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Abstract

Nowadays the idea of smart grid is becoming of great interest for the researchers, designers, industrial partners,
the electrical energy producer, the electrical energy transporters and distributors, the consumer and the
governments. Where the main objective is to provide within the existing structures of urban, electrical network
and power sources, new improved quality of electrical power that can ensure several performance indicators
such as the reliability, the comfort of use, the security, the safety, the privacy, the accuracy of the used
technologies, the self controlling, the friendly environment interaction, the energy efficiency, the sharing of
energy information within the city and the network power system for the people inside and a precise interaction
among the energy producer, transporter and consumer of all levels.

Indeed, it is actually well known that the existing grid structures that are considered to be smart grid are
estimated to be a complex concatenations of structures, systems and technology. Whereas; the different
components used inside the considered grid have been designed, developed and improved to fulfill the
requirement of the modern-day grid control. However the level reached of the grid smartness with the ensured
aforementioned systems, the smart grid owners today are still having their aims passing beyond the contour of
their own region and grid, indeed they want that their grid will share and interact smartly and positively with
the surrounding systems, such as; the electrical power system network, the renewable energy sources, the other
distributed energy systems, the communication network, the group of the buildings in the neighbor region, the
city or even more, the global environment consideration etc. It can be said that to ensure the approach of
interoperability between the inside systems and the outside systems many different parties are required to
collaborate dynamically, accurately and seamlessly under some primordial aspects that would be achieved by
smart grids, such as; the energy efficiency, the energy minimizing cost, and the energy management. On the
other side, it is well obvious that the smart grids are designed initially to support many tasks based on new and
advanced technologies of several domains, starting from the construction materials that can be called smart
materials such as : Self-Shape-Shifting metals and Self-Healing-Materials, and other domains, especially the
smart communication systems, smart meters and smart sensors.

In this context the present plenary will focus mainly on the presentation of an overview on smart grids from the
traditional grid to the modernized grid, the integration of renewable energy sources and the integration of the
power electronics systems, and finally the different challenges and future perspectives. The overall idea of the
integration of different smart systems in smart grid will be presented in this plenary from point of view of the
general research perspectives for the next generation of the smart grids based on some future perspectives,
especially based on the used technologies such as smart metering, smart energy monitoring, smart power
electronics devices for energy conversion and interfaces. where the main aim to give an idea to the practical
researchers to go ahead for different parts of research that are giving a promising ways to obtain significant
results, experimental achievement, industrial implementation and more theoretical basis.

Keywords: Smart Grid, Renewable energy, Smart meters, Smart Materials, Smart Sensors, Power electronics
devices.
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SMC Industrial Automation Bulgaria
»INDUSTRY 4.0 - reality and education”

SMC International Training is the educational division of SMC Corporation, the world leader in innovation
and the sales of pneumatic and electro-pneumatic components for industrial automation.

SMC International Training has a clear commitment to offer Training adapted to the needs of industry;
training orientated to the development of the professional expertise required for the most diverse sectors
(automotive, pharmaceutical, semi-conductors, foodstuffs, etc.)

With a global market share of 33% we are worldwide leading experts in pneumatics.

We are a strong partner to the industry and develop state-of-the-art automation solutions

- customized solutions
- innovative products
- tailor-made services

Being the world leader in pneumatics, we take pride in offering an extensive range of high quality pneumatic
products; however, automation requires non-pneumatic solutions as well.

This has resulted in the development of products such as electric actuators, thermo-chillers, ionizers, ultra
high purity gas and fluid control equipment, allowing SMC to offer a total solutions package

Our overall objective is to offer the highest level of support to our customers and become their sole
automation supplier

SMC has a clear strategy when it comes to Industry 4.0.
We are both a leading provider and user of Industry 4.0 technologies.
We see a major need for optimization in both productivity and work schedules.

INDUSTRY 4.0 Examples

1. MALFUNCTIONS
When it occurs, Malfunctions should be quickly forwarded. The system reports automatically to these
responsible. The components affected are displayed in real time.
The software assists diagnoses and provides more detailed information including details of
malfunction and relevant CAD drawings, so it becomes easy to find exact faulty element and to be
replaced as quick as possible

2. PREDICTIVE MAINTENANCE
One of the components of Industry 4.0 is predictive maintenance with which unscheduled production
stoppages can be avoided or even entirely excluded. The predictive maintenance system is capable
for seeing expensive repairs or serious component failure and initiating preventive activities before
greater damage occurs

3. RAPID CHANGEOVER
In flexible production facilities product changeover is a rapid process. Flexible product changeover of
a machine affected without setup delays by means of higher level control system such a MES or
ERP.
This means that the machine can produce various products in batches of any size.

In the domain of Industry 4.0, SMC consistently expends its portfolio in the direction of distributed
intelligence and Rapid networking. The goal here is to connect the system horizontally or vertically.
We’re thereby enable users to optimize their production processes constantly
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The Internet of Things in the Smart Factory: e s The content-related drivers for the advance of

A Network of Intelligent Objects Industry 4.0 solutions require interlinking of
different disciplines that, even though known,

Digital Product Trusted have so far been viewed in isolation.
Memories Cloud o ;
\ o In order to be able to fulfill increasing
oo " ~ '- . . requirements for production systems and
&‘%y | g C= . machines, numerous generally known
- = : || mem : e catchwords are known:
Capturing Communication ?;":::t';mgl::d
Context Information | . Between Intelligent, gy s AUGMENTED REALITY
N | Objeats | | e OPTIMIZATION,
' Q DIGITAL COMUNICATIONS,
N/ BIG DATA HANDLING,
SMART SERVISE,
. _ INDIVIDUALIZATION,
C
e COST REDUCTION,
_Inthe Factory Internet T REAL TIME REPORT'NG,

MALFUNCTIONS, PREDICTIVE
MAINTENANCE, RAPID CHANGEOVER....

