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Simplified instrumentation for ultrasonic measurements to generate and detect
ultrasonic pulses in liquids and solids is described. High frequency pulse generator
is assembled using integrated circuits (74LS00, 74LS90, 74L.S93, 4093, 74121 and
7407), which generates variable frequencies (0.625, 1, 1.25, 2.5, 5 and 10 MHz),
having pulse width 2 microseconds to 60 microseconds. The wideband receiver is
developed using radio frequency amplifier (IC CA3028), zero-cross detector
(LM393), and buffer amplifier (AD 826). The gain and bandwidth of the receiver
are 50 dB and 15 MHz respectively. Transit time measurement has been taken on
personal computer using analog to digital converter card. The system is found
suitable, accurate and versatile for wultrasonic velocity and attenuation
measurements.

INTRODUCTION

There has been an increasing application of ultrasonic velocity measurements for non-
destructive characterization of materials. Ultrasonic velocity measurements are useful for
determining several important material parameters like moduli, poison’s ratio, residual
stresses, texture, porosity and characterization of secondary phases in microstructure, etc. [1],
[2] and [3]. In order to study the small and important variations, high-resolution techniques
for ultrasonic velocity measurements are necessary.

Recently various pulse methods have used for velocity measurements. It is possible to
measure the time, which a pulse requires to travel forth and back. The electronic time mark on
an oscilloscope can be used for time measurement. The precision of this method is few parts
per thousandth. To measure absorption coefficient, a crystal receives the waves reflected by
the reflector, which usually is the same as source. On an oscilloscope it is then possible to see
a series of echoes due to the traveling back and forth of the wave packet whose distance on
the calibrated time axis is proportional to the distance between source and reflector. Moving
the reflector, the echoes changes their position and size on the oscilloscope screen and this
allows determination of absorption coefficient [4].

A number of approaches are available for the measurement of ultrasonic velocity and
attenuation in materials. Some of the standard techniques for the measurement of ultrasonic
velocity are: sing-around, pulse-echo, interferometer, and diffraction techniques. The sing-
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around technique is accurate for measurements of ultrasonic velocity. This can be described
by Beyer et al. [5], Satyabala et al. [6] and Soitkar et al. [7].

The ultrasonic pulse-echo-overlap technique is widely used, as it is accurate and versatile.
This method is efficient in measuring velocity only when the two echoes have similar
features. In the case of strong dispersive materials, this method fails to give unambiguous
results. This problem can be overcome by adopting “phase slope” method in which echoes are
analyzed in frequency domain. In this method, the whole ultrasonic pulse is taken into account
instead of only one point (peak amplitude, zero crossing etc.). Though this method is found to
be better than the “pulse-echoes-overlap” method, it yields poor results when the signal to
noise ratio of the echoes is low such, as is the case with composite materials, coarse grained
and dispersive materials [2].

Popadakis [8], Chung et al. [9] and Hellier et al. [10] have presented the circuits of pulse-
echo-overlap techniques. This pulse-echoes technique is used by Aggarwal et al. [11] and
Suc-Kyoung et al. [12] for ultrasonic measurements. Recently several new pulse techniques,
with externally high degree of precision have been developed for ultrasonic studies. More
advanced technique for ultrasonic measurements was reviewed by Dignum [13], Canxia Kan
et al. [14], and Dixon et al. [15]. A solid-state pulser-receiver system for ultrasonic velocity
measurements at fixed frequency using digital circuitry has been developed by Agnihotri et al.
[4]. A solid-state variable frequency pulser-receiver system has been developed by Yawale et
al. [16].

The current work applies the approach of Yawale et al. [16] with modification in pulser
and receiver design for precise velocity and attenuation measurements. The transmitting and
received pulse is displayed on personal computer using ADC card. The system has been
developed using concept of virtual instrumentation and found suitable, accurate and versatile
for ultrasonic velocity and attenuation measurements.

