	Tutorial 2
Downloading and Modifying a Part from the Internet
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Lab Summary 
This is a lab for learning how to modify the dimensions of a part downloaded from the internet and printing on the MakerBot Replicator 2.  
Lab Goal
The goal of this lab is provide sufficient instruction and guidance so that individuals will be able to download a part from the internet.  The user will then create a part where every dimension is half the value of the original downloaded file.  In addition, the user will add fillets to increase the load-bearing capabilities of the part.  All of these modifications will demonstrate how the user may go about altering an existing part file in order to meet design requirements.
Learning Objectives
Downloading a part file from the internet
Opening existing part files in SolidWorks
Modifying existing dimensions in SolidWorks
Fillets feature
Rollback feature
Grading Criteria
N/A
Time Required
Approximately 1 hour
Lab Preparation
N/A
Equipment and Materials
Access to SolidWorks Educational Edition
Internet Connection
Internet Browser
MakerBot Replicator 2 3-D Printer

Additional References
This page is the SolidWorks website:  
http://www.solidworks.com/default.htm
Here is the URL for the Makerbot Desktop software:  https://www.makerbot.com/desktop
This page contains the bracket part that will be modified as well as the tutorials:

http://cosmiac.org/thrust-areas/academic-programs-and-design-services/education-and-workforce-development/3d-printing/



Lab Procedure 2: Downloading and Modifying a Part from the Internet
80/20 is an aluminum framework that has several benefits when compared to traditional steel frames.  A frame made from 80/20 typically weighs much less than one of steel because aluminum has a lower density than steel.  Assembling a steel frame involves welding and riveting metal in to position.  This can be an expensive and time consuming process.  The assembly of an 80/20 frame is simplified by a groove that is on each face of the bar of aluminum.   The 80/20 is created using an extrusion process in which the material is pushed or drawn through a die with the desired cross-section.  Brackets and bolts are inserted into the groove and used to secure the aluminum bars to each other.  This feature also allows 80/20 frames to be easily reconfigured if necessary.  This flexibility is not available when using steel because welding prevents rapid modification to an existing steel frame.
Figure 1: COSMIAC’s Helmholtz Cage, whose frame is entirely constructed out of 80/20.

Launch an internet browser.  Load the COSMIAC website by entering cosmiac.org in to the address bar.


Now the user must navigate through the home page of the COSMIAC website to the location of the file to be downloaded.  To do this, hover over the text Thrust Areas > Academic Programs and Design Services > Education and Workforce Development > 3D Printing to arrive at the location of the part (Figure 2).



Figure 2: The succession of submenus leading to the 3D Printing portion of COSMIAC’s website.


Click on the blue text that says “This is the SolidWorks part file” to initiate the download (Figure 3).  In the window that opens select the Save as option and note the file name and where it is being saved on the hard drive.  This will make the next several steps much easier.




Figure 3: 80-20 files contained in the 3D Printing section on COSMIAC’s website.





Click the Windows Explorer button (Figure 4).Figure 4: Windows Explorer icon.





The most direct way of locating the bracket is by using the Windows Explorer search function.  Select the Computer option in the left portion of the screen (Figure 5).  This ensures that the entire hard drive of the computer is subject to the search.

Figure 5: The Computer option being selected.

In the search bar, which can be found in the upper right corner of the screen, type the name under which the bracket was saved at then hit enter (Figure 6).Figure 6: The search bar in Windows Explorer.




Double click on the part document.  Note that SolidWorks is automatically launched to open the part file.

Use the arrow keys and View Orientation option to view the part from several different angles.





The first modification made will be adding fillets to the two largest faces of the bracket.Figure 7: The Search Results.



Fillets are often used to avoid stress concentrators in a part.  A fillet is a small rounding that prevents stress from being concentrated in the corner.  Fillets increase the strength and load-bearing capabilities of many parts, including the 80-20 straight bracket.  In the case of the 80-20 straight bracket, the sharp corners on the two largest faces are stress concentrators.  This means that the corners have a higher chance of failure when the bracket is supporting a load.




Select the features tab in the upper left portion of the screen (Figure 8).Figure 8: The Features tab.


Figure 9: The Fillet Option.

Select the Fillet option, which can be found in the upper middle portion of the screen (Figure 9).



Figure 10: The Property Manager before the Fillet Parameters submenu has been revealed.




Locate the Fillet Parameters submenu in the Property Manager, which can be found in the left portion of the screen (Figure 10).  If necessary, click the double arrows to the right of the words Fillet Parameters to reveal the options in the submenu.






Figure 11: The Fillet Parameters submenu with a value of 0.01in entered for the radius.



In the Fillet Parameters submenu, enter 0.01in for the value of the radius (Figure 11).  This is the radius of the arc that will be used to round off the corners of the bracket.










Click on the large top face of the bracket (Figure 12).  Note that the top face will be highlighted as shown.  Click the green check mark in the upper left corner of the Property Manager to apply the fillets to the top face. Use the arrow keys to rotate the bracket until the bottom face is in view.  Apply the fillet to the bottom plate as well.  Figure 12: The top face of the bracket has been shaded dark blue to indicate that a fillet with a radius of 0.01in will be applied to all of its sharp edges.









Figure 13: The bracket once the fillets have been applied to both of the two largest faces.

  
Now the user will modify the dimensions of the bracket.  In doing so, the user will gain a better understanding of how to alter individual features of a part without distorting the rest.  Before doing so, it is necessary to rollback the two fillets that were just created.  This is to prevent SolidWorks from distorting them by modifying dimensions that existed before the fillets.


The rollback option allows the user to suppress certain features added to the part.  This is different from deleting the feature because SolidWorks stores its geometry and other relevent dimensions.  This allows the user to modify previous features without disrupting the overall dimensions and appearance of the completed part.  Once modifications are complete, the user can roll the part forward to restore the part to its completed state.










