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Abstract

	The current resources for an engineer to quantitatively determine the overall commonality between components and products are limited.  Many programs have been devised to provide a bulk commonality measurement, but the ability for an engineer to be able to ascertain as to what is making a product similar or dissimilar to another has been delegated to the subjective experience of each engineer themselves.
	Therefore, it was the task of this research to provide an index that would not only yield an overall commonality measurement between products and components but would also give the engineer an insight as to what feature or component is making the product more or less similar to others in its product line.  The index derived decomposes each feature and overall component into four equally weighted parts, the number of faces of the feature, the angles that form each face, the perimeter length of each face and the total volume.  Through these four measurements, the dimensionality of the compared features in the perimeters and angles and the bulk features of volume and number of faces are able to provide an accurate representation of the overall commonality that the products and components share, while still clearly portraying what is driving the overall commonality to behave as it does.

1. Introduction

	At the present time, the only method for an engineer to determine what is affecting the overall commonality between two products or CAD (Computer Aided Design) models is their own subjective determination.  Many other tools, especially in computer graphics, have been designed to provide an overall commonality measurement between CAD models and components, but there is still a lack of clear depiction as to what is making the two products similar or dissimilar.  This ability is crucial in the determination of the platform a product family is built upon.  The product family is a group of products that share a core function, but are also customizable for different market segments.  An example may be found in the automotive industry.  In manufacturing a car, such as the Honda Civic, the function remains the same throughout the product line.  The car is made to transport people from one location to another, but changes and variations may be made to accommodate each market segment.  One group of consumers may value fuel efficiency while another luxury. Thus, the Civic Hybrid is available for the fuel and environmentally conscious while the EX line is designed for those who value luxury. The common platform the models are built upon is the components they share, but each also retains its own unique elements that satisfy their designated market segments.
	Developing a means for the product engineer to determine the platform of a product line as well as the components the products could share with minimal adjustments to the design would not only serve to lower cost, but also streamline the mass production process and increase efficiency.  In considering an appropriate shape commonality index that would accomplish this task, a goal of this index would be its incorporation into a computer program that would identify the overall commonality between products as well as how the components or features are affecting commonality in order to give an engineer the capability to respond accordingly.  So the question becomes, after the component information has been extracted from the CAD models, how does one determine the commonality between two or more shapes?
	The paper presented her will strive to answer this question and present an index that will be able to quantitatively determine the overall shape commonality between features, components, and products.  In determining the commonality between one component and another, three areas naturally present themselves: dimension and shape, position, and material composition.  This paper will examine the first of the three, dimensionality and shape.[footnoteRef:2]  To address dimensionality and shape, three questions arise: [2:  For addressing material composition and position, see:  
Jiao, J. and Tseng, M.M., Understanding product family for mass customization by developing commonality indices. J. Eng. Design, 2000, 11, 225–243. 
Kota, S., Sethuraman, K. and Miller, R., A metric for evaluating design commonality in product families. J. Mech. Design, 2000, 122, 403–410.] 

i) How can the dimensional characteristics of geometric shapes and features be quantified to provide a reasonable commonality measurement?
ii) How can the commonality between features and components be combined to give an overall commonality between the components and products themselves?
iii) How can three or more components be compared within the given index?

2. Derrivation of Index

In the distilment of shape commonality into an index, the main question that presents itself is how to derive a formula that accurately approximates a person’s intuition.  For a person to see that a cylinder is more similar to a cube than a pyramid is obvious, but how is that intuition imparted to a computer system?  To accomplish this task, analysis of what makes a shape a shape must be endeavored.  After careful consideration, four elements presented themselves: the number of faces that form the object, the perimeter of each face, the angles that form the face, and the volume.  The number of faces along with the volume provide an overall three dimensional representation of the shape.  The angles give each face its form and shape while the perimeter gives it its dimensions.  Through these four considerations, the overall shape and dimensions of an object may ascertained.

2.1	Angles

Angles are the key as to how a shape is formed.  A square and a trapezoid may be identical in every way.  Their surface areas may be the same, the length of their perimeters may be equal, but what differentiates a square from a trapezoid is the difference in the angles that form them.  The square has angles of ninety degrees while the trapezoid has angles ranging from 0° to 180°.  Thus the measurement of angles is important when characterizing a shape commonality among the two objects.  Three difficulties arise when considering the angles however:

i) How is the curvature, such as is found in a circle, taken into account?  
ii) What if the two shapes do not share the same number of angles?  
iii) How do you measure the angles of a side that has no end, such as a cylinder?

Circles are the extraordinary case throughout geometry.  Their length has no beginning or end and the only angle that forms them is a 360° arc.  This is unlike any other geometry and thus demands special consideration.  When determining the angular commonality in a circle or arc, the measured angle is the amount of degrees of arc in the line.  For a circle, this would be 360°, or two angles of 360° for a sphere, one for each vertical and horizontal axis.  For an arc length, the degrees of arc are given as:

Degrees of Arc= 360*[Arc Length / (2π*Radius of Curvature)]

A computer would be able to determine the degrees of arc in a CAD model simply, but for the case study presented below, where these measurements were made by hand, this is the method that was used. After the arc angle is measured, it would then be compared to the next most similar angular measurement in the second object’s face.  Therefore, a circle compared to an octagon would have a larger commonality measurement than that of a square, as 135/360=37.5% while 90/360=25%.  Likewise a square would have more in common to a circle than a triangle, which is logical as an octagon is more common to a circle than a square and a square is more common to a circle than a triangle.  Care must be taken however in determining the angles that are measured.  The angles inside the shape are the angles measured and not the outside angles.  For example, a T-shaped geometry would have six 90° angles and two 270° angles, rather than eight 90° angles.
	In comparing the circle to other geometries, however, the second question presents itself.  How do you compare shapes that have a disparity in their total number of angles?  This is addressed when, after summing the commonality between each angle and then dividing by the number of angles to get an average commonality, the number of angles of the geometry that has the largest quantity of angles is used so that the superfluous angles would have a commonality of zero and would drive the commonality down.  Yet again there exists a single discrepancy in the form of circles since if this method was employed, then the overall commonality between an octagon and a circle would be less than that of a square as 37.5%/8=4.69% while 25%/4=6.25%.  To address this disparity, a variety of approaches may be used.  First is to compare the arc angle of 360° to the largest angle of the second face.  This would be most intuitive since the discrepancies of octagons and squares would then be corrected, but the implementation becomes problematic when more than two geometries are being compared.  Another method would be to compare the 360° arc angle to every angle and then average the commonalities in the same manner as stated above, which would produce the same result as the previous method for simple geometries, but would help for more complex shapes and multiple objects.  This would eliminate the question of which angles to compare as well as which method to implement if there was an assortment of circular, simple, and complex geometries.  The final method would be to ignore the discrepancy and apply the method of angular commonality equally over all geometries.   In the case study performed, the latter was utilized for simplicity and in such complex shapes, the inconsistency did not affect the overall commonality to a measurable degree.  In actual implementation, the second method would provide the most homogeneous results, although it could produce a commonality greater than what it should be.
	Finally, to measure the angles of a side that has no ends, such as the side of a cylinder, the angles would be obtained by identifying the angles that the cylinder is revolved around, or in more complex shapes, at what angles extrusions were made from.  For a cylinder of equal radii on its circular top and bottom, there would be four 90º angles.  For two unequal radii, such as can be found in the cylindrical part of Back Support #2,[footnoteRef:3] the angles that the cylinder is revolved around are two angles of 89.24° and two of 90.76°.  For a cylindrical shape that does not have a circular top or bottom, such as the cylindrical side of the Crevice Tools,[footnoteRef:4] the angles the extrusions were made from, the radius of curvatures, and the angles the cylindrical piece was revolved around are all identified to obtain its angular measurement. [3:  See Appendix]  [4:  Ibid] 

	Fillets on the other hand, such as those present on Handle #3,[footnoteRef:5] are managed in a different manner.  Fillets smooth the edges at the intersection of two faces.  To address this feature, two methods may be employed.  The first is to treat each part of the fillet as its own separate face and take the angular measurement as described above.  This would be the most direct approach but would misrepresent the fundamental quality of its shape.  Handle #3 in the case study is not a collection of thirty faces, but instead eight faces with rounded edges.  Thus the second method presents itself in sectioning faces at the mean line of the fillets and taking the angular measurements from those.  The overall shape of the component would not be compromised, while still accounting for the applied curvature of the fillets by the back cap, bottom and side faces.  [5:  Ibid] 

	An advantage to the inclusion of angles into the shape commonality index is that, regardless of dimensional changes, the angles provide a base line commonality for a given shape.  For a triangle compared to a square, the angular commonality can never decrease below 12.5%, but also no higher than 50%.  This serves to constrain the commonality measurement to these two extremes which can be intuitively understood since, immaterial to dimensional changes, a triangle is still a triangle and a square a square.  There should be an upper and lower bound when considering the similarities between two different shapes and the angular portion of the commonality index serves to take this into account.
 
2.2	Perimeter
	
	The perimeters give a dimensional measurement of each of the faces.  While the angles form the shape, it is the perimeters that give the faces their size.  Originally, surface areas of the faces were measured but when this was applied to circular geometries, the index provided inconsistent results.  For two cylinders, it would measure a commonality of 50%-60% while comparing a cube to a square based pyramid would give a similar commonality of 55%-65%.  To mitigate this discrepancy, as two cylinders should be more common to each other than a cube compared to a pyramid, the index was changed to compare the perimeters of the faces rather than the surface areas.  This allows for a linear relationship over all geometries so that the change of one dimension in a circle has the same effect on commonality as the change of one dimension in a square, triangle, etc.  
	When determining the perimeters, however, two questions arise:

i) What if the two shapes do not share the same number of faces?
ii) How are the perimeters determined for shapes that have no beginning or end, such as a sphere or the side of a cylinder?

In shapes that do not share the same number of faces, the same method is employed as was used in the measurement of angles.  After the commonality between faces of similar perimeters is calculated, the largest number of faces among the compared geometries is used to average the sum of commonalities for an overall commonality measurement due to the perimeter.  Since no face is used twice, the superfluous faces are treated as if compared to a face with a perimeter of zero, which serves to drive the commonality down.
	Special consideration must be made, however, for shapes that have no clear perimeter, such as a sphere or the side of a cylinder.  For cylinders, two possibilities present themselves.  The first is to calculate the perimeter of the side as the sum of twice the height and the top and bottom circumferences, treating it as a rectangle connected end to end.  This seems the most logical and appropriate technique, but lends itself to an incongruence when a cylinder is compared to other another prism.  For a square based prism compared to a circular based prism, or cylinder, the maximum commonality the perimeter measurement could be is 50%, as the cylinder only shares half the number of sides as that of the square based prism.  For the perimeter measurement to be at most 50% seems disproportionate when the only alteration is the shape of the base.  Since the shape of a face is mostly contained within the angular measurement, a second method presents itself.  
The second method is to count the average height of the cylinder twice as a perimeter measurement, so that a cylinder would have four perimeters: the top, bottom, and two heights.  This provides a more reasonable result among other prisms but also produces other inconsistencies.  The most obvious that a cylinder does not have four faces but three and the perimeter of the side involves not only the height, but also the length of its intersection with the top and bottom faces.  Although having the two heights as perimeter measurement, rather than one for the side, compensates for the reduction in length from disregarding its interaction with the top and bottom, the discrepancy must still be taken into consideration when choosing which method to apply.  For the case study below, the second method was utilized for simplicity, but in realistic application, either approach may be used as each possesses a degree of inconsistency.
In spheres, the perimeter measured is twice its height, or diameter.  This produces many of the same inconsistencies as the cylinder, but the benefit is more pronounced.  For a sphere to be unfolded into a rectangular section and its sides measured would be both an unwarranted complication and an unrealistic quantification of its perimeter.  A sphere has no perimeter, no beginning or end, but is a construct of one circle revolved about an axis.  Thus it is this diameter that is used for the perimeter measurement.  For an ellipse, the two diameters used would be the diameters of each semi major axis. 




2.3	Number of Faces:

While the angles provide a shape of each face and the perimeters the dimensions, the number of faces gives a primitive three-dimensional shape to the object. A cube will only have six sides, while a cylinder only three, irrespective to dimensional changes and although there may be geometries that share the same number of faces but not the same shape, these differences will be accounted for in the perimeter and angle measurements of each face.  
While the number of faces does not explicitly form the shape, as the angles did in section 2.1, they fulfill the same purpose.  The number of faces ensures that two shapes of similar geometry will render a commonality independent of its dimensions. Since a cube is a cube regardless of dimensional changes, the number of faces provides a minimum commonality among the geometries.  This prevents the index from calculating a commonality between two common shapes that is too low.

2.4	Volume

Each of the previous segments in the commonality index has either given the general shape or dimensionality of an object.  The volume contributes a bulk commonality measurement, unrelated to shape, that accounts for the overall size of the object.  Just as a cube compared to another cube should not render a commonality that is too small, a cubic grain of sand also should not render a commonality that is too large when compared to a building.  The volume is able to drive down the commonality between two similar shapes of difference sizes so that a grain of sand is not measured to be too common when compared to a building.  Although the measurement of volume is simple to employ among any geometry, its contribution to the commonality index has just as much significance.

2.5	Shape Commonality Index

	Originally, the index was designed to be used among two features.  The measured values would be divided, one by the other with the smaller measurement always being in the numerator and the larger in the denominator.  The index originally derived took the form:



Equation 2.1

where:
Ctot,f 	=  	Total commonality for the feature
α	=	Each angle of the component
L	=	Length of each face
F	= 	Number of faces on the component
V	=	Volume of the component
n	= 	Number of faces
m	=	Total number of angles of the component
i	= 	Sum over each angle
j	=  	Sum over faces
Subscript “s”	= Smaller measurement
Subscript “L”	= Larger measurement

This form of the index provided consistent and accurate results for commonalities among the compared geometries, but became inapplicable for more than two features, as ratios only function between two objects.  To mitigate this discrepency, a form of the standard deviation was employed such that each commonality measurement became:
	


Equation 2.2
where:
[bookmark: OLE_LINK3]Cx	= 	Commonality measured
σ	=	Standard deviation of the measured values
[bookmark: OLE_LINK2]	=	Average of the measured values
Subscript “x”=  The component of the index calculated

This use of standard deviation performs appropriately at each limit.  For σ=0, where all the measurements are exactly the same with no standard deviation, the calculation renders a commonality of 100%.  When σ=1 or the ratio of standard deviation to the average becomes greater than one, then the commonality is measured to be zero.  The ratio can becomes greater than one when the measured values vary considerably or when the measured value is compared to zero.[footnoteRef:6]  When the sandard deviation increases substantially while the average decreases, the result is often a negative commonality, but since there is no meaning to a negative commonality, the measured commonality is rounded to zero for all negative results, stating that there is no commonality found between the given values.  Equation 2.2 is applied to each angle and perimeter in the faces being compared as well as the number of faces and volume to render a total commonality of: [6:  Such as was commonly discovered throughout the case study.  This may be observed specifically for the Tool Caddy.  The commonalities were rounded to zero, but if the calculations are done, one would discover an example of a negative commonality.] 