1. INSTRUMENTATION

The block diagram of pulse sender-receiver system is shown in figure 1. The high
frequency pulse generator generates sharp radio frequency pulses of various frequencies
(0.625, 1, 1.125, 2.5, 5 and 10 MHz) having pulse width 2 to 60 ps. The repetition rate of the
pulses is 1 KHz. This high frequency pulse is fed to the ultrasonic transducer (Tx) having
resonant frequency 2.5 MHz and 25.4 mm diameter. The matched pair of quartz transducers
completely sealed (supplied by electrosonic industries, New Delhi) was used for ultrasonic
pulse generation and detection. The receiver-transducer (Rx), which is at the other end of the
sample, converts the received ultrasonic pulse into an electrical signal. This signal is fed to an
amplifier and then detected. This detected pulse is used to reset the RS flip-flop and sender
pulse is used to set the RS flip-flop. Hence the width of the pulse at the output of RS flip-flop
gives the time required to reach the pulse at the receiver-transducer (Rx). The transmitting and
received pulse is displayed on PC using ADC card.
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Figure 1. Block diagram of pulse sender-receiver system

1.1.  Pulse generator

Figure 2 shows the circuit diagram of high frequency pulse generator. Using integrated
circuit 74L.S00 and a 10 MHz quartz crystal, assembles a crystal oscillator circuit. Frequency
division is achieved by 74LS90 and 74LS93. 1 KHz clock pulse is generated using Schmitt
trigger NAND gate (4093), whose width is controlled by 74121 (monostable multivibrator).
The pulse width can be varied from 2 to 60 ps with the help of potentiometer of 1 MQ and
capacitor 100 pF between pin 11 and 10 of 74121. The output of 74121 and various frequency
signals are applied to the AND gate. The resulting pulse is then fed to 7407 (Hex buffer) with
pull up resistor and 20 V supply. The amplitude of output pulse uses 10 V peak to peak;
which is given to sender transducer (Tx). The resulting waveforms are shown in figure 5.
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Figure 2. Circuit diagram of high frequency pulse generator
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1.2.  Receiver

The circuit diagram of wideband receiver is shown in figure 3. An amplifier consists of
single stage, which is assembled by using transistor Q1 and Q2 (BF195). The output of single
stage amplifier is again amplified with the help of another amplifier using IC CA3028 in
cascade mode. The overall characteristics of amplifier are as: gain is 50 dB, bandwidth is
15 MHz, input impedance is 10.5 kQ and low noise. The stability of IC 3028 amplifier is
much higher because of small reverse feedback [17]. After the detection of signal through LM
393 (wide band zero cross detector), the detected signal is fed to unity gain buffer, designed
using high speed, low power operational amplifier AD 826. The characteristics of AD 826 are
50 MHz unity gain bandwidth, 350 V/us slew rate, 70 ns-settling time to 0.01% and 2.0 mV
max input offset voltage. This detected signal is then given to reset input of RS flip-flop,
while the output of IC 74121 of RF pulse generator is used to set the flip-flop. Therefore a
single pulse is obtained at the output, whose width is the time taken by the pulse to travel
through the sample.
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Figure 3. Circuit diagram of receiver
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2. MEASUREMENT TECHNIQUE

For the measurement of velocity and attenuation, the sender transducer is firmly fixed at
one end of the measuring cell, while receiving transducer is fixed to movable scale (Griffin
and Tatlock Ltd. London, maker) having least count 0.0001 cm.

— Figure 4.
Liquid sample <
Measuring 7 Transducer (Rx) Probe layout of liquid sample
cell ——4 //:/; ﬁ,i/ len=3cm.
— m 0.6cm
‘;r Intermediate layer
Transducer (Tx) — ¢ Pyrex glass)

The liquid sample was contained in a measurement cell as shown in figure 4. A glass bottle
of suitable size was cut to form a measuring cell. The bottle was fixed with adhesive araldite
in an inner space of double walled chamber which was made up of thick galvanized sheet.
Water circulation arrangement was made through thermostat. Dimensions of double walled
chamber are as: height of doubled walled chamber 6.5 inches, outer diameter 5.5 inches, inner
diameter 3.25 inches, height of glass bottle 7.5 inches. The double walled chamber was
provided with inlet and outlet for constant temperature water circulation. The lower surface
of cell (glass bottle) and double walled chamber were in the same plane. The double walled
chamber was kept on disc to which sender transducer was fixed. Applying silicone grease
made the contact of sender transducer and measuring cell. The lower surface of measuring cell
acted as acoustic window through which ultrasonic waves could enter in the measuring cell.
The clamps ware provided between double walled chamber and disc to avoid movement of
doubled walled chamber and hence of measuring cell during the ultrasonic measurements.

