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ABSTRACT
This research project presents the system development for measuring dry rubber content
in latex using ultrasonic wave. The proposed system consists of the pulse generator, voltage
amplifier, detector circuit, voltage comparator, timing circuit, saw-tooth generator, and sample-
aﬁd-hold circuit. The rubber content in latex can be determined from the output voltage obtained
from the proposed system. Experimental results from measuring the latex with different

concentrations show that the dry rubber content can achieved.
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{ 1 { 1 =} N .
1NUN 2.4 15T W50MIAINNUD(Frequency), AIANUTI(Veiocity) HAZAIINGT

Ad(wavelength)yesndudans aiin lddaaun1sn(.1) feaunsi (2.3)

f£= 1T 2.1)
A\ =c/f (2.2)
A =c*T (2.3)

ANUYINAY

E

o

>
Il

d P o
ANMIveInauluiag

c —3
f = A0
T = uan

1 o y o a 4 "
TasmaNu5vesnaudans 1 lein lunyuvesndumueI(Longitudinal wave) 1oy

AAUAINYNA(Shear wave) ANIOLAAS IARIAITI9N 2.1

Table 1
Acoustic Properties of Materials
; Longitudinal Shear Acoustic
apecial Velocity Velocity _Impedance

(ivus)*  (mfs)  (in/us)* (m/s)  (Kg/m?s x 10°)
Acrylic resin {Perspex®) ,%W 2730 | 0056 1,430 AR
_ 09

Aluminum - L@ 0.123 3,130 06
Beryllum 0508 12900 0350 8880 = 235"
Brass, naval 04 440 0083 2120
Cadmium ;‘0& 2780 0059 1,500
Columbium (0464 4920 0083 2,100
Copper T 0183 4860 0089 | 2230
Glycerine 0076 1820 - —
Gold e % 0047 1,200
Inconet® 029 | 5B0 . 0119 3020
ron 0232 . 5800 0127 3,230
Iron, cast : >y b Y
(slow) 0438 35000 0087 2200 25,00
(tast) 020 g% T 0126 3220 40.00
Lead 0.085 21600 0028 700 2449
Manganese 0.183 4660 0.093 2,350 3444
Mercury 0.057 1,450 - —- 1966
Molybdenum 0.246 6250 0.132 3,350 83.75
Motor Oil (SAE 20 or 30) 0,069 1,740 — - 151
Nickel, pure 0.222 5,630 0.117 2,950 40.99°
Platinum 0.156 3,960 0.066 1,670 8474
Polyamide, (nylon, Perlon®)
{slow) 0.087 2200 0043 1,100 40
(fast) 0102 2600 0.047 1,200 310
Polystyrene 0.092 2340 — — 247
Polyvinylchloride, PVC, hard 0,004 2,395 0.042 1,060 335
Silver 0142 3500 0.063 1,590 31.76
Stael, 1020 0232 5890 0.128 3,240 45.63
Steel, 4340 10.230 5,850 0128 3,240 4563
Steel, 302 0.223 5660 0123 3,120 45.45
austenitic stainless Steel, 347 0,226 5740 012 3,090 45.40
austenitic stainless Tin 0.131 3320 0.066 1,670 2420
Titanium, Ti 1504 - 0.240 6,100 0123 3120 27.69
Tungsten 0.204 5,180 0.113 2,870 99.72
Uranium 0.133 3370 0.078 1,980 63.02
Water (20°C) 0.058 1,480 — — 1.48
Zinc 0164 4,170 0095 2410 2061
Zirconium 0.183 4,650 0089 2,250 30.13

* Conversion Factor: | mé =3.937 x 10 in/pS
Source: Nondestructive Testing Handbook 2ad Edition Volume 7
Ulteasonic Testing ASNT 1991 ed Paul Mcintire

q’ ' < $ o A : :
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2.1.3 Suuauduoados(Acoustic impedance) du1l5zANTATS AT REUREAectivity)
wazdutlseAninsaanen( Atenuation)
manuduRusvesduRuaudveuiosluiaguzulsfunssfuannusvea
o luaquazammivvesTagfinaieiaunsii (2.4)

Z= e | 2.4)

P 1 a a 4 o
(PX)3] Z = ATOUNLAULBUDIUTYY
o A A %
c= ﬂ']'lilli'.]‘ll@ﬂﬂﬁulﬂﬂﬂtlu'lﬁﬂ

