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ABSTRACT

This thesis proposes the equations from equivalent circuits are obtained by the design of
the sensors for measuring the concentrate of chemical solution regarding to economy and
reliability reasons. The designed sensor consists of 2 parallel electrode plates (Stainless and
Copper types) that are coated with 4 mm. Nylon and fixed together by Resin with 2.5 and 5 mm
gap (0.18 and 0.36 times of the electrode width). The change of the solution capacity will be
compared with the electric circuit that is obtained from the Good Will standard R-L-C instrument,
model CTR, at the 100Hz — 2 kHz of frequency range. From the experiments, it was found that
the sensor designed for Ethyl Alcohol solution at 5% - 95% of concentrate with the 10% change

interval, at 23 °C of room temperature
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AANMTUTU(%) X (pF) S(x) U(pF)
95 151.60 14.587 13.048
85 166.0 4.0 3.5778
75 172.6 8.29 7.419
65 186.39 5.366 4.80
55 187.6 4.56 4.079
45 190.0 9.38 8.39
35 196.19 1.78 1.60
25 209.80 7.69 6.88
15 209.39 10.80 9.66
5 238.6 2.19 1.959

MINN 4.3 puanvazneanavesiiiadnihlszinnneweszezyig 2.5 wu. finud 100 Hz

AMANMTUTU(%) X (pF) S(x) U(pF)
95 167.96 8.034 7.18
85 179.32 6.45 5.772
75 178.51 6.39 5.72
65 187.425 2.72 2.44
55 187.63 3.42 3.06
45 192.29 3.28 2.93
35 192.68 6.69 5.988
25 194.62 4.337 3.88
15 195.15 2519 2.253
5 206.10 27.04 24.43
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MINN 4.4 AuUanvazNaDAveIiIadninlszimnauauRasZezYIe 2.5 WU, NN 100 Hz

M%) X (pF) S(x) U(pF)
95 173.819 6.358 5.687
85 180.62 2.124 1.899
75 195.14 3.106 2.77
65 195.94 2.56 2.29
55 196.58 1.42 1.27
45 203.79 5.631 5.036
35 212.22 3.077 2.752
25 23431 5.391 4.822
15 250.77 3.44 3.082

5 368.17 6.52 5.83
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/******************************t*************/

Program for calculated a.a,,a,.a, coefficients.
/*****************************************#**/
#include<stdio.h>

#include<math.h>

float Xi[10],Yi[10].sumXi,sumYi,sumXip2,sumYip2,sumXip3,sumYip3,sumXip4,sumYip4,
sumXip5,sumYip5,sumXip6,sumYip6,sumXip3Yi,sumXip2Yi,sumXiYi,a0[4],al1[4],a2[4],
a3[4],b[4],c0,cl,c2.c3;

int i;

void Enter data()
{
int j;
printf("Please enter number of all datas\n");
scanf("%d",&1);
printf("Please enter data sets,Xi and Yi\n");
for (j=1;j<=10;j++){
printf("\nData X%d is:"j);
scanf{"%f" &Xi[j-1]);
printf{"\nData Y%d is:"j);
scanf("%f".&Yi[j-1]);

void Sum()

{
int j;
sumXi=0;
sumYi=0;

sumXip2=0;
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sumYip2=0);

sumXip3=0;

sumYip3=0;

sumXip4=0;

sumYip4=0;

sumXip5=0;

sumYip5=0;

sumXip6=0;

sumYip6=0;

sumXiYi=0,sumXip2Yi=0,sumXip3Yi=0;

for (j=1;j<=10;++){
sumXi = sumXi+Xilj-1];
sumYi=sumYi+Yi[j-1];

sumXip2 = sumXip2+pow(Xi[j-1],2);

sumYip2 = sumYip2+pow(Yi[j-1],2);
sumXip3 = sumXip3+pow(Xi[j-1],3);
sumYip3 = sumYip3+pow(Yilj-1],3);
sumXip4 = sumXip4+pow(Xilj-1],4);
sumYip4 = sumYipd+pow(Yi[j-1].4);
sumXip5 = sumXip5+pow(Xi[j-1],5);
sumYip5 = sumYip5+pow(Yi[j-11.5);
sumXip6 = sumXip6+pow(Xi[j-1],6);
sumYip6 = sumYip6+pow(Yi[j-11.6);
sumXiYi = sumXiYit+(Xi[j-1]*Yilj-1]);
sumXip2Yi = sumXip2Yi+(pow(Xilj-1],2)*Yi[j-1]);
sumXip3Yi = sumXip3Yi+(pow(Xi[j-1],3)*Yi[j-1]);

void Gauss_elimination method()

