	Tutorial 5
Creating a Threaded Nut and Bolt

	[image: ]
	

	
	



[image: LA2]
Acknowledgements
Developed by Keith Pacheco, Craig Kief, Brian Zufelt, Jim Aarestad, and Preston Edwards at the Configurable Space Microsystems Innovations & Applications Center (COSMIAC). Funded by the National Additive Manufacturing Innovation Institute.
Lab Summary 
This is a lab for learning how to create a threaded bolt that fits concentrically inside a similarly threaded nut.  
Lab Goal
The goal of this lab is provide sufficient instruction and guidance so that individuals will be able to create a nut and bolt pair.  This will involve creating a helix on the outside of a cylindrical shaft and the inside of the corresponding hole in the nut.  In addition, the user must create a profile for the threading that will follow the path designated by the helix.
Learning Objectives
Extruded Boss/Base
Extruded Cut
Adding Relations
Extruded Cut
Helix and Spiral feature
Swept Cut 
Grading Criteria
N/A
Time Required
Approximately 2 hours
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




Lab Procedure 5: Creating a Threaded Nut and Bolt
Launch SolidWorks and open a new part file by clicking on the New icon in the upper left portion of the screen.Figure 1: The New, Open and Save icons.


In the New SolidWorks Document window be sure the Part option has been selected then click ok to create a new part file.

In the Features tab, click on Extruded Boss/Base to begin creating the shaft of the bolt (Figure 2).Figure 2: The Extruded Boss/Base feature.






Figure 3: The Front Plane has been selected as the sketch plane.


Select the Front plane to begin a sketch (Figure 3).  Orient the front plane parallel to the screen by using the View Orientation option.  This is a different sketching plane from previous tutorials. The beginning sketch plane is arbitrary, however, staying consistent in reasoning for choosing a specific sketch plane is extremely helpful when manipulating multiple parts in assembly mode.







Figure 4: The circle option being selected.


In the Sketch tab, click on the circle option in the upper left corner of the screen (Figure 4).



Figure 5: The dimensioned circle centered at the origin.



Place the center of the circle at the origin and create a circle of arbitrary size by clicking some distance away from the origin.  Use the Smart Dimension feature to give the circle a diameter of 0.5 inches (Figure 5).
Figure 6: The Property Manager with a value of 1.00 in entered for the extrusion depth.

Click Exit Sketch under the Sketch tab to complete the cross section of the bolt shaft.  In the Property Manager enter a value of 1.00 inches for the depth of the extrusion then click the green check mark to complete the shaft of the bolt (Figure 6).


At this point the user has created a simple cylindrical shaft.  To create the threading on the outside of the shaft the Swept Cut feature will be used.  This feature requires two inputs in order to successfully remove material from a part.  The first is a 2-D profile which defines the geometry of the material to be removed.  The second input is a path for the profile to follow.  SolidWorks removes any material encountered by the profile as it follows the designated path in order to create a swept cut.  


The path input will be discussed first.  Because the part is a cylindrical shaft the Helix and Spiral feature is ideal for creating a path for the threading to follow.








In the sketch tab, click on Sketch in the upper left hand corner to begin creating the helix.Figure 7: The Sketch option in the Sketch tab.





Figure 8: The Feature Manager Design Tree with the Front Plane selected.





[bookmark: _GoBack]Before a sketch can be created, SolidWorks must be told which view will be used as the sketching plane.  In the Feature Manager Design Tree tab on the far left portion of the screen, select the Front Plane (Figure 8).  This will allow the user to create a sketch in the same plane as the initial cross section of the shaft.  The user will create the helix using the outer curved face of the shaft as a guide.




Change the View Orientation to bring the Front Plane parallel to the screen.  Click on the Convert Entities button (Figure 9).  Click the outer edge of the shaft.  The edge will be listed in the Entities to Convert box (Figure 10).  Click the green check mark.  This sketch will become the basis for the helix and will ensure that it exactly follows the outer curved face of the cylindrical shaft.Figure 9: Convert Entities button.

Figure 10: Convert Entities properties box.



Click Exit Sketch in the upper left corner of the screen in the Sketch tab to close the sketch.  In the Feature Manager Design Tree in the left portion of the screen, select the sketch that was just created, Sketch2.


