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External devices may be modeled in OpenSim via XML. Geometry and mass properties are gotten from 

SolidWorks or other CAD software. Software versions used for the example here are: 

 SolidWorks Education Edition 2011-2012 / 2011 SP4.0 

 OpenSim 3.0 Beta 3 

 

In this example a part is added to an OpenSim model of the 

pelvis-femur, Fig. 1. The part is free to rotate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary of steps: 

Determine the coordinate system used by the OpenSim model. 

Design the parts in SolidWorks paying attention to the coordinate system. 

Find the mass properties from SolidWorks (Evaluate tab > Mass Properties). Find: 

 Mass 

 CG location 

 Inertia matrix about CG 

Add bodies, joints, and coordinates via XML to the OpenSim model. 

 

Detailed Instructions: 

Find the coordinate system that is used for the OpenSim model. The triad icon in the upper right hand 

corner toggles the coordinate system display. Create the geometry in SolidWorks or other CAD software. 

Plan your coordinate system location and orientation. In SolidWorks the z axis is normal to the front 

plane. 

 

Fig. 1: Part in OpenSim model. 

 



               
Fig. 2: OpenSimTriad icon        Fig. 3: Pelvis coordinate system                   Fig. 4: Part with body coordinate system 

 

Save the SolidWorks part in the usual way and also “Save As,”and  select STL (*.stl) for type. 

Click the “Options” button and: 

Check “Do not translate STL output data to positive space.” 

 

The other options should keep their default values (binary output, Meters units, default output 

coordinate system). 

 

Find mass properties, Fig. 5 (found on the  Evaluate tab). Use the options button to set the accuracy and 

use scientific notation. OpenSim requires the Mass and the inertia matrix elements taken at the center 

of mass and aligned with the output coordinate system: 

 Mass = 0.028722301  kilograms 

Center of mass: ( meters ) 

 X = 0. 0.040882358 

 Y = 0 

 Z = 0 

Moments of inertia: ( kilograms * square meters ) 

Taken at the center of mass and aligned with the output 

coordinate system. 

 Lxx = 2.3981238e-006  

 Lyy = 2.50421e-005  

 Lzz = 2.5287849e-005 

In this case the cross terms are small enough to ignore, so 

set these to 0 in OpenSim 

 Lxy = 5.4497993e-023 (replace with 0) 

 Lxz = -2.3255353e-022 (replace with 0) 

 Lyz = 1.5314771e-022 (replace with 0) 

 

 

 

  

Fig. 5: SolidWorks Mass Properties 



Modify or create an OpenSim model via XML. 

 

Add the body with its mass properties, display geometry with the STL file, joints, and coordinates. In this 

example the part is named “torsionBar_r. 

 

The mass properties are on lines 605-613 in Fig. 6 below. The Pin Joint and Coordinate begin on line 615 

in Fig. 6 below. The pelvis is listed as the parent body. The joint “location in parent” (0.020   0   0.15) in 

this example is given in the pelvis reference frame.  

 

 
Fig. 6: XML File showing mass properties, joint, and coordinate 

 



The STL file name is on line 648 in Fig. 7 below:

 
Fig. 7: XML code showing visible object properties 

 

The default axis of rotation for the pin joint is obtained by aligning the z axis of the torsionBar_r body 

(the child) with the z axis of the pelvis (the parent). A positive value of the coordinate is a rotation of the 

body and its coordinate system about the parent z axis according to the right hand rule. 

 

Setting the body and joint orientation other than the default requires that “orientation-in-parent” and 

“orientation” be set. Figs. 8 and 9 below show the desired rotation of the pin joint. In the example 

leaving the default “orientation-in-parent” parameter (0   0   0) and changing the “orientation” 

parameter to (0   4.712388980384690   0) changes the axis such that the joint allows rotation of the 

torsionBar_r body about a left-to-right axis in the pelvis reference frame with positive coordinate in the 

same direction as hip flexion for the right side. These two parameters can be used to set any alignment 

and the positive sense in either direction. 



                                    
Fig. 8: Zero degrees rotation of the torsionBar_r part                 Figure 9 Twenty degrees rotation of the torsionBar_r part 