{

int j;
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float a4[4];

a0[0]=i,a0[ 1 ]=sumXi,a0[2]=sumXip2,a0[3]=sumXip3;
al[0]=sumXi,al[1]=sumXip2,al[2]=sumXip3.al[3]=sumXip4;
a2[0]=sumXip2,a2[1]=sumXip3,a2[2|=sumXip4,a2[3]=sumXip5;
a3[0]=sumXip3.a3[1]=sumXip4,a3[2|=sumXip5,a3[3]=sumXip6;

b[0]=sumYib[1]=sumXiYi,b[2]=sumXip2Yib[3]=sumXip3Yi;

/* Forward elimination loop 1*/

/* row 2*/

a4[0]=(a1[0]*a0[0])/i,a4[1]=(al[0]*a0[ 1])/i,a4[2]=(a1[0]*a0[2])/i,a4[3]=(al[0]*a0[3])/,
a4[4]=(a1[0]*b[0])/i;
al[l]=al[l1]-a4[1],al[2]=al[2]-a4[2],al[3]=al[3]-a4[3].b[1]=b[1]-a4[4]:

/* row 3%/

/¥

/*

/*

a4[0]=(a2[0]*a0[0])/i,a4[ 1]=(a2[0]*a0[ 1])/i a4[2]=(a2[0]*a0[2])/i.a4[3]=(a2[0]*a0[3])/i,
a4[4]=(a2[0]*b[0])/i;
a2[1]=a2[1]-a4[1],a2[2]=a2[2]-a4[2],a2[3]=a2[3]-a4[3],b[2]=b[2]-a4[4]:

row 4*/

a4[0]=(a3[0]*a0[0])/i,a4[11=(a3[0]*a0[ 1])/i,a4[2]=(a3[0]*a0[2])/i,a4[3]=(a3[0]*a0[3])/i,
a4[4]=(a3[0]*b[0])/i;
a3[1]=a3[1]-a4[1],a3[2]-a3[2]-a4[2],a3[3]=a3[3]-a4(3].b[3]=b[3]-a4[4]:

/* Forward elimination loop 2*/

row 3*/
a4[1]=(a2[1]*al[1])/al[1],a4[2]=(a2[1]*al[2])/al[1],a4[3]=(a2[1]*al[3])/al[1],
ad[4]=(a2[1]*b[1])al[1];

a2[2]=a2[2]-a4[2],a2[3]=a2[3]-a4[3],b[2]-b[2]-a4[4];

row 4%/
a4[1]=(a3[1]*al[1])/al[1],a4[2]=(a3[1]*a1[2])/al[1],a4[3]=(a3[1]*al[3])/al[1],
ad4[4]=(a3[1]*b[1])/al[1];

a3[2]=a3[2]-a4(2],a3[3]=a3(3]-a4[3],b[3]=b[3]-ad4[4];

/* /* Forward elimination loop 3*/

/*

row 4*/
a4[2]=(a3[2]*a2[2])/a2[2],a4[3]=(a3[2]*a2[3])/a2[2],a4[4]=(a3[2]*b[2])/a2[2];
a3[3]=a3([3]-a4(3],b[3]=b[3]-a4[4];



/* Calculation coefficient values */
c3=b[3]/a3[3];
c2=(b[2]-(a2[3]*c3))/a2[2];
cl=(b[1]-(al[2]*c2)-(al[3]*c3))/al[l];
c0=(b[0]-(a0[1]*c1)-(a0[2]*c2)-(a0[3]*c3))/a0[0];

}

void main()

{

Enter data();
Sum();
Gauss_elimination_method():

printf{"\nCoeff. X0 is %t X1is %f X2 is %f

X3 is %f\n", c0,cl,c2.c3);
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LCR-800 Series User Manual

