	Tutorial 4
Creating a Chain Link

	[image: ]
	

	
	



[image: LA2]
Acknowledgements
Developed by Jim Aarestad, Brian Zufelt, Craig Kief, Keith Pacheco, and Preston Edwards at the COSMIAC Research Center at the University of New Mexico and Eric MacDonald at the University of Texas El Paso’s Keck Center.   This work is in conjunction with the Keck Center at the University of Texas El Paso and Youngstown State University.  Funded by the National Additive Manufacturing Innovative Institute (NAMII).
Lab Summary 
This is a lab for learning how to create a chain link in SolidWorks using new methods, creating an assembly, rescaling the assembly in MakerBot Desktop, 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 create a chain link using the Swept Boss/Bass feature. The user will then create an assembly consisting of two links. The assembly will consist of multiple different types of mates within the assembly. Finally, the user will use MakerBot Desktop to rescale the part and print it on the MakerBot Replicator 2.
Learning Objectives
Using the Swept Boss/Bass feature in SolidWorks
Creating an assembly from an existing part
Adding mating relationships between parts in assembly mode
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:  http://www.makerbot.com/desktop 

Lab Procedure 4: Creating the Chain Link
The Swept Boss/Bass feature allows the user to sweep a defined cross section across a path. This can be useful to create more complex shapes very quickly.  Sweep creates a base, boss, cut or surface by moving a profile (section) along a path, according to these rules:
· The profile must be closed for a base or boss sweep feature; the profile may be open or closed for a surface sweep feature.
· The path may be open or closed.
· The path must be a set of sketched curves contained in one sketch, a curve, or a set of model edges.
· The path must intersect the plane of the profile.
· Neither the section, the path, nor the resulting solid can be self-intersecting.
· The guide curve must be coincident with the profile or with a point in the profile sketch.

Figure 1: Units changed to MMGS.

Open SolidWorks 2014 and start a new part.

In the bottom right corner click on IPS to pop up the menu and change the units of the document to MMGS (millimeter, gram, second) (Figure 1).

Figure 2: Sketch, Straight Slot, and Point buttons within the Sketch tab.

Click on the Sketch tab and select the Sketch button to start a new sketch (Figure 2). Select the Top Plane as the surface to begin the sketch on.

Click the Straight Slot button (Figure 2).



Click once near the origin. Move the cursor vertically upwards and click a second time. Finally, move the cursor outwards and click a third time to complete the sketch of the straight slot. Click the Straight Slot button again to deselect the tool. The final product should look similar to Figure 3, but dimensions will be added next, so it is not important if the user’s sketch looks slightly different.Figure 3: Slot coincident with the origin.
Figure 4: Straight Slot sketched near the origin.











Click the center point in the straight slot (Figure 3). Click again and drag it to the origin. SolidWorks should snap the point to the origin and infer a coincident relationship. This is shown with a small green box depicting the coincident relationship (Figure 4). Having sketches centered on the origin generally makes things much easier in the future and when moving into assembly mode. The size and shape of the slot will change as the point is dragged.



Click the Smart Dimension button in the top left of the screen and dimension the sketch as shown (Figure 5). Remember that pressing the “F” key will zoom the screen to fit the new size of the sketch if it becomes too small or too large while dimensioning. These two dimensions will turn the sketch lines from blue to black indicating that it is fully defined.Figure 5: Dimensioned slot and added point.


Click the Point button in the sketch toolbar (Figure 2). Place the point coincident with the center point of the top arc (Figure 5). This point will be used in the next step when creating the cross section of the link.

Click Exit Sketch







Figure 6: Expanded Model Tree.


Click Sketch to open a second sketch.

Open the Model Tree and select the Right Plane as the plane to begin the second sketch (Figure 6).








Figure 7: Second sketch fully defined.

Use the view toolbar to view the part from an isometric view. Note: This can also be accomplished by pressing (Ctrl + 7). Click the Circle button in the sketch toolbar. Sketch a circle originating from the point at the center of the upper arc (Figure 7).

Dimension the circle to be 12mm.

Click Exit Sketch.



Click Swept Boss/Bass in the Features Tab (Figure 8).Figure 8: Swept Boss/Bass feature.








In the Sweep dialog box selectFigure 9: Completed Sweep dialog box.

Sketch2 (the circle) as the profile and Sketch1 (the straight slot) as the path (Figure 9). When done correctly, a preview of the link should look like the one in the figure.

Accept the dialog box by clicking the green check mark.

Save the part as “Link_Yourlastname” by clicking the save button at the top left of the screen.



Next, hover over the arrow in the top left of the screen shown in Figure 10. Move the cursor over the File menu and click on Make Assembly from Part. This is the quickest way to immediately move from a part the user is editing into assembly mode.  Figure 10: Assembly window.
Figure 11: Moving to Assembly mode.


Note that the features tab is replaced with an Assembly tab which holds options useful for assemblies. On the left a window is opened showing currently open part files with the Link file already selected (Figure 11).  An assembly is two or more parts being mated together in order to make a larger more complete device. Assemblies can also consist of subassemblies consisting of multiple parts each. For instance, an assembly file for a car would consist of multiple subassemblies (engine, suspension, etc.). Each subassembly would consist of many parts including the bolts, nuts, and washers.
If the user has exited the Link part file, or must start the assembly at a later time, clicking the Browse button allows the user to search for the link part again.


