


















currently sits at an approximate mass of 7000 kg, including each side structure, front and rear trusses, and work 
platforms. 

3.2 Structure Modal Analysis 

The same basic model setup as described in the static 
analysis section above was used for the modal analysis 
of the structure. The natural frequency of the entire 
assembly is 1.8Hz, which is near the point where wind 
excitation can have significant effect. 2.0Hz has been 
targeted as a goal minimum natural frequency. 

The mode shape plot indicates swaying at the tops of 
the enclosures [Figure 10]. Efforts will be made to 
stiffen the enclosures, but given the minimal amount 
of deflection in the lower parts of the structure where 
the kinematic mounts to the HET are located, this may 
be adequate to avoid transferring load. Displacement 
at the top of the structure should be minimized within 
reason for worker safety on the top platform and inner 
ladders.   

 
Figure 11. Mode shape of 1.8Hz natural frequency  

3.3 Truss Static Analysis 

Initial investigation into sizing the trusses has shown that the worst case for stress within the truss is when the structure 
is only supported by the air bearings. Rotation of the structure on the azimuth was investigated, but the angular velocity 
is maintained at 3°/s, and the loads on the trusses due strictly to this rotation are minimal. While the VSS is resting on 
the corner posts, as long as the CG of each side of structure and its enclosure pair is located between the three contact 
points on each side, almost the entire load is directed into the pier. The structures bear no moment about the contact 
point with the pier, and minimal load from the structure is supported through the truss. When the air bearings are 
inflated, however, each side of the structure is supported on only two contact points, and will bear a significant moment 
depending upon how far the CG is from the air bearing nodes.   

While the current model shows that the CG of each side of the structure is supported almost directly above the air 
bearing nodes, an initial analysis was made assuming a worst case of +/- 0.75 m out of alignment. This corresponds to 
the maximum displacement of the CG within the three contact points of the corner posts, or the point at which each side 
can no longer freely stand without the trusses. This maximum misalignment would cause the trusses to be loaded with 28 
kN of compressive or tensile force.  

    
Figure 12. The images show stresses in the front (left) and rear (right) trusses when subjected to a total 

compressive force of 28kN. The stress scales are listed in units of ksi. 
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Initial analyses indicate that while the rear truss should be adequate to support this load with a safety factor of 5, the 
front truss will not. Changes to the geometry of the middle bend in the truss, where it wraps around the HET structural I-
beam, will be required to minimize stress in this region. While some optimization will be required, overall the analysis 
shows that the sizing of the structural elements of the trusses should be adequate to support the structures, and that the 
weight estimate is on the correct order of magnitude. 

3.4 Enclosure Thermal Analysis 

Initial investigation into thermal management for the enclosures has resulted in baseline estimates for panel insulation 
thickness and coolant flow. Now that approximate spacing for the collimators has been determined, the next step will be 
a detailed CFD analysis using SolidWorks Flow Simulation. This will allow us to visualize the airflow and heat transfer 
through the enclosure, and provide data for optimization of fan sizing and ducting to eliminate hot spots. Once airflow 
requirements are determined, properly sized fan and coil units can be specified. 

4. SUMMARY AND PATH FORWARD 
Prior work done on the VIRUS support structure has clearly defined the design requirements for the final product. The 
concept presented in this paper shows promise in its capacity to meet these requirements. The enclosure location and 
free-standing VSS provide a current estimate of average IFU length of 23m. This exceeds the goal length, and 
investigation is ongoing into methods of further reducing that length, including alternate routing options from SR3 to the 
collimators, and adjusting the final enclosure location to bring it closer to SR3. 

The next step in moving forward on the VSS will be detailing the enclosure design and lateral linkages. Thermal 
management of the enclosures will be undertaken first, as the location and size of air handling units and ductwork, as 
well as overall insulation thickness, plays a major role in the overall size of the enclosures and their footprint on the 
VSS. The lateral linkages, while not detailed in this concept, are integral to the design goal of sharing the azimuth drive 
of the HET.  

The conceptual structure and enclosure design provides a total system mass of 25000 kg, well under the maximum, and 
greatly reduces incursion into maintenance access regions of the telescope from previous designs. Preserving boom lift 
access through the front of the HET structure is paramount to sustaining the efficiency of the day-to-day operations at 
the HET, and avoiding costly downtime. This investigation of the concept has shown that it will be technically feasible 
to support VIRUS in a free-standing structure, and has opened the path for more detailed design work to follow.  
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