P = MANUNUUUNYBITT

" a a 4 v Y] [ 4 4 i
TagandunuaugvsudosluunazainalsrziinanonismasuivoInamdesnin
Q é @ Qs & & d‘ d‘ o o = [} - =y r.ﬂ'd 1T a =
mnaaniia luddndinatmite saluvaeindudans ladn@uiuidgdesrianiia1aun
'3 ] o a [ [
Llﬂucﬁﬂlﬂdla’ﬂdllﬂﬂﬂ’lﬂﬂuilzl,ﬂﬂmiﬁzﬁlﬂu(l{eﬂected wave)LLﬁxmiﬂﬂ‘mu(Transmitted wave)

yondusans luiln o geafidoudenussnednanaerianuaaslugli 2.5

it INCIDENT

NN WAVE

N

o REFLECTED
Medium A WHE

Z

1 a

§ 4 o a A 1 [y a { a o J Y
571 2.5 adudans lednAuiuiagaerianimouniaudyeudeunna1eny

1n3U7 2.5 aunsefuamaduilsednimsaziou(Reflection co-efficient: R)
Qs a o ] .. . o 4 o a 4 4
uaz Nl se ANTAS a9M1(Transmission co-efficient : T) WAINHUDIAAUDAAT1 Tariiniionay
p .

WunerudIna1eil illaduRuaudueudouiiiy z, Tfadinaraiiz AfiarduRuaud

youdoumiy z, 1dnnaunsi (2.5) uag (2.6)

R=(Z,ZYNZ+Z,) - (2.5)
T = 4*Z *Z/Z+Z,)’ (2.6)
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= - o PR @ o =
INANUANITIN (2.5) UASTUMIN (2.6) Fennsannasunaeiu luddinaisi 2

Tdaqrumsa (2.7)

Energy transferred in the medium of propagation (dB) = 20 log, 4*Zl"‘Zzl(Zi+Z2)2 Q.7

L%

9 [ 1 [
wenvnildsamnsadnamamdsiazfoundulidsdanaten 1 Tdnnaumsi 2.8)
Energy reflection in the medium of propagation (dB) = 20 log,, (Z,-Z,)/Z,+Z,)’  (2.8)

2.2 madalumsIadmiunaudanilailn
dmsumadanldlumsiadmiundudans Tninfidonldna e dieg 2350

1. maidamsialasldnmsama

s

=Y s @ o L4
2. matanmsdalasldmsiasuauiad

L

=3 v ad a 9 dy
Taeswazdoa luunaziFanninesuie ldaail

22.1 matiamdalasldnmisdamla
9
o~ [-1

dmSumaiiatiss lgnanmslaavesdyaianaudans lailnndeeonli)

nndddwasdyanuadudans lvidnf ldsunndadasy Taodautlsznenvesisasdes

o [y a dy 3 o [~ =
dmsumailalicnsouaasldaudon leazunsulugili 2.6

TRANSMITTER < 5% RECEIVER
Vg N Va
OSCILLATOR {[ ----- AN AMPLIFIER
PHASE
| DETECTOR [
Vo

Ve N,
COMPARATOR 1 COUNTER

= d a [y 5 @
1% 2.6 uden laszunsuveunailanisia lagldms Tama
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o Qs

1ngUh 2.6 15198 1¥n15 TRTTeEN19TE NI e Transmitter) 1aZA I3 U(Receiver) 7

L3

1 * ¥
ldefurendnmaiinulugli 2.6 Tasmshamesiiudud 1993t uiladaya el (Oscillator)

g g

a o s

wadndyauve) Wediliduisaas leidndiddddduiladyyrudansilvinesn
v [

adudans Triiniidsoenuazindouiikiudnaseind, 1 uiedagaegisze:r X 1y
. b .
nsznuragans ladndrfui Ifinadyaia i durn dfygraildizgrueslae
9
ar 1 o 'S [ o
21995V (Amplifier circuit) IdTivinalngidiv dygraueivyn (va) avgnaalyds
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E
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Qs o w
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o Vpp = ussAufin-y-in (Vpeak-to-peak)

dunlinus iy v, Aeanlszq Idhuesiufulssg Idfhmsdaeainang 1w
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S=I/C (3.15)
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2 CHANNEL
GAIN ERROR +/-2LSB
ANALOG INPUT RANGE -0.05 V TO +5.05 V
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Ultrasonic Sensor)
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M31971 3.2 gauaniianidans1 letinye w5 Hn FUN&CO . (Piezo Science) 314 FUS-110A