1. INTRODUCTION

The precise LCR meter series are automatic, user programmable instruments
that provide high reliability and great precision for measuring a wide variety of
impedance parameters. The frequency range of LCR-819/829 covers from 12Hz
to 100kHz, LCR-817/827 from 12Hz to 10kHz, LCR-816/826 from 100Hz to
2kHz. and LCR-821 from 12Hz to 200kHz. The basic accuracy is 0.1% for LCR-
827/829/816/826. 0.05% for LCR-817/819/821. The measured results can be
displayed on the high quality LCD monitor with decimal points and units. The
measured result resolution is five full digits for Inductance (L). Capacitance (C).
Resistance (R) and absolute value of impedance (|Z|) [four full digits for
Dissipation factor (D), Quality factor (Q), R with C, R with L, 2 digits after
decimal dot for phase angle (8)]. In the meantime, the LCD monitor is also shown
the control status and parameters of settings. The keypads are easy for menu
programming. The LCR Meters’ test fixture (option) is a method of convenient,
reliable, guarded d4-terminal/2 wires connection of radial and axial leaded
components to the LCR Meters. Test conditions can be stored and recalled from

internal memory that will reduce the setup time for measurement preparing
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4-4-2. Series & Parallel Equivalent Circuit

Impedance that is neither a pure resistance nor a pure reactance can be
represented at any specific frequency by either a series or a parallel combination
of resistance and reactance. Such representation is called “equivalent circuit”,
The component value of the “Primary Display” depends on which equivalent
circuit (series or parallel) is chosen. In normal, the component manufacturer
shall specify how a component is to be measured (usually series) and at what

frequency. Please refer to Figure 4-4.

[BNUBA 135 S2L13S (08-YD1
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LCR-800 Series User Manual

® Measurement Function

Measurement Mode Series Equivalent Circuit Parallel Equivalent
Circuit
R/Q v v
C/D v v
C/R v l
Z /0 (degree) v
L/R o v
Co

Inductors less than 10uH: Series, 100kHz.
Inductors from 10 pH to ImH: Series. 10kHz.
Inductors from ImH to |H: Series, |kHz.

Inductors greater than 1H: Series, 0.1kHz.
Capacitors less than 10pF: Parallel, 100kHz.
Capacitors from 10 to 400pF: Series or Parallel, 10kHz
Capacitors from 400 to 1uF: Series, |kHz
Capacitors greater than 1uF: Series, 0.1 or 0.12kHz.
Resistor less than 1kQ: Series, 1kHz.

Resistor from 1kQ) to 10MQ: Parallel, 0.25kHz.
Resistor greater than 10 MQY: Parallel, 0.03kHz

Unless for special reason, always select “*Series™ for capacitors and inductors.
This has traditionally been standard practice. For very small capacitance or
inductance, select a higher test frequency for better accuracy. For very large
capacitance or inductance, select a lower test frequency for better accuracy. For
de resistance. select a lower test frequency to minimize ac effects.

Because the reactive component most likely to be represented in a low resistance
resistor is series inductance, the “Series™ is selected for a resistor below about
1kQ. If a resistor large than 10MC, select “Paralle]” that because the reactive
component most likely to be represent in a high resistance resistor is shunt

capacitance. If the Q is less than 0.1, the measured Rp is probably very close to

the dc resistance.
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5. SPECIFICATIONS

Measurement Parameters:

Inductance (L/L,)", Capacitance (C/C,), Resistance (R/R,), Dissipation (D),
Quality Factors (Q). Equivalent Series Resistance (ESR) and Equivalent Parallel
Resistance (EPR), Impedance (|Z[), Phase angle of Impedance [degree] (0).

Measurement Models:
Six kinds of measurement modes can be selected. Two measurement parameters

measured and displayed simultaneously.
R/Q.C/D, C/R, L/Q, Z/8, L/R.