INDUSTRY 4.0 is a term generated by German
Federal Government in 2011 as a High-Tech
INDUSTRY 4.0 S Strategy for increasing Manufacturing of German
-~ = ' companies with focus of highly customized
products.
. Current usage of the term as the 4-th Industrial
| Revolution has been criticized as meaningless

Industrial Revolution

& : What is happened in the industry in a past 50 year
et | is constant EVOLUTION and INOVATION, but still
Bt | is not REVOLUTION,

e |/ Nevertheless, the term become popular worldwide
4 and have been used as key target for many

N e S production companies.
\ -
\\ / Nevertheless- Industry 4.0, Machine-to-Machine
e - (M2M), SMART FACTORY, Internet of Things

(IoT), Internet of Service, Cyber-physical systems, Supply-Chain-Real-Time or whatever you like to call
it, It's not just about generating business value, it’s not about saving or earning money in the first place! It's
much more about customization, innovation and finding (or creating) new needs!

It's about CREATIVITY. And let not forget — Creativity still is exceptional Human property.

And there is a BIG Question — How the education system should be adapted to modern requirements of the
industry?

Can we create Creative People in high schools and universities?

The direct answer of this question is “NO” as the people a creative as they are by origin. But what the
education can do with no doubt is to create an appropriate environment to develop student’s creativity.

Of course, first basic knowledge of technologies and particular skills should be created and developed
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%M Zree:‘i:\airr:gssolutions, adapted to the modern industry

INTERNATIONAL TRAINING

Based on our leading position, experience and knowledge, SMC developed series of designed for Technical
High Schools and Technical Universities Training solutions, adapted to the modern industry demands

eLEARNING-200 - The perfect theory companion
L & € eLEARNING-200 is a flexible learning system where knowledge can
: \ be acquired dependant on the user’s available time and requirements.
Students have the option to take actual classes and additional Internet

—r : _ courses when this suits them best.
v /e @
| " J\B > To be able to develop different technology skills, theoretical knowledge
beza WA | e must be acquired first. SMC International Training presents the
p == g =5 == eLEARNING-200 course programs the perfect complement to our

didactic equipment.

eLEARNING-200 offers a total of 13 courses based on the automation pyramid, covering technologies in
automated systems.

* SMC-100 — Introduction to industrial automation
* SMC-101 — Principles of pneumatics

* SMC-102 — Introduction to electricity

* SMC-103 — DC electricity

* SMC-104 — AC electricity

* SMC-105 — Solid state

* SMC-106 — Introduction to wiring

* SMC-107 — Introduction to electric motors
* SMC-108 — Sensors technology

* SMC-109 — Programmable controllers

* SMC-110 — Process controls

* SMC-111 — Hydraulics / electrohydraulics
* SMC-113 — Robotics

A. Training systems in different technologies:

PNEUMATICS AND ELECTROPNEUMATICS and VACUUM

PNEUMATE-200, PNEUTRAINER 200, VAC 200

Small-sized, light and portable training equipment that includes extensive
features which provide an enjoyable and rapid way of acquiring the
fundamental concepts of pneumatics and electro-pneumatics.

HYDRAULICS
HYDROTRAINER, HYDROMODEL

Fully modular systems designed for the development of professional
skills
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ELECTRICAL DRIVES, SENSORS, LASER, OPTICS, ARTIFICAL VISION
ELECTRICAL PANELS, IDENTIFICATION SYSTEMS, PROGRAMMING COBTROLLERS

B. Training systems with INTERACTIONS OF TECHNOLOGYES:

AUTOMATION, MANIPULATION, SCADA
FMS 200

ROBOTICS, HMI, MOTION CONTROL
FAS 200

ROBOTICS, HMI, MOTION CONTROL, ERP, MES
HAS 200

C. INDUSTRY 4.0 in education = CREATIVITY ENVIRONMENT

We know what is Creativity — Knowledge-of-ldeas, Freedom of Thinking, Open Space in Mind,
Connectivity, Smart and variable tools, Suitable environment...

VR

Everything is providing by Slmoo
N——

The Connected Enterprise Reality makes all this possible. It converges plant-level and enterprise
networks, and securely connects people, processes, and technologies

SiF400 has been designed to emulate Industry 4.0’s automated smart factory
that includes technologies, advanced manufacturing concepts and connected
enterprise reality. The training system is optimized to unpack Industry 4.0,
enabling organizations to — with minimal disruption — amend their factory
operations.

Industry 4.0’s smart factory includes cyber-physical systems that control the
i L L i S S physical processes of the factory and make decentralized decisions.
Essentially, these physical systems become Internet of Things (IoT),
communicating and cooperating both with each other and with humans in real time via the wireless web
The modular features of all training equipments enable the introduction of variations in its stations so that
they adapt to the different requirements of companies and training centers.
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From a simple configuration of one station only (working fully autonomously) to a complex configuration with
eight, ten or more stations, the possibilities are endless.

In addition, it facilitates a staggered investment, i.e. starting with an initial simple configuration which can be
easily enhanced by adding workstations.

All the components in the systems are used in industry, so that the students can work with real elements at
all times making the learning process more meaningful.

The system includes a whole series of feeding, handling, verification and loading operations etc. carried out
using components from different technologies (pneumatics, hydraulics, sensors, robotics,
communications, control and HMI).They includes the breakdown simulation system which generates up to
16 different breakdowns to be diagnosed by the students.

The combination of all these possibilities means that a lot of different assemblies can be obtained enabling
the use of production management strategies.

The control panels are completely modular and can be rapidly disassembled so the students can design and
integrate a new control.

Aspects such as aesthetics, user motivation and the development of transversal skills (such as teamwork
etc.) have also been taken into account in the conception and design process.

At university level, these systems represent a powerful development platform for research projects.

Every Training System includes complete documentation, oriented to the development of the professional
skills. The documentation includes:

USER’s MANUAL, THEORY MANUAL, EXERCISES MANUAL (STUDENT and PROFESSOR)

The acquired skills in different technologies when students use the SMC training equipments are
represented in SKILLS/TECHNOLOGIES table.