Click anywhere on the screen to place the first link.Figure 12: Insert Component and Mate buttons in the Assembly tab.


Click the Insert Components button in the Assembly tab to reopen the Insert Component dialog box (Figure 12). The Link should still be listed under Open Documents. Click the link in the dialog box and then place the second link near the first.

The workspace should now resemble Figure 13. Try to move the links around on the screen by clicking and dragging them in any direction. Left click will keep the same orientation, but translate the part in either X, Y, or Z directions. Right click leaves the center of mass of the link in place and rotates it around this point. Note that the first link will be locked in place and cannot be moved. A message will appear stating, “The selected component is fixed. It cannot be moved.” The second link however is floating in free space until mating relationships are applied to it.Figure 13: Both links placed in the assembly.


Click the Mate button (Figure 12). This will open the Mate dialog box on the left of the screen (Figure 14). The upper portion will show which features have been selected while the lower portion shows the standard mates. Open the model tree by clicking the + next to Assem1 as well as the +’s next to both of the Links.
Figure 14: Mate dialog box and first mate selections.


















Select the Top Plane of the first link and the Right Plane of the second link (Figure 14). Notice that the second link rotates so that the two planes are now coincident. In the Mate dialog box those mates which are not possible with the selections made are faded. Coincident is the default mate with the selections made and this is what is desired so accept the mate by clicking the green check mark. The mate is created and the Mate Selections box is cleared to allow for new selections to be made. The second link can still be moved and rotated, but the mate that was created will always remain true.

Figure 15: Showing Sketch1 of the link part.




Next click the + next to Sweep1 beneath the first Link listed in the model tree. This shows the two sketches that were used to create the sweep. Right click on Sketch1 (the straight slot profile) and select Show (Figure 15).










Figure 16: Two points to select for the second mate.


Click on the two points shown (Figure 16). This will create another coincident mate. Accept the mate by clicking the green check mark.  The word mate refers to any type of relationship (i.e. parallel, perpendicular, coincident, etc.) between two planes, points, faces, features, etc. Coincident mates are used to join two features of separate parts in assembly mode together. It is most commonly used to join flat faces of two parts together; think like gluing two sheets of paper together. One face of one sheet and one face of the other sheet are always coincident, or touching each other. The two sheets can be rotated and misaligned, but those two faces will always be together. In the case of the links, this is true with those two points. The two points will always be "on top" of each other, but the parts can be rotated about this common point until another mate is put in place to restrict them even more.

Note that the second link may now only be rotated about this point while also remaining perpendicular to the first link.












Rotate the view to the Top view (Figure 17). This can also be done by pressing (Ctrl + 5).Figure 17: Links viewed from the top view.


In the Mate dialog box click the Advanced Mates bar (Figure 18). Select the Angle mate towards the bottom and input the given values.

Figure 18: Completed dialog box for the final mate.

This will orient the links as shown in Figure 17, but will restrict the second link to move only 30° in either direction. 

Click the green check mark twice to accept the mate and close the mate dialog box.

Try clicking and moving the second link to see how its motion is limited. After doing this, return the link manually to approximately the same position as before.

Save the Assembly as “Links_Yourlastname”.

After saving the part as an assembly document, click Save As from the File menu to reopen the Save As dialog box. In the Save as type box select .stl as the file type. Below this box, click the Options button. This will open the Export Options dialog box.


Figure 19: Export Options dialog box.








Select the checkbox next to “Save all components of an assembly in a single file” (Figure 19). Click OK to close the dialog box. Click Save to save the assembly as a .stl file.  Checking this box is necessary if the user wants to print an assembly that consists of multiple parts at the same time as one unit. If the user does not select this option then SolidWorks will save each part in the assembly as a separate .stl file. This is helpful if you want to see what something will look like assembled in SolidWorks before printing everything out individually. Then you can click save as .stl and it will automatically save each part individually rather than having to go back to each part file and save it as a .stl.

Open MakerBot Desktop. Add the Link .stl file to the workspace. Click Do Not Scale when the dialog box pops up upon importing the part.

With the links selected (highlighted in yellow) click twice on the Turn button on the left side of the screen (Figure 20).

Click -90° in the Y direction once (Figure 20).Figure 20: Part imported into MakerBot Desktop and Turn button selected.


Click on the Scale button directly below the Turn button.

[bookmark: _GoBack]Confirm that the box next to Uniform scaling is checked and type in 50% (for the workshop, please do 25% for faster printing) in the Scale To: dialog box and hit enter. The numbers in the X Y Z directions in the scale menu should resemble those of Figure 21 after scaling.


Click the Move button.Figure 21: Scale menu.


Click the Center button. This not only centers the part on the build platform, but also lays the part flat on the build surface. The part is now ready for printing.Figure 22: MakerBot Desktop printer settings.











Click Settings (Figure 20). Ensure that the settings are identical to the ones in Figure 22.

Click Export Print File in the top right portion of the screen. Click Export Now and save the file in a place that can be easily found again.


Transfer the file to one of the 3D printing SD cards.

Insert the card into the MakerBot Replicator 2 3D printer.

Select the chain link file and begin printing.Figure 23: Completed chain link print.
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