Display Ranges:

Primary Display

Inductance (L) :0.0000lmH ~ 99999H
Capacitance (C) :0.00001pF  ~ 99999 ;4 F
Resistance (R) 20.00001 02~ 99999k ()
Absolute of Impedance (Z) :0.00001 Q2 ~ 99999k ()
Secondary Display:

Dissipation factor (D) :0.0001 ~ 0999
Quality factor (Q)™ :0.0001 ~ 9999

Phase angle of Impedance (degree) :-180.00° ~ 180.00°
Equivalent Series Resistance (ESR)"  :0.0001 ) ~ 9999 k()
Equivalent Parallel Resistance (EPR)" :0.0001(Q) ~ 9999k()

Dissipation factor (D)" in ppm 1 ppm ~ 9999 ppm
Quality factor (Q)™" in ppm - | ppm ~ 9999 ppm
DELTA % :0.00001%  ~ 99999%

If any of these quantities is negative, the “-* negative indicator is displayed.
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Accuracy:

R,L,C,Z :0.05%(Basic)+
D, Q :.0005(Basic)+

0 :0.03" (Basic)+

*LCR-816/826/827/829 is one fold less accuracy than LCR-817/819.
(LCR-816/826: 0.1%, LCR-827/829: 0.1%, LCR-817/819/821: 0.05%)
+: Please refer to page 39~43 for details.

Test Frequency:

There are 504 test frequencies between 12Hz and 200kHz that can be selected
by using keypad for LCR-821. The frequency range of LCR-819/829 covers
from 12Hz to 100kHz (total test frequencies: 503 points), LCR-817/827 covers
from 12Hz to 10kHz (total test frequencies: 489 points), LCR-816/826 covers
from 100Hz to 2kHz (total test frequencies: 16 points).

Measurement Displays:
The measured results can be shown on the LCD monitor in three ways:

1. : The measured quantities of R/Q, C/D, C/R., L/Q, Z/8, L/R.

*The resolution of primary display (L, C, R or Z) is to be five
digits.

*The resolution of secondary display (D, Q. R with C, or R with
L) is to be four digits.

*The resolution of secondary display (8) is to be2 digits after
decimal dot.

2. : The DELTA% shows the percent deviation of the measured L.
C. R or Z value from a saved NOMINAL VALUE. The sign of
deviation is indicated.

3., : The LCR difference is similar to the DELTA% except that the
deviation is shown in suitable units (ohms, henries, etc.)

Measurement Speed (LCR-816/817/819/821):

SLOW : 896ms
MEDI : 286ms
FAST : 135ms

*For LCR-826/827/829, please refer to 4-5-10. Handler Interface Timing.
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Equivalent Circuit:

The L, C, or R equivalent SERIES or PARALLEL circuit can be selected by

keypad.

* When select 7Z/0 mode, the PARALLEL circuit is invalid. Please refer (o 4-4-
2. Series & Parallel Equivalent Circuit from page 1213 for details

Measurement Modes:

Two modes are available: AUTO and MANUAL.

“AUTO™ mode is measuring continuously, updating the display after each
measurement.

“MANUAL"™ mode is activated by the START keypad, the measured result is

holding on the LCD monitor until next measurement started.

Average:
The AVERAGE of any number of measurements from 1 to 255 can be made as

desired in either of the two measurement modes.

Test Voltage:

The test voltage range for LCR-817/819/827/829/821 is from SmV to 1.275V,

each step is SmV, for LCR-816/826 is from 0.1V to 1.275V, each step is SmV.

Note: When the test frequency is at 200kHz, the test voltage must be greater
than 100mV.

Memory:
100 memory blocks totally.

DC Bias:

A 2V internal bias can apply to capacitors during measurement.

Up to 30VDC external bias can apply to capacitors during measurement via the

two terminals (located on the rear panel). The applied current should not over

200mA.

* The external bias specified on the rear panel is at 30VDC, actually, it can be
tolerated to 35VDC.
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Adaptive Subpixel Estimation of Land Cover i
Remotely Sensed Multispectral Image
Senya Kiyasu, Kazunori Terashima, Seiji Hotta, Sueharu
Miyahara(Nagasaki Univ., Japan)

.and surface corresponding to a pixel of remctely sensed
mage does not necessarily consist of only one category of
bjects. Several techniques of subpixel analysis have been
leveloped which estimate the proportion of components of
and cover in a pixel. However, when the available training
fata do not comectly represent the spectral characteristics of
he categories in the pixel. large errors may appear in the
esults of estimation. The method of unsupervised estimation
f component spectra has been presented to solve this
yoblem...
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Development of a Flexible Displacement Sensor using
Nylon String Coated with Carbon and Its Application
for McKibben Actuator
lku Hamamoto, Tetsuya Akagi, Shujiro Dohta, Hisashi
Matsushita(Okayama Univ. of Science, Japan)

The actuators for such a wearable
device need to be flexible so as not to
injure the body. The purpecse of our
study is to develop a flexible and
lightweight actuator and a compact
control device that can be safe and light
encugh to be attached to the human body. In this study. we
proposed and tested a new type of flexible potentiometer
using nylen string ceated with carbon...

