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Abstract
Ultrasonic measurements of a material provide vital information on the integrity of the material and also are further helpful in calculating
mechanical properties. In this paper, an effort is made to initially estimate longitudinal and transverse velocities and optimize the frequencies
for obtaining Young’s modulus of elasticity. A sample of solution treated super alloy SU 718 has been chosen for the above experiment. Values
of longitudinal velocity were obtained at different frequencies. Transverse velocity was obtained from a shear wave probe. Young’s modulus
of elasticity was calculated for each normal beam probe by taking the literary value of material density. Standard deviation of Young’s modulus
was calculated for each probe. The experimental values obtained using the above method was found to be in close approximation with
theoretical predictions.
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2. Experimental Details

2.1 Material

Samples were machined from the bar stock of SU-718 in
Solution treated condition of sizes 35mm X 45mm with a
thickness of 15mm and ground to achieve surface finish of
0.2µm. Flatness and parallelism between all machine faces
were maintained within ± 0.5µm. Ultrasonic measurements
were carried out on  the sample.

Ultrasonic Measurements

Ultrasonic velocity measurements were carried out at
room temperature using conventional defect detection
equipment with PC based data acquisition and relevant
software. The schematic setup for ultrasonic measurement is
shown in Fig. 2a. The accuracy of measurement for time of
flight was <10ns from peak to peak.

Thickness of the sample was obtained by a calibrated
digital height gauge within an accuracy of ± 0.0001mm. Bulk

1. Introduction

The use of ultrasonic measurement methods and their
capabilities have been extensively discussed in our earlier
paper (1). It is possible to calculate the elastic properties of
a material by simple measurements of ultrasonic velocities in
various modes of propagation. This eliminates the
cumbersome process of specimen preparation, expensive
equipment for carrying out various tests, time taken for
testing etc.  However, it is absolutely essential to optimize
the different ultrasonic variables and establish the reliability
of the results obtained from ultrasonic methods. Statistical
techniques prove very useful to measure variation in the
results obtained and optimize the same for a particular
material. These techniques help in minimization of variation
in results obtained and reduction of erroneous values as
shown in Fig. 1.

Synergy of these techniques with ultrasonic material
characterization methods will help to establish ultrasonic
parameters for obtaining repeatable results and can be
adopted for product realization process.

Fig. 1 : Variation before and after usage of statistical techniques Fig. 2 : (a) Schematic setup for ultrasonic measurement
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Fig. 2 : (b) Longitudinal velocity measurement with 10MHz normal beam probe

Y = ρ x VT
2 x (3VL

2 – 4VT
2) / (VL

2 – VT
2) (1)

Figure 3 shows the various values of Young’s modulus
of elasticity obtained by using probes of different
frequencies. The trend is shown by red colour.

The results indicate that there is a decrease in values
obtained at increased probe frequencies and the value almost
stabilized between 10MHz and 20MHz. The variation in the
Young’s modulus using different probes was found to be
negligible.

3.2 Calculation of standard deviation and probability density
function

Mean value of Young’s modulus was obtained. Standard
deviation was calculated from the formula

σ = √(Σ(Y – Y^2) / (n-1)) (2)

Where Y = Individual values of Young’s modulus at
different frequencies

Y^ = Mean value of Young’s modulus
n = Number of samples
σ = Standard deviation

velocities were deduced by dividing the sample thickness by
Time-of-Flight between first and second back wall echoes
with a normal beam probe of frequency of 2.25MHz. The
reproducibility of measurements was within ±1m/s. Velocity
values were obtained at four different locations on the sample
and the average velocity was calculated. The experiment was
repeated with normal beam probes of frequencies 2.25MHz,
5MHz, 10MHz and 20MHz and in each case the average
velocity was calculated. Subsequently, shear wave velocity
was obtained from a Y-cut crystal probe of frequency 5 MHz.
Sample measurement of longitudinal and transverse velocities
in the ultrasonic equipment after appropriate calibration is
shown in Fig. 2b and Fig. 2c respectively.

3. Results and discussion

3.1 Calculation of Young’s modulus of elasticity

Density (ρ) of Su-718 was taken as 8.230 gm/cc3 (2).
Young’s modulus of elasticity (Y) was calculated using

the standard formula
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Fig. 2 : (c) Transverse velocity measurement with 5MHz Y-cut crystal probe

Fig. 3 : Relation between Frequency and Young’s modulus of
elasticity

Probability density function was further calculated for
both longitudinal velocity and Young’s modulus of elasticity
by the formula

f(x) = [1/σ√(2p)][e-0.5[(Y – Y^)/s]^2] (3)

This function is bell-shaped that covers many natural
phenomena and is applicable when there is a concentration
of observations around the mean and will occur above and
below the average. The theoretical trend is plotted as second
order polynomial function from the formula

ρV2 ≅  Y + Cε (4)

Where C = constant
ε = Elastic Strain
V = Longitudinal or Transverse velocity

Figure 4 and 5 shows the experimental and theoretical
trend of probability density function for both longitudinal
velocity and Young’s modulus of elasticity respectively.
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4. Conclusion

The results obtained using ultrasonic velocity
measurements clearly indicated that they are closely matching
with the theoretical prediction of Young’s modulus of
elasticity. Therefore, the technique can be used to predict
Young’s modulus of a material by non-destructive testing.
The method can also be used to predict minimum Young’s
modulus (minimum value of the normal distribution) of the
material.
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Fig. 4 : Probability density function for longitudinal velocity

Fig. 5 : Probability density function for Young’s Modulus

From Fig. 5 it can be inferred that three out of four
calculated are within one standard deviation i.e. within 68%
around the average value. There is negligible deviation
between actual and predicted values.