Nominal Frequency 110 KHz.
T/R Sensitivity -54 dB ﬁ 40 cm.
Max. Input Voltage 80 V.
Electrostatic Capacity 600 pF.
Irradiation Directivity 7 Degree
Dimension @ 37 mm. 141 17.2 mm.
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Wataru Mitsuhashi (UEC), Worapong Tangsrirat (KMITL)

An Novel Optimal Zero Correlation Zone Sequence
Set and Its Application to Ultrasonic Imaging

*Takafumi Hayashi (Univ. of Aizu).
Yuichi Takahashi (Univ. of Aizu).
Shigeru Kanemoto (Univ. of Aizu)

The present paper introduces the construction of sequences
having a zero-correlation zone. The proposed sequence set can
be generated from an arbitrary perfect sequence of length k(2n-1)
for k > 0 and n > 0.The proposed zero-correlation zone sequence
setsatisfies the theoretical bound ofthe sequence member size for
the zero-correlation zone and the sequenceperiod (an optimal zero-
correlation zone sequence set)The proposed sequence set is applied
for a syntheticaperture ultrasonic imaging.The proposed sequence
set issuitable for real-time synthetic aperture ultrasonic imaging.

A Voltage Current Controlled Oscillator Using
QTAs and RS Flip Flop

Sawai Pongswatd (KMITL), ‘Amphawan Julsereewong (KMITL),
Kitti Tirasesth (KMITL), Hirofumi Sasaki (Tokai Univ.),
Yan Shi (Tokai Univ.)

This paper presents an electronic oscillator specially designed to
be controlled in oscillation frequency by the control voltage and
external bias current signals. The realization technique is simple and
inexpensive based on the use of commercial available devices. The
proposed circuit consists of operational transconductance amplifiers
(OTAs) and an RS Flip Flop to generate tunable sawtooth and
square waves. Experimental results verifying the performances of the
proposed circuit are in close agreement with the expected values. An
application example showing the usefulness of the proposed voltage
controlled oscillator in phase-locked loop frequency synthesizer is
also introduced.

A Novel Resolver to DC Converter Based
on OTA Based Inverse Sine Function Circuit

*Anucha Kaewpoonsuk (Naresuan Univ.),
Wandee Petchmaneelumka (KMITL), Apinai Rerkratn (KMITL), Sirichai
Tammaruckwattana (KMITL), Vanchai Riewryja (KMITL)

A new technique for realizing the resolver-to-OC converter using the
OTA-based inverse-sine function circuit is presented. The proposed
converter comprises the demodulator, absolute detector, minimum
detector, unity-gain amplifier, controlled signal logic circuit, and OTA-
based inverse-sine function circuit. The output voltage is linearly
proportional to the resolver angle with maximum absolute error of
about 0.195%, which is less than the error from the conventional
resolver-to-DC converter based on the similar OTA-based inverse-
sine function circuit. PSPICE simulation and experimental resuits
verifying the performances of the proposed circuit are in close
agreement with the expected values.

OTA Based Electronically Adjustable
Floating Positive Negative Resistor

“Wandee F ka (KMITL), Th i Kamsri (NECTEC).
Chaleampan Wangwiwatthana (KMITL). Vanchai Riewruja (KMITL)

This paper presents a method to realize an operational
transconductance amplifier (OTA) based adjustable floating resistor.
The magnitude of the resulting resistance can be electrically varied
by changing the external bias currents of OTAs. The proposed
resistor is based on an active network termed dual-output voltage-
to-current (DO-V/1) converter, which is the OTA-based voltage-to-
current converter with electronically variable property. The realization
method provides both a positive and a negative resistance using
the same scheme. The proposed design is attractive in the terms of
simple configuration and low cost. Experimental results showing the
circuit performance based on the use of the commercially available
OTAs are included.

A Voltage-Mode Gray-Code Algorithmic ADC

Somjai Arayawat (Rajamangala Univ. of Techn. Isan).

