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Abstract�—This paper discusses the design and evaluation of a 
new electrostatic sensor for the measurement of the mass median 
size of particles in a pipeline system. The introduction includes an 
explanation of several different shapes of an electrode, with the 
phenomena of particles moving in a pipeline that carries a charge 
outlined. The elements of a sensor, including the signal 
conditioning electronic is described. The performances of the 
electrode are compared in terms of the efficiency and accuracy of 
waveforms by converting the time domain signal into the 
frequency domain for analysis. The measurements of particle 
sizes are obtained by using proven offline specific equipment for 
measuring particle size. Comparisons are made with online 
values for particle sizes by using the equation of mass median 
particle size that has been described.  Finally, the experiment 
results obtained by using measurements of particle size through 
the offline and vice versa methods are analyses by comparing the 
performances of design based on both methods. The results show 
that the electrode with full ring produces a better result. 

Keywords�—electrostatic sensors, signal conditioning, particle 
size, online and offline methods.   

I.  INTRODUCTION 
Particle size is particularly important in quality control 

application and also used in many industrial processes such as 
laser tone, explosive, power plant where the particle of 
individual must be defined size in order to detect the amount 
of charge present in these hazard areas in order to avert the 
danger of the explosion. Today�’s particle sizing instrument 
design can be classified into two categories; laser based and 
imaging �–based according to their operational principles [1]. 
However, those instruments have a problem when applied to 
industrial process, especially in the harsh environment. For 
this situation, the design of new electrostatic sensor combined 
with a novel digital signal processing algorithm for online 
continues the measurement of the mass median size of 
particles in dilute-phase pneumatic suspension will be 
developed [2]. This technique once successfully developed, 
would give more advantages than pervious techniques. 

The aims of this project are to design and evaluation of an 
electrostatic sensor for the measurement of particle size in the 
pipeline system. The block diagram of a sensing system is 
shown in Figure 1. It consists of an electrode, insulator, and 
pipe wall with ground to earth, particle and signal processing 
electronic. The movement of a particulate material in a 
pipeline generates charge. The key design of this method is 
electrostatic sensor and particle size. The term �“electrostatic�” 

and �“particle�” has a relationship and carried the important 
information for areas of industries such as in coal-fired power 
plants, which affect both efficiency and atmospheric emissions 
of the plant. Based on this term, the introduction of this paper 
will describe the main part of elements that involves in this 
design such as a sensor, including type of electrode and 
method of measurement particle size.  

Figure 1. The Block Diagram of an Electrostatic Sensing   System 

The paper is organized as follows. The method of 
electrostatic sensors design is presented and the measurement 
of particle size including offline and online approach are 
presented. The electrostatic sensor design is using in 
experiment is presented. Finally, the results are concluded by 
looking the performance of both methods will be compared to 
show the effectiveness of the electrodes. 

II. APPROACH AND METHODS  
This part of paper provides an overview of a project for 

produces the method of measurement particle size using 
electrostatic sensor as shown in Figure 2. It consists of the 
method of design the sensors; the type of measurement of 
particle size with including two (2) part measurement online 
and offline methods, the result of above measurement will 
compare to find the performances of each electrode design. 
The unreasonable of reading after comparisons will redo the 
procedure of measurement method for solving the problem. 
Based on that, the electrostatic sensor's design will consist of 
three (3) types of an electrode are pinned, quarter ring and full 
ring. There are including two (2) types of measurement which 
online and offline method using the electrode that already 
designs.  The parts that very important for this project are the 
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comparisons between these measurements and last part of a 
project is the comparisons of each of electrode design to see 
their performance.  All the methods will describe in these parts 
of the project by using the figure that provides the steps of 
process measurement of particle size. 

