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[bookmark: _Toc34635613]Introduction
In the field of design engineering, processes have become more automated in terms of the approach to produce complex components. In the past design engineers used 2D technical drawings to design a part done by hand and they introduced the plus/minus limits on dimensions which have been around since the early 1900’s. But nowadays with computer aided software such as Solidworks, models are developed and enhanced without the need for a real part.  There are two types of tolerances, 1) GD&T (geometric, dimensioning and tolerancing. 2) Conventional (+ and -). Both are what the current industry utilises today and are known as parametric and geometric tolerancing. So parametric tolerancing are those of which ‘’assign limits to the parameters that define a range of values’’ (Hawkes and Abinett, 1981). ‘’Geometric tolerancing limits the permissible variation of form, attitude or location of a feature’’ Umaras E, and Tsuzuki M, (2007). It does so by identifying a tolerance zone within which the feature and shows the ‘’Profile’’, ‘’Straightness’’, ‘’Flatness’’, ‘’Roundness’’, ‘’Angularity’’ etc. (Requicha, 1993).
The following paper will discuss geometric tolerances by the means of practical use of GD&T techniques on a mechanical component on computer aided design software. ‘’GD&T is a language of symbols that empowers design engineers with an unambiguous communication method to explain design intent with manufacturers, resulting in improved communication and part quality’’ (Hudak, 2018). The software being used is Solidworks that was supplied by the universities faculty. Also 2D Technical drawings will be made for each individual part for calculating the tolerances and fits for each component to achieve an accurate analysis as if the component were to be manufactured. The component being defined in this paper is a front fork carrier with three clamps from a Honda CRF450. 
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Figure 1: Photo, honda crf450, By UWTSD moodle 2020.
[bookmark: _Toc34635614]Describing GD&T method
The method that is chosen for this paper was taken from Dan Bauer on his paper ‘’statistical capability analysis for geometric tolerances using the maximum/minimum material condition modifier’’. This method of tolerancing was the easiest way to for an engineer understand engineering drawings but retaining the traditional coordinate dimensioning and tolerancing application. As you will read below it defines location, sizes and characteristics of features that can used on a broad range of parts.  
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Figure 2: GD&T drawing example, By Bauer, 2009.
In figure 2 above taken from (Bauer, 2009) he explains his method by 1) Feature control frame, 2) Datums and 3) Basic Dimensions. The above datums A, B and C are ‘’reference features that establish the orientation and location from the edges’’ to the axis of two Ø7mm holes (Bauer, 2009). Or a datum is a theoretical plane, axis or point that tolerances are referred to. So it is the axis the you are looking at the part and other planes can be defined also from that axis to symbolise another view. The bar labelled 1) above is the feature control frame is required to describe the conditions and tolerances of the feature. As you can see it consists of four pieces of information. The label 3) is the basic dimension of the feature which can be seen as the distance from the edge to the hole or the distance between holes or the overall length width and height of the part. In the Above drawing the datums A, B and C represent the location of the holes relative to edges of the component and the axis, this can be seen at 3) where on datum A or the A axis the distance from the edge to the hole is 15mm and then from the opposite edge the distance to the hole is 15mm and the distance between the two holes is 30mm. 



Andrew Hudak’s webinar of GD&T in figure 3 below describe’s the interpretation of a ‘’cylindrical feature’’ as a tolerance of Ø6.00mm (or +/-0.05) which he continues to use throughout applies to the ‘’true position’’. So, the specification can be interpreted to mean that the view and true position in found on datum C and 45.00mm from the centre of the part.
[image: ]For GD&T the condition in which a feature of size contains the maximum amount of material with the stated limits of size for example ‘’the minimum material  condition diameter can be seen for the circular feature in the centre. As [True position/0.05M/B/C].




Figure 3: GD&T drawing example, By Andrew Hudak, 2018.

[image: ]Maximum Material Condition (MMC): This symbol describes amount of material (volume/size) that exists within its dimensional tolerance.