Uthan Thubtong (KMITL), Prasit Julsereewong (KMITL),
Vanchai Riewruja (KMITL), "Amphawan Julsereewong (KMITL)
This paper presents a design technique of a Gray-code algorithmic
analog-to-digital converter (ADC) operating in voltage mode. The
realization method is based on the use of commercial available
devices. The proposed converter comprises the operational
transconductance amplifiers (OTAs), diodes, resistors, and voltage
comparator to synthesize the triangular-like DC transfer characteristic
and digital output for one-bit cell ADC. An N-bit resolution can be
simply implemented by cascading the N proposed one-bit cells.
Experimental results verifying the circuit performances are agreed
with the theoretical values.

Ultrasonic Measuring Circuit Using
Sample and Hold Method

“Apinai Rerkratn (KMITL).
Sakolkrit Akejakrawan (Naresuan Univ.),
Anucha Kaewpoonsuk (Naresuan Univ.)

This paper presents the simple ultrasonic measuring circuit using
sample and hold method. The proposed method is to measure the
transit time of ultrasonic wave in fluid. The system consists of the
pulse generator circuit, amplifier circuits, band pass filter, detector
circuit, comparator circuit, timing circuit, saw-tooth generator
circuit, and sample and hold circuit. The voltage output signal of
the proposed technique is proportional to the transit time. The
sugar solution with differential concentrations was measured in our
experiment as an illustrative case study. Experimental results show
that the proposed method can measure the transition time of the
ultrasonic signal with satisfied sensitivity and good linearity.
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Ultrasonic Measuring Circuit Using Sample and Hold Method
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Abstract: This paper presents the simple ultrasonic measuring circuit using sample and hold method. The proposed
method is to measure the transit time of ultrasonic wave in fluid. The system consists of the pulse generator circuit,
amplifier circuits, band pass filter, detector circuit, comparator circuit, timing circuit, saw-tooth generator circuit, and
sample and hold circuit. The voltage output signal of the proposed technique is proportional to the transit time. The
sugar solution with differential concentrations was measured in our experiment as an illustrative case study.
Experimental results show that the proposed method can measure the transition time of the ultrasonic signal with

satisfied sensitivity and good linearity.

Keywords: Ultrasonic, Transit time, Sample and hold.

1. INTRODUCTION

Ultrasonic measurements have been widely used for
food characterization including measurements of the
concentration of simple solutions, density of liquid
component, emulsion droplet size, meat composition,
and temperature. Ultrasonic sensors are, in many
cases, ideal for on-line applications[1-4]. The speed of
sound in fluid depends on the density of fluid.
Therefore, the concentration of all diluted or mixed
substances can be measured by the ultrasonic
measurement. The measurement of the transit time of
the ultrasonic signal in fluid allows the determination
of the sound speed of sound in this fluid. There are
several techniques to measure the transit time of
ultrasonic signal such as phase evaluation measuring
method, pulse measuring method. and  frequency
multiplication . method  [1-2}. However,  theses
approaches have the complicated configurations. To
minimize the aumber of devices i transit time
measurement, the ultrasonic measunng circuit using
sample and hold method 1s presented in this paper. The
voltage output signal of the proposed technique is
proportional to the transit tine. The sugar solution
with differential concentrations was measured in our
experiment to confirm the performances of the
proposed technique.

Experimental results verify that the - proposed
method can be applied to measure the transition time
of the ultrasonic signal with good performances.

2. THE PROPOSED CIRCUIT

The proposed ultrasonic measuring circuit using
sample and hold method is shown in Fig. 1. The
system consists of the pulse generator circuit, two
amplifier circuits. band pass filter. detector circuit,
comparator circuit, timing circuit, sawtooth generator
circuit, and sample and hold circuit. The generated
pulses from the pulse generator are applied to the first
amplitier and sawtooth generator. The output signal of