] & [OE [ [E T [T

SKILLS

30> € R =D
[

18.05.2017, SMC Industrial Automation Bulgaria EOOD
Sofia, Bulgaria Business Park Sofia, Building 8C - 6th floor
1766 Sofia
www.smc.bg

www.smctraining.com
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FUZZY MODELING AND SIMULATION OF GAS
TURBINE USING FUZZY CLUSTERING
ALGORITHM

ABDELHAFID BENYOUNES V., AHMED HAFAIFA ‘", ABDELLAH KOUZOU " |
MOULOUD GUEMANA ®

Abstract: Gas turbines are one of the major parts of modern industry. They have played very
important role in aeronautical industry, power generation and main mechanical drivers for large
pumps and compressors. This study addressed the modeling and the simulation of the Industrial
Gas Turbine GE ms5001P, located in the electrcal production station of M'sila in Algeria. The
used method for modeling of this gas turbine is based on fuzzy inference system with the use of

Gustafson-Kessel clustering (GK) algorithm.

Key words: Gas turbine modeling,; fuzzy modeling; fuzzyinference system; GK clustering

algorithm

1. INTRODUCTION

Currently, the development of mathematical
models for the representation and approximation of
complex nonlinear systems is an essential subject in
several engineering disciplines. The need for a
strong understanding of physical phenomena in
industrial systems is a great restriction at the
practical level when dealing with complex non-
linear systems. Indeed, the equation of the laws
governing such systems generally leads to a too
complex model of knowledge and its
implementation is delicate. In this case, the use of
modeling techniques developed from the input /
output measures collected on the system is required.

For this reason, this work relies on fuzzy logic
and its tools to present a complete and integrated
approach to solve all the problems encountered in
the use of classical modeling and control methods.
The problem of exploiting fuzzy models based on
Takagi-Sugeno approach, using input / output data
collected on the system being tested, for a gas
turbine system application.

Indeed, Takagi-Sugeno fuzzy modeling is a
universal approximation of real systems, which has
shown these efficiencies in several applications in
the literature [17, 24, 28, 32, 38, 81, 86]. In 1985
Takagi and Sugeno proposed the use of properties of
fuzzy sets and the use of rules in a fuzzy model (TS

fuzzy model). Since then, the fuzzy model of Takagi
and Sugeno TS has proved its effectiveness in the
study of many other nonlinear dynamic systems.
Conversely, conventional approaches use a single
model to describe the overall behavior of a
nonlinear system, whereas fuzzy Takagi and Sugeno
TS models essentially use a multi-model approach,
in which the simple sub-models are linear and are
combined between them, for the purpose of
describing the overall non-linear system behavior.

This strong property of fuzzy models of type
Takagi and Sugeno can be applied in several
dynamic systems modeling applications, that can be
described by differential equations. In this paper,
fuzzy  identification and modeling from
experimental data will be presented to approximate
nonlinear systems. In this framework, this work is
intended for the design of an original method for the
identification and modeling of industrial systems,
with a view to its application to a gas turbine
system. This model was trained by use of real
operational data of a GE MS5001P gas turbine used
for electrical energy production.

2. PROCESS DESCRIPTION

The GE MS 5001P gas turbine engine is made of
three main sections [1]: the axial compressor, the

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria

ISSN Online: 2535-0048



combustion chamber and the turbine. There is a
variable inlet guide vane (IGV) in the inlet of the
axial compressor and a variable nozzle guide vane
(NGV) in the turbine section [3]. In other part, two
valves are used as the main controlling devices of
the gas turbine located on the inlet fuel line of the
combustion chamber, the first one is for the control
of the inlet fuel pressure which called the stop ratio
valve (SRV) and the second, the most important
one, is used for governing the speed of the load
shaft this one called the gas control valve (GCV).
The figure (figure.1) represents the schematic of the
gas turbine system.

. Exhanst
al Turbine | tEmperature
Compressor
load

N

Fig. 1. Signal shaft gas turbine GE MS 5001P

The gas turbine under investigation in this work
is the GE MS 5001P industrial gas turbine
specifically, this turbine is designed for mechanical
drive applications with a wide operating speed range
to meet operating conditions of the most common
driven equipment In our case it is used as an turbo
generator in the M’sila electrical production station
located in M’sila —Algeria (figure 2). The design
point specifications of this gas turbine are presented
in Table I. The detailed information can be found in
the product manuals.

Fig. 2. M’sila electrical production station
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Table 1. Examined gas turbine specifications

parameters

Quantity Value

Compressor stage 16

Firing temperature 1.730 (F°)

Exhaust o
temperature 898 (F°)

Air flow 928.5 ( Lb/hr)

Output 24,700 (kw)

Heat rate . 12,950 (kJ/kW-

A. Nonlinear System Modeling

The fuzzy modeling from experimental data are
effective tools to approximate a non-linear system.
Among the models are widely used in the modeling
techniques we find those of Takagi-Sugeno (TS)
[12, 15].

A TS model uses the idea of linearization of
the fuzzy regions in the state space. Based on these
regions fuzzy, a non-linear system can be
decomposed into a multi structure models consisting
of several linear models which are not necessarily
independent [2]. The fuzzy sets premises partition
the input space in a number of fuzzy regions, while
the functions consequences describe the behavior of
the system in these regions. The fuzzy model TS is
generally built in two steps:

Step 1: Determine the membership functions
(MFs) antecedent of the rules;

Step 2: Estimate the parameters of the functions
consequences.

One of the techniques used to achieve the first
step is the fuzzy clustering, in this paper apply the
Gustafson-Kessel (GK) algorithm.

B. Gustafson-Kessel algorithm

The GK algorithm constitutes a reference among
the different among different methods of fuzzy
classification based on minimizing the objective
function of the form:

e (ZUV) = zl 121( 1(:“;/; )" D, ;A (1)

Where Z is the data set, U =[u; | is the matrix
of fuzzy partition (size CxN ) and V =[v,,v,,....v, |



is the vector of the center of classes to be
determined with v, e R" the center of the i” class
1<i<c, mell+oo] is a factor that denotes the
degree of fuzziness of the partition.

The standard quadratic distance in space in
question, which defines the distance measure
between the Z, observation and the v, center

within the meaning of the metric induced by A4.

Gustafson and Kessel in employing a standard
of adaptive distance in the purpose of detecting of
classes of different geometrical shapes in a set of
data. In this case, each class has its own matrix of
standard, which leads to:

Dl%{A =||Zk _Vi"i =(zy _Vi)TAi(Zk V)

2
1<i<cl<k<N
It is assumed that the matrix 4, tested the
hypothesis:
|Ai|=pi » Pi>0 3)

Where p; is fixed for each class.

