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Impulse Excitation Technique (IET)

for non-destructive evaluation of elastic and damping properties at room and high temperatures

Background

The impulse excitation technique (IET) is based on the analysis of the vibration of a test specimen after it was ‘impulse excited’ (= gently tapped). From the vibration, the resonance frequencies are determined. These are characteristic for the test object, as they are related to its stiffness, mass and geometry. The relation is accurately known for isotropic objects of simple shape such as bars or disks, thus making IET a most accurate method to determine elastic moduli of isotropic materials (ref. ASTM E 1876 – 99, ENV 843-2). Also, small geometrical distortions, density fluctuations, cracks etc. influence the value of the resonance frequencies. Therefore, IET is not only a tool for the assignment of elastic moduli, but also a widely used apparatus for quality control in materials processing. 

New IET-devices at MTM

The impulse excitation equipment of MTM, the Department of Metallurgy and Materials Engineering of the Leuven University, has recently been upgraded with the newest devices available (http://www.mtm.kuleuven.ac.be/Research/C2/Ceramics/FunctionalProperties/Elastic.html). For the above ‘classical’ IET-applications, the latest version of the GrindoSonic-series (J. W. Lemmens nv, Leuven, Belgium) is installed. The apparatus is equipped with a fully automated impulse excitation furnace reaching temperatures up to 1100°C in air. Further, a digital vibration analysis system called Resonance Frequency and Damping Analyser (RFDA, IMCE nv, Diepenbeek, Belgium) is available. In addition to determining the resonance frequencies, this apparatus considers the rate at which the vibration damps out (= decrease of amplitude with time). Thus the specific damping capacity or internal friction can be evaluated. The latter RFDA-device is attached to the air furnace, as well as to a graphite furnace for measurements in vacuum or inert atmosphere up to 1750°C. 

Application examples

Examples of successful applications of the IET in our laboratory include:

1. Detection of residual glass phases in sintered ceramic materials.

2. Calculation of elastic modulus of a glass coating plasma-sprayed onto a Ti substrate.

3. Reversibility of phase transformations in partially stabilised zirconia polycrystals. 

4. Annealing effects on the elastic properties of martensitic Ni-Ti shape-memory-alloys.

5. Effect of moisture content on elastic properties of fibre-reinforced cement materials.

6. Detection of damage in impact loaded glass fibre reinforced polymer.

7. Determination of damping properties of egg shells.

8. Estimation of maximum operation temperature of filled epoxies.

9. Detection of fatigue damage in carbon-epoxy composite laminates.

10. Evolution of elastic properties of isostatically pressed powder compacts during debinding.

11. Detection of damping phenomena in thin (200 nm) ferroelectric coatings on Si-substrates.

Specific details on the 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

Requirements for candidate samples

1) rectangular samples

The standards ASTM E 1876 - 99 and ENV 843-2 provide different guidelines for dimensions of rectangular specimens to obtain a reliable elastic modulus:

1. ratio of length to thickness shall have a value of at least 5 (ASTM) or 10 (ENV). However a ratio of 20-25 is preferred for ease in calculation. (The equations relating resonance frequency and stiffness are valid only for long samples.)
2. for shear modulus measurements a ratio of width to thickness of 3 or greater is recommended. (To minimise experimental difficulties.)
3. all surfaces shall be flat. Opposite surfaces across the length and width shall be parallel within 0.01 mm or 0.1%, whichever is greater. Opposite surfaces across the thickness shall be parallel within 0.02 mm or 0.1%, whichever is greater. (The accuracy of the dimensions directly affects the accuracy of the calculated elastic moduli. Especially the sample thickness is important, due to the cubic relation between thickness and modulus. Therefore the error on the thickness induces a three times larger error on the modulus.)

4. keep the length-to-width ratio larger than 10. (This is to avoid the specimen to be plate-like rather than beam-like. The vibration of plates is more complex than that of beams. FEM-calculations at K.U.Leuven indicate that a ratio of 6 induces a tolerable error of 0.1%.)

· In addition to these standard requirements, it is recommended to:prepare a specimen so that the resonance frequency is higher than 500 Hz. (This will limit the interference of common sources of background noise.)
E.g. : in case of a steel sample (210 GPa) the following dimensions:


100 mm x 10 mm x 2 mm

lead to a suitable fundamental bending frequency of 1085 Hz.

When only internal friction values are of interest, the accuracy on the specimen dimensions is not relevant. Nevertheless, it is recommended to have a reasonably high resonance frequency. For comparative reasons, it is also worthwhile to have samples of similar shape and dimensions, as the internal friction generally is frequency-dependent.

2) Disk shaped samples

A draft annex about disc-shaped specimens, to an existing ASTM-standard (C 1259) for rectangular specimens, is currently being discussed. We have acquired some experience with tests at room temperature (a high-temperature set-up is currently being developed), and use the following guidelines:

1. diameter shall have a value of at least 10 mm.

2. ratio of diameter to thickness shall have a value of at least 7.5. However a ratio of 10-20 is recommended for experimental simplicity. 

3. again the accuracy of dimensions (especially thickness) fully determines the accuracy of the obtained elastic moduli E, G and . 

3) Coated cylinders

We have demonstrated the possibility to measure the E-modulus of coatings using IET. A particularly suitable sample geometry is that of a cylindrical substrate covered with a coating of uniform thickness (ref. Schrooten, Roebben and Helsen, Scripta Mat., 41, 1047-1053, (1999)). Dimensional guidelines for room temperature tests are: 

1. Sample length should be at least 25 mm.

2. The ratio of length to diameter should be at least 5, preferably 10 or more.

Further questions?

For more information on how to access, use and fully profit from the IET-equipment, or on how to interpret the wide variety of possible results, please contact Dr. ir. Gert Roebben, prof. Omer Van der Biest or prof. Jan Van Humbeeck, at:

Department of Metallurgy and Materials Engineering

Kasteelpark Arenberg 44

B-3001 Heverlee, Belgium

fax +32-16-321992

phone/e-mail :
Gert Roebben 

+32-16-321192 (office) or +32-16-321188 (IET-lab)
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