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SLS Dynamic Model & Requirement

• The Space Launch System, NASA’s new large launch vehicle for long range space 
exploration, is presently in the final design and construction phases, with the first 
launch scheduled for 2019.

• The Structural Dynamic model is critical for generation of natural frequencies for 
guidance, navigation, and control (GNC), as well as  mode shapes used in 
calculation of interface loads. IMT

• Single modal test of the unfueled SLS will be performed while bolted 
down to the Mobile Launch Pad just before the first launch.  (Integrated 
Vehicle Modal Test, IMT).

• The validation of the SLS flight model will be achieved using a 
probabilistic optimization technique defined as the “Best Model Estimate 
(BME)” method developed by Stewart, 2017*. 

• Question will remain whether model is adequate to meet loads and GNC 
requirements.
– Our interpretation of the GNC requirement is that the true frequency 

can be no more than 3% less than the post-test prediction (flight 
model), which comes out of BME process. 

*Stewart, E., Hathcock, M., “Using Dispersed Modes During Model Correlation”,  AIAA SciTech 
Forum,  2017





Procedure Development - Flight to Ground Model Ratio 
Extrapolated to Test (true) Values
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• A number of possible methodologies were examined, and applied to increasingly more 
complicated geometries.

• First step in process is to identify and quantify uncertain model parameters in both 
configurations.

• Techniques were examined using 3-DOF spring/mass model, then simplified 
NASTRAN model of SLS, using LS-Opt to run Monte Carlo, where response variables 
are fundamental flight configuration frequency {Ffm} and candidate ground 
configuration frequencies {Fgm}.



Extrapolation of Ground-Test Frequency to Pseudo-Test 
Flight Configuration Frequency

• Correlation between Ffm and each candidate Fgm calculated, and pair with highest r 
chosen.  

• The two distributions are assumed to be normal and a multi-variate normal distribution 
created.
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