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Evaluation of Young's Modulus in Mechanical Material using an AE-Sensor
 
 

Satoru IZAWA
 
 

The bending test is a method for measuring Young's modulus for a mechanical material. However, 
disadvantages of the bending test are that it is a major undertaking requiring an elaborate test device, and that it 
requires complicated calculations to determine Young's modulus. In this study, we use the AE-sensors used in the 
AE measurement, measures the speed of the longitudinal elastic stress wave to calculate the Young's modulus. Using 
an AE-sensor allows simple measurements of Young's modulus in any location. Since the size of specimens and the 
type of material they are composed of need not be specified, this method is suitable for field measurements. 
However, it is difficult to eliminate subtle sources of error that affect elastic waves in specimens, such as the sensor 
weight.
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Fig.1 Schematic of Bend test.
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Fig.2 Schematic diagram of apparatus used in 
AE-Sensor method.
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Table1 Specification table of the AE sensor. 

Sensor 
name

Size
(mm)

5esonant 
frequency

Measure
ment 
range

AE-901S Ǘ12ð40 140kHz 500kHz
56S Ǘ19ð22 55kHz 100kHz
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Table2 Specification table of the specimen.

Material�
Cross-sectional 

shape(mm)
Density
(kg�m3)

Steel 6ð32 7861
Acrylic 10ð10 1184

Al 5ð25 2686
TPC Ǘ80 8912

Free-cutting 
brass

Ǘ80 8450

Naval brass Ǘ80 8393
Nickel silver Ǘ60 8761
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Fig.3 Example of the elastic stress wave detected in 
AE-Sensor.
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Table3 Experimental results by AE-Sensor.

Material
Length of 
specimen 

(mm)

E
(GPa)

Standard 
deviation

(GPa)

Steel 400.1
204.2 4.27(2.09%)
210.8 Bending test

Acrylic
100.20 3.21 0.128(3.97%)
79.38 2.99 0.563(18.9%)

Al
149.56 66.3 0.154(0.232%)
100.75 65.8 0.311(0.472%)
49.30 64.2 0.190(0.296%)

TPC 302.0 120.6 0.219(0.182%)
Free-cutting

brass
301.4 91.5 0.235(0.257%)

Naval 
brass

301.1 100.8 0.263(0.260%)

Nickel 
silver

301.2 136.0 0.991(0.729%)

�

�

Fig.4 Waveform examples of the Aluminum and. 
Acrylic
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