In the Features tab, click Curves then Helix and Spiral to begin creating the helix (Figure 11).



Figure 11: The Helix and Spiral feature being selected.

Threading can be defined by using any two out of three parameters.  The first parameter is pitch, which is the distance in between threads.  The second is the height of the threads, which is the total length of the threaded portion of a shaft.  The final parameter is the number of revolutions, which is the number of times the threads completely circle around the part.



Figure 12: The Height and Revolution option being selected in the Property Manager tab.



In the Property Manager tab in the left portion of the screen find the “Define By: ” heading.  Use the drop down menu to select Height and Revolution to define the helix (Figure 12).








Figure 13: The Property Manager after the parameters of the helix have been entered.

Under the Parameters heading in the Property Manager, set the Height to a value of 1.00 inches, the number of Revolutions to 10, the Start Angle to 0.00 degrees, and the rotation to clockwise (Figure 13).  If necessary, click the Reverse direction option to ensure the helix wraps around the outside of the shaft.


Click the green check mark at the top of the Property Manager to complete the helix.

Now the path for the Swept Cut has been defined.  Note that the addition of the helix did not alter the cylindrical shaft (Figure 14).


Figure 14: The shaft and the helix.







Next the 2-D cutting profile will be discussed.

In the Sketch tab, click the Sketch option in the upper left corner.  In the Feature Manager Design Tree tab, select the Top Plane to be the sketching plane.  Use the View Orientation option to make the Top Plane parallel to the screen.  This sketch will be created an arbitrary distance away from the cylindrical shaft to prevent SolidWorks from adding unnecessary constraints.  The cutting profile will be an equilateral triangle.  Because SolidWorks does not have a triangle option, it must be created with three line segments.  The Smart Dimension feature will then be used to modify the dimensions of the triangle.  The triangle will then be placed on the starting point of the helix.  The Swept Cut option will then sweep the triangle along the path defined by the helix and remove any material from the shaft that it encounters.Figure 15: A vertical line an arbitrary distance from the cylindrical shaft.



Click on the Line option in the upper left portion of the screen in the Sketch tab.  Place one end of the first line an arbitrary distance to the right of the cylindrical shaft.  Move the mouse straight up to create a vertical line segment then click to place the second end of the line (Figure 15).



Note that placing the second endpoint for the vertical line simultaneously places the starting point for a second line.  Move the mouse a small distance down and to the left and click to create a second line segment (Figure 16).Figure 16: The two line segments.





Again, the endpoint of the second line segment is the beginning of a third line segment.  Complete the triangle by clicking on the start of the vertical line segment (Figure 17).  Deselect the line option by clicking on the line icon in the upper left portion of the screen for a second time.Figure 17: The completed triangle.



Under the Sketch tab, click on the Smart Dimension option which can be found in the upper left corner of the screen.  Click on the vertical line segment then move the mouse a small distance to the right and click again to place the dimension.  Enter a value of 0.0875 inches for the value of the length of the line segment. The default for SolidWorks is to show each dimension to only two decimal places. This is fine for the rest of the part, but for this dimension it would be better to see four decimal places.Figure 18: The first dimension.



After placing the dimension, the Dimension menu opens on the left side of the screen. Within this menu is a submenu titled Tolerance/Precision (Figure 19). Change the second drop down menu to .1234 to show four decimal places.Figure 19: Tolerance/Precision menu.


Deselect the Smart Dimension tool.

The triangle will be completed by adding relations to the three line segments.

Relations are constraints between two or more features of a part.  The user can manually add them, using the process described in the next several steps, or SolidWorks can automatically add them.  For example, if the user draws a vertical line segment, SolidWorks will automatically add the vertical relation.

While holding down the control key select all three line segments which comprise the triangle.  Pressing the control key allows multiple items to be selected simultaneously.





Figure 20: Properties menu and Add Relations sub-menu.

In the Property Manager, locate the heading Add Relations.  Note the various relations that can be added to the three selected line segments.  Click on the Equal relation to apply it to the line segments (Figure 20). The triangle is now fully defined as an equilateral triangle. If clicked and dragged it is able to translate across the screen, but the first segment should always stay vertical and the triangle will always stay the same size.


