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Motivation
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• Modal parameters give key insight regarding structural response to dynamic excitation

• Also are an important step in model validation and calibration

• Modal testing is not always a priority

• Vibration data can be used to estimate modal parameters when modal testing not possible

• We do this by calculating operational deflection shapes (ODS)

• However, nonlinear response and high level of excitation may affect these predictions

We are using an academic structure to investigate the effects of intermittent impact and 
varying levels of excitation on ODS!



Structure Configurations and Testing
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Structure without impact 
assembly 

Structure with impact 
assembly 

Closeup of impact assembly 

Structure designed to respond with intermittent impact and was vibration tested at various excitation levels 
(0.57 Grms to 3 Grms)

Direction of vibration



Finite Element Model Calibration
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• Ideally modal testing would be done to serve as 
“true” mode shapes and frequencies

• Ironically, schedule didn’t allow for this
• Instead we compared to finite element model

• Used existing LDV modal data for structure in free-
free boundary condition to calibrate the FEM Finite Element 

Models
Free-Free Modal 

Test

FEM Mode 
Shapes

Modal Test 
Mode Shapes

MAC showing model calibration



Frequency Response

ODS Calculation Process
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CMIF Comparison
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No Impact 
Assembly

Impact 
Assembly

Measurement “FRF” CMIF



ODS vs. FEM Shapes – No Impact Assembly (1.5 Grms)
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ODS vs. FEM Shapes – With Impact Assembly (1.5 Grms)
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ODS vs. Finite Element Model
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• Tables show ODS that are consistent with FEM mode 
shapes

• Note that ODS for structure WITH impact assembly 
has fewer missing mode predictions

WITH Impact Assembly WITHOUT Impact Assembly



ODS vs. FEM Modal Assurance Criterion (MAC) Plots
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Note: Section with no consistency are spring bending modes, which weren’t able to be predicted by ODS since we didn’t 
have sensors on springs
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ODS vs. FEM – Representative Mode Shapes
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WITHOUT Impact Assembly WITH Impact Assembly

45 Hz 46 Hz 80 Hz 80 Hz

Generally, modes shapes that were successfully predicted by ODS were predicted quite 
accurately (shape and frequency both very close to model)



ODS Consistency – High/Low Excitation
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WITHOUT IMPACT ASSEMBLY WITH IMPACT ASSEMBLY



ODS Consistency – BIGMAC
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WITH Impact AssemblyWITHOUT Impact Assembly

Plots show degree of consistency between ODS predicted mode shapes across excitation level

• Generally, we note higher consistency across excitation level WITH impact assembly than WITHOUT

• Possibly due to different response characteristics from impact and asymmetry
 



Conclusions
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• ODS results are limited by excitation characteristics and sensor placement
• Frequency content and excitation direction are important!

• Impact assembly results in slightly better prediction of modal parameters
• BUT, it also results in prediction of additional shapes due to additional response peaks

• Increasing excitation level appears to have slightly positive effect on modal predictions
• Possibly due to enhanced response peaks

• If possible, use multiple excitation levels!

• Ultimately, intermittent impact and varying levels of excitation DID NOT result in vastly 

different results  Promising, BUT need better baseline modal data to say for sure!
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ODS vs. Finite Element Model
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• Here, tables show all ODS alongside FEM results -> false predictions included

• Note that ODS for structure WITH impact assembly has more shapes not consistent with 
FEM mode shapes
• Due to extra CMIF peaks resulting from impact

WITH Impact Assembly WITHOUT Impact Assembly