In this case, the optimization of (1) gives us the
following expression for 4; :

1
|4, =[p; det(F)]" ;!

“)

Where F; is the covariance matrix blurred the i-
th class given by:

S )" (2 — vz —v)T
S )"

In the equation (1), the measurement of non-
similarity is expressed by of the sum of squares of
distances between each data vector and the center of
the corresponding class. The effect of this distance

)

i

is weighted by the degree of activation Hik
corresponding to the Z, data vector, the value of the

cost function Sreu(Z3U3V) can be seen as a
measure of the total variance of Z, with respect to

the v, centers. The minimization of the objective
function (1) is given as flows:

-4

Hig = 2
Z; 1{ jm—l
zzzl ()" 2
> ()"

This leads to the GK algorithm given in three
steps:

DikA

Dt (6)

i

Step 1: Calculate the cluster centers

N (1-1)
J ZK:1 (1, )"z,
ey

Kzl(ﬂik(lil))m
Step 3: Calculate the covariance matrix

i

1<i<c

N -1 / /
> e Tz = v D v T
N
z K-l ()™

Step 3: Calculate the distances

F. =

i

Dy, =(z, =) Az, V) 1<i<cl<k<N
Step 3: Update the partition matrix

If D’ >0pp, 1Sisclsks<N

M _ 1
Hie ™ EN
e Dy |
J DjkA
1 _ )
Otherwise Hiy = 0 if Dy >0 and Hi € [0,1]
o1 o -o]<e
with 2 Hy =1 too .
4 . . . _ . .
. Cluster 1 * .
3 e  Cluster 2 . . - i
* Cluster3 ° .
2H X Centre i . LAY ~ L. i
. s . 8 &8 LT
1F . ...'-... .'.:':';B;_.‘--'
[ L . . o . :0 0 : . :. < .. .. |
T

Fig. 3. Gustafson Kessel clustering algorithm
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C. Construction of Takagi-Sugeno models
Consider a system described by the equation (7) :

Vi =S (xg) (7)

Our objective is to approximate the nonlinear
function fy;, of equation (7) by Takagi-Sugeno
model (TS):

R, :if x; 1s A;; and x, 1S A and ... x, IS A,

Then y; =a,x+d; i=1,..r

al =[ay,a;,.a,] With R, represents the "™
rule

x =[x,,x,,.x,] Vector of observations
Ay, Aps..., Ay, - Represents the fuzzy sets,

y, : represent the output of i“™ rule a, € R?
is the vector of parameters and d; is scalar .

The determination of fy; is done in two steps:

Stepl. It starts first of all by apply the
clustering algorithm Gk, in order to calculate the
matrix of fuzzy partition U.

Step 2. We then estimate the parameters a and b
. In effect, the method of defuzzification used in the
model of Takagi-Segeno, is linear in relation to the
parameters. However, these parameters can be
estimated by using the techniques of least-squares.

3. GAS TURBINE SYSTEM
MODELING

In this study, the identification of gas turbine
system is carried out in closed loop, or the control
type is isochronous, the use of an open-loop
procedure for identification is not preferred. The
outputs inputs data have to be correlated together
and generated in normal operating conditions during
5 hours and half, the inputs parameters are axial
compressor discharge pressure and temperature
(PCD)(TCD), Gas control valve opening (GCV),
and the outputs are the speed of the turbine and
Exhaust temperature (ET) Figure(4).

Exhaust Temperatu

Fuzzy

Models

re

Fig. 4. Examined gas turbine inputs and outputs
used in modeling
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Fig. 5. Validation data of the examined gas turbine
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The obtained result of this simulation is shown  Fig. 9. Membership functions used in fuzzy models

in Figures 7 and 8 representing respectively the two
main outputs of the fuzzy models ; speed turbine
and exhausted temperature. Figure 9 and 10 shown
the membership functions used in fuzzy models.
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Fig. 10. Membership functions used in fuzzy models

outputs

The parameter used for the numeric validation is
the root-mean-square error (RMSE). and is shown in
Table II.

D. Root mean square error (RMSE)

The RMSE is a frequently used measure of the
difference between values predicted by a model and
the values observed from the environment that is
being modeled. These individual differences are
also called residuals.The RMSE of a model
prediction with respect to the estimated variable X
model is defined as the square root of the mean
squared error, given by:



RMSE = \/Ztnl (XObSJ - ‘vaoale/,i)2

n

(®)

Table 2. Table I: RMSE comparison between the
two model

Gas turbine parameter

Model type | LP shaft | ET system
speed
Fuzzy model | 0,0076 0,011846

4. CONCLUSION

This work has addressed one of the major
problems when looking for a reliable mathematical
representation; the proposed Fuzzy model provides
a good improvement in performance during its
operation in the examined gas turbine. The use of a
GK fuzzy clustering algorithm has the important
advantage to allow the automatic generation of
membership functions of fuzzy regions from studied
data. This work, confirm that the development of
digital approach is obviously More flexible to
implement. The obtained results from data
classification ~ with the associated models
construction offer advantageous performance in
modeling of the examined gas turbine system. This
approach can provide reliable models for controlling
the gas turbine and system Fault diagnosis.
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POWER PLANT SYSTEM IDENTIFICATION
BASED ON EXTENDED LEAST SQUARE
KRONECKER OPERATOR

BACHIR NAIL', ABDELLAH KOUZOU', AHMED HAFAIFA', AHMED CHAIBET?

Abstract: This paper focuses on finding an approximate Multivariable Output-Error
(MIMO OE) model of energy process (power plant) based on experimental information
acquired on site. In order to obtain the parametric model, the Extended Least Square with
the help of the Kronecker Operator (ELSK) and the Left Matrix Fraction Description
(LMFD) theory were used. four validations criteria are used in order to select the best
model order, and taking into account that the model must be left coprime (no (pole/zero)
cancellation). With the objective to prove the reliability of this model and the estimator, a
comparative study with recent estimation algorithm was conducted, such as: Multivariable
Output Error State Space (MOESP) and with artificial intelligent model, Adaptive Neuro-

fuzzy Inference System (ANFIS).

