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Impulse Excitation Technique,

 measure the dynamic elastic properties of 
materials

 detect defects 



Dynamic methods of measuring;

 Introduced in the mid 1930s

 Not sufficient progress until late 1950s

 The first ASTM (C623) in 1969



The Principle of Impulse Excitation

 Figure 1. A method for supporting a rectangular bar to induce the 
flexural mode of vibration. The sample is supported on two knife 
edges placed at the standing wave nodes, which occur at 0.224 of 
the length from each end. The bar then flexes freely in and out of its 
plane, as indicated by the vertical lines.

 ASTM standards E1867 and C1259





High performance IET devices,
 1) The Grindosonic

Frequency range 100 Hz - 50 kHz (limited by microphone)

 2) The RFDA-software

Frequency range 100 Hz - 250 kHz (limited by data-acquisition card)

 3) The air-furnace

Temperature range 20°C - 1100°C (limited by suspension wires)

Heating rates < 5°C/min, recommended value 2°C/min

Maximum sample length = 160 mm, recommended length between 40 
and 100 mm

 4) The graphite-furnace

Temperature range 20°C - 1750°C

Heating rates < 5°C/min, recommended value 2°C/min

Maximum sample length = 160 mm, recommended length between 40 
and 100 mm



Measuring with GrindoSonic



Measurement Systems

In RFDA software calculates,

 Young’s modulus

 Shear modulus

 Poisson ratio



Young’s Modulus;

Material

Density

(kg/

m3)

Young's Modulus

109 N/m2

Ultimate Strength Su

106 N/m2

Yield Strength Sy

106 N/m2

Steela 7860 200 400 250

Aluminum 2710 70 110 95

Glass 2190 65 50b ...

Concretec 2320 30 40b ...

Woodd 525 13 50b ...

Bone 1900 9b 170b ...

Polystyrene 1050 3 48 ...

Elastic Properties of Selected Engineering Materials

a Structural steel (ASTM-A36), b In compression, c High strength, d Douglas fir

Data from Table 13-1, Halliday, Resnick, Walker, 5th Ed. Extended.

http://hyperphysics.phy-astr.gsu.edu/hbase/mecref.html


Shear Modulus;

S= shear stress/shear strain 

= (F/A) / ( ∆x / L) 

= F L / A ∆x   (units are Pascals)

 deformation which 

takes place when a 

force is applied 

parallel to one face of 

the object while the 

opposite face is held 

fixed by another equal 

force



Poisson Ratio;  υ = - εt / εl (1)

where

υ = Poisson's ratio

εt = transverse strain

εl = longitudinal or axial strain

Strain can be expressed as

ε = dl/L (2)

where

dl = change in length

L = initial length

 For most common materials 

the Poisson's ratio is in the 

range 0 - 0.5.

is the ratio of the relative contraction 

strain to the relative extension strain

in the direction of the applied load.



Rectangular bar

Young’s modulus

 E is Young's modulus

 m is mass

 ff is natural frequency in flexure 
dimension

 b is width

 L is length

 t is thickness

 The above formula can be used 
should L/t ≥ 20

Shear modulus

 ft is the natural frequency in the 

torsion mode

 m is mass

 b is width

 L is length

 t is thickness



Cylindrical Rod

Young’s Modulus

 E is Young's modulus

 m is mass

 ff is the natural frequency in 
flexure dimension

 d is diameter

 L is length

 The above formula can be 
used should L/t ≥ 20

Shear Modulus

 ft is the natural frequency in 
the torsion mode

 m is mass

 d is diameter

 L is length

Poisson ratio



RFDA MF basic

Temperature:

RT

Atmosphere:

Air

RFDA MF professional

Temperature:

RT

Atmosphere:

Air

HT650

Temperature:

RT up to 650°C

Atmosphere:

Air, Inert flow

HT1750

Temperature:

RT up to 1750°C

Atmosphere:

Air

HTVP1600

Temperature:

RT up to 1600°C

Atmosphere:

Air, Inert, Reducing

HTVP1750-C

Temperature:

RT up to 1750°C

Atmosphere:

Vacuum, Inert

LTVP800

Temperature:

-100°C up to 800°C

Atmosphere:

Vacuum

Sample supports

RT sample support 

devices for different 

geometrical shapes.

http://www.imce.net/rfda-mf-basic
http://www.imce.net/rfda-mf-basic
http://www.imce.net/rfda-mf-professional
http://www.imce.net/rfda-mf-professional
http://www.imce.net/ht-650
http://www.imce.net/ht-1750
http://www.imce.net/htvp-1600
http://www.imce.net/htvp-1750-c
http://www.imce.net/htvp-1750-c
http://www.imce.net/htvp-1750-c
http://www.imce.net/ltvp-800
http://www.imce.net/sample-supports


Measurements can be performed continuously

from room temperature (RT) up maximum 1750°C,

 Room temperature

 Samples should be 
machined to predefined 
shapes as good as 
possible 

 measure samples of 
different dimensions 

 High temperature

 Measurements are 
performed every couple 
of seconds onto the 
sample while the 
temperature is rising 



Application Fields
 Steel

Detecting defects through internal 

friction measurements 

 Refractories

High temperature properties 

modeling 

 Coatings

Measurement of coating's elastic 

properties at different temperatures 

http://www.imce.net/steel
http://www.imce.net/refractories
http://www.imce.net/coatings


