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Lab Summary 
This is a lab for learning how to use SolidWorks to produce notches, tabs, and holes in a part.  
Lab Goal
The goal of this lab is provide sufficient instruction and guidance so that individuals will be able to create an extruded part with carefully dimensioned notches, tabs, and holes.  These features will allow the part to become part of a larger assembly.  
Learning Objectives
Extrude Boss/Base
Extrude Cut
Sketch Features
Smart Dimension
Ellipse

Grading Criteria
N/A
Time Required
Approximately 1 hour
Lab Preparation
N/A
Equipment and Materials
Access to SolidWorks Educational Edition
MakerBot Replicator 2 3-D printer

Additional References
This page is the SolidWorks website:  http://www.solidworks.com/default.htm
This page contains the 3-D printing tutorials:
http://cosmiac.org/thrust-areas/academic-programs-and-design-services/education-and-workforce-development/3d-printing/

Lab Procedure 6: Notches, Tabs, and Holes
The vast majority of products that are invented and sold today are not composed of one continuous piece of material.  Most often they are created by combining several smaller, separately built pieces.  These components are then are assembled to create a final product or part.  It is for this reason that parts made up of two or more components are called assemblies.

An assembly requires a great deal of planning.  The individual pieces must fit together well in order to produce a functioning part.  To accomplish this, the user must precisely place the features of a part.

Launch SolidWorks.
Figure 1: The New icon.

In the upper left corner of the screen, click on the blank page icon to begin a new document (Figure 1).  Be sure the Part option has been selected in the pop up window then click OK to begin making a new part.



Figure 2: The Extruded Boss/Base icon.



In the Features tab, click on Extruded Boss/Base (Figure 2).







Figure 3: The Top Plane heighted in orange.



Select the Top plane to be the sketching plane by clicking on it (Figure 3).  Note that SolidWorks automatically orients the sketch plane parallel to the screen.





Figure 4: The Corner Rectangle option.


In the Sketch tab, select the Corner Rectangle option (Figure 4).







Figure 5: An arbitrary rectangle with one corner at the origin.


Place one corner of the rectangle at the origin.  Move an arbitrary distance up and to the right and click again to create the rectangle (Figure 5).




Figure 6: The Smart Dimension feature.


Select the Smart Dimension feature which can be found in the upper left corner of the screen (Figure 6).







Click on the bottom edge of the rectangle.  Move the mouse a small distance down and click again to place the dimension.  Enter a value of 2.50 inches for the length of the edge.

Figure 7: The fully dimensioned rectangle.


While still using the Smart Dimension feature, click on the right most edge of the rectangle.  Move a small distance to the right and click again to place the dimension.  Enter a value of 1.50 inches for the length of the right edge (Figure 7).


Click Exit Sketch, which can be found in the upper left corner of the screen to complete the sketch.



Figure 8: The Property Manager.




In the Property Manager tab, enter a value of 0.10 inches for the extrusion depth then click the green check mark to extrude the rectangle (Figure 8).


Figure 9: The extruded rectangle.












The Extruded Cut feature takes a 2-D cross section and passes it through the part.  Whatever material this cross section encounters is removed.  There is no limitation on the number of cross sections that can be used in the Extruded Cut feature.  Next, the user will create two precisely dimensioned holes using only one Extruded Cut.


Figure 10: The Extruded Cut feature.


In the Features tab, select the Extruded Cut feature which can be found in the upper portion of the screen (Figure 10).

Figure 11: The Feature Manager Design Tree tab with the Top Plane highlighted.








In the Feature Manager Design Tree tab, select the Top Plane to be the sketching plane (Figure 11).




Figure 12: The View Orientation commands.


Use the View Orientation commands to orient the sketching plane parallel to the screen (Top View) (Figure 12).  





Figure 13: The arbitrary rectangle that shares its bottom edge with the original rectangle.




In the Sketch tab, select the Corner Rectangle option.  Place one of the corners at an arbitrary location on the bottom edge of the original rectangle.  Move up and to the right an arbitrary distance and click again to create a rectangle that will be used to cut the first notch (Figure 13).






Figure 14: The cutting rectangle and its dimensions.


Use the Smart Dimension feature to modify the rectangular cut so that it has a vertical dimension of 0.8 inches and a horizontal dimension of 0.5 inches (Figure 14).



Now that the size of the rectangular cut has been defined, the user must now define where along the bottom edge of the original rectangle the cut must go.





While still using the Smart Dimension feature, click on the leftmost vertical edge of the rectangular cut.  Then click on the leftmost edge of the original rectangle.  This allows the user to modify the distance in between these two edges.  Enter a value of 0.5 inches for this dimension (Figure 15).Figure 15: The fully dimensioned cutting rectangle.