Now the triangle must be placed on the helix in order to ensure it encounters material when the Swept Cut feature is used.  Click and hold on the bottommost vertex of the triangle.  Drag the triangle to the starting point of the helix and release the mouse to place the triangle (Figure 21).Figure 21: The triangle placed at the beginning of the helix.


Note that the triangle is now black which indicates it is fully defined.

Click on Exit Sketch in the upper left corner of the screen to complete the sketch.



Now that a profile and path have been defined, the Swept Cut feature can be used.  Under the Features tab select the Swept Cut option which can be found in the upper part of the screen (Figure 22).Figure 22: The Swept Cut feature.









In the Property Manager tab, select the Profile sweep option.  Immediately beneath the profile and solid sweep options are blank text boxes.  Select the upper text box to choose a profile (Figure 23).
Figure 23: The Cut-Sweep properties.


Click on one of the line segments that makes up the equilateral triangle to select it as the profile.  Now select the lower blank text box to choose the profile.

Figure 24: Completed Profile and Path sub-menu.

Click on any part of the helix to enter it as the path (Figure 24).  Click the green check mark in the Property Manager.  SolidWorks will execute the sweep cut.


Figure 25: The completed threaded shaft.





Use the arrow keys to view the threaded part from multiple angles.


Save the part by clicking on the floppy disk icon in the upper left portion of the screen.

Click on the small black arrow immediately to the right of the Save icon, then select Save As (Figure 26).


Figure 26: The Save As option.


Figure 27: The STL format option.







Click on the drop down menu immediately to the right of the text Save as type:  and select STL from the menu.  Click Save to save a copy of the threaded shaft in the .stl format (Figure 27).







Next, how to make the threaded nut will be discussed.  At this point, the threaded shaft part can be closed.Figure 28: The New icon.


Click on the blank page icon in the upper left portion of the screen to start a new part file (Figure 28).  Be sure the part option has been selected in the pop up window, then click OK to begin creating the threaded nut.



Under the Features tab, click on Extruded Boss/Base.  Select the Front plane to be the sketching plane.  If necessary, use the View Orientation commands to orient the sketch plane parallel to the screen.
Figure 29: The dimensioned circle centered at the origin.



In the Sketch tab, click on the Circle option.  Place the center of the circle at the origin, and make a circle of arbitrary size.  Use the Smart Dimension feature to give the circle a diameter of 0.75 inches.



			


Figure 30: The Property Manager with a value of 0.25 in entered as the extrusion depth.



Click Exit Sketch to complete the initial cross sectional area of the nut.  In the Property Manager, enter a value of 0.25 inches as the extrusion depth (Figure 30).  Click the green check mark to complete the initial part.



Figure 31: The Extruded Boss/Base.













Under the Features tab, select the Extruded Cut feature (Figure 32).Figure 32: The Extruded Cut feature.



In the Feature Manager Design Tree tab, select the Front Plane to be the sketching plane.  Use the View Orientation commands to orient the sketch plane parallel to the screen.

Figure 33: The circle with a diameter of 0.45 inches centered at the origin.





Under the Sketch tab, select the circle option.  Place the center of the circle at the origin and create a circle of arbitrary size.  Use the Smart Dimension feature to give the circle a diameter of 0.45 inches (Figure 33).


If the hole in the center of the nut is made to the precise outer dimension of the threaded shaft, a significant amount of play occurs between the nut and the bolt.  Reducing the diameter of the hole ensures finer tolerances and a snugger fit.
Figure 34: The Property Manager with the Reverse Direction button highlighted.


Click Exit Sketch.  In the Property Manager tab, note that the depth of the cut is automatically set to 0.25 inches.  This is because the Extrude Cut feature automatically assumes that cut will be made through the entire part.  If necessary, click on the Reverse Direction button to ensure the cut passes through the part.  The user will know if they have correct direction if the part to be cut out turns yellow.  Click on the green check mark to create the hole.

Note that instead of making a “blind” cut (one which removes material to a specified depth) the user can also use the “Through All” option. This is very useful if the user wants a hole which cuts through the entire part regardless of the size. This way if the part later needs to be longer than 0.25 inches, the cut will still cut through all of the material rather than the original 0.25 inches.