the pulse generator is amplified by the first amplifier to
yield the pulse signal of 20 V peak amplitude. The
amplified signal is then applied to the ultrasonic
transmitter for generating the ultrasomic wave. The
time of propagation of the ultrasonic wave from the
transmitter - to  the receiver is varied by the
concentration of the tested solution. The receiver
output is amplified by the second amplifier to increase
the output level before sending to the band-pass filter.
The amplitude of the filter output is detected by using
the detector circuit to compare with the reference
voltage (Vieteence). The comparator output is supplied
to the timing circuit for generating two pulse signals.
One pulse signal is used to control the sample and hold
circuit {5]. Another pulse becomes the reset signal of
the saw-tooth generator. The sawtooth waveform is
sampled and thus transmitted to the output node (O'P).
The last value sampled is held until the sawtooth signal
is sampled again. Thus the output voltage 1s varied by
the sampling period, which is directly proportional to

the transit time

-615-

I Sawtooth

Voltage
Generator

Comparator

s-;.p.uu--dH Timing H

or
=

Fig. | Block diagram of proposed ultrasonic measuring
circuit using sample and hold method.
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3. CIRCUIT DESCRIPTION

From the proposed circuit as shown in Fig. 2. the
pulse generator circuit employs LMS555, €9013, and
[RF840 integrated circuits to generate the pulses to
drive the ultrasonic transmitter. The measured signals
from this circuit are illustrated in Fig. 3.

1

o~ g ahed™™
Fig. 3 Measured signals of the pulse generator circuit.

From Fig. 3, the upper trace shows the output signal
of the pulse generator circuit and the lower trace shows
the measured signal of the ultrasonic transmitter.

The output signal of the ultrasonic receiver as show
in Fig.4 was amplified by using two OP37 devices

Tolstop | - = A

i

Fig. 4 Output signal of the amplifier circuit.

Fig. 4 shows the measured results of the signals of
the amplifier circuit. The upper trace shows. the
sampling of the ultrasonic receiver output whereas the
lower trace shows the signal of the amplifier circuit.

From the proposed circuit ‘in Fig 2., the sample and
hold circuit based on LM555, CD4528. and €D4066
devices was employed for sampling the signal to output
node(O/P). The measured signals from the sample and
hold circuit are shown in Fig. 5

s100 | 5 4 -

- - L Cha 7

- ) Bt
Fig. 5 Measured signals the sample and hold circuit.

From Fig. 5, the upper trace shows the measured
signal of the sawtooth generator circuit, and the lower
trace shows sampling signal.

The output signal of the sample and hold circuit are
shown in Fig. 6.

s10p | e 3 4 I

Jian 2608
2134:23

o
Fig. 6 Output signal of the sample and hold circuit.

4. SENSOR USED IN THE EXPERIMENT

The vessel of the tested solution in Fig.7(b) 1s a
rectangular box connected with two ultrasonic sensors
as shown in Fig. 7(b) The dimensions of the vessel are
150 millimeters in length, 50 millimeters in width, and
50 millimeters in_height. In addition. the vessel was
made from plastic of 1 millimeter in thick. The plastic
vessel is preferred because it has low attenuation and its
internal reflection is lower than that of glass. Each
ultrasonic sensor is mounted on the periphery of the
vessel by using the of little honey. The ultrasonic
sensors used in this paper are the ultrasonic ceramic
transducers with the frequency of 100 kHz.

(a) Vessel of the tested solution.

(b) Ultrasonic sensors.

Fig. 7 Vessel and sensors for our experiment.
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S. EXPERIMENTAL RESULTS

The performances of the proposed method were
studied through the experiment by using the sugar
solution with differential concentrations. The procedure
for each measurement can be explained as follows.

(1) Prepare the solution with six difference
concentrations in 20 °C water, i.e. 0 g/ml, 0.1 g/ml, 0.2
g/ml, 0.3 g/ml, 0.4 g/ml, and 0.5 g'ml.

(2) Fill the solution in the vessel.

(3) Measure and record the transit time by using
the oscilloscope at the ultrasonic transmitter and
receiver.

(4) Measure and record the output voltage of the
sample and hold circuit.

The relations between the transit time and the sugar
concentration, the output voltage and the sugar
concentration, and the transit time and the output
voltage are shown in Fig. 8(a), 8(b), and 8(c),
respectively. It is evident that output voltage is directly
proportional to the transit time with linear relation.
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Fig. 8 Experimental results
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6. CONCLUSION

The ultrasonic measuring circuit using sample and
hold method has described in this paper. The proposed
technique is simple and expensive. Experimental results
show that the proposed technique can function correctly
and measure the transit time of ultrasonic signal with
good results.
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