Sensor Node Localization Based on Inegualities of
Radio Field Intensity ~Comparison of Simulation and
Experiments-
Shintaro Yamada. Jun-ya Takayama. Shiniji Ohyama
(Tokyo Institute of Technology, Japan)

he muitidimensional scaling (MDS) method which is often
ised in sensory evaluation is applied to sensor node
calization, and radio field intensities observed between
lodes are compared to estimate their positions. This

:ro_nosed method is useful to localize sensor nodes limited
heir resources tecause it doesn't require any special devices
of_localizanon. In this report. the localization performance is
erified by both computer simulations and experiments using
wctual senscr nodes...

Precise Oscillation Loop for a Resonant Type MEMS
Inertial Sensors

Chul Hyun, Jang Gyu Lee(Seoul National Univ., Korea),
Taesam Kang(Konkuk Univ., Korea)

This paper presents an oscillation loop for an INS (Inertial
Navigation Systern) grade, surface micro-machined differential
resonant accelercmeter and in—plane vibratory gyroscope. This
resonant type sensor utilizes the electrostatic stiffness
changing effect of an electrostatic actuator., A closed loop
system called self-sustained oscillation loop is prerequisite for
its operation as a resonant accelerometer. And precision
driving mode oscillation is important to the vibratory gyroscope.
A self- sustained oscillation loop induces the system's
dynamic states into its primary mode, thus keeps track of its
resonant state under applied acceleration or perturbation...
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Design of Capacitive Sensor for Concentration
Measurement
Witsarut Sriratana, Natee Thong-un(KMITL, Thailand),
Lerdlekha Tanachaikhan(Ramkhamhaeng Univ., Thailand)

his paper presents the analysis of ideal equivalent circuit of
% developed concentration sensor probe for chemical
Olu_ﬁons by regarding to reasonable costs and reliability of
levice. The designed sensor probe consists of 2 parallel
fectrode plates that are coated by Nylon with 0.4 mm thick
Nnd mourted together by Resin with 2.5 mm of gap (0.09
mes greater than electrode width). Any capacity changes will
'® compared with the electric circuit that is obtained from
e Good Will R-L-C standard instrument, model CTR. at the
‘8quency extending from 100Hz to 2 kHz...

Minimization of L2-Sensitivity for Linear Discrete-Time

Systems Subject to L2-Scaling Constraints Using a
Lagrange Function and a Bisection Method

Takao Hinamoto. Toru Oumi(Hiroshima Univ., Japan)

In this paper. the problem of minimizing an L2-sensitivity
measure subject to L2-norm  dynamic-range  scaling
constraints for linear discrete—time systems is investigated. To
this end, an expression for evaluating the L2-sensitivity is
introduced and an [ 2-sensitivity minimization problem subject
to the L2-scaling constraints is formulated. An efficient
iterative algorithm is then explored to solve the constraint
optimization problem directly. The proposed solution method
relies on neither converting the constrained optimization
problem into an unconstrained one nor using a quasi-Newton
algorithm...
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Design of Capacitive Sensor for Concentration Measurement

Natee Thong-un', Witsarut Sriratana' and Lerdlekha Tanachaikhan?

" Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
(Tel: 66-2739-2407; Fax: 66-2739-2406; E-mail: kswitsar@kmitl.ac.th)
? Faculty of Engineering, Ramkhamhaeng University, Huamark, Bangkapi, Bangkok 10240, Thailand
(Tel: 66-2310-8570; Fax: 66-2314-3783; E-mail: hi_care@hotmail.com)

Abstract: This paper presents the analysis of ideal equivalent circuit of the developed concentration sensor probe for
chemical solutions by regarding to reasonable costs and reliability of device. The designed sensor probe consists of 2
parallel electrode plates that are coated by Nylon with 0.4 mm thick and mounted together by Resin with 2.5 mm of gap
(0.09 times greater than clectrode width). Any capacity changes will bec compared with the electric circuit that is
obtained from the Good Will R-L-C standard instrument, model CTR, at the frequency extending from 100Hz to 2 kHz.
From the experiments, it was found that the sensor designed for Ethyl Alcohol solution within concentration of 5% to
95% and 10% concentration interval, at room temperature of 23 °C and frequency of 100 Hz, can provide the results
with high linearity as well as high resolution of capacity change which is 2 pF per 1% of concentration.