 
Figure 2. The Methodology of Measurement of Particle Size 

A. Method of Electrostatic Sensors Design. 
First, Based on the Figure 2, the type of electrostatic sensor 

design is shown in Figure 3. The ring type of electrode with 
width and diameter are equal to 10 centimeters (cm) as 
selected for better sensitivity.  The material use is stainless 
steel that has low resistance with a good conductivity of 
electric a used.  For the quarter ring design, the diameter is 
selected is quartered of 10cm and the quarter of 10 cm for 
width. The material use is aluminum with also has a good 
conductivity electric with low resistance. The last electrode 
design is pinned with a use normal steel rod pin that attaches 
to the pipe wall. 

 
Figure 3.  The Type of Electrostatic Sensors Are Using In This Project. 

B. Off line Method of Measurement of Particle Size 
Figure 4 shows the offline method of measurement of 

particle size. The size of particle size is measured by using a 
caliper. The method of this manual is measured by taken the 
reading 10 plastics bead and average it�’s to get the value of 
particle size. Another�’s method of measure is by using the 
Test Sieve Shakers as shown in Figure 4. The range of particle 
size can be determined. 

C. Online Method of Measurement of Particle Size 
The amount of charge carried by particle is a usually 

unpredictable form because the movements in the pipeline are 
random and not smoothly due to collisions with wall or others. 
However, this charge can detect by using the insulated 
electrodynamics transducer. The physical signal from a charge 
who carried by particle will change to a value signal such as 
voltage form. Due to friction and collision of particle in a 
pipeline, the signal voltage, V (t) is undetermined signal. So, 
the signal V (t) needs to convert to discrete form with a 
suitable sampling frequency, V (n) (n=0, 1, 2�…).  

Here, the indicator particle size, R is proposed for deriving 
the particle size information. The particle size indicator, R is 
defined as: 
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Equation 1 and 2 represent the average powers of the two 
sequences arising from the original sequence, respectively.  R 
is a ratio between 1!  and 2! , which derive from the signal 
generated by the same particulate material. The practical of 
calculation based on the above equation will describe in next 
part of paper. 

 
Figure 4. Offline Method of Measurement of Particle Size 

The relationship between indicator, R and mass median 
particle size, S is defined as: 

24.38123.61R23.47RS "+"=   (4) 
 
Figure 3.9 show the relation R and S as derived as same in 
equation (4) and obtained from series of testing experiment 
with related equation (1) at mass flow rate of 1.75g/s [1]. The 
online value from S will compare with offline particle size 
with the value of comparison is zero that mean the 
performance is 100%.  

.  
Figure 5. The relationship between Particle Size Indicator (R) and Mass 

Median Particle Size (S) 

D. Online vs. Offline result. 

 
Figure 6.  The Block Diagram of Comparison an Online Result with Offline 

Result. 

The last part of the project is the comparisons of the result 
online and offline as shown in Figure 6. This will show the 
best of an electrode based on performance after the 
comparison between above results. Besides that the sensitivity 
of an electrode can see based on the value of comparisons with 
closed to the average value of particle size manual and range 
of reading machine. If the value of online and offline are both 
in spec of size particle size, so the objectives of a project are 
success as mention. All result of comparisons will describe. 

The development of an electrode for measurement of 
particle size will use the non-intrusive shapes such as ring and 
stud (pin). The types of shapes are selected because an 
advantage of high uniformity of the spatial sensitivity [3]. The 
installation of the sensor is relatively easy due to the simplicity 
of the design electrode. The intrusive sensor design has a 
drawback that the electrode can obstruct the flow of particles 
in the pipeline and hence suffer from potential wear problems 
[5]. The degree of such obstruction depends of course on the 
diameter of the wires used and the spacing between them. In 
other words, the contaminations of wires by particle will affect 
the spatial sensitivity. 