Equation 2.3

where:
Ctot,f =  	Total commonality of the feature
Cα	=  	Commonality measurement of each angle
CL	=  	Commonality measurement of the perimeter of each face
CV	=  	Commonality measurement of volume
CF	=  	Commonality measurement of the number of faces
n	= 	Number of faces 
m	=	Total number of angles of the component
i	= 	Sum over each angle
j	=  	Sum over faces

	From this index, the total commonality among any number of features may be compared.  The first term represents the angular commonality component of the index by averaging the summed commonalities for each angle in a face, which is then summed over each face and averaged as previously discussed.  The second term is the averaging of the summed commonalities calculated for the perimeter of each face, while the third and fourth term represent the commonality due to the volume and number of faces, respectively.  After the total commonality is calculated for each feature, the commonality of the features is combined to generate a commonality for the component itself:




Equation 2.4


Ctot,c =  	Total commonality of the component
Ctot,f =  	Total commonality of the feature
p	=  	Number of features of component with largest number of features
k	= 	Sum over features

	Originally, the commonality comprised of the sum in the exponential, but through analyzing simple and complex geometries, the commonality was adjusted to Equation 2.4.  The sum as an index performed well for components with a large number of features since the loss of one feature did not measurably affect the overall commonality between the components, but for components with a small number of features, such as Figure 1, the absence of one feature was detrimental to the commonality.  Although the two cubes in Figure 1 may share identical dimensions, since Cube 1 possesses only one feature, while Cube 2 has two, the maximum commonality among the two components would be 50%.  This allocates far too much weight to the loss of one feature.  Similarly, if Cube 2 had three features, the maximum commonality would be 33.33%, while for four it would be 25%, and 20% for five, etc.  



 				

	Cube 1	Cube 2

Figure 1- Component of one and two features

To diminish the effect of losing one feature among components with a small number of features, and recognizing the almost log typed plot of 50%, 33.33%, 25%, 20%, etc, the function was linearized as a natural log function would be treated through raising it into the exponent of an exponential.  The remaining elements in the Equation 2.4 are to scale the function appropriately so that when the average commonality of the features equals zero, the commonality would be zero and when an average commonality between the features is 100%, the overall commonality would be 100%.  Between 0% and 100%, the function is nearly linear as Figure 2 exhibits.


[image: ]

Figure 2- Graph of Commonality vs. Ratio of Features

Using Equation 2.4 the maximum commonality between the two cubes of Figure 1 becomes 62.25%, which is more reasonable than the 50% produced when solely using the sum.  Through this function, the effects of losing one feature among components with a small number of features are diminished, while the loss of a feature among components with a large number of features remains relatively unchanged.
Just as the features were combined to give a commonality for the component, the components are combined in a similar manner to give a commonality for the product itself:



Equation 2.5

Ctot,p	=  	Total commonality of the product
Ctot,c	= 	Total commonality of the component
q	= 	Number of components of product with largest number of components
l	=	Sum over components

	This function is used for the same reasons as were stated for Equation 2.4 and between the four functions of the commonality index,[footnoteRef:7] the commonality between features, components, and products may be calculated to provide an engineer with a quantitative measurement of commonality for each of these areas in a given product. [7:  Equations 2.2, 2.3, 2.4, 2.5] 


3. Case study

[image: Vacuum Cleaner 1]		[image: Vacuum Cleaner 2]		[image: Vacuum Cleaner 3]
Vacuum 1	Vacuum 2	Vacuum 3

Figure 2- Vacuum Cleaner Models

Three vacuum cleaners were imputed into a CAD modeling program and the appropriate information was then extracted to compute the commonalities between the features, components, and finally the vacuum cleaners themselves.[footnoteRef:8]  To demonstrate an example of how to apply the index to a set of components, the calculation for the motor casing commonality is fully detailed below. [8:  The data extracted in addition to the calculations for the commonalities may be found in their entirety in the Appendix.] 


3.1   Motor Casing

	The most subjective portion of the shape commonality index is the choice of features a component is assembled from as this choice could affect the commonality measurement of the component by ten or fifteen percent.  Since the choice of features may produce variations in the commonality, special care must be taken to remain consistent.  For the motor, six features were identified among the three casings: the top cylinder, bottom cylinder, supporting structure, column, an extension that only Motor Casing 1 and 3 share, and an extrusion unique to Motor Casing 3.  The location of these features may be seen in Figure 3.


 	[image: Motor 2.JPG]
Motor 1	Motor 2	Motor 3

Figure 3- Motor Casings

	After the features of the motor casings are identified, the number of faces, perimeters, angles of each face, and volumes are calculated as well.  After the commonality for each feature is found, Equation 2.4 is used to calculate the overall commonality between the three motor casings.

3.1.1   Bottom Cylinder

	For the measurement of the number of faces, each of the bottom cylinders is found to have four faces.[footnoteRef:9]  This number is used not only in the number of faces, but also for averaging the sum of the perimeters and angles.  The angle measurements for each face of the Bottom Cylinder are not explicitly expressed in the Appendix[footnoteRef:10] but to measure the angles properly, the radius of curvature for the left and right side would be calculated, as well as the angle that is formed by the intersection of the curve with the top.  In addition, the angles of the top and bottom sides are composed of four 90° angles.  Since the cylinder is not completely circular, the perimeter for all of its sides may also be calculated, rather than using the heights as described in section 2.2.[footnoteRef:11] [9:  The dimensions, given in millimeters, of the perimeter of each face may be found in the Appendix along with the volumes, given in mm3.]  [10:  This is accounted for because the angles and arcs that form the faces are exactly the same so, each angle measurement is counted as one.  ]  [11:  See Appendix for specific measurements.] 


	[bookmark: OLE_LINK1]
	Avg Cx

	Faces
	100%

	Perimeter
	93.68%

	Angles
	100%

	Volume
	87.36%

	Ctot,f  =
	95.26%


Table 1- Commonality among Bottom Cylinders

To calculate each Cx, Equation 2.2 was used while the Avg Cx is the average of each Cx in the angles, perimeters, number of faces, and volume.  Then, Equation 2.4 is employed to calculate the overall commonality of the feature itself, or Ctot,f, as shown in Table 1.

3.1.2   Extension
	
	Since the extension to the bottom cylinder is found only in Motors 1 and 3 the commonality factor used for each measurement in Motor 2 is zero.  This aids in decreasing the overall commonality of the component since the feature is not shared between each of the motor casings.  As in the previous section, because the angles of each face between Motor 1 and 3 are identical, the angular measurement is counted as one, but to measure the angles properly, the four angles and radius of curvature for the left and right face would need to be calculated while the other four faces have four 90° angles.  As both extensions are nearly identical, a similar commonality measurement among the two would be expected, but as shown in Table 2, because the second casing does not share the same feature, the overall commonality measurement decreases significantly, which is appropriate as the commonality measurement is not solely among Motor 1 and 3, but all three motor casings.  Thus a significant decrease in the commonality of a feature would not only be expected but also necessary to accurately measure the commonality between the three components. 

	
	Avg Cx

	Faces
	29.29%

	Perimeter
	29.28%

	Angles
	29.29%

	Volume
	29.27%

	Ctot,f  =
	29.28%


Table 2- Commonality among Extensions

3.1.3   Top Cylinder

	The commonalities among the three top cylinders are calculated as discussed in sections 2.1 and 2.2.  For each cylinder, the angles of the top and bottom face are a 360° arc, while the side of the cylinder is revolved around four 90° angles.  The height is counted twice as a perimeter measurement, and the circumferences of the top and bottom faces of the cylinder are measured as well.  The total commonality is then calculated using Equation 2.2, which generates a commonality of 92.65%, as seen in Table 3.

	
	Avg Cx

	Faces
	100%

	Perimeter
	91.39%

	Angles
	100%

	Volume
	79.21%

	Ctot,f  =
	92.65%


Table 3- Commonality among Top Cylinders

3.1.4   Support	

The support contains the most complex geometry of the motor, but its commonality is still calculated in the same manner as before.  First, the total number of faces for the feature is measured, and then the measurement of the perimeters of each face is extracted from the CAD models.  The angles that form the faces are then computed and compared to the next most similar angle.  Since some sides have more angles or faces than others, the superfluous angles and faces are compared to zero, which accounts for the zeros in many of the faces.  This quality serves to further decrease the overall commonality in the feature.  The final measurements of commonality are then computed, which generates a commonality of 61.5% among the three supports, as shown in Table 4.[footnoteRef:12] [12:  The full extent of calculations and measurements may be found in the Appendix.] 


	
	Avg Cx

	Faces
	73.27%

	Perimeter
	43.87%

	Angles-
	48.21%

	Volume
	80.63%

	Ctot,f  =
	61.50%


Table 4- Commonality among Supports

3.1.5   Column

	The commonality between the three columns is calculated in the same manner as the top cylinder.  The angles are comprised of 360° arcs and 90° angles, while the heights are counted twice in the perimeter measurements.  This renders a commonality measurement of 69.58% as shown in Table 5.  This value appears to be low for these similar shapes but upon further examination, it is realized that it is the size and not the shape of the columns that is affecting the commonality.  Because of the significant differences in the sizes of the three columns, the index appropriately measures a commonality much lower than that of the top cylinders.

	
	Avg Cx

	Faces
	100%

	Perimeter
	65.25%

	Angles
	100%

	Volume
	13.05%

	Ctot,f  =
	69.58%


Table 5- Commonality among Columns
3.1.6   Extrusion

	The extrusion from the top cylinder is exclusive to the third motor casing.  Appropriately, the overall commonality between the three components is zero.  The index actually computes a negative commonality for this feature, but as was mentioned previously, a negative commonality has no meaning, and therefore the commonalities are rounded to zero.

	
	Avg Cx

	Faces
	0%

	Perimeter
	0%

	Angles
	0%

	Volume
	0%

	Ctot,f  =
	0%


Table 6- Commonality among Extrusions

Using Equation 2.4 and the total commonalities of each feature, the commonality for the entire component, or Ctot,c, may then be calculated.  After this application, the commonality among the three motor casings is calculated to be 69.83% as is shown in Table 7.

	
	Ctot,f

	Bottom Cylinder
	96.14%

	Extension
	29.28%

	Top Cylinder
	92.65%

	Support
	61.75%

	Column
	69.58%

	Extrusion
	0%

	Ctot,c
	69.83%


Table 7- Commonality among Motors


3.2   Total Commonality in the Vacuum Cleaners

	From the commonality of the motor casings, as well as similar calculations carried out for each of the other components in the vacuum cleaners, an overall product commonality, or Ctot,p may be found.  With the appropriate information in Table 7 and the application of Equation 2.5, the overall commonality between the three vacuum cleaners is calculated to be 71.15%, as shown in Table 8.

	
	Ctot,f

	Handle
	57.49%

	Back Support
	67.25%

	Dirt Container Lid
	66.36%

	Dirt Container
	86.62%

	Crevice Tool
	37.49%

	Tool Caddy
	0%

	Upper Cover
	69.65%

	Lower Cover
	54.25%

	Motor Casing
	69.83%

	Brush Tool
	100%

	Ctot,p
	72.15%


Table 8- Commonality among Vacuums


This measurement is reasonable for the vacuum cleaners compared.  Vacuum 1 and 3 share many common features while Vacuum 2 is more distinct.
This measurement of commonality may vary from ±5%, according to the subjective choice of components, features among a component, and even which perimeters and angles to compare.  For this reason, a computer would be more efficient and adapt than a human in providing consistent and accurate results.  A computer would be able to more precisely match similar faces, features, and components as well as provide a consistent manner of choosing the features and components to compare. 

4. cONCLUSION

From the shape commonality index presented here, an engineer would have the ability to consistently and objectively determine the commonality among any shape, feature, component or product.  This information may then be used determine if, after adjusting the design of the products, the same component may be used in place of similar components to extend the platform of a product family.  This extension of a product platform would serve to increase the efficiency of mass production of the product and lower overall cost by eliminating the number of specialized components.  
From a condensed table of commonality measurements, such as is presented in Table 7 and 8, an engineer may quickly ascertain the commonality among a product line as well as the effect specific components have on the commonality itself.  The product platform, specialized components, and components that could possibly extend the product platform may each be identified through the shape commonality index. The product platform can be defined by identifying the components such as the Brush Tool that have commonalities of 100%.  Specialized components may be identified by their negative effect on the overall commonality, such as the Tool Caddy.  Components such as the Motor Casing that have a commonality of around 70% or higher may be examined to determine if the exact same component may be used to extend the product platform. 
	A limitation, however, to the shape commonality index is that it does not account for the position, material composition, or assembly process of the components and its features.  To accurately determine the overall commonality among products and components, each of these areas must first be incorporated into the commonality index.  The addition of these areas would provide a more complete perspective of commonality than the shape commonality index can provide alone.  A further limitation to the index is the level of difficulty to obtain commonality measurements less than 30%.  To have a commonality of less than 30%, the two objects would have to be wildly dissimilar in both shape and dimension.  This bias does not seem to be a problem as the index accurately measures the commonality among the shapes compared and may be accounted for in the minimum commonality provided through the angles and number of faces, but one should still be conscious of its effect.
The hope and design of the index is to equip the engineer with the ability to quantitatively determine the commonality between components.  The application of a shape commonality index is widespread and non trivial in determining and designing a product platform as well as its possible integration into a search algorithm to help engineers find the parts they need.  To accomplish this task, two further objectives must be fulfilled.  First, the position, material composition, and assembly of the components and features must be incorporated into the overall index and secondly the index must be coupled to the method of extracting information from the CAD models to be used simultaneously as one program.  If these two tasks can be accomplished, the resulting program would be a clear asset to any product or mechanical engineer.

aPPENDIX:

Eight ABET (Accreditation Board for Engineering and Technology) Considerations:
Economic- The economic benefits that are derived from the shape commonality index are pronounced in the identification of a product platform.  The identification of the product platform would allow engineers to see what parts are common and uncommon among their products and react accordingly.  Similar parts may be exchanged for the same part to reduce the need of specialized components.  In addition, the index could be adapted to a search program that would help the engineer find the part they need, which would in turn prevent them from having to machine a part already in existence.  These two advantages of product platform and a search algorithm would reduce the cost of the product itself, thus reducing the cost for the consumer and increasing the profits of the company.
Environmental- The cost at the beginning of a product’s life cycle far exceeds the cost at the point of mass production and finally discontinuation.  With the identification of a product platform the index provides, this cost may be significantly reduced in the beginning of the product’s life cycle, so that the total resources and waste produced during the lifecycle of a product would be reduced as well.  In addition, a product must be thoroughly tested to ensure quality and safety, but by identifying a product platform, the platform itself may be rigorously tested for one product and afterwards would assure its reliability in any product it is applied to.  This would reduce the amount each proceeding product would need for testing and in turn reduce the waste a product creates.
Sustainability- Normally for products, their life cycle ends at the discontinuation of the product, but for the identification and use of a product platform, the platform could extend beyond the life of a single product.  Thus the platform does not die with the discontinuation of a product but may be used in future products as well.
Manufacturability- The benefits of the shape commonality index are most pronounced in manufacturability.  Identification of a platform would lead to the mass production of the platform itself, the same manufacturing processes since the same platforms are used throughout a product line, as well as the assembling of the product.  When a product is assembled, the platform would be assembled first, and the modules for specific market segments would be attached afterwards.
Ethical- The identification and use of a platform would lead to a more ethical option of reducing cost by reducing the amount of specialized components in a product line rather than the sacrifice of materials a product is made from.  Using inferior materials would cause the products to become more hazardous and less reliable while using a product platform would allow a manufacturer to maintain the integrity of a product while reducing its cost.
Health and Safety- In testing a product, a rigorous test may be applied solely to the platform itself so that once it has been approved, its safety standard can be guaranteed in the next product it is used in.
 Social- The identification and application of a product platform through the commonality index would satisfy each individual’s needs.  A variety of modules may be applied to a single platform to satisfy each individual needs as closely as possible, so that every person is able to purchase what they desire.
Political- To survive in an inhomogeneous global market, a product must be produced at the lowest cost while maintaining quality.  To compete at the level which countries such as China and Mexico are able to produce product, resourceful techniques must be employed by manufacturers in the United States to lessen the cost of the manufacturing process.  By lessening the cost of research and development for each product through the use of product platforms and in finding needed components through a search function rather than manufacturing their own parts, the manufacturers would be able reduce their own costs of production.  This would help companies compete with China and Mexico in the manufacturing of products, which would in turn create jobs for those in the United States and lessen America’s dependence on exports from other countries.
Commonality Measurements among the Vacuum Cleaner Components: [footnoteRef:13] [13:  To conserve space, any angle measurement of 90° over four corners is condensed to a commonality of 90 when compared to other faces of four 90° or 0 for when compared to nothing.] 
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Handle 1	Handle 2	Handle 3

	Main Support
	Handle 1
	Handle 2
	Handle 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	6
	3
	4
	1.41
	64.64%
	64.64%

	Perimeter
	
	
	
	
	
	
	
	73.06%

	
	Top
	87.82
	200
	78.54
	122.12
	55.20
	54.80%
	

	
	Bottom
	87.82
	200
	78.54
	122.12
	55.20
	54.80%
	

	
	Height
	315
	360
	390
	355
	30.82
	91.32%
	

	
	
	315
	360
	390
	355
	30.82
	91.32%
	

	Angles
	
	
	
	
	
	
	
	50.00%

	
	Top Arc
	360
	360
	360
	360
	0
	100%
	

	
	Bottom Arc
	360
	360
	360
	360
	0
	100%
	

	Side 1
	
	90
	90
	90
	90
	0
	100%
	

	Side 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Side 3
	
	0
	90
	0
	30
	42.43
	0%
	

	Side 4
	
	0
	90
	0
	30
	42.43
	0%
	

	Volume
	
	180354.9
	900000
	191440.8
	423931.9
	336661.4
	20.59%
	20.59%

	
	
	
	
	
	
	
	Ctot,f  =
	52.07%

	Main Support Extrusion
	Handle 1
	Handle 2
	Handle 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	6
	3
	4
	1.41
	64.64%
	64.64%

	Perimeter
	
	
	
	
	
	
	
	72.70%

	
	Top
	78.54
	184
	72.26
	111.6
	51.26
	54.07%
	

	
	Bottom
	78.54
	184
	72.26
	111.6
	51.26
	54.07%
	

	
	Height
	315
	358.5
	390
	354.5
	30.75
	91.33%
	

	
	
	315
	358.5
	390
	354.5
	30.75
	91.33%
	

	Angles
	
	
	
	
	
	
	
	50.00%

	
	Top Arc
	360
	360
	360
	360
	0
	100%
	

	
	Bottom Arc
	360
	360
	360
	360
	0
	100%
	

	Side 1
	
	90
	90
	90
	90
	0
	100%
	

	Side 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Side 3
	
	0
	90
	0
	30
	42.43
	0%
	

	Side 4
	
	0
	90
	0
	30
	42.43
	0%
	

	Volume
	
	154625.3
	758586
	162035.5
	358415.6
	282979.384
	21.05%
	21.05%

	
	
	
	
	
	
	
	Ctot,f  =
	52.10%

	Handle Portion
	Handle 1
	Handle 2
	Handle 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	8
	8
	8
	8
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	83.23%

	
	Top
	338.57
	346
	328.56
	337.71
	7.15
	97.88%
	

	
	Front
	360
	320
	356.7
	345.57
	18.13
	94.75%
	

	
	Bottom 1
	174.46
	259.93
	134.06
	189.48
	52.47
	72.31%
	

	
	Bottom 2
	215.94
	259.93
	248.72
	241.53
	18.66
	92.27%
	

	
	Back 1
	262.47
	320
	342.23
	308.23
	33.61
	89.10%
	

	
	Back 2
	201.56
	200
	97.26
	166.27
	48.80
	70.65%
	

	
	Left Side
	596.5
	320
	586.64
	501.05
	128.08
	74.44%
	

	
	Right Side
	596.5
	320
	586.64
	501.05
	128.08
	74.44%
	

	Angles
	
	
	
	
	
	
	
	52.73%

	Top
	
	90
	90
	90
	90
	0
	100%
	

	Right 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	90
	90
	90
	90
	0
	100%
	

	
	Angle 3
	90
	90
	90
	90
	0
	100%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 6
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 7
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 8
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 9
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 10
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 11
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 12
	0
	0
	180
	60
	84.85
	0%
	

	Right 2
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	90
	90
	90
	90
	0
	100%
	

	
	Angle 3
	90
	90
	90
	90
	0
	100%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 6
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 7
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 8
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 9
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 10
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 11
	0
	0
	180
	60
	84.85
	0%
	

	
	Angle 12
	0
	0
	180
	60
	84.85
	0%
	

	Left 1
	
	90
	90
	90
	90
	0
	100%
	

	Left 2
	
	90
	90
	90
	90
	0
	100%
	

	Bottom
	
	90
	90
	90
	90
	0
	100%
	

	Front
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	117.95
	90
	99.32
	13.18
	86.73%
	

	
	Angle 2
	248.96
	152.05
	158.97
	186.66
	44.14
	76.35%
	

	
	Angle 3
	111.04
	152.05
	111.03
	124.71
	19.33
	84.50%
	

	
	Angle 4
	68.97
	152.05
	68.97
	96.66
	39.16
	59.48%
	

	
	Angle 5
	111.07
	152.05
	111.03
	124.72
	19.33
	84.50%
	

	
	Angle 6
	90
	117.95
	90
	99.32
	13.18
	86.73%
	

	Back
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	117.95
	90
	99.32
	13.18
	86.73%
	

	
	Angle 2
	248.96
	152.05
	158.97
	186.66
	44.14
	76.35%
	

	
	Angle 3
	111.04
	152.05
	111.03
	124.71
	19.33
	84.50%
	

	
	Angle 4
	68.97
	152.05
	68.97
	96.66
	39.16
	59.48%
	

	
	Angle 5
	111.07
	152.05
	111.03
	124.72
	19.33
	84.50%
	

	
	Angle 6
	90
	117.95
	90
	99.32
	13.18
	86.73%
	

	Volume
	
	430938.6
	996588
	316913.1
	581479.9
	297194.1
	48.89%
	48.89%

	
	
	
	
	
	
	
	Ctot,f  =
	71.21%

	Handle Extrusion
	Handle 1
	Handle 2
	Handle 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	6
	18
	0
	8
	7.48
	6.46%
	6.46%

	Perimeter
	
	
	
	
	
	
	
	9.31%

	
	Back
	0
	546.94
	0
	182.31
	257.83
	0%
	

	
	Right 1
	0
	311
	0
	103.67
	146.61
	0%
	

	
	Right 2
	173.08
	252
	0
	141.69
	105.25
	25.72%
	

	
	Right 3
	0
	54
	0
	18
	25.46
	0%
	

	
	Left 1
	0
	311
	0
	103.67
	146.61
	0%
	

	
	Left 2
	173.08
	252
	0
	141.69
	105.25
	25.72%
	

	
	Left 3
	0
	54
	0
	18
	25.46
	0%
	

	
	Bottom 
	177.36
	184
	0
	120.45
	85.22
	29.25%
	

	
	Top
	0
	346
	0
	115.33
	163.11
	0%
	

	
	Right Under 1
	124.28
	132.23
	0
	85.50
	60.55
	29.19%
	

	
	Right Under 2
	0
	61.94
	0
	20.65
	29.20
	0%
	

	
	Left Under 1
	124.28
	132.23
	0
	85.50
	60.55
	29.19%
	

	
	Left Under 2
	0
	61.94
	0
	20.65
	29.20
	0%
	

	
	Under Arch
	177.36
	148.05
	0
	108.47
	77.63
	28.43%
	

	
	Front 1
	0
	432.54
	0
	144.18
	203.90
	0%
	

	
	Front 2
	0
	611.49
	0
	203.83
	288.26
	0%
	

	
	Behind Left
	0
	63.2
	0
	21.07
	29.79
	0%
	

	
	Behind Right
	0
	63.2
	0
	21.07
	29.79
	0%
	

	Angles
	
	
	
	
	
	
	
	

	Back
	
	
	
	
	
	
	
	5.29%

	
	Angle 1
	0
	117.95
	0
	39.32
	55.60
	0%
	

	
	Angle 2
	0
	152.05
	0
	50.68
	71.68
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	152.05
	0
	50.68
	71.68
	0%
	

	
	Angle 6
	0
	117.95
	0
	39.32
	55.60
	0%
	

	Bottom
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Right 1
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Right 2
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Right 3
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Left 1
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Left 2
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Left 3
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Left Under 1
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Left Under 2
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Right Under 1
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Right Under 2
	
	0
	90
	0
	30
	42.43
	0.00%
	

	Arch
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Top
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 7
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 8
	0
	270
	0
	90
	127.28
	0%
	

	Front 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 2
	0
	200.29
	0
	66.76
	94.42
	0%
	

	
	Angle 3
	0
	159.7
	0
	53.23
	75.28
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	159.7
	0
	53.23
	75.28
	0%
	

	
	Angle 7
	0
	200.29
	0
	66.76
	94.42
	0%
	

	
	Under 2 Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Front 2
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	117.95
	0
	39.32
	55.60
	0%
	

	
	Angle 2
	0
	152.05
	0
	50.68
	71.68
	0%
	

	
	Angle 3
	0
	18.46
	0
	6.15
	8.70
	0%
	

	
	Angle 4
	0
	159.71
	0
	53.24
	75.29
	0%
	

	
	Angle 5
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 6
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 7
	0
	159.71
	0
	53.24
	75.29
	0%
	

	
	Angle 8
	0
	18.46
	0
	6.15
	8.70
	0%
	

	
	Angle 9
	0
	152.05
	0
	50.68
	71.68
	0%
	

	
	Angle 10
	0
	117.95
	0
	39.32
	55.60
	0%
	

	Behind Right
	
	
	
	
	
	
	
	

	
	Angle 1
	111.04
	159.7
	0
	90.25
	66.83
	25.94%
	

	
	Angle 2
	111.04
	90
	0
	67.01
	48.16
	28.14%
	

	
	Angle 3
	68.96
	90
	0
	52.99
	38.44
	27.45%
	

	
	Angle 4
	68.96
	18.46
	0
	29.14
	29.15
	0%
	

	Behind Left
	
	
	
	
	
	
	
	

	
	Angle 1
	111.04
	159.7
	0
	90.25
	66.83
	25.94%
	

	
	Angle 2
	111.04
	90
	0
	67.01
	48.16
	28.14%
	

	
	Angle 3
	68.96
	90
	0
	52.99
	38.44
	27.45%
	

	
	Angle 4
	68.96
	18.46
	0
	29.14
	29.15
	0%
	

	Volume
	
	50880.8
	901694.4
	0
	317525.1
	413592
	0%
	0.00%

	
	
	
	
	
	
	
	Ctot,f  =
	5.26%

	
	
	
	
	
	
	
	Ctot,c  =
	57.49%
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Back Support 1	Back Support 2	Back Support 3

	Main Part
	Back Support 1
	Back Support 2
	Back Support 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	15
	46
	12
	24.33
	15.37
	36.84%
	36.84%

	Perimeter
	
	
	
	
	
	
	
	20.71%

	
	Big Front
	720
	612.28
	902.52
	744.93
	119.79
	83.92%
	

	
	Little Front
	477.04
	400.14
	835.73
	570.97
	189.83
	66.75%
	

	
	Under Front Left
	0
	58.07
	0
	19.36
	27.37
	0%
	

	
	Under Front Right
	0
	58.07
	0
	19.36
	27.37
	0%
	

	
	Arch
	0
	164.07
	0
	54.69
	77.34
	0%
	

	
	Left Arch
	0
	86.1
	0
	28.7
	40.59
	0%
	

	
	Right Arch
	0
	86.1
	0
	28.7
	40.59
	0%
	

	
	Under Big Front
	472.04
	351.07
	822.04
	548.38
	199.71
	63.58%
	

	
	Left 1
	0
	178
	0
	59.33
	83.91
	0%
	

	
	Left 2
	0
	86.13
	0
	28.71
	40.60
	0%
	

	
	Left 3
	391.22
	228
	835.73
	484.98
	256.81
	47.05%
	

	
	Left 4
	0
	88
	0
	29.33
	41.48
	0%
	

	
	Left 5
	0
	248
	0
	82.67
	116.91
	0%
	

	
	Right 1
	0
	178
	0
	59.33
	83.91
	0%
	

	
	Right 2
	0
	86.13
	0
	28.71
	40.60
	0%
	

	
	Right 3
	307.73
	228
	0
	178.58
	130.40
	26.98%
	

	
	Right 4
	0
	88
	0
	29.33
	41.48
	0%
	

	
	Right 5
	332.14
	248
	830
	470.05
	256.83
	45.36%
	

	
	Top
	309.94
	275.87
	0
	195.27
	138.78
	28.93%
	

	
	Back 1
	934.35
	648.08
	1046.79
	876.41
	167.85
	80.85%
	

	
	Back 2
	0
	187.87
	0
	62.62
	88.56
	0%
	

	
	Back Rim
	485.73
	599.73
	786
	623.82
	123.76
	80.16%
	

	
	Inside Left 1
	0
	244
	0
	81.33
	115.02
	0%
	

	
	Inside Left 2
	0
	80
	0
	26.67
	37.71
	0%
	

	
	Inside Left 3
	0
	220
	0
	73.33
	103.71
	0%
	

	
	Inside Left 4
	0
	78.13
	0
	26.04
	36.83
	0%
	

	
	Inside Left 5
	0
	162
	0
	54
	76.37
	0%
	

	
	Inside Right 1
	0
	244
	0
	81.33
	115.02
	0%
	

	
	Inside Right 2
	0
	80
	0
	26.67
	37.71
	0%
	

	
	Inside Right 3
	0
	220
	0
	73.33
	103.71
	0%
	

	
	Inside Right 4
	0
	78.13
	0
	26.04
	36.83
	0%
	

	
	Inside Right 5
	0
	162
	0
	54
	76.37
	0%
	

	
	Inside Bottom
	0
	302
	0
	100.67
	142.36
	0%
	

	
	Inside Front Small
	485.73
	382.43
	830
	566.05
	191.34
	66.20%
	

	
	Inside Front Arch
	0
	176.64
	0
	58.88
	83.27
	0%
	

	
	Inside Arch Left 1
	0
	82.1
	0
	27.37
	38.70
	0%
	

	
	Inside Arch Left 2
	0
	50.07
	0
	16.69
	23.60
	0%
	

	
	Inside Arch Right 1
	0
	82.1
	0
	27.37
	38.70
	0%
	

	
	Inside Arch Right 2
	0
	50.07
	0
	16.69
	23.60
	0%
	

	
	Inside Front Large
	720
	602.56
	786
	702.85
	75.86
	89.21%
	

	
	Inside Back
	520
	511.98
	822.04
	618.01
	144.31
	76.65%
	

	
	Top Cylinder
	0
	143.96
	0
	47.99
	67.86
	0%
	

	
	Inside Top
	0
	162.35
	0
	54.12
	76.53
	0%
	

	
	Rim Lip
	0
	183.87
	0
	61.29
	86.68
	0%
	

	
	Bottom
	332.14
	210.49
	0
	180.88
	137.20
	24.15%
	

	
	Height Cylinder
	344.36
	371.02
	348.43
	354.60
	11.73
	96.69%
	

	
	