Keywords: Capacitance, Concentration, Plates, Probe, Sensor.

1. INTRODUCTION

Chemical substance is one of the most important
factors in many industrial processes. At present, there
are many approaches for measuring the chemical
concentration and one technique considered i this
research 1s the use of capacitive sensor. The objectives
of the study are to design and develop sensor probe for
chemical concentrate measurement by focusing on the
convenience, reasonable costs, high efficiency and high
reliability based on the capacitive difference method of
parallel plates and dielectric properties as shown in
Eq(1).

¢ = Eofird Q)

d

Where C: Capacity
g, : Elative permittivity of tested chemicals
£,: Permittivity constant 8.854 x 10"
A: Area of sensor probe
d: Gap (distance) of sensor probe

2. THEORY AND DESIGN

Sensor probe is designed based on the ideal
characteristic of capacitor by using two parallel metal
plates as shown in Fig. 1 coated by Nylons with average
thickness of 0.4 mm in order to prevent chemical
corrosion and to obtain high electric resistivity.

To analyze the ideal equivalent circuit of sensor
probe designed, the circuit in Fig. 2 is considered and
the equations for impedance cvaluation are as shown in
Egs. (2), (3) and (4).

Za@)= Rw) + I, () )
7 —E &)
. e

2 2 2 2
(1-#&) CMRS +wCNC‘MR5) @)

! = f A
m{Z (@) 1.3 3
iy, 8 CyCoRs
Where  R.z) : Real number of sensor probe
Lyfzie)y : Imaginary number of sensor probe
Cy, Cnz 1 Capacitance of Nylon £= 8

Cr : Capacitance of resin £=3.8
Cs, Ry : Characteristic of chemicals &= 25
Cy WGt Ch

Aluminum Plates /! Vem
vy

i :

28¢cm

Fig. 1 Feature and details of Sensor

Aluminum plates

Solutions

Fig. 2 Equivalent circuit of Sensor probe



The feature of developed sensor is as shown in Fig. 3.
One end has a resin-made holder that limits the gap of
electric plates to be in the specific distance and another
end 1s used to measure the concentration of chemicals.
In this research, there are 2 designs of sensor probe:
type A with gap = 5 mm (0.18 times greater than plate
width) and type B with gap = 2.5 mm (0.09 times
greater than plate width). The characteristics and
capacitances of those 2 sensor types are as shown in
Table 1.

Aluminium Plate

/— Sensing Part

Electrode Resins

Fig. 3 Developed sensor probe

Table 1 Capacitance of materials

; Cs
Cx CR CS Alr d
T 4 Ch al
PELop | o) | 0P e
133 5.38 1.33 32.65
B 133 10.76 2.66 65

3. TESTS OF SENSOR PROBE

In this research, sensor probes were tested by Good
Will R-L-C standard instrument, model CTR, at the

minimum range of 100Hz and maximum range of 2 kHz.

The testing voltage was 1.275 V., at ambient
temperature = 23 “C. The instrument showed the results
in parallel circuit form that appears between the resistor
Rp and the capacitor Cp. These experimental results will
be compared with the results from calculations as
described in Egs. (5) and (6).

R = Rip (5)
el Z(w)] 2 .2 .2
I+w CpRp
CpR
I B Wl i (6)
[Z(w)] szcsz
Ep

Where Cp: Capacitance
Rp : Resistance

4. EXPERIMENTAL RESULTS

The experiments have been divided into 3 cases:
room condition, Ethel alcohol solution, various
concentrations of chemical solutions. Details are as
follow:
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4.1 Room Condition

Sensor probe was tested within the frequency of 100
Hz to 2 kHz. The result provided only Cp because Rp
was out of range and the instrument could not display.
The results of sensor probe type B and A were 11 pF
and 6 pF, respectively. From the experiment, it is found
that the stability of type B is higher than that of type A
as shown in Fig. 4. The average absolute error of type
B is about 10% to 30% while that of type A is about
10% to 60%. The gap between parallel plates could
influence the absolute error obtained from
measurements, directly.