Deselect the Smart Dimension feature.  The user will now create a precisely dimensioned elliptical hole within the same sketch.


Figure 16: The Ellipse option.

In the Sketch tab, select the Ellipse option which can be found in the upper left portion of the screen (Figure 16).




Figure 17: The center of the ellipse has been placed near the upper right hand corner of the original rectangle.




Place the center of the ellipse by clicking on the original rectangle near its upper right hand corner (Figure 17).












Figure 18: The major axis of the ellipse has being defined.



Move an arbitrary distance horizontally to the left to and click again to define the major axis of the ellipse (Figure 18).












Figure 19: The arbitrary ellipse in the upper right corner of the original rectangle.

Move a small arbitrary distance down and click again to define the minor axis of the ellipse (Figure 19).  Deselect the ellipse option.




Now the specific dimensions and placement of the ellipse will be defined.





Select the Smart Dimension option.  To define the length of the major axis, first click on the rightmost point (remember to hit/select the asterisks) on the ellipse then click on the leftmost point on the ellipse.  Move the mouse a small distance below the ellipse and click again to place the dimension.  Enter a value of 0.5 inches (Figure 20).Figure 20: The dimension of the major axis.







Select the topmost and bottommost points on the ellipse then move a small distance to the left of the ellipse and click again to place the dimension of the minor axis.  Enter a value of 0.25 inches (Figure 21).Figure 21: The dimensions of the major axis and the minor axis have been defined.



Now that the dimensions of the elliptical cut have been determined, the user must define its placement on the original rectangle.







Figure 22: The center of the ellipse has been dimensioned to be 0.25 inches below the upper edge of the original rectangle.


While still using the Smart Dimension option, click on the center of the elliptical cut, then click on the upper horizontal edge of the original rectangle.  Click again on a point a small distance above the ellipse to place the dimension.  Enter a value of 0.25 inches (Figure 22).








While still using the Smart Dimension option, click on the center of the elliptical cut again.  Next click on the rightmost vertical edge of the original rectangle.  Click for a third time a small distance to the right of the ellipse to place the dimension.  Enter a value of 0.5 inches (Figure 23).Figure 23: The fully dimensioned elliptical cut.


Notice that the ellipse has remained blue indicating that it is not yet fully defined. This can be confirmed at the bottom right of the screen (Figure 24). The reason the ellipse is still undefined is because it is able to rotate about the center axis.

Figure 24: Under Defined indicator.





To fix this problem a relation will be added. While holding the Ctrl key, select the left and right endpoints. Add a horizontal relation between the points (Figure 25). The two endpoints must now always remain along an invisible horizontal line drawn between the two which does not allow the ellipse to rotate. The sketch should now be completely black to show that it is Fully Defined.Figure 25: Horizontal relation added to the two endpoints.





Figure 26: The original rectangle with two fully dimensioned cuts.


















Click on Exit Sketch, which can be found in the upper left corner of the screen.


Figure 27: The Property Manager with the Reverse Direction highlighted.


SolidWorks will now make an assumption about the direction of the cuts.  Click near the part to deselect the depth option in the Property Manager tab, then use the arrow keys to determine if the correct assumption has been made.  If necessary, choose the Reverse Direction option in the Property Manager to ensure that the cuts pass through the part (Figure 27).




Click on the green check mark in the upper portion of the Property Manager tab to have SolidWorks execute the Extruded Cut command.









Next, the user will be instructed on how to create a series of notches on the left edge of the original rectangle using the Extruded Cut feature.  Again, multiple cuts will be made using only one Extruded Cut command.Figure 28: The Extruded Cuts.




Select the Extruded Cut option.  Refer to Figure 10 if necessary.  In the Feature Manager Design Tree tab, select the Top plane to be the sketching plane.  Refer to Figure 11 if necessary.





In the Sketch tab select the corner rectangle option.  Refer to Figure 4 if necessary.  Click on an arbitrary point on the left edge of the original rectangle.  Move a small distance down and to the right and click again to make a small rectangle that shares an edge with the original rectangle (Figure 29).Figure 29: The small rectangle which shares an edge with the left side of the original rectangle.















Create a rectangle of roughly the same size an arbitrary distance below the first small rectangle (Figure 30).Figure 30: A second small rectangle has been placed below the first.















Figure 31: The two small rectangles with the appropriate line segments selected on each.

Click on the leftmost vertical line segment of the upper small rectangle.  Hold down the control key then click again on the leftmost vertical line segment of the lower small rectangle.  While still holding down the control key, click on the upper horizontal line segments of the upper and lower small rectangles.  Finally click on the rightmost vertical line of the lower rectangle (Figure 31).Figure 32: The equal relation is being selected in the Property Manager.













In the Property Manager tab, click on the Equal relation (Figure 32).  Now the two small rectangles have become two small squares of equal size.  Now the user can edit the size of both squares by defining the side length of only one of the squares.





