 - Calculated tolerances and clearances for the designated holes and shafts
6) [image: E:\Solidworks\year 3\tolerance assignment\solidworks toolbox.PNG]Once all dimensions and tolerances have been added to the drawings, the parts need to be assembled correctly, so that a bill of materials, the total costings and an exploded view can be produced. Bolts need to be added to the assembly to make sure that the estimated costing of the component is as accurate as it can be. To add the bolts to the assembly, the solidworks add-in tool, toolbox needs to be loaded in, as seen in the diagram below:Figure 5 - How to add the solidworks add-in toolbox into solidworks


Once toolbox has loaded in, it needs to be opened so that the correct bolt can be found and configured to the correct size, and then placed into the assembly. The following diagrams illustrate this process: 
[image: E:\Solidworks\year 3\tolerance assignment\solidworks toolbox 2.PNG]Figure 6 - How to access the solidworks toolbox














[image: E:\Solidworks\year 3\tolerance assignment\solidworks toolbox 3.PNG]Figure 7 - How to select the correct standard for the part required

	













[image: E:\Solidworks\year 3\tolerance assignment\solidworks toolbox 4.PNG]Figure 8 - The selection of the parts that could be used through solidworks toolbox

















Once all the bolts have then been placed into the assembly, the bill of materials, estimated costing and the exploded view can be created. The following diagrams illustrate how this process is carried out: 
[image: E:\Solidworks\year 3\tolerance assignment\exploded view and bill of materials.PNG]Figure 9 - How to a bill of materials and to make an exploded view of the whole triple clamp assembly











[image: E:\Solidworks\year 3\tolerance assignment\costings.PNG]Figure 10 - How to calculate the estimated cost of the triple clamp assembly
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[image: E:\Solidworks\year 3\tolerance assignment\triple clamp assembly with bill of materials.JPG]The images for the engineering drawings of the five different components can be seen in the appendix. Geometric tolerances were not used as they did not seem necessary. The assembled triple clamp with an accompanying bill of materials can be seen below:Figure 11 - The assembled triple clamp assembly with a bill of materials


To get an accurate estimated cost for the production of the triple clamp, each component needs a material assigned to it. The following image illustrates how to change the material of the components, as well as the exploded view of the component:
[image: ]
Figure 12 - How to change the material for the different parts of the assembly

The material chosen for the parts was 1345 grade aluminium, quoted by Xtrig, N/A. The cost of producing this component can be seen in the diagram below:
[image: ]
Figure 13 - The estimated cost for the production of one triple clamp unit

https://uowtsd-my.sharepoint.com/:f:/g/personal/lcripps_149407_student_uwtsd_ac_uk/EsPH4Qc_GgZDs1z842R115MBkChflX7U4YNFDjFOVp1uGA?e=DCmBlt 
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[image: E:\Solidworks\year 3\tolerance assignment\Bottom Yoke Final.JPG]
Appendix 1 - The engineering drawing for the bottom yoke


[image: E:\Solidworks\year 3\tolerance assignment\Top Yoke Final.JPG]
Appendix 2 - The engineering drawing for the top yoke



[image: E:\Solidworks\year 3\tolerance assignment\Stem.JPG]
Appendix 3 - The engineering drawing for the stem


[image: E:\Solidworks\year 3\tolerance assignment\Insert Bottom 0mm.JPG]
Appendix 4 - The engineering drawing for the bottom insert





[image: E:\Solidworks\year 3\tolerance assignment\Insert 0mm.JPG]
Appendix 5 - The engineering drawing for the top insert


[image: E:\Solidworks\year 3\tolerance assignment\triple clamp assembly exploded view.JPG]
Appendix 6 - An exploded view of the triple clamp assembly
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