x 10
1 T 1 ) T
< o ! é o
@ ¢ o © : o
1l O
(f i H
s i :
E ¢ : . f»
H Q . .
35...0. ............ ............... . ,,,,,,, ,,,,,,, IR 3 ]
© B Type Experiment
o AType Experiment
3 i H H ;
i) 500 1000 1500 2000
i Frequency (Hz)

Fig. 4 Comparison of measurements (Type A and Type
B in room condition)

4.2 Ethel Alcohol Solution

Fig. 5 and 6 are the experimental results when testing
with Ethel Alcohol solution and the comparison of real
and imaginary numbers. When increasing the frequency,
the measurement results will decrease according to the
assumption especially the results of type A that decrease
significantly starting from the frequency of 1.5 kHz.

Fig. 7 shows the experiment when testing type B
with various chemical concentrations. Fig. 8 illustrates
the standard R-L-C instrument used in this research.

i’

10 T T

T T
s B Type,Calculation
© B Type Expenment H

A Type Calculation
% AType Expenment ||

Imaginary part (im}

Frequency (Hz)

Fig. 5 Comparison of Ethel Alcohol measurements and
calculations (case of real numbers (R z(a))



+ B Type Calculation

O B Type Expenment
—+ A Type Calculation
A Type Experment

Real part (Re)

Fig. 6 Comparison of Ethel alcohol measurements and
calculations (case of imaginary numbers (/,iz(aw)))

Fig. 8 Measurement of sensor probe type B using
standard R-L-C

4.3 Various Chemical Concentrations

The appropriate frequency for sensor probe
developed can be considered from the linearity toward
chemical concentrations in all measurement ranges,
resistance and capacitive variation by experimenting
with the chemical solutions ranging from the
concentration of 5% to 85% with 10% concentration
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interval. In this research, the frequency range of 100Hz
to 1 kHz was used. The results are shown in the
characteristic graph of sensor probe as in Fig. 9 and 10.

1 T T T T T T T

+ A Type 100 Hz
12 B Type,100Hz |7
= AType.1 kHz
& B Type.t kHz |
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40 50
Concentration (%)

Fig. 9 Relationships of Capacitance and Concentration

From experiments, type B provides the best linearity
as well as the higher resistance over the instrument
limitation. The capacitive variation within 1% of
concentration equals to 2 pF at 100Hz. However, when
comparing with 1 kHz, the capacitive variation will be
saturated at concentration of 30% or more that is not
recommended to use. At 100 Hz, sensor probe type A
has the linearity in some ranges but the variation is
greater than type B, for instance, at concentration of 5%
to 10%, the capacitive variation is about 45 pF per 1%.
At the concentration range of 15% to 45%, the
capacitive variation is about 10 pF per 1% and at
concentration of 45% to 85%; the capacitive variation is
about 7.5 pF per 1%. Although type A provides the
greater capacitive variation than type B does, it
generates harmonic signals in some measurement ranges.
Consequently, the useful signal is needed to adjust and
compensate.

]

x 10
8 S S T T

_|-® BTypelkHz
-8 A Type 100 Hz . : i .
= AType! kHz . : : : L

Resistance (shm)

Concentration (%)

Fig. 10 Relationships of Resistance and Concentration



5. CONCLUSION

From experiments under room condition, sensor
probe provides only the results in capacitance form
because the resistance result is infinite and negligible.
Furthermore, the sensor probe with narrow gap presents
the error that is about 0.3 times greater than calculation
while sensor probe with wider gap presents the error
that is about 0.6 times greater than calculation. When
testing with Ethel Alcohol solution, the results present
both resistance and capacitance and sensor probe with
narrower gap also provides less error than that with
wider gap does. The most suitable frequency for
narrow-gap sensor probe is 100Hz but only capacitance
results with high linearity is provided. To design the
instrument  for concentration measurement, one
important point taken to consider is that the materials
should not provide any chemical reactions toward the
solution under test and should have low conductivity.
Also, the gap between 2 plates should be less than the
width of plates. Based on the experiments, the
recommended proportion of gap and width (d/w) is
about 0.09 because it generates the least error
comparing with calculations.
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