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➢Limitations of Single Reference Modal Testing

➢Simulated Rapid Impact™ Test

➢Modal Residues => Mode Shapes

• First Law of Modal Analysis (1st LoMA): Any object with mass & elasticity will vibrate

• Second Law of Modal Analysis (2nd LoMA): Forces cause vibration

• Third Law of Modal Analysis (3rd LoMA): All vibration is a summation of mode shapes

• Fourth Law of Modal Analysis (4th LoMA): All modes are excited at all frequencies

Topics of this Presentation



➢ Limitation #1: Mode shape points & 
directions (DOFs) are defined by the impact 
points & directions (DOFs) 

➢ Limitation #2: The response sensor must 
remain fixed throughout the test

➢ Limitation #3: To test a large structure, a
long wire is required to connect either the 
response sensor or the instrumented 
impactor to the acquisition front end

➢ Limitation #4: If an impact is applied at a 
long distance from the response sensor, a 
weak or un-useable response might result

Modal Parameters from a Roving Impact Test
Modal parameters are extracted by curve fitting a set of FRFs calculated from a roving impact test
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FRFs From a Roving Impact Test

Symmetric 
FRF matrix

Single response

➢ Single-reference test: One row of the FRF matrix is calculated from multiple Impact DOFs and one Response DOF

➢ Multi-reference test: Multiple rows of the FRF matrix are calculated from multiple Impact DOFs and multiple 
Response DOFs



Modal Parameters From a Roving Response Test
Modal parameters are extracted by curve fitting a set of FRFs calculated from a roving response test

➢ Limitation #1: Mode shape points & 
directions (DOFs) are defined by the 
response sensor points & directions (DOFs) 

➢ Limitation #2: The impact DOF must remain 
fixed throughout the test

➢ Limitation #3: To test a large structure, a
long wire is required to connect either the 
response sensor or the instrumented 
impactor to the acquisition front end

➢ Limitation #4: If an impact is applied at a 
long distance from the response sensor, a 
weak or un-useable response might result



➢ Single-reference test: One column of the FRF matrix is calculated from one Impact DOF and multiple Response DOFs

➢ Multi-reference test: Multiple columns of the FRF matrix are calculated from multiple Impact DOFs and multiple 
Response DOFs

FRFs From a Roving Response Test

Single Impact DOF

Symmetric 
FRF matrix
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Each mode is defined with three parameters

Modal Parameters From FRFs

➢Modal frequency
▪ frequency of its resonance peak

➢Modal damping

▪ width of its resonance peak

(half power point, 3dB width)

➢Mode shape

▪ magnitude & phase of each resonance 

peak at the same frequency



The impact DOFs and response sensor DOFs can change between measurements

Rapid Impact™ Test

Symmetric 
FRF matrix



Multi-Reference Roving Response Impact Test



Multi-Reference Roving Response Impact Test

➢The grating was impacted in the X, Y, Z directions at one corner (Point 1)

➢Tri-axial accelerometers were attached to 64 points on the grating

➢Data was acquired in multiple Measurement Sets



Mode Shapes of the Grating
Five mode shapes were extracted from 576 FRFs (64 points x 3 directions x 3 references)
using multi-reference curve fitting



Mode Shapes of the Grating

Modal Participation has
values between 0 & + or - 1

Participation = + or - 1
➔ dominant motion

Participation << + or - 1
➔ no motion

Each mode shape participates differently in each direction of the dynamics

Video



Multi-Input Multi-Output (MIMO) Simulation

➢Third Law of Modal Analysis (3rd LoMA): All vibration is a summation of mode shapes

➢A modal model with five flexible modes was used to model the dynamics of the grating



First Six Impacts of Simulated Rapid Impact™

Impact #1 Impact #2 Impact #3

Impact #4 Impact #5 Impact #6



Rapid Impact™ Test FRF & Coherence Calculation



Rapid Impact™ Test FRF & Coherence Calculation

Video



Rapid Impact™ Test FRFs & Coherence



Quick Fit of Rapid Impact™ FRFs



Quick Fit of Rapid Impact™ FRFs

Video



Modal Residues ➔Mode Shape
Each modal residue is the product of two mode shape components



Modal Residues ➔Mode Shape

Video

Each modal residue is the product of two mode shape components



Comparison of Rapid Impact™& Original Mode Shapes



Comparison of Rapid Impact™& Original Mode Shapes

Video



Rapid Impact™ Test Summary

Video



Conclusions

➢ In a conventional impact test, the reference sensor (either the impact DOF or the accelerometer location) must 
remain fixed throughout the test. Since the reference sensor must be connected by a wire to the data acquisition 
system, a very long wires might be required when testing a large structure

➢ Better quality signals are possible if each impact force is applied closer to the response sensor

➢ In a Rapid Impact™ test, either the impact hammer or the accelerometer can be moved to a different DOF between 
acquisitions

➢ In a Rapid Impact™ test, a chain of acquisitions (based on Input & Output DOFs) is required.
A chain is formed when the Input & Output DOF of each acquisition has the same DOF as another acquisition in the 
chain

➢ An FRF chain is calculated from chain of acquisitions

➢ After the Rapid Impact™ FRFs are curve fit, modal residues are converted to mode shapes using the relationship 
between residues and mode shapes. Each modal residue is the product of two mode shape components

➢ A Rapid Impact™ test is faster and more convenient for testing any size structure
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