Digital Mock up – Kinematics Workbench Tutorial

Assembly conversion
This tool converts constraints created in the Assembly Workbench into Kinematic Joints. 
[image: ]Begin by opening “Bearing Assembly” then move into the DMU Kinematics workbench. Click on the “Assembly Constraints Conversion” tool[image: ].  Add a new Mechanism named Mechanism.1 and click Auto Create—should say unresolved pairs 0/3. Click OK.
Expand Applications/Mechanisms/Mechanism.1 to make sure it says that there are two Degrees of Freedom (DOF=2) next to Mechanism.1. Also listed under here are your joints, commands, laws and speeds-Accelerations. 
Next add a Rigid Joint [image: ]between the “bearing out” and “bearing mid”. Now check to see how many DOF there are (there should be 1). This rigid joint forces the outer race and middle of the bearing to spin together around the middle race. 


[image: ]
Kinematic Assembly
Right click on Product1 and add the rest of the parts (under “Components/Existing Component…”) for this kinematic assembly (rod, Base Kinematics, Baseplate bushing, and Pivot). Next organize the parts so that they don’t interfere with each other for easier assembly. Once you have the parts organized make the part “Base Kinematics” the anchor part. You must have an anchor part defined in order for your model to be simulated.

[image: ]Next add a “Revolute” joint between the Baseplate bushing and the baseplate. Revolute joints are defined by two cylindrical bodies and two planes. We will define this revolute joint [image: ] with one of the holes on the Baseplate bushing and one of the holes on the Base for the cylindrical or “Line” mate and the bottom of the bushing and top of the Base for the “Plane” mate.  Click OK.  
Use the other set of holes to add a cylindrical joint [image: ]. Now this part is fixed to the Base 
Add a revolute joint between the Inner race of the bearing “bearing in” and the protruding cylinder on the “Baseplate bushing” (use the top of both to define the plane for this joint). 
The assembly will have two Degrees of Freedom after this joint, however, in order for this assembly to function like a real bearing there should only be one DOF. To fix this add a rigid joint between the Baseplate bushing and the Inner race of the bearing. Now the DOF should be one. 
[image: ]Create a revolute joint between the “Pivot” and the outer race of the bearing. Add a rigid joint between the same two parts—you may need to move the pivot using the compass and update. It also works to add rigid joints between two parts before adding a revolute joint. (If you have trouble with the assembly when attempting to update it, this might be the better option.) Again the DOF should be one.
Finally, add a revolute joint between the hole in the end of the rod and the hole in the top of the pivot w/ the offset of 0.3 inches between the plane in the middle of the Rod and one interior side of the Pivot. You may have to use -0.3 (the rod should be centered in the pivot) DOF should be two. 
[image: ]Double click on the Revolute Joint between Bearing in and Bearing mid and check angle driven. At the bottom of the dialog box the “Joint Limits” should be activated. Here you can change how far the joint can rotate. The extra degree of freedom associated with this joint is now defined by a command. Check to make sure that DOF=1.
Do the same with the revolute joint between the rod and the pivot. Now the DOF should be 0 and the mechanism can be simulated (dialog box should pop up saying that the mechanism can me simulated.
Expand Commands in the design tree to find your new commands. 
[image: ]Now we will add another degree of freedom to our mechanism. Add another rod to the assembly. An easy way to do this is to right click on “rod (rod.1)” in the design tree then click copy and then right click on “product1” at the top of the design tree and paste the part. This should add the part “rod (rod.2)” in the current position of rod.1. 
Move the second rod into position to connect to the first rod (as shown in the image below). Add a revolute Joint between the holes on these two rods. Offset the parts by 0.6 in and check angle driven. The mechanism should now be able to be simulated with three commands. 
Click Simulation w/ commands [image: ]—now you can move the assembly to find points of contact—this helps when trying to keep your assembly within safe limits. Click the “…” box next to Command.3 –change the limits to -90 to 90 then move the arm to see the change in rotation limit.  While in the Simulation with commands tool you can use the sliders in the dialog box or click and drag the parts to move joints.



Simulation Sensing
Now go to “Simulation with commands.” Check activate sensors then click Revolute.1 and Revolute.12 (make sure they are “observed”)
[image: ]Without closing the sensors dialog box use the command sliders to move the model around in some arbitrary movements. Once you have had your fun moving the robot click on “File…” in the sensors dialog box. Name and save the output excel file then take a look at it. The spreadsheet created shows the angles your model went through for each of the observed joints. You can do this on any joint it does not have to be a control joint. 
Animating your simulation
Click the simulation tool [image: ] then select Mechanism.1 and click ok.  Move the model using either the sliders or by clicking and dragging the command parts—using the sliders is a little easier—sometimes it is hard to select the correct rotation axis on this particular model.
[image: ]Move the model in small increments then click the “insert” button to put the movement into the simulation. Once you have gone through a few motions with each command click ok. 
Rendering an animation
[bookmark: _GoBack]Switch to the Photo Studio work bench.  Create a new camera from your current viewpoint.  Click on “create shooting.”  Select the camera you just created.  Under the Frame tab select “on disk” and set the animation format to avi.
Go to the animation tab. Under “Simulation” select Simulation.1. Then change the duration to around 10 seconds with a frequency of 10 frames/s so that it won’t take too long to generate this simulation, now hit ok. Click the render shooting and select your shooting (should be shooting 1). Click the Render Animation [image: ] button.
[image: ] Deliverables
1. A creative 10 to 15 second video animation of the resulting robot with a 15fps frame rate in avi format and a somewhat realistic environment.  
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