Knowing the distance and transit time, ultrasonic velocity can be computed. The
transmitting and received pulse is displayed on PC using ADC card.

3. RESULTS AND DISCUSSION

The system is checked by measuring the ultrasonic velocity and attenuation in distilled
water, some organic liquids and solids at 5 MHz frequencies and at 25°C temperature.
Experimentally, the attenuation in each sample is based on two measurements; one
measurement is done without the sample to determine the energy emitted by the transducer,
and one is done with the sample present. The signals obtained at different stages of fig. 2 are
shown in fig. 5.

Figures 5 and 7 show the received signals without sample and with sample for distilled
water and benzene. The distance between transmitting transducer (Tx) and receiving
transducer (Rx) is 3 cm. Table 1 shows the comparison between the literature values and
measured values of ultrasonic velocity and attenuation for the liquid and solid samples.
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The stability, accuracy and sensitivity of the system can be seen from the table 1, It is
observed that the experimental values of ultrasonic velocity and attenuation at 5 MHz are
found to be in good agreement with literature values. All the measured values are within
0.01 % accuracy. We have used this system for the measurement of ultrasonic velocity and
attenuation in different environment conditions, such as change in temperature up to 45°C
(keeping the temperature of liquid constant), humidity etc; but no change in velocity is
observed. This shows that the system is less susceptible to the temperature changes and hence
it is stable. Thus the system shows good performance.

L.a

) AR A AR AR AR A R AN AR AR AR AR ARARAD:
e oy Y ATy

-5.8u S .Bus

(a) 2.8us
5.8y

A AR AR AL AR AR AL AR AR A AR ARRARRA R AN O
D R

-5.8u {b) Sus 18us
s.evy L ______ -
. 1

1 |

. 1

oy '
s {c) Sus 18us

28v ————————“ ————————————————————————————————————— )
1

1

ds (d} Sus 18us
Time ——

Figure 5. (a) Signal at the output of U1B (10MHz), (b) Signal at pin No.12 of U4 (7493)
(5MHz), (c) 2 ps pulse at pin No. 6 of U5 (74121), (d) Signal at pin No. 2 of U6 (SMHz)

BBOMY - o oo r BBAU - -
1 |
[ I 1 : |
Pulse height J\WWWWL : : %
I. | 1 |
1 1
~408nU +- -~~~ Mmmmmmmmmm oo i -400mY+------ e .
Bus 2Us 18us 208us 25us
Time Time

Figure 6. Received signal without sample (a) and with sample (b) (distilled water)
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Figure 7. Received signal without sample (a) and with sample (b) (benzene)
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Table 1. Ultrasonic velocity and attenuation at 25°C for 5 MHz frequency

Liquid
Velocity ( m/s) Attenuation (oc/fz) 10" s*/m
S. No. Sample

Experimental | Literature value Experimental | Literature value

1 Ethanol 1207.641 1207 [30 ] 49.305 48.5 [30]
2 Methanol 1103.354 1103 [30 ] 31.937 30.2 [30], [19]

538 [30],

3 Carbon 930.411 930 [30] 539.102 30]

tetrachloride 545 18]
4 Acetone 1174.516 1174 [29] 54.680 54 129], 30 [20]

Benzene 1310.043 1310 [30] 873.277 873 [30]

6 Distilled 1497.005 1497 [30] 23.252 22 [30]

water
Solids
Velocity ( m/s) Attenuation (dB/cm)
S. No. Sample .

Experimental | Literature value Experimental | Literature value

7 Polyethylene 2560.834 2561.20 [16] 28.40 26.5 [30]

8 Teflon 1400.110 1400.31 [16] 4.20 3.9 [30]
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