Application Fields
 Ceramics

Non destructive testing in 
different stages 

 Cast iron

Non destructive testing 

 Porous materials

Non destructive 
measurements of elastic 
properties 

http://www.imce.net/ceramics
http://www.imce.net/cast-iron
http://www.imce.net/porous-materials


Advantages in the use of impulse 

excitation technique,

 Quick

 Easy 

 Repeatable

 Non-destructive

 Highly accurate analyse

 much lower costs than traditional analog 
instruments

 understanding the physical properties of certain 
materials 



Disadvantages of IET,

 Serious noise

 Signal truncation

 illsuited for frequency response testing of 

highly nonlinear structures and certain 

other types of structures



References
1.Fredrik Grundström, “Non-destructive Testing of Particle Board with Ultra Sound 
and Eigen Frequency Methods,” Master of Science Thesis, Institute of Skellefteå, 
ISSN 1402-1617 (November 1998)
2. M. Radovic, E. Lara-Curzio and L. Riester, "Comparison of Different Experimental 
Techniques for Determination of Elastic Properties of Solids," Materials Science and 
Engineering, A368 56-70 (2004)
3. E. Goens, “Euber die Bestimmung des Elastizitätsmoduls von Stäben mit Hilfe von 
Biengungsschwingungen,” Annalen der Physik, B. Folge, Band 11 649-678 (1931)
4. S. P. Timoshenko, “On the Transverse Vibrations of Bars of Uniform Cross 
Section,” Phil. Mag. Ser., 6 [43] 125-131 (1922)
5. G. Martincek, "The Determination of Poisson's Ratio and The Dynamic Modulus of 
Elasticity from the Frequencies of Natural Vibration in Thick Circular Plates," J. Sound 
Vib., 2 [2] 116-127 (1965).
6. J. C. Glandus, F. Platon, and P. Boch, "Measurement of the Elastic Moduli of 
Ceramics", Materials in Engineering Applications, 1 243-247 (June 1979)
7. J. C. Glandus, "Rupture fragile et resistance aux choces thermiques d cèramiques 
à usages mècaniques," Ph.D. Dissertation, University of Limoges (1981)
8. Arthur W. Leissa, "Vibration of Plates," Acoustical Society of America, Published in 
1993; Originally issued by NASA in 1973 (published 1969)
9. S. Hurlebaus, "Nondestructive Evaluation of Composite Laminates," NDT.net 4 [3] 
(1999)
10. Arthur W. Leissa, "Vibration of Shells," Acoustical Society of America, Published 
in 1993; Originally issued by NASA in 1973
11. Arthur W. Leissa and Y. Narita, "Vibrations of Completely Free Shallow Shells of 
Rectangular Planform," J. Sound & Vib. 96 [2] 207-218 (1984) 



12. G. Pickett, "Equations for Computing Elastic Constants from Flexural and Torsional Resonant 

Frequencies of Vibration of Prisms and Cylinders," Proceedings ASTM, 45 846-865 (1945)

13. S. Spinner, T. W. Reichard, and W. E. Tefft, "A Comparison of Experimental and Theoretical 

Relations Between Young's Modulus and the Flexural and Longitudinal Resonance Frequencies of 

Uniform Bars," J. Res. of the National Bureau of Standards-A. Physics and Chemistry, 64 [2] (1960)

14. A. Spinner, and W. E. Tefft, "A Method for Determining Mechanical Resonance Frequencies and 

for Calculating Elastic Moduli from these Frequencies," Proceedings ASTM, 61 1221-1238 (1961)

15. X. Q. Wang, "The Measurement of Elastic Moduli by Flexural Vibration Testing," Ninth 

International Conference on Sound and Vibration (Orlando, Florida, USA), 8-11 July (2002)

16. Kolluru S. V., Popovics, J. S., and Shah, S. P., "Determining Elastic Properties of Concrete 

Using Vibrational Resonance Frequencies of Standard Test Cylinders," Cement, Concrete, and 

Aggregates, CCAGDP, 22 [2] 81-89 (2000)

17. Smith, John S., Wyrick, Michael D., and Poole, Jon M., “An Evaluation of Three Techniques for 

Determining the Young’s Modulus of Mechanically Alloyed Materials,” Dynamic Elastic Modulus 

Measurement in Materials, ASTM STP 1045, Alan Wolfenden, ed., ASTM, Philadelphia, PA, 1990

18. C. Y. Wei and S. N. Kukureka, “Evaluation of Damping and Elastic Properties of Composite 

Structures by the Resonance Technique,” by J. Mat. Sci., 35 3785-3792 (2000)

19. E. Schreiber, O. Anderson, and N. Soga, "Dynamic Resonance Method for Measuring the 

Elastic Moduli of Solids, Elastic Constants and their Measurement," p121, McGraw Hill (1973)

20. Ramsey, K.A., "Effective Measurements for Structural Dynamics Testing - Part I," Sound 

and Vibration, Vol 9, No. 11, 1975 

21. Ramsey, K.A., "Effective Measurements for Structural Dynamics Testing - Part II," Sound and 

Vibration, Vol 10, No. 4, 1976 

22. Halvorsen, W.G., and Bendat, J.S., "Noise Source Identification Using Coherent Output 

Power Spectra," Sound and Vibration, Vol. 9, No. 8, 1975 

23. Brown, D.L., "Grinding Dynamics," Ph.D. Thesis, University of Cincinnati, 1976.



Thanks for listening…


