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LASER-ULTRASOUND 

Laser-ultrasound is a method to generate and detect ultrasonic signals contactless. 

Motivation: 

Conventional ultrasonic measuring devices like piezotransducers have the disadvantage that the 

sample must be in direct contact with the sample. In manual testing this is done by applying a coupling 

agent or in automatic tests by a water jet (squirter systems) or a water bath. 

On very hot samples (e.g. hot steel during manufacturing) or on samples where a coupling agent is not 

allowed by the test method, laser ultrasound enables a non-contact, rapid test method. 

A further advantage which results from the optical excitation and detection is an increased resolution. 

The broad spectrum of ultrasound (ultrasonic frequencies) ranges up to 1 GHz. Thus, it is - depending 

on the acoustic properties of the sample - possible to achieve resolutions smaller than 10 microns. 

Method: 

The ultrasonic wave is generated by thermo-

elastic expansion or ablation of the surface by a 

short laser pulse. Further the sample itself is the 

ultrasonic generator and thus determines the 

direction of propagation of the sound waves. The 

detection of the ultrasonic wave is done also 

contactless with a laser vibrometer.  

Advantages: 

 High bandwidth, therefore high depth resolution (<10 microns, depending on the elastic properties 

of sample). 

 No couplant required - interesting for high temperature samples (like steel tubes during 

manufacturing) and for ultrasound testing on samples where a coupling agent is prohibited. 

 Direction of the ultrasonic waves is not determined by the angle of the incident excitation laser. The 

sample itself is the ultrasound generator and thus determines the direction of ultrasonic waves. 

 Very fine structures (coatings up to the nanometer range) can be measured with surface waves 

(e.g. Rayleigh or Lamb waves). 
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Purpose: 

 Ultrasound measurements on samples where a coupling agent is prohibited due to high 

temperature or where contacting is not possible because of geometrically inaccessible samples / 

test points. 

 High-resolution measurement: thickness measurement and high-resolution scan of the sample for 

the detection of voids, delamination. 

 Determination of elastic properties. 

 Determination of the anisotropy of elastic properties of different materials, like rolled steel, 

aluminium, paper or fiber-reinforced composites. 

 Determination of the hardening depth of case hardened steel samples. 

Equipment: 

 Laser Ultrasound detectors: BossaNova Technologies Tempo, Tecnar TWM, laboratory setups 

with different types of interferometers like confocal Fabry-Perot Interferometer, Mach-Zehnder 

interferometer with photorefractive crystal 

 Ultrasound generation: Brilliant B Nd:YAG 750mJ ns-Laser, Ekspla Nd:YAG 80mJ ps-Laser, 

Edinburgh Instruments CO2 150mJ/50ns-Laser 

 Data acquisition: oscilloscopes up to 20GS/sec (Tektronix, Lecroy, Rhode & Schwarz), and PC-

based systems (Gage 14 bit digitizer) 

Partners: 

 Institute of Materials Science and Technology – Vienna University of Technology 

 Institute of Experimental Physics  - University of Graz 

Established users: 

 Tecnar and National Research Council, Canada: Failure detection (cracks, delaminations) in 

composite materials (CFRP, GFRP), measuring the wall thickness of hot steel tubes during 

manufacturing 

 Lockheed Martin, USA: Testing of carbon fiber parts of fighter aircraft 

 Lawrence Berkeley National Laboratory (LBNL), Institute of Paper Science & Technology (IPST): 

Paper stiffness and anisotropy 

Contact: 

Bernhard Reitinger 

Research Center for Non Destructive Testing GmbH 

Altenberger Straße 69, A-4040 Linz 

Tel.: +43(0)732/2468-4630                                                                           

bernhard.reitinger@recendt.at 

mailto:bernhard.reitinger@recendt.at


 

      

   

  Research Center for Non Destructive Testing GmbH | Science Park 2 | 2. OG | Altenberger Straße 69 | 4040 Linz | Austria 

 TEL +43 (0) 732 2468-4600 | FAX +43 (0) 732 2468-4606 | E-MAIL office@recendt.at | www.recendt.at 
 

 UID-Nr.: ATU64690418 | Firmenbuch-Nr.: 321400 y | Landes- und Handelsgericht Linz 

 BANKVERBINDUNG Allgemeine Sparkasse Oberösterreich | Kto-Nr.: 32100-102048 | BLZ: 20320 | IBAN: AT262032032100102048  |  BIC: ASPKAT2L 

 

Typical Applications: 

 

 

Contactless ultrasound measurement: 

 Identification of sample-thickness 

 Defect detection 

 Determination of elastic properties  

picture: echoes of a 1 mm thick steel panel 

 

 

Ultrasound measurements on materials at high 

temperatures.  

picture: observation of phase transition of steel  

during annealing: 

 ferritic  austenitic  martensitic 

 

 

Determination of the anisotropy of materials triggered by 

 direction of rolling (steel or aluminium rolled strip) 

 drying process of paper 

picture: anisotropy of photocopying paper 

Quality feature: axial directions of the anisotropy 

 

 

 

Analysis of CFRP samples to detect: 

 Defects 

 Debondings / cracks 

 Kissing bonds / weak bonds 

 

 