[image: ]Datums in GD&T: A datum is a theoretical plane ,axis or point that tolerances are referred to. So it is the axis the you are looking at the part and other planes can be defined also from that axis to symbolise another view that can be see in figure (
[image: ]Perpendicularity: This can mean the surface perpendicular to the tolerance that controls perpendicularity between two 90° surfaces. This can be seen in fiqure ( ) 

[image: ]Flatness: This symbol simply references how flat a surface is regardless of any other datums. 

[image: ]True Position: This symbol just shows the position of the feature being discussed. The position tolerance is how far your features location can vary from its true position. 
[image: ]Circularity: The symbol is uised to describe how close an object should be to a true circle, Relative to Datum no minimum or maximum material condition 

[image: ]Parallelism: This symbol is relative when a surface parallel to a tolerance that controls parallelism between two surfaces on the feature.

[bookmark: _Toc34635615]Methodology
The CAD parts for the Honda CRF450 where supplied in folders that we had to assemble ourselves in Solidworks and then convert the parts to technical drawings. The second step was to mate each part correctly and design nuts, bolts and washers that the component would need in real life. For mating the bolts to the holes on the parts labelled ‘’Top and Bottom Yoke’’ threaded hole had to be done so the part that we received had to be modified slightly. The thread on each bolt had to be carried out using the ‘’extrude cut’’ or ‘’extrude boss’’ function in Solidworks, this means you are either cutting the thread into your bolt or and thread material to your bolt. If you add thread material to the hole then the bolt has to have the thread cut into it to fit. Also using either ‘’Tap or Die’’ function when threading the hole on the top and bottom yoke, the opposite method has to be used so if you ‘’tapped’’ the thread in the hole you must ‘’die’’ the thread on the bolt or vice versa or it will not work when trying to mate the threads.  When the nuts and bolts were designed and mated correctly, limits were set to 100mm from the surface of the top and bottom yoke therefore each part can be an exploded view and the component could be viewed as a whole. 
[image: E:\BSc Motorsport Year3 CAD + FEA assignment 2\Assembly photo 1.jpg][image: E:\BSc Motorsport Year3 CAD + FEA assignment 2\Exploded View 3.jpg]
Figure 4: CAD Front fork assembly exploded and assemble view, By Michael Cunniffe 2020.





The next step was the longest which was dimensioning each part with the ISO 286 tolerance system to calculate the tolerances of the assembly. The ISO 286 was the standard used in the majority of engineering groups in Ireland which is why it is chosen in this paper. Figure 3 above represents an assembled and exploded view of the honda’s front fork carrier, as you can see on the top and bottom yoke have holes and on either side of the stem which are for the front suspension shocks and the holes are used for clamping the shock in place by turning the bolts. 
[bookmark: _Hlk34627906]Figure 5: Photo Honda CRF450, By www.PadgetsHonda.com.
[bookmark: _GoBack][image: E:\BSc Motorsport Year3 CAD + FEA assignment 2\CRF450 front view.jpg]As you can see in Figure 3 above of the exploded and assembled views, the top and bottom yoke which are joined together by a shaft in the centre which is labelled the stem. On dirt bikes the stem must be easy to access for removal as not only does it hold the front suspension but it also is the unit that holds the handle bars for steering. From the research done on limits and fits, the centre stem should be a ‘’Transition Fit’’ or slight interference fit because the stem separates the top and bottom yokes mounting the suspension but it also is responsible for the steering therefore the stem has to be tight enough to stop any rotation and have the steering lock tight. ‘’A Transition fit may provide either a clearance or an interference between the hole and the shaft when assembled. (Hudak, 2018). On our design we were given inserts between the stem and the bottom yoke and to calculate the fit is shown below in figure 4.
[image: ]Figure 6: Fit calculations for Stem and inserts, By Michael Cunniffe 2020.
                                