Key words: Multivariable model, Output-error, ELSK, LMFD, Validations criteria,

MOESP, ANFIS, energy

1. Introduction

The implementation of a strategy of control
and regulation of an industrial engineering systems
requires the use of reliable models of it which can
more exploitable in control. The main aime in this
work is the modelling of the dynamics behavior of
a energy process, based on system identification
theory wusing experimental data. Due to the
increasing complexity of this equipment and their
severe operating constraints increase with their use
of added values on these supervisory strategies.

In this framework, the examined system is
a Turbo-alternator (gas turbine+alternator) power
plant installed in unit of production of electricity in
M’sila Algeria, this plant is an internal combustion
engine that uses the gaseous energy of the air,
converting the chemical energy of the fuel into
mechanical energy, it is designed to extract, as far
as possible, the energy of the fuel. Indeed, gas
turbines are also called combustion turbines, are
used in a wide range of applications, including
power generation, natural gas transmission, as well
as various process applications..etc. However, a gas
turbine is an internal combustion engine, which
operates with rotary motion and reciprocation.
These gas turbines are essentially composed of
three main elements: the axial compressor, the
combustion chamber and power turbine , and
alternator drived by this gas turbine (GE MS
5001P).

process, plant.

MANY results have been published about
the modelling of gas turbine and energetic plant
using largely the artificial intelligence theory
(ANFIS, Fuzzy Logic and Neural Network models),
for the following grounds easy to apply and
unconditioned constraints in the quality and the
characterisation of the data (the convergence, the
smoothing and the number of samples is not
required), but there are disadvantages on these
models, the difficulty of controlling, and the
problem of instability, also the limitations of
applying the theory of advanced control for the
reason of the lack of the mathematical model,
majority of the researches they have been done in
recent years in this area : Gas turbine modeling
based on fuzzy clustering algorithm [1], Fuzzy
Modeling of Centrifugal Compressor [2], Gas
turbine modelling using fuzzy logic and artificial
neural networks[3], and others.

Therefore,  the  parametric system
identification theory is used to solve the problem of
approximate mathematical model which has the
same characterization of the empirical model, this
paper dealing with the implement the theory of left
matrix fraction description (MFD) to identify the
behavior of the turbo-alternator plant multivariable
output-error model. In the literature many paper
have been done in field of the (MFD) system
identification in the left and the right among them :
Identification of Turbo-compressor using (LMFD)

power

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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[4], instrumental variable identification and
extending the SRIV algorithm methods for LMFD
models[5],[6] , ARMAX models identification
using MFD [7], and MIMO least squares using
MFD [8], and others [9],[10].

In our study, the MIMO OE model is
considered to represent the dynamic behaviour of
energy process (Turbo-alternator) by the extended
least square kronecker operator estimator based on
LMFD theory, using inputs/outputs real data, the
inputs signals, GCV: gas control valve, PCD:
Pressure  compressor  discharge and TCD:
Temperature compressor discharge, and the outputs
signals, ET: Exhaust Temperature, RS: Rotor
Speed, and PG: Power Generation, the experimental
data used in this identification acquired on site of
length=10000 samples in time of 167 minutes, the
selection of the final model needed to the
validations criteria decision, we have using four
criteria (AICs, FPEs, RMSE, and VAF) [11], in
order to test the ratability of the obtained model and
implemented estimator a comparative study has
been done with intelligent artificial model ANFIS
and MOESP algorithm introduced by Katayama
[12].

The paper is organized as follow: first an
introduction discussed the historical and the recent
development of system identification, then it is
followed by the main procedure of ELSK with
application on energetic plant and a discussion of
the obtained results. Finally comments, perspectives
and a conclusion will finish the paper.

2. System identification

A MIMO OE (output-error) model given as:

Alg k] = B(q ulk]+elk] (1)
Can be written in LMFD form as:
k1= A(g) " B(g ulk]+A(g™) ekl ()
Where u[k]e R" and y[k]€ R” are inputs and
outputs vectors of the system respectively, while
elk]e R" s and the
polynomial matrices A(g'), B(g™') have the

a white-noise signal

following structure:

Alg™) =1, +A1q_1 +.4+4 9" (3)

B(g™) =
4)

The objective is to identify the matrix coefficients
A €R”” and B, e€R” of the

polynomials A(qil) and B(qil)'

Bqg'+..+B,q"

matrix

Expanding equation (2) yields
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YIK]= A [k~ A,y [k -na]+

Bu[K —1]...+ B, u[k—nb]+e[k]

Then using the Kronecker operator we get

1, ® [k Jeot (1) =~ 1, @ p[k-1] oot (4]
[ ® y[k-nal } (4]
#| 1, ®u[k~1]" Jeol
ot 1y @u[k=nb] Jeol(B]

+ek]

Here, the col{.} operator is one which forms a
vector from a matrix by stacking its columns on top
of one another.

Moreover, equation (6) can be written as

e[k]=([ 1, @ y[k] Jeot(1,)+[ 1, @ y[k-1]']
+ 1@ y[k=na] |- 1, @ulk-1]]

col(AlT)

)

T

col (AL )

[ 1, ®ulk-nb] )

col (BIT)

col(BnTb) (7

Or simply,

e[k]=| 1, ®y[k] |col(1,)-¢] [K]0

(8)

Let's define the new signals
yﬁ”[k]:[IP@y[k]T}COl(IP) ©)
v, [K=[ 1, @[k ] (10
u, [k] :[IP ®u[kﬂ (11)
o=[w]o, ] @)y, (12)

These signals y [k], Y, [k] and u, [k] belong to
R”, R”P" and R”*P" respectively
Yy [1 + px na]
Y, = : (13)
vy [pxN]
Then @ can be estimated using least squares

= [@}f CDuf] (14)
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Where
_uf [1+p><(na—1),:} uf[1+p><(na—nb),:]

0, = r : (15)
_ uf[px(N—l),:} u/[px(N—nb),:} |

®, and @ are constructed as follows :

_—yf [1+px(na—1),:] -, [1’:]
e, = : . : (16)
=0 | [ [pN-na):]

N is the number of /O data.