Figure 33: The two small squares and all of their associated relations.
Figure 34: The dimensioned small squares.


Use the Smart Dimension tool to give the upper edge of the upper square a length of 0.2 inches (Figure 34).  Note how this dimension is applied to the edges of both of the squares due to the equal relation added.










Figure 35: The upper small square has been placed.





Now that the size of the rectangles has been determined, the user must define their location.  While still using the Smart Dimension option, click on the upper horizontal line segment of the upper square, then click on the upper edge of the original rectangle.  Click in between the two line segments to place the dimension.  Enter a value of 0.25 inches (Figure 35).















While still using the Smart Dimension option, click on the bottom horizontal edge of the lower square then click on bottom edge of the original rectangle.  Click again between the two line segments to place the dimension and enter a value of 0.25 inches (Figure 33).Figure 33: The fully dimensioned small rectangles.


The sketch is now fully defined.






Figure 37: The part with two notches on its left face.

Click Exit Sketch in the upper left corner of the screen.  Click near the part and use the arrow keys to confirm that SolidWorks is going to cut in the right direction and use the Reverse Direction command if necessary.  Refer to Figure 27 if needed.  Click on the green check mark in the upper portion of the property manager once the correct cut orientation has been achieved to have SolidWorks execute the cut.


Figure 38: The right face is being selected.


The following discussions guide the user on creating a set of tabs on the right face of the part so that they will mate with the tabs on the left side of another similar part.

In the Features tab, click on Extruded Boss/Base.  Click on the rightmost face of the original rectangle.  This ensures that SolidWorks will build the tabs on that face instead of from the right plane.




Use the View Orientation commands to orient the part so that its right face is parallel with the screen (Figure 39).Figure 39: The smooth right face of the part is parallel with the screen.




In the Sketch tab, select the Corner Rectangle option.  Place one corner of the rectangle on the upper edge of the original rectangle, move a small distance to the left then click on the lower edge of the original rectangle to complete a small rectangle (Figure 40).Figure 40: The first small rectangle.



Create a second small rectangle to the left of the first in such a way that it also shares its top and bottom edges with the original rectangle (Figure 41).Figure 41: Two small rectangle have been placed on the right face of the original rectangle.


Now the user must define the placement of the two rectangles.  While still using the Smart Dimension option, click on the rightmost vertical edge of the right rectangle and then click on the right edge of the original rectangle.  Click between the two lines segments and enter a value of 0.25 inches.  Repeat this process for the leftmost edge of the left rectangle and the left edge of the original rectangle (Figure 42).Figure 42: The length of the two rectangles has been defined.



Click on the upper horizontal edge of the left rectangle.  Hold down the control key and click on the upper edge of the right rectangle.  Add the equal relation in the Property Manager.  See Figure 32 if necessary.  Use the Smart Dimension Feature to make the upper horizontal edge of either rectangle a value of 0.2 inches (Figure 43).

Figure 43: The fully dimensioned rectangles.

Click on Exit Sketch in the upper left corner of the screen.  Click near the part then use the arrow keys to make sure that SolidWorks is extruding away from the original rectangle.  Use the Reverse Direction command if necessary.  Enter a value of 0.2 inches for the extrusion depth.  Click on the green check mark in the upper portion of the Property Manager to complete the extrusion.Figure 44: The completed part.





Figure 45: The Save As option highlighted.


Save the part.  Click on the small arrows next to the floppy disk icon in the upper left portion of the screen then select Save As (Figure 45).





Figure 46: The .stl format is highlighted.




In the pop up window, click on the drop down menu immediately to the right of the text Save as type:  and select STL from the options.  Click Save to save a copy of the part in the .stl format (Figure 46).










Launch MakerBot desktop.  In the Prepare heading, click on Add File which can be found in the upper right part of the screen (Figure 47).Figure 47: The Add File option as well as the Export Print File option.


Figure 48: The Select Objects pop up window.




In the pop up window, select the .stl file of the part that was just completed in SolidWorks.  Click open to load the part (Figure 48).










Figure 49: The Turn option.

Use the Turn option on the right side of the screen to lay the part flat on the build plate (Figure 49).


Figure 50: The part is lying flat on the build plate.  Using the Move option to put the print “On Platform” and “Center.”

















Figure 51: The Export pop up window.

Insert an SD card into the computer, then click on Export Print File in the upper right corner of the screen.  Click Export Now in the pop up window to choose a destination (Figure 51).



Figure 52: The Export window with the SD card selected.









Select the SD card from the menu then click Save to export the file (Figure 52).











Eject the SD card.  Place it in the Replicator and navigate through its menu until the part file is found.  Select the part file to have it printed.Figure 53: The printed part.
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