	344.36
	371.02
	348.43
	354.60
	11.73
	96.69%
	

	Angles
	
	
	
	
	
	
	
	19.16%

	Top
	
	0
	90
	0
	30
	42.43
	0%
	

	Right 1
	
	90
	90
	90
	90
	0
	100%
	

	Right 2
	
	90
	90
	90
	90
	0
	100%
	

	Right 3
	
	90
	90
	90
	90
	0
	100%
	

	Right 4
	
	90
	90
	90
	90
	0
	100%
	

	Right 5
	
	90
	90
	90
	90
	0
	100%
	

	Left 1
	
	90
	90
	90
	90
	0
	100%
	

	Left 2
	
	90
	90
	90
	90
	0
	100%
	

	Left 3
	
	90
	90
	90
	90
	0
	100%
	

	Left 4
	
	90
	90
	90
	90
	0
	100%
	

	Left 5
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Back 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Back Rim
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 6
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 7
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 8
	0
	270
	0
	90
	127.28
	0%
	

	Inside Right 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 7
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 8
	0
	270
	0
	90
	127.28
	0%
	

	Inside Right 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Right 3
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Right 3
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Right 4
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Right 5
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Left 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 7
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 8
	0
	270
	0
	90
	127.28
	0%
	

	Inside Left 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Left 3
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Left 4
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Left 5
	
	0
	90
	0
	30
	42.43
	0%
	

	Rim Lip
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Bottom
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Top
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Arch Left 1
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Arch Left 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Arch Right 1
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Arch Right 2
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Arch
	
	0
	90
	0
	30
	42.43
	0%
	

	Inside Front Small
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 7
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 8
	0
	180
	0
	60
	84.85
	0%
	

	
	Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Inside Front Big
	
	
	
	
	
	
	
	

	
	Angle 1
	26.66
	90
	21.76
	46.14
	31.08
	32.64%
	

	
	Angle 2
	26.66
	90
	21.76
	46.14
	31.08
	32.64%
	

	
	Angle 3
	51.51
	90
	51.51
	64.34
	18.14
	71.80%
	

	
	Angle 4
	51.51
	90
	51.51
	64.34
	18.14
	71.80%
	

	
	Angle 5
	96.86
	90
	136.48
	107.78
	20.49
	80.99%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 7
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 8
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 9
	226.89
	270
	137.8
	211.56
	55.05
	73.98%
	

	
	Angle 10
	238.98
	270
	151.6
	220.19
	50.13
	77.23%
	

	
	Angle 11
	238.98
	270
	151.6
	220.19
	50.13
	77.23%
	

	
	Angle 12
	238.98
	270
	137.8
	215.59
	56.45
	73.82%
	

	
	Angle 13
	238.98
	270
	270
	259.66
	14.62
	94.37%
	

	
	Angle 14
	226.89
	270
	270
	255.63
	20.32
	92.05%
	

	
	Angle 15
	147.11
	180
	160.6
	162.57
	13.50
	91.70%
	

	
	Angle 16
	0
	180
	160.6
	113.53
	80.67
	28.95%
	

	
	Arch Arc
	0
	180
	180
	120
	84.85
	29.29%
	

	Inside Back
	
	
	
	
	
	
	
	

	
	Angle 1
	20.6
	90
	0
	36.87
	38.50
	0.00%
	

	
	Angle 2
	138.43
	90
	0
	76.14
	57.36
	24.67%
	

	
	Angle 3
	20.6
	90
	0
	36.87
	38.50
	0.00%
	

	
	Angle 4
	96.86
	90
	0
	62.29
	44.13
	29.15%
	

	
	Angle 5
	138.78
	90
	0
	76.26
	57.48
	24.62%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 7
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 8
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 9
	138.43
	270
	0
	136.14
	110.24
	19.03%
	

	
	Angle 10
	226.89
	270
	0
	165.63
	118.43
	28.50%
	

	
	Angle 11
	226.89
	270
	0
	165.63
	118.43
	28.50%
	

	
	Angle 12
	147.11
	270
	0
	139.04
	110.37
	20.61%
	

	Top Cylinder
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Under Front Left
	
	0
	90
	0
	30
	42.43
	0%
	

	Under Front Right
	
	0
	90
	0
	30
	42.43
	0%
	

	Under Left Arch
	
	0
	90
	0
	30
	42.43
	0%
	

	Under Right Arch
	
	0
	90
	0
	30
	42.43
	0%
	

	Arch
	
	0
	90
	0
	30
	42.43
	0%
	

	Big Front
	
	
	
	
	
	
	
	

	
	Angle 1
	20.6
	90
	21.76
	44.12
	32.45
	26.46%
	

	
	Angle 2
	20.6
	90
	21.76
	44.12
	32.45
	26.46%
	

	
	Angle 3
	0
	90
	136.48
	75.49
	56.65
	24.95%
	

	
	Angle 4
	0
	90
	160.6
	83.53
	65.72
	21.32%
	

	
	Angle 5
	0
	90
	270
	120
	112.25
	6.46%
	

	
	Angle 6
	168.72
	180
	160.6
	169.77
	7.95
	95.31%
	

	
	Angle 7
	168.72
	180
	180
	176.24
	5.32
	96.98%
	

	
	Angle 8
	148.98
	90
	151.6
	130.19
	28.44
	78.15%
	

	
	Angle 9
	148.98
	90
	137.8
	125.59
	25.58
	79.63%
	

	
	Angle 10
	148.98
	90
	151.6
	130.19
	28.44
	78.15%
	

	
	Angle 11
	51.51
	90
	51.51
	64.34
	18.14
	71.80%
	

	
	Angle 12
	51.51
	90
	51.51
	64.34
	18.14
	71.80%
	

	
	Arch Arc
	138.78
	180
	137.8
	152.19
	19.67
	87.08%
	

	
	Arc 2
	0
	0
	270
	90
	127.28
	0%
	

	Little Front
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 7
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 8
	0
	90
	0
	30
	42.43
	0%
	

	
	Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Under Big Front
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	90
	0
	30
	42.43
	0%
	

	
	Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Back 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 6
	0
	270
	0
	90
	127.28
	0%
	

	
	Angle 7
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 8
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 9
	0
	90.4
	0
	30.13
	42.61
	0%
	

	
	Angle 10
	0
	270.4
	0
	90.13
	127.47
	0%
	

	
	Angle 11
	0
	270.4
	0
	90.13
	127.47
	0%
	

	
	Angle 12
	0
	270
	0
	90
	127.28
	0%
	

	Bottom
	
	
	
	
	
	
	
	

	
	Arc
	0
	360
	0
	120
	169.71
	0%
	

	Cylinder
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	89.24
	0
	29.75
	42.07
	0%
	

	
	Angle 2
	0
	89.24
	0
	29.75
	42.07
	0%
	

	
	Angle 3
	0
	90.76
	0
	30.25
	42.78
	0%
	

	
	Angle 4
	0
	90.76
	0
	30.25
	42.78
	0%
	

	Volume
	
	991779.9
	1091021.7
	134238.3
	739013.3
	429555.46
	41.87%
	41.87%

	
	
	
	
	
	
	
	Ctot,f  =
	29.64%

	Extrusion 1
	Back Support 1
	Back Support 2
	Back Support 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	3
	3
	3
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	44.48%

	
	Top
	84.82
	162.36
	91.11
	112.76
	35.16
	68.82%
	

	
	Bottom
	84.82
	162.36
	91.11
	112.76
	35.16
	68.82%
	

	
	Height
	46.98
	353.1
	101.05
	167.04
	133.40
	20.14%
	

	
	
	46.98
	353.1
	101.05
	167.04
	133.40
	20.14%
	

	Angles
	
	
	
	
	
	
	
	99.73%

	Top
	Arc
	360
	360
	360
	360
	0
	100%
	

	Bottom
	Arc
	360
	360
	360
	360
	0
	100%
	

	Side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	89.24
	90
	89.75
	0.36
	99.60%
	

	
	Angle 2
	90
	89.24
	90
	89.75
	0.36
	99.60%
	

	
	Angle 3
	90
	90.76
	90
	90.25
	0.36
	99.60%
	

	
	Angle 4
	90
	90.76
	90
	90.25
	0.36
	99.60%
	

	Volume
	
	26898.9
	880280.9
	66745.6
	324641.8
	393232.8
	0%
	0%

	
	
	
	
	
	
	
	Ctot,f  =
	61.05%

	Extrusion 2
	Back Support 1
	Back Support 2
	Back Support 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	3
	3
	3
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	48.95%

	
	Top
	62.83
	150.8
	62.83
	92.15
	41.47
	55.00%
	

	
	Bottom
	62.83
	150.8
	62.83
	92.15
	41.47
	55.00%
	

	
	Height
	120.42
	16.27
	100.5
	79.06
	45.14
	42.91%
	

	
	
	120.42
	16.27
	100.5
	79.06
	45.14
	42.91%
	

	Angles
	
	
	
	
	
	
	
	100%

	Top
	Arc
	360
	360
	360
	360
	0
	100%
	

	Bottom
	Arc
	360
	360
	360
	360
	0
	100%
	

	Side
	
	90
	90
	90
	90
	0
	100%
	

	Volume
	
	7566.2
	29441.5
	31573.1
	22860.3
	10849.5
	52.54%
	52.54%

	
	
	
	
	
	
	
	Ctot,f  =
	75.37%

	
	
	
	
	
	
	
	Ctot,c  =
	67.25%
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Dirt Container Lid 1	Dirt Container Lid 2	Dirt Container Lid 3

	Base
	Container Lid 1
	Container Lid 2
	Container Lid 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	10
	13
	9
	10.67
	1.70
	84.07%
	84.07%

	Perimeter
	
	
	
	
	
	
	
	52.34%

	
	Top 1
	359.49
	261.3
	379.82
	333.54
	51.75
	84.48%
	

	
	Top 2
	71.31
	153.97
	62.71
	96.00
	41.14
	57.14%
	

	
	Side 1
	295.33
	254.44
	232.58
	260.78
	26.01
	90.03%
	

	
	Side 2
	644.03
	601.77
	0
	415.27
	294.14
	29.17%
	

	
	Top Cylinder
	0
	594.06
	0
	198.02
	280.04
	0%
	

	
	Height Cylinder
	97.5
	20
	77.095
	64.87
	32.80
	49.43%
	

	
	
	97.5
	20
	77.095
	64.87
	32.80
	49.43%
	

	
	Bottom Lip
	649.01
	640.88
	678.58
	656.16
	16.20
	97.53%
	

	
	Height Inside Cylinder
	88.66
	17
	87.5
	64.39
	33.51
	47.95%
	

	
	
	88.66
	17
	87.5
	64.39
	33.51
	47.95%
	

	
	Bottom Base
	0
	556.25
	0
	185.42
	262.22
	0%
	

	
	Inside Side 1
	306.64
	250.73
	339.78
	299.05
	36.75
	87.71%
	

	
	Inside Side 2
	0
	567.26
	0
	189.09
	267.41
	0%
	

	
	Inside Top 1
	295.33
	245.4
	138.67
	226.47
	65.34
	71.15%
	

	
	Inside Top 2
	71.31
	134.54
	138.67
	114.84
	30.83
	73.16%
	

	Angles
	
	
	
	
	
	
	
	47.08%

	Top 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	122.57
	0
	40.86
	57.78
	0%
	

	
	Angle 2
	0
	122.57
	0
	40.86
	57.78
	0%
	

	
	Arch Arc
	360
	294.85
	360
	338.28
	30.71
	90.92%
	

	Top 2
	
	
	
	
	
	
	
	

	
	Angle 1
	133.16
	123.75
	123.05
	126.65
	4.61
	96.36%
	

	
	Angle 2
	168.19
	56.25
	41.79
	88.74
	56.49
	36.35%
	

	
	Angle 3
	168.19
	56.25
	41.79
	88.74
	56.49
	36.35%
	

	
	Angle 4
	133.16
	123.75
	191.8
	149.57
	30.11
	79.87%
	

	
	Side 1 Arc
	168.19
	23.68
	191.8
	127.89
	74.32
	41.89%
	

	
	Side 2 Arc
	168.19
	23.68
	5.33
	65.73
	72.83
	0%
	

	
	Angle 7
	0
	0
	5.33
	1.78
	2.51
	0%
	

	Side 1
	
	90
	90
	90
	90
	0
	100%
	

	Side 2
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	45.03
	75.01
	21.20
	71.74%
	

	
	Angle 2
	90
	90
	55.64
	78.55
	16.20
	79.38%
	

	
	Angle 3
	90
	90
	90
	90
	0
	100%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	0
	0
	174.67
	58.22
	82.34
	0%
	

	
	Angle 6
	0
	0
	41.79
	13.93
	19.70
	0%
	

	Cylinder side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	90
	90
	90
	90
	0
	100%
	

	
	Angle 3
	31.76
	90
	30.13
	50.63
	27.85
	45.00%
	

	
	Angle 4
	58.24
	90
	59.87
	69.37
	14.60
	78.95%
	

	Top Cylinder
	
	
	
	
	
	
	
	