III. ELECTROSTATIC SENSOR DESIGN 
This part of sensor devises is most important of 

measurement particle size because the electrode is connected 
to a signal conditioning circuit, which convert the raw 
electrostatic signal into voltage. The input of the sensor is a 
physical signal will be filtering and amplifier after going 
through the signal conditioning. The output of a signal 
conditioning device will send to equipment based on a task of 
the project. For this project, the output of signal conditioning 
devices as an input signal to the Tektronix TDS1000B/2000B 
oscilloscope and this equipment will process the data receiving 
from output of signal conditioning for future analysis. The 
connection of a signal condition with the rest of part of 
measurement particle size is showing in Figure 7. It consists of 
signal conditions with gain 500, electrode (pin) and 
Oscilloscope which testing for spatial filtering. 
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Figure 7.  The Signal Condition Connection by using between Electrode and 

Tektronix Oscilloscope. 

IV. RESULTS 
The results relating to the spatial filtering experiment, 

which base on the apparatus have shown Figure 7.  A plastic 
bead is movement through the pipeline with flow rate 
indicator can adjust based on a task of an experiment. The 
plastics bead obtains to charge from an electrostatic ionizer. A 
pulse of charge is created every time the plastic bead passes 
the electrode sensor. The electrodynamics transducer senses 
the charge carried by the plastic bead and converts it to a 
voltage signal. The speed of the charge plastic's bead is varied 
by varying the flow rate indicator. The Tektronix 
TDS1000B/2000B Oscilloscope is used to measure the time 
between pulses and to derive the frequency spectrum from the 
measured pulse response from the sensor.  

A. Manual Measurement Result 
Figure 8 (a) show the experiment result of measurement 

particle size using a caliper. The result shows that, the average 
of measurement particle size is 3.00 mm for the 10 plastic 
beads per person by using a caliper. Figure 8 (b) shows the 
experiment result of measurement particle size using Test 
Sieve Shakers. This figure is important because the result of 
this experiment as a range of spec for a whole project. Based 
on that, the result shows the minimum reading is 1.33 mm, and 
the maximum reading is 5.00 mm. In the application, this 
range is a spec of the project which easily designs by focusing 
on reading of particle size in order to know the best 
performance of an electrode. 

OFF-LINE MEASUREMENT (MANUAL)
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       Figure 8.  (a) The Off-line Measurement (manual) with two (2) reading 

for two (2) people 

Measurement Particle Size Using Test Sieve Shakers
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Figure 8.  (b) Test Sieve Shakers 

Figure 8. - Experiment result of measurement particle size using two  
       types of equipment a) Caliper and b) Test Sieve Shakers. 

B. Machine Measurement Result 
Figure 9 (a) shows the pulses signal detected by using pin 

electrodes during the plastic beads pass through the sensors. 
Figure 9 (b) shows the pulses signal of electrostatic charge 
generated by using the quarter ring electrode. The figure 9 (c) 
also shows the same signal of pulses but using the full ring of 
an electrode. 

 
(a) Pin 
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(b) Quarter Ring 

 
(c) Ring 

Figure 9.  The experiment Results of measurement particle size using three 
types of an electrode in a time domain a) Pin, b) Quarter rings and c) Full of 

Ring. 

Table 1 shows the result of each electrode after completed 
the calculation of mass median particle size. Based on that the 
Full Ring electrode is a better electrode due to the value of S is 
closed to average manual and median of spec machine. These 
show that the theory is proving that the electrode has been 
good sensitive to signal charge. In order to get the actual 
values, the result for each of an electrode needs to be minus 
with pipeline without plastic bead flow. The pipeline without 
plastic bead flow has a pulse signal value 0.7979 mm. 

V. ANALYSIS 
The part of analysis will describe about frequency domain 

for all electrostatic sensors and see the significant to this 
project. Besides that, the resolution to make sure the selection 
of signal a correct also will discuss in this part of analysis. The 
next part of the analysis will cover the proven of equation of 
mass median S with several of signal will discuss later. The 
calculation of mass median also will show how the data from a 
signal will implement in equation of mass media S. Lastly, the 
discussion what a found from the analysis with significant to 
measurement particle size using an electrode will describe. 