3. MOESP and ANFIS Approaches

In this paper, we have conducted a
comparison between our algorithm EKLS and
MOESP and ANFIS approaches, and due to the lack
of ability to display all the theories related to them,
cite only the sources for those wishing to learn
more, for MOESP algorithm introduced by
Katayama [12], ANFIS, in matlab there is a
interface dedicated to identify and modelling any
inputs/outputs data with ANFIS, but it is limited to
give a model with single output therefore we are
obliged to obtain the numbers of outputs of sub-

Fig. 1. GE MS 5001P Gas Turbine

4.1. Validation of the Model
The model that have been select must have

order n of (3,6,9...), because each [, [ = n matrices
p

blocks , the blocks have a dimension of 3x3,
because we have m=3 inputs and p=3 outputs . The
tablel shown below clarify the change of the orders
n until we stop at the best one.

The system write in linear discrete-time
state space Block Observable canonical Form as
follow :

Table 1. Turbo-alternator power plant model
orders n and blocks | with validations criteria

. . values
models in our case is three [3].
ELSK MOESP ANFIS
I n| AC FPE RMSE VAF AIC FPE RMSE VAF AIC | FPE | RMSE | VAF
1 | 3 [ 25483 | 127855 [ 9.65¢+27 | -5.59e+51 | 2.5769 | 13.156 | 9.44¢+28 | 6.89¢+52
3 1 9 02630 [ 1.3008 [ 358.1150 | 92.4540 | 03732 | 1.4524 | 388.1250 | 90.3245 ' '
4 | 12 [ 01152 | 11221 | 239.6157 | 96.6654 | 0.1451 | 1.1561 | 248.5187 | 94.9854
5 115 101997 [ 12212 | 2453060 | 95.4452 [ 0.4326 | 1.5412 | 254.4860 | 93.0548
4. Application x(k +1) = Ax(k)+Bu (k)
The system under examination is power y(k )ZCx(k)+Du (k) 16
plant used in the generation of electricity in unit of (16)
Sonelgaz M'sila Algeria. It consists of two main Where
parts, first alternator which generate the electricity 0 0 O -4 B 0
and trained by the the second part is the gas turbine ! !
(GE MS5001P), Figure 1 present real show of gas = I 0 0 -4 B= B, cr 0
turbine, and the figure 2 show the schematic block o I O -4 ;) 1o
. P . 2 b
diagram of Turbo-alternator with inputs/piputs , ,
position in the Turbo-alternator model, the length of 0 0 I -4 B, I
the measured inputs/outputs real data used in this
identification is 10* samples taken during 10* 000 1 00 000
seconds. D=0 0 0[/=[0 1 0/,0=0 0 0
000 0 0 1 000

From the table 1, the best model having both
minimums AICs/FPEs and RMSE and maximum



VAF with no Pole/Zero cancellation is the one having
order n=12 with /=4 blocks.
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4.1 Discussion of the obtained results

From the obtained results shown in the
previous figures and due to the values numbers of
the validations criteria in Table 1, can we say the
obtained model is written in the block observable
canonical form of index /=4 blocks, on the other
hand by compared ELSK model with MOESP and
ANFIS models, it is clear that obtained model is

[-13

better than the MOESP model, and more suitable
with ANFIS model, and through the figures of the
outputs signals, the figures 2-4, the real signals of
the exhausted temperature, rotor speed and power
generation are identical with the estimated signals
in all the time (0:1000) seconds and no statistical
error and peak , the figures 5-7 demonstrated the
convergence of the this identification (unbiased
estimator), where the error converge asymptotically,
the outputs signals, the figures 8-10, gas control
valve, axial compressor discharge pressure, and
axial compressor discharge temperature are riches
with frequency which covered all the behavior of
the Turbo-alternator.

Conclusion

To the best of our knowledge, this is a new
contribution combined the (LMFD) theory in
identification of class of MIMO OE model with the
help of EKLS estimator and the first application on
the  energetic = domain Turbo-alternator
investigation, using inputs/outputs real data, based
on the richest of the acquired informations with
frequency about the black box (Turbo-alternator)
plant, and the efficient of the kronicker product in
the extended least square estimator and the
flexibility of the LMFD theory all of this
advantages allowed us to obtain an accurate
identification and a valid and reliable model with no
factors common (coprime) , this is according to the
results of the validations criteria (AIC, FPE, RMSE
and VAF) and the comparative study with recent
MOESP algorithm which generate subspace model
and with artificial intelligence model ANFIS, and
recognized that they give high-fidelity models, and
can say that EKLS is unbiased estimator, despite
this is prejudge, due to this identification is off-line,
but in our case in this work for more precision. As
further works, can make this EKLS estimator in on-
line system identification (recursive loop) and done
a comparative study, also can applied many
advanced control theory on this obtained dynamical
model.
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BILATERAL FILTER INTEGRATION INTO THE
OPEN SOURCE SOFTWARE GELJ

ANGEL DANEV, ATANASKA BOSAKOVA-ARDENSKA, ILIYAN DOBREV, TODOR STAMENOV

Abstract: This paper presents the application of the computer program GelJ with additional
bilateral filter implementation in the context of DNA analyses of lactic acid bacteria
recombinants. The results show that GelJ could be applied for lactic acid bacteria

recombinants study.

Key words: open source software, GelJ, DNA analyses, bilateral filter, lactic acid bacteria

recombinants.

1. Introduction

The open source software began in the late
1970s and early 1980s when the shearing of source
code from a computer program and the proprietary
software began to really come into conflict [1].

The term “open source software” means
computer software that is made available for people
to study, modify and distribute the source code to
anyone and for any purpose. The copyright holder
provides these rights and there is no problems for
software developers to inspect, change and enhance
the source code. The difference between open source
software and other types of software is that the
authors of open source software make its source code
available to others who would like to view that code,
copy it, learn from it or share it. On the other hand
some software has source code that only the person
or organization who created it can modify or share.
Only the original authors can legally copy, inspect
and alter that software.

There are different applications of open
source software. In this paper is presented a
computer open source program that is used for
specific analyses of Lactobacillus recombinants in
gel electrophoresis.