	
	Outside Arc
	0
	360
	0
	120
	169.71
	0%
	

	
	Angle 1
	0
	236.25
	0
	78.75
	111.37
	0%
	

	
	Angle 2
	0
	236.25
	0
	78.75
	111.37
	0%
	

	
	Inside front Arc
	0
	292.5
	0
	97.50
	137.89
	0%
	

	Bottom Rim
	
	
	
	
	
	
	
	

	
	Inside Arc
	360
	360
	360
	360
	0
	100%
	

	
	Outside Arc
	360
	360
	360
	360
	0
	100%
	

	Bottom Base
	
	
	
	
	
	
	
	

	
	Outside Arc
	0
	360
	0
	120
	169.71
	0%
	

	
	Angle 1
	0
	234.95
	0
	78.32
	110.76
	0%
	

	
	Angle 2
	0
	234.95
	0
	78.32
	110.76
	0%
	

	
	Front Arc
	0
	289.9
	0
	96.63
	136.66
	0%
	

	Inside Cylinder
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	90
	90
	90
	90
	0
	100%
	

	
	Angle 3
	31.76
	90
	30.13
	50.63
	27.85
	45.00%
	

	
	Angle 4
	58.24
	90
	59.87
	69.37
	14.60
	78.95%
	

	Inside Back
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	45.03
	75.01
	21.20
	71.74%
	

	
	Angle 2
	90
	90
	55.64
	78.55
	16.20
	79.38%
	

	
	Angle 3
	90
	90
	90
	90
	0
	100%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	0
	0
	174.67
	58.22
	82.34
	0%
	

	
	Angle 6
	0
	0
	41.79
	13.93
	19.70
	0%
	

	Inside Front
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Top 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	143.6
	0
	47.87
	67.69
	0%
	

	
	Angle 2
	0
	143.6
	0
	47.87
	67.69
	0%
	

	
	Front Arc
	0
	257.79
	0
	85.93
	121.52
	0%
	

	Top 2
	
	
	
	
	
	
	
	

	
	Angle 1
	133.16
	125.05
	134.97
	131.06
	4.31
	96.71%
	

	
	Angle 2
	133.16
	125.05
	134.97
	131.06
	4.31
	96.71%
	

	
	Angle 3
	168.2
	54.95
	55.64
	92.93
	53.22
	42.73%
	

	
	Angle 4
	168.2
	54.95
	55.64
	92.93
	53.22
	42.73%
	

	
	Side 1 Arc
	168.2
	18.56
	170.44
	119.07
	71.07
	40.31%
	

	
	Side 2 Arc
	168.2
	18.56
	170.44
	119.07
	71.07
	40.31%
	

	
	Arc 3
	360
	0
	278.07
	212.69
	154.07
	27.56%
	

	Volume
	
	179847.6
	92541.3
	217348.9
	163245.9
	52287.3
	67.97%
	67.97%

	
	
	
	
	
	
	
	Ctot,f  =
	62.86%

	1/2 Circle/Arch Extrusion
	Container Lid 1
	Container Lid 2
	Container Lid 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	8
	10
	8
	8.67
	0.94
	89.12%
	89.12%

	Perimeter
	
	
	
	
	
	
	
	64.51%

	
	Top Side 1
	218.15
	279.03
	260.95
	252.71
	25.53
	89.90%
	

	
	Top Side 2
	218.15
	279.03
	260.95
	252.71
	25.53
	89.90%
	

	
	Arch
	259.98
	366.07
	300.9
	308.98
	43.69
	85.86%
	

	
	Inside Side 1
	218.15
	283.65
	260.95
	254.25
	27.16
	89.32%
	

	
	Inside Side 2
	218.15
	283.65
	260.95
	254.25
	27.16
	89.32%
	

	
	Inside Arch
	259.98
	347.22
	300.9
	302.70
	35.64
	88.23%
	

	
	Bottom Left
	94.39
	105.04
	232.99
	144.14
	62.98
	56.31%
	

	
	Bottom right
	94.39
	105.04
	232.99
	144.14
	62.98
	56.31%
	

	
	Front
	0
	623.39
	0
	207.80
	293.87
	0%
	

	
	Back
	0
	623.39
	0
	207.80
	293.87
	0%
	

	Angles
	
	
	
	
	
	
	
	39.72%

	Side 1
	
	90
	90
	90
	90
	0
	100%
	

	Side 2
	
	90
	90
	90
	90
	0
	100%
	

	Bottom Left
	
	90
	90
	90
	90
	0
	100%
	

	Bottom Right
	
	90
	90
	90
	90
	0
	100%
	

	Arch
	
	
	
	
	
	
	
	

	
	Angle 1
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 2
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 3
	149.78
	90
	139.8
	126.53
	26.15
	79.33%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	Inside Side 1
	
	
	
	
	
	
	
	

	
	Angle 1
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 2
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 3
	149.78
	90
	139.8
	126.53
	26.15
	79.33%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	Inside Side 2
	
	
	
	
	
	
	
	

	
	Angle 1
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 2
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 3
	149.78
	90
	139.8
	126.53
	26.15
	79.33%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	Inside Arch
	
	
	
	
	
	
	
	

	
	Angle 1
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 2
	74.89
	90
	69.9
	78.26
	8.55
	89.08%
	

	
	Angle 3
	149.78
	90
	139.8
	126.53
	26.15
	79.33%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	Front
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 6
	0
	180
	0
	60
	84.85
	0%
	

	
	Inside Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Outside Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Back
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 2
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 3
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 4
	0
	90
	0
	30
	42.43
	0%
	

	
	Angle 5
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 6
	0
	180
	0
	60
	84.85
	0%
	

	
	Inside Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Outside Arch Arc
	0
	180
	0
	60
	84.85
	0%
	

	Volume
	
	21972.8
	46302.1
	19650.6
	29308.5
	12053.62
	58.87%
	58.87%

	
	
	
	
	
	
	
	Ctot,f  =
	63.06%

	Hole
	Container Lid 1
	Container Lid 2
	Container Lid 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	4
	7
	4
	5
	1.41
	71.72%
	71.72%

	Perimeter
	
	
	
	
	
	
	
	25.03%

	
	Top 1
	290.91
	172.56
	334.84
	266.10
	68.53
	74.25%
	

	
	Top 2
	10.48
	62.76
	7
	26.75
	25.50
	4.64%
	

	
	Top 3
	10.48
	62.76
	7
	26.75
	25.50
	4.64%
	

	
	Bottom 1
	0
	171.439
	0
	57.15
	80.82
	0%
	

	
	Bottom 2
	0
	105.73
	0
	35.24
	49.84
	0%
	

	
	Bottom 3
	0
	105.73
	0
	35.24
	49.84
	0%
	

	
	Side
	290.91
	356.36
	334.84
	327.37
	27.24
	91.68%
	

	Angles
	
	
	
	
	
	
	
	10.71%

	Top 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	147.98
	0
	49.33
	69.76
	0%
	

	
	Angle 2
	0
	147.98
	0
	49.33
	69.76
	0%
	

	
	Angle 3
	0
	147.98
	0
	49.33
	69.76
	0%
	

	
	Angle 4
	0
	147.98
	0
	49.33
	69.76
	0%
	

	
	Arch 1 Arc
	0
	114.96
	0
	38.32
	54.19
	0%
	

	
	Arch 2 Arc
	0
	114.96
	0
	38.32
	54.19
	0%
	

	Top 2
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	32.51
	0
	10.84
	15.33
	0%
	

	
	Angle 2
	0
	32.51
	0
	10.84
	15.33
	0%
	

	
	Arch Arc
	360
	65
	360
	261.67
	139.06
	46.85%
	

	Top 3
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	32.51
	0
	10.84
	15.33
	0%
	

	
	Angle 2
	0
	32.51
	0
	10.84
	15.33
	0%
	

	
	Arch Arc
	360
	65
	360
	261.67
	139.06
	46.85%
	

	Bottom 1
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	144.11
	0
	48.04
	67.93
	0%
	

	
	Angle 2
	0
	144.11
	0
	48.04
	67.93
	0%
	

	
	Angle 3
	90
	144.11
	90
	108.04
	25.51
	76.39%
	

	
	Angle 4
	90
	144.11
	90
	108.04
	25.51
	76.39%
	

	
	Arch 1 Arc
	90
	108.23
	90
	96.08
	8.59
	91.06%
	

	
	Arch 2 Arc
	90
	108.23
	90
	96.08
	8.59
	91.06%
	

	Bottom 2
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	35.89
	0
	11.96
	16.92
	0%
	

	
	Angle 2
	0
	35.89
	0
	11.96
	16.92
	0%
	

	
	Arch Arc
	0
	71.78
	0
	23.93
	33.84
	0%
	

	Bottom 3
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	35.89
	0
	11.96
	16.92
	0%
	

	
	Angle 2
	0
	35.89
	0
	11.96
	16.92
	0%
	

	
	Arch Arc
	0
	71.78
	0
	23.93
	33.84
	0%
	

	Side
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	147.48
	0
	49.16
	69.52
	0%
	

	
	Angle 2
	0
	147.48
	0
	49.16
	69.52
	0%
	

	
	Angle 3
	0
	147.48
	0
	49.16
	69.52
	0%
	

	
	Angle 4
	0
	147.48
	0
	49.16
	69.52
	0%
	

	
	Top top Arc
	0
	114.96
	0
	38.32
	54.19
	0%
	

	
	Top bottom Arc
	0
	114.96
	0
	38.32
	54.19
	0%
	

	
	Top side 1 Arc
	0
	65
	0
	21.67
	30.64
	0%
	

	
	Top side 2 Arc
	0
	65
	0
	21.67
	30.64
	0%
	

	
	Bottom side-arc
	0
	144.11
	0
	48.04
	67.93
	0%
	

	
	Angle 5
	0
	144.11
	0
	48.04
	67.93
	0%
	

	
	Angle 6
	0
	144.11
	0
	48.04
	67.93
	0%
	

	
	Angle 7
	0
	144.11
	0
	48.04
	67.93
	0%
	

	
	Bottom top Arc
	0
	108.23
	0
	36.08
	51.02
	0%
	

	
	Bottom bottom Arc
	0
	108.23
	0
	36.08
	51.02
	0%
	

	
	Bottom side 1 Arc
	0
	71.78
	0
	23.93
	33.84
	0%
	

	
	Bottom side 2 Arc
	0
	71.78
	0
	23.93
	33.84
	0%
	

	Volume
	
	70371.5
	8374.2
	61741.5
	46829.1
	27419.0
	41.45%
	41.45%

	
	
	
	
	
	
	
	Ctot,f  =
	37.23%

	
	
	
	
	
	
	
	Ctot,c  =
	66.36%
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Dirt Container 1	Dirt Container 2	Dirt Container 3

	Cylinder
	Dirt Container 1
	Dirt Container 2
	Dirt Container 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	5
	5
	5
	5.00
	0.00
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	94.63%

	
	Top
	644.03
	634.6
	678.58
	652.40
	18.91
	97.10%
	

	
	Bottom
	329.87
	329.87
	345.58
	335.11
	7.41
	97.79%
	

	
	Outside
	255
	322
	285
	287.33
	27.40
	90.46%
	

	
	Inside
	248
	318
	281
	282.33
	28.59
	89.87%
	

	
	Inside Bottom
	314.16
	304.73
	320.54
	313.14
	6.49
	97.93%
	

	Angles
	
	
	
	
	
	
	
	100%

	
	Top Arc
	360
	360
	360
	360
	0
	100%
	

	
	Bottom Arc
	360
	360
	360
	360
	0
	100%
	

	Inside
	
	90
	90
	90
	90
	0
	100%
	

	Outside
	
	90
	90
	90
	90
	0
	100%
	

	
	Inside Bottom Arc
	360
	360
	360
	360
	0
	100%
	

	Volume
	
	254625.3
	386204.4
	414071.9
	351633.9
	69532.5
	80.23%
	80.23%

	
	
	
	
	
	
	
	Ctot,f  =
	93.71%

	Bottom Extrusion
	Dirt Container 1
	Dirt Container 2
	Dirt Container 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	3
	3
	3
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	50.11%

	
	Top
	314.6
	182.21
	157.08
	217.96
	69.10
	68.30%
	

	
	Bottom
	314.6
	182.21
	157.08
	217.96
	69.10
	68.30%
	

	
	Height
	4.5
	109
	135
	82.83
	56.40
	31.91%
	

	
	
	4.5
	109
	135
	82.83
	56.40
	31.91%
	

	Angles
	
	
	
	
	
	
	
	100%

	
	Top Arc
	360
	360
	360
	360
	0
	100%
	

	
	Bottom Arc
	360
	360
	360
	360
	0
	100%
	

	Side
	
	90
	90
	90
	90
	0
	100%
	

	Volume
	
	35347.9
	287986.7
	265072.5
	196135.7
	114078.3
	41.84%
	41.84%

	
	
	
	
	
	
	
	Ctot,f  =
	72.99%

	Protrusion/Extrusion
	Dirt Container 1
	Dirt Container 2
	Dirt Container 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	3
	3
	3
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	54.70%

	
	Top
	127.42
	213.63
	182.21
	174.42
	35.62
	79.58%
	

	
	Bottom
	127.42
	213.63
	182.21
	174.42
	35.62
	79.58%
	

	
	Height
	2.5
	105
	135
	80.83
	56.73
	29.82%
	

	
	
	2.5
	105
	135
	80.83
	56.73
	29.82%
	

	Angles
	
	
	
	
	
	
	
	100%

	
	Top Arc
	360
	360
	360
	360
	0
	100%
	

	
	Bottom Arc
	360
	360
	360
	360
	0
	100%
	

	Side
	
	90
	90
	90
	90
	0
	100%
	

	Volume
	
	3230
	381326.5
	356680.8
	247079.1
	172720.7
	30.09%
	30.09%

	
	
	
	
	
	
	
	Ctot,f  =
	71.20%

	
	
	
	
	
	
	
	Ctot,c  =
	86.62%
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Crevice Tool 1	Crevice Tool 2

	Main Part
	Crevice Tool 1
	Crevice Tool 2
	Crevice Tool 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	8
	8
	0
	5.33
	3.77
	29.29%
	29.29%

	Perimeter
	
	
	
	
	
	
	
	13.57%

	
	Bottom
	109.96
	106.81
	0
	72.26
	51.11
	29.27%
	

	
	height
	175
	200
	0
	125
	88.98
	28.82%
	

	
	
	175
	200
	0
	125
	88.98
	28.82%
	

	
	Top 1
	38.68
	50.52
	0
	29.73
	21.57
	27.44%
	

	
	Top 2
	78.45
	83.63
	0
	54.03
	38.26
	29.18%
	

	
	Right Side 1
	217.84
	260.3
	0
	159.38
	114.02
	28.46%
	

	
	Right Side 2
	86.15
	73.86
	0
	53.34
	38.05
	28.67%
	

	
	Left Side 1
	217.84
	260.3
	0
	159.38
	114.02
	28.46%
	

	
	Left Side 2
	86.15
	73.86
	0
	53.34
	38.05
	28.67%
	

	Angles
	
	
	