A. Frequency Domain 
The signal of each electrode in the frequency domain is 

presented. The signal of a pin electrode has an amplitude 

maximum peak value is 0.2 Volt (V) and the frequency is  630 
Hertzs (Hz). The signal of a quarter of a ring with amplitude 
maximum value is 3.78 V and the frequency is 15.4 kHz. The 
signal of a full ring with amplitude maximum values is 4.34 V 
and the frequency is 15.8 kHz. 

The information of time domain signal actual has been 
same with signal in the frequency domain. So, the signal in the 
frequency domain can describe and apply for another purpose 
as an example in building the filtering. However, in this 
analysis, the information will use in frequency sampling for 
the preparation for the basic of processing in mass median 
calculation. Based on calculation of frequency sampling the 
value is 31.6 kHz for avoiding the aliasing phenomenon, the 
sampled output same as the input. 

B. Length of Signal (N) Electrode 
The selecting of suitable length of signal of an electrode 

(pin electrode) based on which most closed to the range of 
measurement values. The longer of data length N, the better of 
ability to separate closely spaced features. In another word, the 
values of mass median S are between the ranges of the 
reading, but the smaller length with same data of a pin 
electrode will show the value of S is out of ranges of 
measurement reading of particle size 1.33 mm to 5.00 mm. 

C. Verification of Mass Median (S) 
The verification of mass median S with using the several 

of signal without pulses is presented. By using the equation of 
mass median S, the several signals such as Sine Wave and 
Square Wave are tested. The result showed that all signal is 
out of range of measurement reading of particle size from 1.33 
mm to 5.00 mm. As conclude, the equation of S without pulse 
signal is not useable to use for measurement particle size.     

VI. DISCUSSION 
As it can be observed from Table 1, the design of 

electrodes is a success to detect the pulses during the plastics 
bead through the electrostatic transducer. The pin electrode as 
the show has noise higher than the rest of an electrode. 
However, the ring types of an electrode have a good signal of 
pulses with can see the performance of these electrodes. The 
output of measurement has been verified by using several 
signal without have any pulse signal and found that equation 
of S is not valid for this signal. The S equation also required 
length of signal more than 200 points of data in order to have a 
good resolution for the measurement. By using the entire step 
for calculation of S, the values are reasonable because all are 
in the range of measurement. The performance of the entire 
scenario, as shown in Table 1, the Full Ring has a good 
performance compare the rest of an electrode because the 
mass median particle size is closed to the manuals reading 
average and median of range of machine. 
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TABLE I. A COMPARISON ELECTRODE OF MEASUREMENT 
PARTICLE SIZE 

Types of 
Electrode Mass Median, S (mm) Manual: 3.00mm 

Machine:1.33 to 5.00mm 

Pin 2.633 Very far from manual but in 
spec of machine 

Quarter of 
Ring 3.740 Very far from manual but In 

spec of machine 

Full Ring 3.030 Median of machine & closes 
to manual reading. 

VII. CONCLUSION 
The methodology of the project as describes is processing 

of measurement particle size a describing for meeting the 
target of measurement particle size project including the 
designs of an electrode. The performance of the electrode will 
be comparing in terms of efficiency and accuracy of 
waveforms after the value of a waveform will be calculated by 
using the formulated of particle size measurement, S.  The 
methods in evaluate of non-intrusive shapes of an electrode 
such as ring flush with pipe wall those are spatial filtering and 
comparisons of the data of each electrode. The performance of 
non-intrusive shape of an electrode for measurement of 
particle size will be a better result and almost close after 
compared to the shapes that satisfy with theory for all design 
requirements. 

The experiment Results obtained using a measurement of 
particle size either online or offline method will describe the 
performance of design based on comparisons both of method. 
Overall of a project of measurement principle of particle size 
propose by  Yan (2003) as done with successfully where the 
particle size indicator (R) and mass median particle size (S) a 
obtain are in the range of off the line results (1.33 mm to 5.00 
mm). For better understanding in this project, the relationship 
of particle size indicator (R) and mass median particle size (S) 

as drive from the electrostatic signal process is suggested for 
the future work as proven to that relationship.   
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