GelJ version 2.0 is developed by Jonathan
Heras (joheras@gmail.com), César Dominguez,
Eloy Mata, César Larrea, and Vico Pascual at the
Department of Mathematics and Computer Science
of University of La Rioja (Spain) and Mysic [2]. The
program is an open source software for analyzing
DNA fingerprint gel images. DNA fingerprinting is
a technique for comparing DNA patterns that has
applications in a wide variety of contexts [3]. There
are several freely-available and commercial tools
that can be used for analyzing DNA fingerprint
images, but the commercial software is expensive

and difficult to use in some cases. On the other hand
free tools support the basic functionality for DNA
analysis. So, the main advantage of Gell is that it is
free and open source software. This program is user-
friendly, platform-independent and feather-weight.
Gell provides a lot of outstanding features such as
digital image processing including different types of
filters, mechanisms for accurate lane- and band-
detection, a number of band- and curve-based
similarity methods, different techniques for
generating dendrograms, comparison of banding
patterns from different experiments, and database
support.

2. Bilateral filter

The process of filtering in terms of digital
image processing is fundamental operation in the
science of computer vision and image processing.
The term “filtering” means that the value of the
filtered image at the given location (pixel of the
image) is a function of the values of the input image
in a small neighborhood of the same pixel or entire
image.

Bilateral filter is firstly presented by Tomasi
and Manduchi in 1998 [4]. The concept of the
bilateral filter has been also presented in [5] as the
SUSAN filter and in [6] as the neighborhood filter.

In brief, bilateral filtering smooths images
while preserving edges, by means of a non-linear
combination of nearby image values. Each pixel is
replaced by an average of its neighbors.

This type of filter is an effective image
denoising technique and it can be used for blurring
an image while respective strong edges too [4, 7].
The bilateral filter is also defined as a weighted
average of nearby pixels in a manner very similar to
Gaussian convolution. The difference is that the

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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bilateral filter takes into consideration the difference
in value with the neighbors to preserve edges while
smoothing. The bilateral filter is defined by the
following formula:

BF[I]p = Wiques Gos(“p —qlD Gar(“p - IqI)Iq (M

where I, is notation for the gray-scale image
value at pixel position p; the weight of pixel ¢ is
defined by the Gaussian G, (||p — q||) where ¢ is a
parameter defining the neighborhood size; s is the set
of all possible image locations; r is the set of all
possible pixel values. Normalization factor W,
ensures pixel weights sum to 1.0 [7]:

W, = SesGo (0 —alD G, (I, - 1,]) @)

where the parameters g; and o, specify the
level of filtering for the image I [7].

Median and bilateral filter are applied to an
image in figure 1 (A) to yield the image in figure 1

(c)
(D) Details

(C) After bilateral filtering

Fig. 1. A picture before (A) and after (B)
median and (C) bilateral filtering.

The original image has salt-and-pepper
noise. It can be seen that the most of the fine texture
has been filtered away, and yet all contours are as
crisp as in the original image. Figure 1 (d) shows a
detail of figures 1 (a), 1 (b), and 1 (c).

The bilateral filter can be applied to either
grayscale images and to colored images.

There are variety of applications that the
bilateral filter can be used. According to the specific
needs this type of filter is used for image denoising,
texture and illumination separation, data fusion, 3D
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fairing and e.t.c. Denoising of an image is the
primary goal of the bilateral filter and it is used in
applications for medical image processing, tracking,
movie restoration and so on [7].

3. GelJ structure and bilateral filter
integration

Gell is a software product for analyzing
DNA fingerprint gel images. It is developed using
the objected oriented language Java. Gell is platform
independent program because Java is platform
independent language. The product provides
different features for image processing using the
Image]J library [8]. On the other hand a library called
Weka [9] provides variety of machine learning
algorithms for data mining tasks [9, 10]. GelJ
contains a special embedded database that is
integrated using a library called JavaDB. GelJ has
three common concepts — experiment, comparison
and research. The process of making an experiment
refers to analyzing the DNA fingerprints gel image
provided from the biological experiment. Than the
process of comparison evaluates the similarities
between the samples from one or more experiments.
At the end researching process collect all data from
the experiments and comparisons. The main window
of the GelJ program is shown in figure 2.

BT
File 1005 Help

BBEEN | K& NT >

| Spacies s | Country

1
2

Comparisons -
[ T 8

Fig. 2. GelJ main window

The process of making experiments consists
of several steps that the user have to go through —
preprocessing of the DNA fingerprint gel image, lane
detection, normalization and bands detection.

Figure 3 illustrates all steps needed for gel
image processing in details. On the first step the user
can crop the image to cut out a specific important
region. On the other hand the user can adjust
brightness and contrast of the image; invert the colors
and so on. The second step is lanes detection. The
user have two options- automatically or manual



detection. He can choose to detect the lanes
automatically but after that manually editing is
required. It is important to choose and mark the
reference lanes. Bands detection is the third step of
every analysis. First the user can automatically detect
all of the bands in the entire image. For greater
precision manually picking and editing the bands is
required. The program provides features for adding
and removing bands. The step of normalization is
important for creating accurate analysis. There is a
feature for adding or loading reference marker.

T 1)
| 1.2. Inve*rtCOIc)rs |
| 1.3. Adiust B&C |
\| 1.4. Other Opera- |/

1.1. Cropping

1. Pre-processingl—— —
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¥

| 2.2. Manual Line Edi- |
¥

2. Lane Detection|- - - - {

i

|2.3. Fix Reference Linesl
N /

- . T
| 3.1. Global Line De- |
3

H
LI

3. Band Detectio

| 3.2. Lane—Band de- |

tl\_ 3.3. Manual Band |j

'd M
|4.a. Add Ref. Markerl

4. Normalization|~ = = = -

[

J4.b. Load Ref. Mark—L

Fig. 3. Steps needed for agarose gel image
processing

Figure 4 illustrates the user interface for
selecting the bilateral filter and all of the necessary
parameters.

Below are listed all of the available
parameters that the user can change in order to use
the bilateral filter.

Sigma Range — as the Sigma Range
parameter increases the bilateral filter becomes
closer to Gaussian blur.