	
	
	
	
	28.98%

	Bottom
	Arc
	360
	360
	0
	240.00
	169.71
	29.29%
	

	Cylinder
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 4
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 5
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 6
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 7
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 8
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 9
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 10
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 11
	75.14
	77.26
	0
	50.80
	35.93
	29.27%
	

	
	Angle 12
	75.14
	77.26
	0
	50.80
	35.93
	29.27%
	

	
	Angle 13
	75.14
	77.26
	0
	50.80
	35.93
	29.27%
	

	
	Angle 14
	75.14
	77.26
	0
	50.80
	35.93
	29.27%
	

	Top 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	104.86
	102.74
	0
	69.20
	48.94
	29.28%
	

	
	Angle 4
	104.86
	102.74
	0
	69.20
	48.94
	29.28%
	

	
	Arc
	33.2
	52.36
	0
	28.52
	21.63
	24.16%
	

	Top 2
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60.00
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60.00
	42.43
	29.29%
	

	
	Angle 3
	104.86
	102.74
	0
	69.20
	48.94
	29.28%
	

	
	Angle 4
	104.86
	102.74
	0
	69.20
	48.94
	29.28%
	

	
	Arc
	33.2
	52.36
	0
	28.52
	21.63
	24.16%
	

	Right Side 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 4
	123.57
	128.97
	0
	84.18
	59.57
	29.24%
	

	
	Angle 5
	146.43
	141.03
	0
	95.82
	67.79
	29.25%
	

	Right Side 2
	
	
	
	
	
	
	
	

	
	Angle 1
	73.39
	63.81
	0
	45.73
	32.57
	28.77%
	

	
	Angle 2
	73.39
	63.81
	0
	45.73
	32.57
	28.77%
	

	
	Arc
	146.79
	141.03
	0
	95.94
	67.88
	29.25%
	

	Left Side 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 4
	123.57
	128.97
	0
	84.18
	59.57
	29.24%
	

	
	Angle 5
	146.43
	141.03
	0
	95.82
	67.79
	29.25%
	

	Left Side 2
	
	
	
	
	
	
	
	

	
	Angle 1
	73.39
	63.81
	0
	45.73
	32.57
	28.77%
	

	
	Angle 2
	73.39
	63.81
	0
	45.73
	32.57
	28.77%
	

	
	Arc
	146.79
	141.03
	0
	95.94
	67.88
	29.25%
	

	Volume
	
	138076.73
	154580.3
	0
	97552.34
	69308.18
	28.95%
	28.95%

	
	
	
	
	
	
	
	Ctot,f  =
	25.20%

	Extrusion
	Crevice Tool 1
	Crevice Tool 2
	Crevice Tool 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	8
	8
	0
	5.33
	3.77
	29.29%
	29.29%

	Perimeter
	
	
	
	
	
	
	
	28.05%

	
	Bottom
	103.67
	94.25
	0
	65.97
	46.81
	29.05%
	

	
	Height
	175
	200
	0
	125
	88.98
	28.82%
	

	
	
	175
	200
	0
	125
	88.98
	28.82%
	

	
	Top 1
	33.1
	39.66
	0
	24.25
	17.36
	28.43%
	

	
	Top 2
	44.29
	71.68
	0
	38.66
	29.53
	23.60%
	

	
	Right Side 1
	215.97
	257.44
	0
	157.80
	112.86
	28.48%
	

	
	Right Side 2
	83.68
	69.47
	0
	51.05
	36.56
	28.38%
	

	
	Left Side 1
	215.97
	257.44
	0
	157.80
	112.86
	28.48%
	

	
	Left Side 2
	83.68
	69.47
	0
	51.05
	36.56
	28.38%
	

	Angles
	
	
	
	
	
	
	
	28.98%

	Bottom
	Arc
	360
	360
	0
	240
	169.71
	29.29%
	

	Cylinder
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 4
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 5
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 6
	135
	135
	0
	90
	63.64
	29.29%
	

	
	Angle 7
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 8
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 9
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 10
	225
	225
	0
	150
	106.07
	29.29%
	

	
	Angle 11
	76.8
	68.49
	0
	48.43
	34.41
	28.94%
	

	
	Angle 12
	76.8
	68.49
	0
	48.43
	34.41
	28.94%
	

	
	Angle 13
	76.8
	68.49
	0
	48.43
	34.41
	28.94%
	

	
	Angle 14
	76.8
	68.49
	0
	48.43
	34.41
	28.94%
	

	Top 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	104.03
	111.51
	0
	71.85
	50.89
	29.16%
	

	
	Angle 4
	104.03
	111.51
	0
	71.85
	50.89
	29.16%
	

	
	Arc
	28.06
	43.02
	0
	23.69
	17.83
	24.74%
	

	Top 2
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	104.03
	111.51
	0
	71.85
	50.89
	29.16%
	

	
	Angle 4
	104.03
	111.51
	0
	71.85
	50.89
	29.16%
	

	
	Arc
	28.06
	43.02
	0
	23.69
	17.83
	24.74%
	

	Right Side 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 4
	123.57
	128.97
	0
	84.18
	59.57
	29.24%
	

	
	Angle 5
	146.43
	141.03
	0
	95.82
	67.79
	29.25%
	

	Right Side 2
	
	
	
	
	
	
	
	

	
	Angle 1
	76
	68.49
	0
	48.16
	34.19
	29.00%
	

	
	Angle 2
	76
	68.49
	0
	48.16
	34.19
	29.00%
	

	
	Arc
	152
	136.98
	0
	96.33
	68.39
	29.00%
	

	Left Side 1
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 2
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 3
	90
	90
	0
	60
	42.43
	29.29%
	

	
	Angle 4
	123.57
	128.97
	0
	84.18
	59.57
	29.24%
	

	
	Angle 5
	146.43
	141.03
	0
	95.82
	67.79
	29.25%
	

	Left Side 2
	
	
	
	
	
	
	
	

	
	Angle 1
	76
	68.49
	0
	48.16
	34.19
	29.00%
	

	
	Angle 2
	76
	68.49
	0
	48.16
	34.19
	29.00%
	

	
	Arc
	152
	136.98
	0
	96.33
	68.39
	29.00%
	

	Volume
	
	120941.99
	117487.06
	0
	79476.35
	56215.96
	29.27%
	29.27%

	
	
	
	
	
	
	
	Ctot,f  =
	28.90%

	
	
	
	
	
	
	
	Ctot,c  =
	37.49%
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Tool Caddy 3

	
	Tool Caddy 1
	Tool Caddy 2
	Tool Caddy 3
	
	σ
	Cx
	Avg Cx

	Faces
	0
	1
	0
	0.33
	0.47
	0%
	0%

	Perimeter
	0
	1
	0
	0.33
	0.47
	0%
	0%

	Angles
	0
	1
	0
	0.33
	0.47
	0%
	0%

	Volume
	0
	1
	0
	0.33
	0.47
	0%
	0%

	
	
	
	
	
	
	Ctot,f  =
	0

	
	
	
	
	
	
	Ctot,c  =
	0
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Upper Cover 1	Upper Cover 2	Upper Cover 3

	Main Part
	Upper Cover 1
	Upper Cover 2
	Upper Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	16
	26
	18
	20.00
	4.32
	78.40%
	78.40%

	Perimeter
	
	
	
	
	
	
	
	58.95%

	
	Front
	737.86
	690.87
	670
	699.58
	28.38
	95.94%
	

	
	Top 1
	0
	736.52
	750
	495.51
	350.42
	29.28%
	

	
	Top 2
	971.72
	788.04
	865.51
	875.09
	75.29
	91.40%
	

	
	Top 3
	0
	744.79
	0
	248.26
	351.10
	0%
	

	
	Back 1
	0
	738.77
	0
	246.26
	348.26
	0%
	

	
	Back 2
	600
	634
	670.21
	634.74
	28.67
	95.48%
	

	
	Under front
	0
	676.24
	658
	444.75
	314.57
	29.27%
	

	
	Under top 1
	717.02
	720.9
	739.3
	725.74
	9.72
	98.66%
	

	
	Under top 2
	953.11
	775.37
	852.28
	860.25
	72.78
	91.54%
	

	
	Under top 3
	0
	731.03
	0
	243.68
	344.61
	0%
	

	
	Under back 1
	582.05
	721.8
	658.35
	654.07
	57.13
	91.26%
	

	
	Under back 2
	0
	618.3
	0
	206.10
	291.47
	0%
	

	
	Under right
	526.48
	560
	532.95
	539.81
	14.52
	97.31%
	

	
	Under left
	526.48
	560
	532.95
	539.81
	14.52
	97.31%
	

	
	Front lip
	586
	614.28
	576
	592.09
	16.21
	97.26%
	

	
	Right lip 1
	230.58
	165.36
	174
	189.98
	28.92
	84.78%
	

	
	Right lip 2
	292.24
	175.08
	287.99
	251.77
	54.26
	78.45%
	

	
	Right lip 3
	0
	131.76
	0
	43.92
	62.11
	0%
	

	
	Right lip 4
	0
	88.1
	0
	29.37
	41.53
	0%
	

	
	Left lip 1
	230.58
	165.36
	174
	189.98
	28.92
	84.78%
	

	
	Left lip 2
	292.24
	175.08
	287.99
	251.77
	54.26
	78.45%
	

	
	Left lip 3
	0
	131.76
	0
	43.92
	62.11
	0%
	

	
	Left lip 4
	0
	88.1
	0
	29.37
	41.53
	0%
	

	
	Back lip
	574
	614
	576
	588.00
	18.40
	96.87%
	

	
	Right side
	543.21
	574.89
	544.85
	554.32
	14.56
	97.37%
	

	
	Left side
	543.21
	574.89
	544.85
	554.32
	14.56
	97.37%
	

	Angles-
	
	
	
	
	
	
	
	46.54%

	Front
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Top 1
	
	0
	90
	90
	60.00
	42.43
	29.29%
	

	Top 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Top 3
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Back 1
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Back 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Under front
	
	0
	90
	90
	60.00
	42.43
	29.29%
	

	Under top 1
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Under top 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Under top 3
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Under back 1
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Under back 2
	
	0
	90
	0
	30.00
	42.43
	0%
	

	under right
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Under left
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Front lip
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Right lip 1
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Right lip 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Right lip 3
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Right lip 4
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Left lip 1
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Left lip 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Left lip 3
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Left lip 4
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Back lip
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Right side
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	141.14
	0
	47.05
	66.53
	0%
	

	
	Angle 2
	0
	175.78
	0
	58.59
	82.86
	0%
	

	
	Angle 3
	217.55
	206.53
	205.23
	209.77
	5.53
	97.37%
	

	
	Angle 4
	90
	137.65
	90
	105.88
	22.46
	78.79%
	

	
	Angle 5
	0
	137.65
	90
	75.88
	57.08
	24.79%
	

	
	Angle 6
	90
	77.07
	90
	85.69
	6.10
	92.89%
	

	
	Angle 7
	185.37
	190.96
	203.92
	193.42
	7.77
	95.98%
	

	
	Angle 8
	0
	194.17
	0
	64.72
	91.53
	0%
	

	
	Angle 9
	0
	164.42
	0
	54.81
	77.51
	0%
	

	
	Angle 10
	90
	128.36
	90
	102.79
	18.08
	82.41%
	

	
	Front Arc
	90
	31.63
	37.57
	53.07
	26.23
	50.58%
	

	
	Top 1 Arc
	0
	22.95
	0
	7.65
	10.82
	0%
	

	
	Top 2 Arc
	0
	14.24
	0
	4.75
	6.71
	0%
	

	
	Bottom 1 Arc
	42.5
	28.42
	42.61
	37.84
	6.66
	82.39%
	

	
	Bottom 2 Arc
	0
	15.44
	0
	5.15
	7.28
	0%
	

	Left side
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	141.14
	0
	47.05
	66.53
	0%
	

	
	Angle 2
	0
	175.78
	0
	58.59
	82.86
	0%
	

	
	Angle 3
	217.55
	206.53
	205.23
	209.77
	5.53
	97.37%
	

	
	Angle 4
	90
	137.65
	90
	105.88
	22.46
	78.79%
	

	
	Angle 5
	0
	137.65
	90
	75.88
	57.08
	24.79%
	

	
	Angle 6
	90
	77.07
	90
	85.69
	6.10
	92.89%
	

	
	Angle 7
	185.37
	190.96
	203.92
	193.42
	7.77
	95.98%
	

	
	Angle 8
	0
	194.17
	0
	64.72
	91.53
	0%
	

	
	Angle 9
	0
	164.42
	0
	54.81
	77.51
	0%
	

	
	Angle 10
	90
	128.36
	90
	102.79
	18.08
	82.41%
	

	
	Front Arc
	90
	31.63
	37.57
	53.07
	26.23
	50.58%
	

	
	Top 1 Arc
	0
	22.95
	0
	7.65
	10.82
	0%
	

	
	Top 2 Arc
	0
	14.24
	0
	4.75
	6.71
	0%
	

	
	Bottom 1 Arc
	42.5
	28.42
	42.61
	37.84
	6.66
	82.39%
	

	
	Bottom 2 Arc
	0
	15.44
	0
	5.15
	7.28
	0%
	

	Under right
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	148.96
	0
	49.65
	70.22
	0%
	

	
	Angle 2
	0
	167.7
	0
	55.90
	79.05
	0%
	

	
	Angle 3
	217.51
	193.3
	204.05
	204.95
	9.90
	95.17%
	

	
	Angle 4
	90
	123.05
	90
	101.02
	15.58
	84.58%
	

	
	Angle 5
	0
	137.66
	90
	75.89
	57.08
	24.78%
	

	
	Angle 6
	90
	77.03
	90
	85.68
	6.11
	92.86%
	

	
	Angle 7
	185.39
	160
	205.5
	183.63
	18.62
	89.86%
	

	
	Angle 8
	0
	157.43
	0
	52.48
	74.21
	0%
	

	
	Angle 9
	0
	153.43
	0
	51.14
	72.33
	0%
	

	
	Angle 10
	90
	92.43
	90
	90.81
	1.15
	98.74%
	

	
	Front Arc
	90.35
	31.95
	38.2
	53.50
	26.18
	51.06%
	

	
	Top 1 Arc
	0
	22.7
	0
	7.57
	10.70
	0%
	

	
	Top 2 Arc
	0
	14.3
	0
	4.77
	6.74
	0%
	

	
	Bottom 1 Arc
	41.6
	27.3
	37.04
	35.31
	5.96
	83.11%
	

	
	Bottom 2 Arc
	0
	15.44
	0
	5.15
	7.28
	0%
	

	Under left
	
	
	
	
	
	
	
	

