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Boundary conditions of sample
are supposed to be « free-free »

« Resonant Ultrasound Spectroscopy », 
J. Maynard, Physics Today, January 1996, p. 26-31
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What is Resonant Ultrasound
Spectroscopy (RUS) ?

The use of piezoelectric transducers to 
excite ultrasonic natural frequencies of a 
sample, and determine the complete
stiffness tensor in one measurement

Mean range for first ten modes :

10 mm cube of PMMA =>   40/60  kHz
3 mm cube of steel => 450/700 kHz



Why using RUS ?
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History
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“Elastic Moduli of Glasses by a Dynamic Method” 
S. SPINNER, NBS, May 1954
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LIB set up
(2017)
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VNA
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Overview of RUS to determine the 
stiffness tensor
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Mesoscopic Scale
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We measure « bulk » elasticity at the scale of  the sample

(=> mesoscopic voxel of material) 

 

3x6x9 mm3 – Titanium
(Additive Manufacturing)



The case of Bone
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RUS applied to viscoelastic materials
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RUS applied to viscoelastic materials
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Precision - Accuracy
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Validation of RUS on Polymethyl
Metacrylate (PMMA)
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Cortical bone samples
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Comparison with Time-of-flight method

14CCAUV - 09/25/2019 Resonant Ultrasound Spectroscopy



More samples
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Density – Elasticity relationships

16CCAUV - 09/25/2019 Resonant Ultrasound Spectroscopy



Summary
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Next steps : 
Hedgehog Transducer
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This new kind of transducer is based on the use of an array of tiny spikes
at the surface of a piezoelectric disc.

Funding :
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Pat. FR 3 057 667  



Hedgehog Transducer
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Thanks to spikes, sample positionning is isostatic : 

• only three points are in contact (2 + 1)
• Boundery conditions of sample are closer to « free-free » 

conditions
• Sample is easily positionned in stable conditions
• Even smallest samples can be analysed (for modes < 1 MHz)
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Standards
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Referenced documents « related » to RUS :

• ASTM C747-16 : Standard Test Method for Moduli of Elasticity and Fundamental 
Frequencies of Carbon and Graphite Materials by Sonic Resonance

• ASTM C1198-09 : Standard Test Method for Dynamic Young's Modulus, Shear Modulus, 
and Poisson's Ratio for Advanced Ceramics by Sonic Resonance

• ASTM C1259-15 : Standard Test Method for Dynamic Young’s Modulus, Shear Modulus, 
and Poisson’s Ratio for Advanced Ceramics by Impulse Excitation of Vibration

• ASTM E1875-13 : Standard Test Method for Dynamic Young's Modulus, Shear Modulus, 
and Poisson's Ratio by Sonic Resonance

• ASTM E1876 : Standard Test Method for Dynamic Young’s Modulus, Shear Modulus, and 
Poisson’s Ratio by Impulse Excitation of Vibration

• ASTM E2001-98 : Standard Guide for Resonant Ultrasound Spectroscopy for Defect 
Detection in Both Metallic and Non-metallic Parts

• BS ISO 17561-2016 = ISO 17561-2002  : Fine ceramics (advanced ceramics, advanced 
technical ceramics) — Test method for elastic moduli of monolithic ceramics at room 
temperature by sonic resonance

• NF EN 23312-1993 : Matériaux métalliques frittés et métaux-durs - Détermination du 
module de Young
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