The Reverse Direction option may be necessary because SolidWorks assumes a direction when an Extrude feature is selected.  Often, it will assume a different direction each time the Extrude feature is used.  The Reverse Direction option allows the user to manually select the extrusion direction relative to the sketching plane in order to ensure that a part is correctly made.
To create the threading on the inner surface of the nut, the Swept Cut feature will be used again.  The same two inputs, Profile and Path, must be created as before.Figure 35: The newly added cut.


In the Sketch tab, select Sketch in the upper left corner to begin making the profile for the helix.  In the Feature Manager Design Tree tab select the Front Plane to be the sketch plane.  Use the View Orientation commands to orient the sketch plane parallel to the screen.

In the Sketch tab, select the Convert Entities button.  Select the inner circular edge of the nut (Figure 36).  Click the green check mark to complete the sketch. 
Figure 36: Selected edge.



Click Exit Sketch in the upper left corner of the screen.  In the Features Tab, click on the Curves feature then select the Helix and Spiral option (Figure 11).


Verify that the Property Manager still contains the same properties as the helix that was used on the bolt shaft (Figure 37).  Modify any values and click the Reverse Direction option if necessary to ensure the correct helix passes over the inner surface of the nut.Figure 37: Helix/Spiral Parameters.



Click on the green check mark in the Property Manager to create the helix.Figure 38: The helix has been added to the nut.








The helix extends well beyond the nut in order to ensure the threads match those made for the bolt shaft.




Now the cutting profile must be created.  It will be the same equilateral triangle used on the bolt shaft, but the triangle needs to be reflected about the vertical line segment.  This ensures that the thread profiles will properly mate for the nut and bolt.

In the Sketch tab, click on Sketch to begin creating the cut profile.  In the Feature Manager Design Tree, select the Top plane as the sketching plane.  Use the View Orientation commands to orient the sketch plane parallel to the screen in such a way that the nut is at the bottom portion of the screen and the helix extends towards the top of the screen.Figure 39: The nut is in the lower portion of the screen and the helix extends towards the top.



In the Sketch tab, select the line option.  Create a triangle shape near the nut as before, but mirrored over the vertical line (Figure 40).

Figure 40: Triangle sketch before adding relations.









Figure 41: Triangle complete with dimension and relations.

Use the Smart Dimension feature to give the vertical line segment a length of 0.0875 inches.  While holding down the control key, select all three lines of the triangle.  Add an “Equal” relation between the lines to make them all the same length.  Afterwards, selecting all three lines simultaneously will show all of the relations the lines have at once (Figure 41).




 
Figure 42: Profile sketch moved to the starting vertex of the helix.

Click and drag the lower most vertex of the triangle until it coincides with the starting point of the helix on the nut (Figure 42).







Click Exit Sketch to complete the cut profile.

Under the Features tab, select the Swept Cut option.
Figure 43: The Property Manager with all of the inputs designated for the Swept Cut option.

 Select the triangle to be the profile and the helix to be the path (Figure 43).


Click on the green check mark to have SolidWorks execute the swept cut.  Use the arrow keys to view the completed part from multiple angles.





Figure 44: The completed nut.





Save the part.  Then use the Save As option to save the part in the .stl format as well.  Refer to Figures 26 and 27 if necessary.











Launch MakerBot Desktop.

Under the Prepare heading, click Add File (Figure 45).

Figure 45: The Add File option as well as the Export Print file option.






Figure 46: The .stl formatted bolt file.



In the pop up window select the bolt file in the .stl format then click Open to load the file (Figure 46).












In the pop up window, select the Move to Platform option (Figure 47).Figure 47: The Move to Platform option.



Load the .stl nut file using the same procedure.




Figure 48: The Move option.



Use the Move button on the right portion of the screen to make sure that the parts do not overlap.


Insert an SD card into the computer.


Click on Export Print File to begin uploading the part file to the SD card.








Figure 49: The Export pop up window.



Click on Export Now in the pop up window to choose a destination for the file (Figure 49).










Figure 50: The Export window displaying the SD card and the Save button.



Select the SD card as the destination then click Save to export the file (Figure 50).



Eject the SD card and place it in the Replicator.  Select the nut and bolt file.






 Figure 51: The completed build.
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