[bookmark: _Hlk34631140][image: ]Figure 7: ISO 286-2 Shafts fit system, ISO 286-2 PDF 2010.
The tolerance classes for shafts were chosen from figure 6 above, the tolerance system does give the possibility of a wide choice among the various classes even if this choice is limited only to the ISO 286-2. ‘’The shaft should only be used where it will convey unquestionable economical advantages i.e where it is necessary to mount several parts with holes having different deviations on a single shaft of drawn steel bar without machining the latter’’ (ISO 286-2, 2010)


Figure 8: Photo Honda CRF450 naked, By www.PadgetsHonda.com.
[image: ]The clearance then between the suspension for the shocks must be an ‘’Clearance Fit’’ for easy access again and to not damage the aluminium of the shocks surface. The bolts made for tightening the clamps have been designed under ISO 286 standards with and gap of 2mm from the end of the bolt to the inside wall of the hole with enough thread on the inside. Also the dimensions given to us for the suspension shocks seemed to be smaller larger than the diameter of the clamps making it an extreme interference fit therefore the dimensions given must be wrong as the shocks as then would be damaged when tightened by the clamps. ‘’A clearance fit always provides a clearance between hole and shaft when assembled i.e the lower limit of the size of the hole is either larger than or equal to the upper limit of the shaft’’ (Hudak, 2018).
The fit between the inserts and the yokes supplied to us have to be a clearance fit also, so when making the calculations below in figure 5 the inserts had to be easy to assemble in real life as they are not as vital a component on steering etc.
[image: ]
[bookmark: _Hlk34628049][image: ]Figure 9: Fit calculations between Inserts and Yokes, By Michael Cunniffe 2020.
Figure 10: ISO 286-2 Shafts fit system, ISO 286-2 PDF 2010.
It is necessary to calculate the permissable clearances and/or interferances derived from the fuctional requirements of the mating parts. ‘’The clearances and/or interferances and the span of the fit obtained from that calculation have to be transformed into limit derivations and if possible into tolerance classes’’ (ISO 286-2, 2010).
[image: ]




Figure 11: ISO 286-2 calculations on excel, By Michael Cunniffe 2020.
[bookmark: _Toc34635616]Honda CRF450 Technical Drawings
[image: E:\BSc Motorsport Year3 CAD + FEA assignment 2\CAP Assembly Exploded View.jpg]
Figure 12: Solidworks exploded view drawing and Bill of materials, By Michael Cunniffe 2020.
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Figure 13: Solidworks Bottom Yoke drawing , By Michael Cunniffe 2020.
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Figure 14: Solidworks Top Yoke drawing, By Michael Cunniffe 2020.
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Figure 15: Solidworks Insert Top drawing, By Michael Cunniffe 2020.
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Figure 16: Solidworks Insert Bottom Drawing , By Michael Cunniffe 2020.












Figure 17: Solidworks Centre Stem drawing, By Michael Cunniffe 2020.[image: ]












Figure 18: Solidworks Nut Top Stem Drawing, By Michael Cunniffe 2020.[image: ]












[bookmark: _Toc34635617]Conclusion
The paper above simply detailed the method used to accurately make 2D drawings of the front fork carrier for a Honda CRF450 in order for a design engineer to be able to understand each technical detail of the part for it to be manufactured quickly and accurately therefore it would aid to fast flexible movement of goods, people and sevices. A Bill of Materials is supplied detailing the weights, materials and numbers of each component which acts like a docket or an invoice for the scenario if a customer were to order the component. The method of GD&T used is one from credited sources such as (Hudak, 2018) and (Bauer, 2009), therefore the product would be guaranteed to be successful if manufactured. Detailed tolerancing is supplied in the drawings was done by dimensioning limits that specifies the type of fit required. 
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Calculation of the fit @ 26mm H7/NG.

From the ISO 286-2 Tables for the hole 26 H7 calculations can be determined as follow:

Es= 0.021 Therefore = Upper limit of size = 26.021
e 0 Therefor Lower limit of size = 2%

For the Shaft 26 N6 calculations can be determined as follows:

0028 Therefor Upper limit of size = 26.028
0,015 Therefore = Lower limit of size = 26,015

“This will results to:

Maximum Interference: Lower limit of size of the hole - Upper limit of the size of the shaft =
Mximum Clearance: Upper limit of size of the hole - Lower limit of size of the shaft =

[Because the results shows negative and positive values: a clearance of 0.006 and an interference of -0.028 =» the type of fitis TRANSITION FIT
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Calculation of the fit_ @ 48mm HB/F8

From the ISO 286-2 Tables for the hole 48 H8 calculations can be determined as follow:

Es= 0.039 Therefore== Upper limit of size = 48.039
Ei= [ Therefore== Lower limit of size = 8

For the Shaft 48 F8 calculations can be determined as follows:

es= 0.025 Therefore = Upper limit of size = a1.975
ei= 0.064 Therefor Lower limit f siz 47.93

This will result to

Minimurm Clearence: Lower limit of size of the hole - Upper limit of size of the shaft = s - w7975 = 0.025
Maximum Clearance: Lower limit of size of the hole - Lower limit of size of the shaft = 4803 - 7935 = 0.103

[Because the results shows positive values: maximurn clearance of 0.103 and aluminium clearance of 0.025 => the type of it is CLEARANCE FIT
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Calculating the SPAN of a fit

Maximum Clearance - Minimum Clearance

Maximum Clearance + Minimum Interferance

Maximum Interferance - Minimum Interferance




image23.jpeg
5 4 E 2 n
TEMNG, | PART NUMBER DESCHIPTION WATERAL WEGHT .
1| sotomvoke Bottom clamp | AP™BEM % | 72536 grams | 1
2 et op | Topinsertfortop clamp | AR [ 14215 grams | 1
Boftom rsertforboftorn | Aluminiom 7075
& Tertbofiom Eeie o 13195 grams | 1
T | cemesem Stem (shafl AR 70 | g3 20 grams | 1
B Topvoke Top Clamp, Amikm 797 [ 7m0 grams | 1
3 WofTop Sem | W2k x30mm Thread | Stainless Steel | 81 80 grams |1
G Boll Top ol
7 ETEs W61 Omm Thiead | Stainless Steel | 686 grams | 10
&b forTop e | M&x1 Oram Thread | Stainless Steel | 541 grars |2
9 [Washer (0 &mm] Washer Stainless Steel | 024 grams |4
10 Top Mot 61 Oram HoF Stainless Steel | 024 grams |2
1| Eoferbeom [y ) omm Thread | Stainless Steel | 701 grams | 2
CRe—— CAD Assembly
Cimse Exploded View
= = =

i 707 g Drawing N-7

a





image24.jpeg
Xl_I 1000 500

@

[e005@[e [o}

8 5 4 3 = 1
[Cloz
Oz K
= Cloz
2l
&4 T1.50 (Gap. 17.50(Threaded) [ =
SXLJ @ 600 F1000{Unthreaded] E|
DETAILE
SCALEZ 11 -
99.50 gls ]
15.00 5 &) [
5650
= ] i A ] -/
RIS5 T I Alort g
[WToaTel SECTION A-A
159
8 208600 T21.00 3 1500 T21.00
C
B
T m— Bottom Yoke
Drawing A
i Alurminim 707 Aloy Drawing N-2 AS
- . E e s s





image25.jpeg
g 7 g s i 3 2
2500 E
\ i 2w 5 |
- T T EEI IRzl SR
A P Ao | o a
4 1 e SR HRE—
N | /o1 e} bl Ei
o) SECTION B on]
mos | !
oz &,
3240300 %
b dimen i 4% T1.50 (Gap), ¥17.50 (Threaded) i
4N @400 T10.00 (Notthreaded) R26.50
Eloos®lAlc :
& 8.2 - e
@@ 8 P
DETALE
EACH o
v

"'Top Yoke Drawing

A
E o =

. Drawing N-3

2





image26.jpeg
(+0.021)
26000 (0.000)

(0.025)
947,500 (-0.064]

| 50

90.00
SECTION A-4

3.5

“insert Top Drawing

- Drawing N-5





image27.jpeg
220 800

@2600
Lio

THROUGH ALL
3250 ¥ 6,00

(+0.021)

@26070 (0.000)

0.021)
46,50 0.064]

8

2

Insert Bottorn

Drawing

= Drawing N-4

1





image28.jpeg
4004005

266,00

244,38

#0.015)

[Eo0s

&l
]

4 a

@

Centre Stem
Drawing

Drawing N-1 &

1





image29.jpeg
40,00
H
E
4
D
K
/\/\1
2428 A
‘ Nut Top Stem
SECTION AA | Drawing A
Drawing N-6 *
& L < - 4 i Y





image1.png




