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and Internal Friction Measurements

The Young’s modulus, shear modulus, and Poisson’s ratio of solid materials are among the most fundamental physical parameters
for designing and analyzing structures. Accurate measurement of these values allows precise prediction of elastic deformation,
optimization of strength design, and evaluation of vibration characteristics. Furthermore, evaluating internal friction provides
analysis of energy dissipation and damping characteristics within the material, enabling studies of vibration-damping
performance that consider solute elements and material defects.

Resonant testing is a representative method for measuring the elastic modulus of solid materials with high accuracy.
In this method, the specimen is excited in a specific vibration mode, and its natural frequency (resonant frequency) is measured.
The elastic modulus is then calculated using a formula that relates the specimen geometry, density, and resonant frequency.
Because this method is nondestructive and provides highly accurate and reproducible test results, it is widely used in research
and development as well as in quality control.

At the Osaka Factory of Kobe Material Testing Laboratory Co., Ltd., we provide contract testing services for Young’s modulus,
shear modulus, Poisson’s ratio, and internal friction over a wide temperature range, and we also offer dedicated

measuring equipment for these tests. This leaflet introduces the principles of these technologies and how they can be utilized.

»)») Basic Principles of Resonance

Resonance is a phenomenon in which the amplitude of an object increases when a periodic external force is applied and the frequency at
that force matches the natural frequency of the object. Making use of this resonance phenomenon, the resonant frequency, at which the
amplitude reaches its maximum, is identified by sweeping the driving frequency while measuring the amplitude.
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7)) Free Resonance Method for Elastic Modulus Measurement

Vibration is applied to the specimen to induce resonance, and the resonant frequency is measured. Since both ends of the specimen are
free to vibrate in this case, this method is referred to as the free resonance method. To determine Young’s modulus, the first bending mode
resonant frequency is used, whereas the first torsional mode resonant frequency is used to determine shear modulus.

Using the obtained resonant frequency together with the specimen’s mass, dimensions, and density, the dynamic Young’s modulus and
dynamic shear modulus are calculated. These calculations are based on the assumption that the material is homogeneous and isotropic.
Once Young’s modulus and shear modulus are determined, Poisson’s ratio can also be calculated under this assumption.

Young'’s modulus £ measurement Measuring equipment JE

Model 1G

Detection sensor
Standard specimen size (mm) 2x10x60

U
Measurement method | Free resonance method (free—free)
Driving method Electrostatic excitation

Drive electrode

Detection method Vibration sound
Calculation of Poisson’s ratio v Frequency range (Hz) 600~20,000
v=E/(2G)-1 JE -80~800

Detection sensor

Internal friction Available

Shear modulus G measurement Temperature range (°C) G RT-200

Applicable materials | Metallic, ceramic and polymer materials

Reference standard ASTM E1875

Drive electrode




7)) Cantilever Resonance Method for Elastic Modulus Measurement

In general, as temperature increases, it becomes more difficult to induce resonance in solid materials. For materials that are difficult to
bring into resonance under such conditions, the cantilever-type resonance method is effective. In this method, one end of a plate-shaped
specimen is clamped, the free end is deflected to apply bending or torsional vibration, and the resonant frequency is determined.

With our EG series, the first bending and torsional resonant frequencies can be obtained over a wide temperature range
with a single specimen clamping, enabling the determination of Young’s modulus, shear modulus, and Poisson’s ratio.

Measuring equipment Model EG

Clamped end Standard specimen size (mm) 2x10x60

Measurement method | Free resonance method (clamped—free)

Driving method Lorentz force
Test Specimen
Detection method Displacement sensor
Calculation of Poisson’s ratio v Frequency range (Hz) 10~100

Shear -
-— v =E/(Q2G)-1
/2G) EG-HT | RT~1200 (typically up to 1000°C)
Temperature range (°C)
EG-LT -180~RT
modulus £ Internal friction Available

Eddy current displacement sensor

Applicable materials | Metallic, ceramic and polymer materials

) Engineering Significance of Internal Friction(Q)

Internal friction measurement via the resonance method is an important technique that enables non-destructive evaluation of defects and

structural changes inside materials.
Internal friction represents the loss of vibrational energy as it is converted into heat, reflecting microscopic behaviors inside materials, such as

dislocation motion, atomic diffusion, and grain-boundary sliding. Therefore, it provides insight into crystal defects, solute elements,
heat-treatment history, and internal stress states, greatly contributing to assessing material integrity and enhancing material reliability.
We recommend performing the internal friction measurement using the free resonance method, which minimizes the influence of external friction.
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The Osaka Factory of Kobe Material Testing Laboratory Co., Ltd. is conveniently located,
about a 15-minute walk from Shin-Osaka Station.

We welcome tours of our factory facilities and measuring equipment,

and are available for technical consultations and meetings.
Please feel free to stop by when you are in the Osaka area.

https://en.kmtl.co.jp/ r

+81-79-435-5010
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