	
	Angle 1
	0
	148.96
	0
	49.65
	70.22
	0%
	

	
	Angle 2
	0
	167.7
	0
	55.90
	79.05
	0%
	

	
	Angle 3
	217.51
	193.3
	204.05
	204.95
	9.90
	95.17%
	

	
	Angle 4
	90
	123.05
	90
	101.02
	15.58
	84.58%
	

	
	Angle 5
	0
	137.66
	90
	75.89
	57.08
	24.78%
	

	
	Angle 6
	90
	77.03
	90
	85.68
	6.11
	92.86%
	

	
	Angle 7
	185.39
	160
	205.5
	183.63
	18.62
	89.86%
	

	
	Angle 8
	0
	157.43
	0
	52.48
	74.21
	0%
	

	
	Angle 9
	0
	153.43
	0
	51.14
	72.33
	0%
	

	
	Angle 10
	90
	92.43
	90
	90.81
	1.15
	98.74%
	

	
	Front Arc
	90.35
	31.95
	38.2
	53.50
	26.18
	51.06%
	

	
	Top 1 Arc
	0
	22.7
	0
	7.57
	10.70
	0%
	

	
	Top 2 Arc
	0
	14.3
	0
	4.77
	6.74
	0%
	

	
	Bottom 1 Arc
	41.6
	27.3
	37.04
	35.31
	5.96
	83.11%
	

	
	Bottom 2 Arc
	0
	15.44
	0
	5.15
	7.28
	0%
	

	Volume
	
	293819.14
	343689.24
	219785.52
	285764.63
	50903.11
	82.19%
	82.19%

	
	
	
	
	
	
	
	Ctot,f  =
	66.52%

	Extrusion
	Upper Cover 1
	Upper Cover 2
	Upper Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	7
	10
	8
	8.33
	1.25
	85.03%
	85.03%

	Perimeter
	
	
	
	
	
	
	
	61.95%

	
	Front
	0
	407.44
	0
	135.81
	192.07
	0%
	

	
	Top 1
	316.02
	347.62
	334.1
	332.58
	12.95
	96.11%
	

	
	Top 2
	523.74
	434.78
	493.05
	483.86
	36.89
	92.37%
	

	
	Back 1
	0
	428.78
	416.36
	281.71
	199.27
	29.27%
	

	
	Back 2
	330
	324
	420.2
	358.07
	44.00
	87.71%
	

	
	Bottom 1
	0
	392.1
	0
	130.70
	184.84
	0%
	

	
	Bottom 2
	483.02
	435.76
	489.05
	469.28
	23.83
	94.92%
	

	
	Bottom 3
	349.94
	370.7
	334
	351.55
	15.03
	95.73%
	

	
	Right side
	226.36
	330.59
	221.15
	259.37
	50.41
	80.57%
	

	
	Left side
	226.36
	30.59
	221.15
	159.37
	91.08
	42.85%
	

	Angles
	
	
	
	
	
	
	
	51.20%

	Front
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Top 1
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Top 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Back 1
	
	0
	90
	90
	60.00
	42.43
	29.29%
	

	Back 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Bottom 1
	
	0
	90
	0
	30.00
	42.43
	0%
	

	Bottom 2
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Bottom 3
	
	90
	90
	90
	90.00
	0.00
	100%
	

	Right side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	87.75
	90
	89.25
	1.06
	98.81%
	

	
	Angle 2
	175.37
	195.98
	270
	213.78
	40.63
	80.99%
	

	
	Angle 3
	90
	132.35
	90
	104.12
	19.96
	80.83%
	

	
	Angle 4
	90
	132.35
	90
	104.12
	19.96
	80.83%
	

	
	Angle 5
	90
	77.07
	90
	85.69
	6.10
	92.89%
	

	
	Angle 6
	0
	200
	0
	66.67
	94.28
	0%
	

	
	Angle 7
	0
	205.05
	0
	68.35
	96.66
	0%
	

	
	Angle 8
	0
	28.18
	90
	39.39
	37.59
	4.58%
	

	
	Top 1 Arc
	0
	3.19
	23.736
	8.98
	10.52
	0%
	

	
	Bottom 1 Arc
	5.93
	5.54
	24.33
	11.93
	8.77
	26.53%
	

	Left side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	87.75
	90
	89.25
	1.06
	98.81%
	

	
	Angle 2
	175.37
	195.98
	270
	213.78
	40.63
	80.99%
	

	
	Angle 3
	90
	132.35
	90
	104.12
	19.96
	80.83%
	

	
	Angle 4
	90
	132.35
	90
	104.12
	19.96
	80.83%
	

	
	Angle 5
	90
	77.07
	90
	85.69
	6.10
	92.89%
	

	
	Angle 6
	0
	200
	0
	66.67
	94.28
	0%
	

	
	Angle 7
	0
	205.05
	0
	68.35
	96.66
	0%
	

	
	Angle 8
	0
	28.18
	90
	39.39
	37.59
	4.58%
	

	
	Top 1 Arc
	0
	3.19
	23.736
	8.98
	10.52
	0%
	

	
	Bottom 1 Arc
	5.93
	5.54
	24.33
	11.93
	8.77
	26.53%
	

	Volumes
	
	126807.05
	664981
	35819.85
	275869.30
	277639.58
	0%
	0.00%

	
	
	
	
	
	
	
	Ctot,f  =
	49.55%

	
	
	
	
	
	
	
	Ctot,c  =
	69.65%
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Lower Cover 1	Lower Cover 2	Lower Cover 3

	Base
	Lower Cover 1
	Lower Cover 2
	Lower Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	18
	22
	14
	18
	3.27
	81.86%
	81.86%

	Perimeter
	
	
	
	
	
	
	
	62.78%

	
	Front Lip
	1035.22
	1086.45
	830.32
	984.00
	110.66
	88.75%
	

	
	Left Curve Lip
	0
	92.87
	0
	30.96
	43.78
	0%
	

	
	Right Curve Lip
	0
	92.87
	0
	30.96
	43.78
	0%
	

	
	Left Lip
	0
	60.04
	0
	20.01
	28.30
	0%
	

	
	Right Lip
	0
	60.04
	0
	20.01
	28.30
	0%
	

	
	Back Curve Lip
	1145.79
	1041.82
	1069.06
	1085.56
	44.02
	95.95%
	

	
	Back Lip
	810
	618.29
	0
	476.10
	345.63
	27.40%
	

	
	Under Back Lip
	675.37
	602.3
	0
	425.89
	302.62
	28.94%
	

	
	Under Front
	616
	725.12
	588
	643.04
	59.15
	90.80%
	

	
	Under Top 1
	628
	690.58
	0
	439.53
	311.84
	29.05%
	

	
	Under Top 2
	789.51
	754.02
	740.68
	761.40
	20.61
	97.29%
	

	
	Under Top 3
	702.3
	717.32
	793.75
	737.79
	40.04
	94.57%
	

	
	Under Back
	629.18
	735.64
	588.08
	650.97
	62.18
	90.45%
	

	
	Back
	647.57
	763.74
	600.12
	670.48
	68.73
	89.75%
	

	
	Top 1
	717.57
	732.79
	754
	734.79
	14.94
	97.97%
	

	
	Top 2
	689.96
	763.06
	804.53
	752.52
	47.36
	93.71%
	

	
	Top 3
	640
	701
	0
	447.00
	317.06
	29.07%
	

	
	Front
	634
	748.01
	600
	660.67
	63.30
	90.42%
	

	
	Right Side
	587.81
	640.97
	434.17
	554.32
	87.68
	84.18%
	

	
	Left Side
	587.81
	640.97
	434.17
	554.32
	87.68
	84.18%
	

	
	Under Right Side
	568.42
	620.01
	422.1
	536.84
	83.82
	84.39%
	

	
	Under Left Side
	568.42
	620.01
	422.1
	536.84
	83.82
	84.39%
	

	Angles
	
	
	
	
	
	
	
	48.15%

	Front
	
	90
	90
	90
	90
	0
	100%
	

	Top 1
	
	90
	90
	90
	90
	0
	100%
	

	Top 2
	
	90
	90
	90
	90
	0
	100%
	

	Top 3
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Back
	
	90
	90
	90
	90
	0
	100%
	

	Under Front
	
	90
	90
	90
	90
	0
	100%
	

	Under Top 1
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Under Top 2
	
	90
	90
	90
	90
	0
	100%
	

	Under Top 3
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Under Back
	
	90
	90
	90
	90
	0
	100%
	

	Under Back Lip
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Back Lip
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	90
	90
	90
	90
	0
	100%
	

	
	Angle 3
	90
	90
	90
	90
	0
	100%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	90
	90
	90
	90
	0
	100%
	

	
	Angle 6
	90
	90
	90
	90
	0
	100%
	

	
	Angle 7
	270
	270
	270
	270
	0
	100%
	

	
	Angle 8
	270
	270
	270
	270
	0
	100%
	

	Front Lip
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	90
	90
	90
	90
	0
	100%
	

	
	Angle 3
	90
	90
	90
	90
	0
	100%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	90
	90
	90
	90
	0
	100%
	

	
	Angle 6
	90
	90
	90
	90
	0
	100%
	

	
	Angle 7
	270
	270
	270
	270
	0
	100%
	

	
	Angle 8
	270
	270
	270
	270
	0
	100%
	

	Left Lip
	
	0
	90
	0
	30
	42.43
	0%
	

	Right Lip
	
	0
	90
	0
	30
	42.43
	0%
	

	Left Curve Lip
	
	0
	90
	0
	30
	42.43
	0%
	

	Right Curve Lip
	
	0
	90
	0
	30
	42.43
	0%
	

	Left Side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	217.42
	151.7
	145.4
	171.51
	32.57
	81.01%
	

	
	Angle 3
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	90
	90
	69.37
	83.12
	9.73
	88.30%
	

	
	Angle 6
	225
	111.03
	70.64
	135.56
	65.36
	51.78%
	

	
	Angle 7
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 8
	135
	113.8
	0
	82.93
	59.28
	28.52%
	

	
	Angle 9
	73.8
	180
	0
	84.60
	73.88
	12.67%
	

	
	Angle 10
	90
	121.1
	143.36
	118.15
	21.88
	81.48%
	

	
	Bottom 1 Arc
	0
	56.54
	38.73
	31.76
	23.60
	25.67%
	

	
	Bottom 2 Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Top 1 Arc
	90
	117.79
	0
	69.26
	50.27
	27.42%
	

	
	Top 2 Arc
	42.46
	65.43
	41.27
	49.72
	11.12
	77.64%
	

	
	Top 3 Arc
	0
	118.4
	0
	39.47
	55.81
	0%
	

	Right Side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	90
	90
	90
	0
	100%
	

	
	Angle 2
	217.42
	151.7
	145.4
	171.51
	32.57
	81.01%
	

	
	Angle 3
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	90
	90
	69.37
	83.12
	9.73
	88.30%
	

	
	Angle 6
	225
	111.03
	70.64
	135.56
	65.36
	51.78%
	

	
	Angle 7
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 8
	135
	113.8
	0
	82.93
	59.28
	28.52%
	

	
	Angle 9
	73.8
	180
	0
	84.60
	73.88
	12.67%
	

	
	Angle 10
	90
	121.1
	143.36
	118.15
	21.88
	81.48%
	

	
	Bottom 1 Arc
	0
	56.54
	38.73
	31.76
	23.60
	25.67%
	

	
	Bottom 2 Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Top 1 Arc
	90
	117.79
	0
	69.26
	50.27
	27.42%
	

	
	Top 2 Arc
	42.46
	65.43
	41.27
	49.72
	11.12
	77.64%
	

	
	Top 3 Arc
	0
	118.4
	0
	39.47
	55.81
	0%
	

	Under Left Side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	89.84
	90
	89.95
	0.08
	99.92%
	

	
	Angle 2
	217.65
	151.7
	146.36
	171.90
	32.42
	81.14%
	

	
	Angle 3
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	90
	92.37
	70.94
	84.44
	9.59
	88.64%
	

	
	Angle 6
	90
	107.67
	69.84
	89.17
	15.46
	82.67%
	

	
	Angle 7
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 8
	135
	115.26
	0
	83.42
	59.53
	28.63%
	

	
	Angle 9
	73.14
	180
	0
	84.38
	73.91
	12.40%
	

	
	Angle 10
	225
	120.44
	143.58
	163.01
	44.84
	72.49%
	

	
	Bottom 1 Arc
	0
	56.54
	38.12
	31.55
	23.54
	25.38%
	

	
	Bottom 2 Arc
	0
	175.26
	0
	58.42
	82.62
	0%
	

	
	Top 1 Arc
	0
	119.1
	0
	39.70
	56.14
	0%
	

	
	Top 2 Arc
	0
	63.85
	40.32
	34.72
	26.37
	24.07%
	

	
	Top 3 Arc
	0
	115.35
	0
	38.45
	54.38
	0%
	

	Under Left Side
	
	
	
	
	
	
	
	

	
	Angle 1
	90
	89.84
	90
	89.95
	0.08
	99.92%
	

	
	Angle 2
	217.65
	151.7
	146.36
	171.90
	32.42
	81.14%
	

	
	Angle 3
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 4
	90
	90
	90
	90
	0
	100%
	

	
	Angle 5
	90
	92.37
	70.94
	84.44
	9.59
	88.64%
	

	
	Angle 6
	90
	107.67
	69.84
	89.17
	15.46
	82.67%
	

	
	Angle 7
	0
	180
	0
	60
	84.85
	0%
	

	
	Angle 8
	135
	115.26
	0
	83.42
	59.53
	28.63%
	

	
	Angle 9
	73.14
	180
	0
	84.38
	73.91
	12.40%
	

	
	Angle 10
	225
	120.44
	143.58
	163.01
	44.84
	72.49%
	

	
	Bottom 1 Arc
	0
	56.54
	38.12
	31.55
	23.54
	25.38%
	

	
	Bottom 2 Arc
	0
	175.26
	0
	58.42
	82.62
	0%
	

	
	Top 1 Arc
	0
	119.1
	0
	39.70
	56.14
	0%
	

	
	Top 2 Arc
	0
	63.85
	40.32
	34.72
	26.37
	24.07%
	

	
	Top 3 Arc
	0
	115.35
	0
	38.45
	54.38
	0%
	

	Volume
	
	324778
	386418.7
	144540.2
	285245.6
	102626.9
	64.02%
	64.02%

	
	
	
	
	
	
	
	Ctot,f  =
	64.20%

	Extrusion
	Lower Cover 1
	Lower Cover 2
	Lower Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	10
	10
	6
	8.67
	1.89
	78.24%
	78.24%

	Perimeter
	
	
	
	
	
	
	
	64.00%

	
	Bottom 1
	380.6
	383.46
	371.74
	378.60
	4.99
	98.68%
	

	
	Bottom Curve
	645.47
	541.91
	0
	395.79
	283.04
	28.49%
	

	
	Back
	427.58
	376.04
	0
	267.87
	190.58
	28.85%
	

	
	Top Curve
	469.96
	477.73
	461.29
	469.66
	6.71
	98.57%
	

	
	Top 1
	380
	332.28
	0
	237.43
	169.01
	28.81%
	

	
	Top 2
	420
	407.7
	0
	275.90
	195.16
	29.27%
	

	
	Top 3
	497.58
	446.78
	461.67
	468.68
	21.32
	95.45%
	

	
	Front
	414
	381.49
	370.12
	388.54
	18.59
	95.21%
	

	
	Left Side
	377.81
	385.79
	172.42
	312.01
	98.76
	68.35%
	

	
	Right Side
	377.81
	385.79
	172.42
	312.01
	98.76
	68.35%
	

	Angles
	
	
	