Select the Feature Manager Design Tree tab, which can be found in the left portion of the screen immediately to the left of the Property Manager tab (Figure 15).  The Feature Manager Design Tree is a record of all of the features in the order used to create the part.Figure 14: The Feature Manager Design Tree.




Right click on the first fillet feature in the Feature Manager Design Tree.  This opens two menus containing various manipulations that can be applied to the fillet.  In the upper menu, select the yellow arrow pointing to the left to rollback the feature.  Alternatively, the user may click Roll to Previous in the lower menu (Figure 16).  Note that the second fillet feature is also included in the rollback.Figure 15: The two menus with and a box highlighting the rollback feature.




Use the arrow keys to view the bracket from several different angles.  Note that the part now looks like it did before the two fillets were applied.  Now the user is able to modify the dimensions of the bracket without distorting the fillets.

Figure 16: The components of Boss-Extrude1.

In the Feature Manager Design Tree, click on the small plus sign to the left of the words Boss-Extrude1 to display the various components of the extrusion (Figure 17).  Note how the plus sign becomes a minus sign after being clicked.















Right click on Sketch1 to bring up the same two menus as before.  Click on the Edit Sketch option in the upper menu (Figure 17).Figure 17: The two menus with a box highlighting the Edit Sketch option.



Note that this does not place the sketch plane parallel to the screen.  In this case the sketch plane is parallel to the top viewing orientation.


Experiment with the View Orientation option until the sketch plane is oriented parallel to the screen by selecting the Top view (Figure 19).  Alternatively, the user may select the option Normal To which will orient the user normal to whichever plane or face was previously selected.  This will make the modification of the dimensions much easier.Figure 18: The View Orientation tab with the Top view selected.



Modifying existing dimensions is an important skill.  In many situations a part may not need to be created from scratch because something already exists which has specifications close to what is desired.  The original part can be altered to fit the requirements and save many man hours.  In the next several steps, the user will modify the dimensions of the straight bracket until it is half the original size in order to better understand how existing designs can be altered to fit specific needs.


Double click on the vertical 2.000in dimension.  In the Modify window that pops up, enter a value of 1.00in (Figure 20).  Click the green check mark to apply the dimension.  The Item is Unsolvable and Item Conflicts texts will be resolved upon modifying the remaining dimensions.Figure 19: The Modify window, the dimension of 1.00in and the green check mark.



Double click on the horizontal 1.000in dimension and modify it to a value of 0.50in as before.


Double click on the vertical 0.500in dimension that indicates where the centroid of the circular hole is placed and modify the value to 0.25in.  Repeat for the second hole.Figure 20: The Modify window for the circumference of the circular hole.


Double click on the dimension of the circumference of the circular hole and modify it to a value of 0.133in (Figure 21).





Figure 21: The completed altered sketch.


The dimensions of the sketch are now half of their initial value.  Click on Exit Sketch in the upper left corner of the screen to view the modified bracket.  Use the arrow keys to view the part from multiple angles.





Figure 22: The Roll Forward option.





Now the rollback placed on the fillets can be removed because we have created a bracket that is half the size of the original.  This is done with the Roll Forward option.


Right click on the second fillet created and select the Roll Forward option from the menu that appears (Figure 23).  Note that the first fillet is automatically rolled forward as well.


View the modified bracket from different angles.


Now the bracket must be saved as a .stl file so it can be transferred to MakerBot Desktop.  Click on the black arrow to the right of the floppy disk icon, then click Save As (Figure 24).Figure 23: Floppy disk icon with the Save As option highlighted.














Figure 24: The Save As window with the STL format selected.



Click on the bar to the right of the text Save as type to open a dropdown menu containing various formats that SolidWorks can save the part as.  Select the STL format then click Save (Figure 25).














Launch MakerBot Desktop by the methods described in the first tutorial.

Be sure the Prepare option has been selected in the upper portion of the screen (Figure 26).Figure 25: The Prepare option in MakerBot Desktop.





Now the user must add the file to the virtual build plate so it can be exported to an SD card.


Click Add File in the upper right portion of the screen (Figure 27).  Figure 26: The Add File option and several other options including the Export Print File option.









Navigate through the Select Objects window that appears to the location of the STL formatted straight bracket.  Select the bracket and click Open to add the part file to the virtual build plate (Figure 28).Figure 27: The Select Objects window with the STL formatted part selected.



[bookmark: _GoBack]Select the View option on the right portion of the screen to ensure that it has been selected (Figure 29).  Click and drag to view the part from several different angles.  Clicking on the View option a second time will allow the user to view the part from the Top, Side, or Front viewing planes.  Put the part flat and not standing up for best printing.


Figure 28: The View option.





Figure 29: The bracket on the virtual build plate.









The part is now ready to be exported to an SD card.  Insert an SD card in to the laptop.

Click the Export Print File option in the upper right portion of the screen (Figure 27).  Wait for the file to be prepared, this may take several minutes.






Figure 30: The Export Window.


In the Export window that appears, click Export Now to select the SD card as the destination of the straight bracket (Figure 31).























Figure 31: The pop up window with the SD card selected.

Select the SD card in the pop up window and click Save to export the file to the SD card (Figure 32).  This may take several minutes.  Once this process is complete, eject the SD card from the laptop.











Insert the SD card in to the MakerBot Replicator 2.  In the main menu, select Build from SD to access the SD cards memory.  Select the 80-20 straight bracket from the menu and wait for the Replicator 2 to complete the print.Figure 32: The Build from SD submenu with the 80-20 straight bracket part file selected.











Figure 33: The completed part.
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