	
	
	
	
	56.23%

	Bottom 1
	
	90
	90
	90
	90
	0
	100%
	

	Bottom Curve
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Back
	
	90
	90
	90
	90
	0
	100%
	

	Top Curve
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Top 1
	
	90
	90
	90
	90
	0.00
	100%
	

	Top 2
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Top 3
	
	90
	90
	0
	60
	42.43
	29.29%
	

	Front
	
	90
	90
	90
	90
	0
	100%
	

	Right Side
	
	
	
	
	
	
	
	

	
	Angle 1
	73.8
	49.96
	70.64
	64.80
	10.57
	83.68%
	

	
	Angle 2
	217.42
	180
	0
	132.47
	94.91
	28.36%
	

	
	Angle 3
	90
	90
	70.64
	83.55
	9.13
	89.08%
	

	
	Angle 4
	90
	90
	69.37
	83.12
	9.73
	88.30%
	

	
	Angle 5
	90
	111.03
	105.69
	102.24
	8.93
	91.27%
	

	
	Angle 6
	225
	180
	0
	135
	97.21
	27.99%
	

	
	Angle 7
	135
	113.8
	0
	82.93
	59.28
	28.52%
	

	
	Angle 8
	90
	113.64
	72.4
	92.01
	16.90
	81.64%
	

	
	Bottom 1 Arc
	42.46
	40
	22.22
	34.89
	9.02
	74.16%
	

	
	Bottom 2 Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Top 2 Arc
	90
	118.4
	0
	69.47
	50.47
	27.35%
	

	
	Top 1 Arc
	0
	36.19
	19.82
	18.67
	14.80
	20.75%
	

	Left Side
	
	
	
	
	
	
	
	

	
	Angle 1
	73.8
	49.96
	70.64
	64.80
	10.57
	83.68%
	

	
	Angle 2
	217.42
	180
	0
	132.47
	94.91
	28.36%
	

	
	Angle 3
	90
	90
	70.64
	83.55
	9.13
	89.08%
	

	
	Angle 4
	90
	90
	69.37
	83.12
	9.73
	88.30%
	

	
	Angle 5
	90
	111.03
	105.69
	102.24
	8.93
	91.27%
	

	
	Angle 6
	225
	180
	0
	135
	97.21
	27.99%
	

	
	Angle 7
	135
	113.8
	0
	82.93
	59.28
	28.52%
	

	
	Angle 8
	90
	113.64
	72.4
	92.01
	16.90
	81.64%
	

	
	Bottom 1 Arc
	42.46
	40
	22.22
	34.89
	9.02
	74.16%
	

	
	Bottom 2 Arc
	0
	180
	0
	60
	84.85
	0%
	

	
	Top 2 Arc
	90
	118.4
	0
	69.47
	50.47
	27.35%
	

	
	Top 1 Arc
	0
	36.19
	19.82
	18.67
	14.80
	20.75%
	

	Volume
	
	974160
	659641.2
	216942
	616914.4
	310605.8
	49.65%
	49.65%

	
	
	
	
	
	
	
	Ctot,f  =
	62.03%

	Small Extrusion
	Lower Cover 1
	Lower Cover 2
	Lower Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	6
	0
	6
	4
	2.83
	29.29%
	29.29%

	Perimeters
	
	
	
	
	
	
	
	29.00%

	
	Front
	86
	0
	80
	55.33
	39.20
	29.15%
	

	
	Back
	86
	0
	80
	55.33
	39.20
	29.15%
	

	
	Top
	122
	0
	144
	88.67
	63.34
	28.57%
	

	
	Bottom
	122
	0
	144
	88.67
	63.34
	28.57%
	

	
	Left
	144
	0
	144
	96
	67.88
	29.29%
	

	
	Right
	144
	0
	144
	96
	67.88
	29.29%
	

	Angles
	
	
	
	
	
	
	
	29.29%

	Front
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Back
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Top
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Bottom
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Left
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Right
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Volume
	
	19440
	0
	20800
	13413.3
	9500.9
	29.17%
	29.17%

	
	
	
	
	
	
	
	Ctot,f  =
	29.19%

	Small Protrusion
	Lower Cover 1
	Lower Cover 2
	Lower Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	6
	0
	6
	4
	2.83
	29.29%
	29.29%

	Perimeter
	
	
	
	
	
	
	
	29.16%

	
	Front
	92
	0
	84
	58.67
	41.61
	29.07%
	

	
	Back
	92
	0
	84
	58.67
	41.61
	29.07%
	

	
	Top
	146
	0
	156
	100.67
	71.30
	29.17%
	

	
	Bottom
	146
	0
	156
	100.67
	71.30
	29.17%
	

	
	Left
	150
	0
	144
	98
	69.34
	29.25%
	

	
	Right
	150
	0
	144
	98
	69.34
	29.25%
	

	Angles
	
	
	
	
	
	
	
	24.41%

	Front
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Back
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Top
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Bottom
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Left
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Right
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Volume
	
	26128
	0
	23328
	16485.3
	11712.8
	28.95%
	28.95%

	
	
	
	
	
	
	
	Ctot,f  =
	27.95%

	Large Extrusion
	Lower Cover 1
	Lower Cover 2
	Lower Cover 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	6
	0
	6
	4
	2.83
	29.29%
	29.29%

	Perimeter
	
	
	
	
	
	
	
	29.05%

	
	Front
	452
	0
	396
	282.67
	201.18
	28.83%
	

	
	Back
	452
	0
	396
	282.67
	201.18
	28.83%
	

	
	Top
	548
	0
	500
	349.33
	247.79
	29.07%
	

	
	Bottom
	548
	0
	500
	349.33
	247.79
	29.07%
	

	
	Left
	108
	0
	112
	73.33
	51.88
	29.25%
	

	
	Right
	108
	0
	112
	73.33
	51.88
	29.25%
	

	Angles
	
	
	
	
	
	
	
	24.41%

	Front
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Back
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Top
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Bottom
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Left
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Right
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Volume
	
	34119
	0
	21168
	18429
	14063.0
	23.69%
	23.69%

	
	
	
	
	
	
	
	Ctot,f  =
	26.61%

	
	
	
	
	
	
	
	Ctot,c  =
	54.25%
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Motor Casing 1	Motor Casing 2	Motor Casing 3

	Bottom Cylinder
	Motor 1
	Motor 2
	Motor 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	4
	4
	4
	4
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	97.19%

	
	Right Side
	398.23
	398.23
	398.23
	398.23
	0
	100%
	

	
	Left Side
	398.23
	398.23
	398.23
	398.23
	0
	100%
	

	
	Top
	415.85
	493.85
	433.85
	447.85
	33.35
	92.55%
	

	
	Bottom
	844.61
	922.61
	862.61
	876.61
	33.35
	96.20%
	

	Angles
	
	1
	1
	1
	1
	0
	100%
	100%

	Volume
	
	1399820.72
	1870450.1
	1508427.5
	1592899.4
	201204.1
	87.37%
	87.37%

	
	
	
	
	
	
	
	Ctot,f  =
	96.14%

	Extension
	Motor 1
	Motor 2
	Motor 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	6
	0
	6
	4
	2.83
	29.29%
	29.29%

	Perimeter
	
	
	
	
	
	
	
	29.28%

	
	Right side
	267.64
	0
	267.64
	178.43
	126.17
	29.29%
	

	
	Left side
	267.64
	0
	267.64
	178.43
	126.17
	29.29%
	

	
	Bottom
	211.88
	0
	213.88
	141.92
	100.36
	29.29%
	

	
	Back
	220.03
	0
	227.03
	149.02
	105.41
	29.26%
	

	
	Top
	183.84
	0
	185.84
	123.23
	87.14
	29.29%
	

	
	Front
	231.54
	0
	233.54
	155.03
	109.62
	29.29%
	

	Angles
	
	1
	0
	1
	0.67
	0.47
	29.29%
	29.29%

	Volume
	
	187076
	0
	191872.8
	126316.3
	89340.6
	29.27%
	29.27%

	
	
	
	
	
	
	
	Ctot,f  =
	29.28%

	Top Cylinder
	Motor 1
	Motor 2
	Motor 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	3
	3
	3
	3
	0
	100%
	100%

	Perimeter
	
	
	
	
	
	
	
	91.39%

	
	Top
	329.87
	329.87
	351.86
	337.20
	10.37
	96.93%
	

	
	Bottom
	329.87
	329.87
	351.86
	337.20
	10.37
	96.93%
	

	
	Height
	30
	30
	40
	33.33
	4.71
	85.86%
	

	
	
	30
	30
	40
	33.33
	4.71
	85.86%
	

	Angles
	
	1
	1
	1
	1
	0
	100%
	100%

	Volume
	
	259770.3
	259770.3
	394081.4
	304540.67
	63314.86
	79.21%
	79.21%

	
	
	
	
	
	
	
	Ctot,f  =
	92.65%

	Extrusion
	Motor 1
	Motor 2
	Motor 3
	
	σ
	Cx
	Avg Cx

	Faces
	
	0
	0
	3
	1
	1.41
	0%
	0%

	Perimeter
	
	
	
	
	
	
	
	0%

	
	Top
	0
	0
	345.58
	115.19
	162.91
	0%
	

	
	Bottom
	0
	0
	345.58
	115.19
	162.91
	0%
	

	
	Height
	0
	0
	10
	3.33
	4.71
	0%
	

	
	
	0
	0
	10
	3.33
	4.71
	0%
	

	Angles
	
	
	
	
	
	
	
	0%

	
	Top
	0
	0
	360
	120
	169.7
	0%
	

	
	Bottom
	0
	0
	360
	120
	169.7
	0%
	

	Volume
	
	0
	0
	95033.2
	31677.7
	44799.1
	0%
	0%

	
	
	
	
	
	
	
	Ctot,f  =
	0%

	Support
	Motor 1
	Motor 2
	Motor 3
	
	σ
	Cx
	Avg Cx

	
	Faces
	10
	6
	12
	9.33
	2.49
	73.27%
	73.27%

	Perimeter
	
	
	
	
	
	
	
	43.87%

	
	Top
	309.94
	285.33
	779.06
	458.11
	227.17
	50.41%
	

	
	Bottom
	309.94
	285.33
	779.06
	458.11
	227.17
	50.41%
	

	
	Curve
	334.35
	237.47
	346.79
	306.20
	48.87
	84.04%
	

	
	Side 1
	120
	215.03
	130
	155.01
	42.64
	72.49%
	

	
	Side 2
	122.04
	0
	122.04
	81.36
	57.53
	29.29%
	

	
	Side 3
	135.73
	0
	135.73
	90.49
	63.98
	29.29%
	

	
	Side 4
	0
	0
	86
	28.67
	40.54
	0%
	

	
	Side 5
	170
	223.12
	202.52
	198.55
	21.87
	88.99%
	

	
	Side 6
	0
	0
	86
	28.67
	40.54
	0%
	

	
	Side 7
	135.73
	0
	135.73
	90.49
	63.98
	29.29%
	

	
	Side 8
	122.04
	0
	122.04
	81.36
	57.53
	29.29%
	

	
	Side 9
	334.35
	215.03
	130
	226.46
	83.82
	62.99%
	

	Angles-
	
	
	
	
	
	
	
	49.23%

	top
	
	
	
	
	
	
	
	

	
	Angle 1
	20.6
	42.96
	21.76
	28.44
	10.28
	63.86%
	

	
	Angle 2
	168.4
	0
	171.1
	113.17
	80.03
	29.28%
	

	
	Angle 3
	121
	90
	121
	110.67
	14.61
	86.79%
	

	
	Angle 4
	172.5
	0
	172.52
	115.01
	81.32
	29.29%
	

	
	Angle 5
	0
	0
	90
	30.00
	42.43
	0%
	

	
	Angle 6
	0
	0
	90
	30.00
	42.43
	0%
	

	
	Angle 7
	172.5
	0
	172.52
	115.01
	81.32
	29.29%
	

	
	Angle 8
	121
	90
	121
	110.67
	14.61
	86.79%
	

	
	Angle 9
	168.4
	0
	171.1
	113.17
	80.03
	29.28%
	

	
	Angle 10
	20.6
	42.96
	21.76
	28.44
	10.28
	63.86%
	

	
	Curve Arc
	138.8
	85.93
	136.48
	120.40
	24.39
	79.74%
	

	
	Side 3 arc
	51.5
	0
	51.5
	34.33
	24.28
	29.29%
	

	
	Side 5 arc
	51.5
	0
	51.5
	34.33
	24.28
	29.29%
	

	bottom
	
	
	
	
	
	
	
	

	
	Angle 1
	20.6
	42.96
	21.76
	28.44
	10.28
	63.86%
	

	
	Angle 2
	168.4
	0
	171.1
	113.17
	80.03
	29.28%
	

	
	Angle 3
	121
	90
	121
	110.67
	14.61
	86.79%
	

	
	Angle 4
	172.5
	0
	172.52
	115.01
	81.32
	29.29%
	

	
	Angle 5
	0
	0
	90
	30.00
	42.43
	0%
	

	
	Angle 6
	0
	0
	90
	30.00
	42.43
	0%
	

	
	Angle 7
	172.5
	0
	172.52
	115.01
	81.32
	29.29%
	

	
	Angle 8
	121
	90
	121
	110.67
	14.61
	86.79%
	

	
	Angle 9
	168.4
	0
	171.1
	113.17
	80.03
	29.28%
	

	
	Angle 10
	20.6
	42.96
	21.76
	28.44
	10.28
	63.86%
	

	
	Curve Arc
	138.8
	85.93
	136.48
	120.40
	24.39
	79.74%
	

	
	Side 3 arc
	51.5
	0
	51.5
	34.33
	24.28
	29.29%
	

	
	Side 5 arc
	51.5
	0
	51.5
	34.33
	24.28
	29.29%
	

	Side 1
	
	90
	90
	90
	90
	0
	100%
	

	Side 2
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Side 3
	
	90
	0
	90
	60
	42.43
	29.29%
	

	Side 4
	
	0
	0
	90
	30
	42.43
	0%
	

	Side 5
	
	90
	90
	90
	90
	0
	100%
	

	Side 6
	
	0
	0
	90
	30
	42.43
	0%
	

	Side 7
	
	90
	90
	90
	90
	0
	100%
	

	Side 8
	
	90
	90
	90
	90
	0
	100%
	

	Side 9
	
	90
	90
	90
	90
	0
	100%
	

	Curve
	
	90
	90
	90
	90
	0
	100%
	

	
	Volume
	103404.4
	165575.2
	156947.6
	141975.7
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