Sigma X, Y, Z — As the spatial parameter of
bilateral filter (c4) increases, the filter smooth larger
features. In this parameter x — is the amount of pixel
neighborhood in x — axis of the coordinate system;
y — is the amount of pixel neighborhood in y — axis
of the coordinate system; z — It is a coordinate value
for smoothing 3D meshes while preserving their
most prominent features [7].

Method Channels — The possible values
are: 0 — Best channels; 1 — All channels; 2 — By
Truncation; 3 — By Tolerance;
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Fig. 4. Dropdown menu for filter type selection

Value Channels — This parameter specify
the number of channels. Every image has color
channels for example some colored image has 3
channels for Red, Green and Blue (RGB)
components.

Mode Iteration — The bilateral filter can be
iterated. The value of this field specify the iteration
schema: 0 —None; 1 —Range Iteration; 2 — Space
Iteration; 3 —Overall Iteration;

Number of iterations — in this field the
number of iterations can be specified. Larger number
of iterations leads to achieve cartoon-like renditions
of images.

For integration of bilateral filter in GelJ as an
additional feature BilateralFilter jar file is
downloaded from:

bigwww.epfl.ch/algorithms/bilateral-filter/
[11,12].

After that the file is included in a directory
called /ib where the external libraries are situated. In
package ij.plugin a class named
Bilateral Filter Instant.java was created. All of the
necessary variables are initialized in it. They are
passed to the method named process where the
source code for implementation of bilateral filter is
placed. All of the classes used in the bilateral filter
library are described below.

Allocation — memory allocation for storage
all intermediate result from bilateral filter.

Data — contains the input data needed for
image processing.

Filter — contains the logic for image
processing.

Gaussian — contains the program logic
needed for the Gaussian case.

Initialization — a class responsible for
initialization process of tables for sin and cos.



All of the methods that are part of the Filter
class are listed below.

approximate() — returns three indicators on
the quality of the estimate of the Gaussian function,
discretized on bin items;

computeOrder() — establishing the execution
order of the filter;

execute() — processing the image

selectChanels() — determines the choice of
channels;

setlterativeScheme
iterative scheme;

setLog() — specifies whether to generate a
log file after treatment;

setMultithread() — determines whether the
image will be processed multithreaded;

The Gaussian class implements the interface
Jjava.lang.Runnable. 1t is used following methods:
isRunning() - to check whether it is running image
processing; run() — for running.

determines the

0-

4. Analyses of lactic acid bacteria
recombinants

The method of agarose gel electrophoresis
allows the creation of images containing valuable
information for DNA analysis. Today’s modern
computer technologies provides variety of open
source software products for creating DNA analyses
easier in comparison to manual analyses.

In this research, one modern computer
program for DNA analyses was used to analyze lactic
acid bacteria recombinants. Randomly Amplified
Polymorphic DNA (RAPD) analysis was conducted.
It was used an image obtained from biological
experiment. Two main primers are selected — OPP-7
and j-8 [13, 14, 15] that can work with the genomes
of the couples parental strains - L. rhamnosus 1D and
L. acidophilus 2; L. rhamnosus 1D and L.
acidophilus Ar; L. acidophilus 2 and B. bifidum L1.
The image is shown in figure 6.

After a few steps of the image pre-processing
the user can continue his DNA analysis with either
automatically or manually lane detection. The
process of automatically lane detection often
requires manually editing the height, width and
position of the lanes. As a next step in the DNA
analysis using GelJ takes place the procedure of
bands detection. Again it can be done either
manually or automatically. In the most cases the user
have to do this manually for greater accuracy.

All of the bands automatically detected and
after that manually processed using the software
product Gell are shown in figure 6. A band marker
should be placed on every important bright peak. The
groups of red colored markers determines which are the
reference lanes.

[1-18

Fig. 6. Automatically detected bands and
manually processed

As an important step in procedure of DNA
analyses of lactic acid bacteria recombinants is
creating a special dendrogram which is designed to
illustrate the grade of similarity between couples
parental strains and the recombinant clones. Such a
dendrogram is shown below in figure 7. It is
generated by the GelJ software using the Similarity
method called Dice [16]; UPGMA linkage and the
output is selected to be only dendrogram. The Dice
method is also known as Dice’s coefficient. It is used
for comparing the similarity of two samples. The
output can be dendrogram, dendrogram + images,
dendrogram + images + bands. The window for
creating a dendrogram is shown in figure 8.

£ Species

L. acid. Ar.

L. acid. 2

1D

LAR105

LAR88

LAR68

LAR35

— 4
L1

A
Fig. 7. A dendrogram illustrating the grade of

similarity between couples parental strains and
the recombinant clones

LAR17

Creating a dendrogram follows the following
iterative process: on each step the nearest two groups
are combining one another in a group of higher level.
Every single generated dendrogram can additionally
contains information about the lanes, the original
image or the image with detected bands.
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Fig. 8. Comparison window for generating a

dendrogram

5. Conclusion

The computer program Gell as an open

source software for creating DNA analyses could be
applied for lactic acid bacteria recombinants study.
Using Gell] by lactic acid bacteria recombinants
analysis sufficiently accurate results were received in
comparison with commercial software products [13,
14, 15]. GelJ provides a lot of features thanks to
which the users can easily create their analyses. In
addition the open source conception of the product
allows computer programmers to develop better
tools and features.
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AUTOMATED SYSTEM FOR CONTROL AND
MANAGEMENT OF A MACHINE FOR AUTOMATIC
ASSEMBLY OF CURTAIN BRACKETS AND HOOKS

PENKO MITEV, GEORGI SHTEREV

Abstract: The automated system for control and management is intended to assemble
curtain brackets and hooks by a predefined movement sequence, registering each of the
details “roll” or “bracket” with their subsequent assembly. In the work is pointed out the
way of choosing of a technological scheme for control and management of the executive
devices for a real automated system built and integrated in the production. The invention is
implemented by "KMS Engineering" LTD - Plovdiv in "UYUT" LTD - Sankt Petersburg.

Key Words: fiber optic converters, logic controller, pneumatic distributors, ejector nozzle.

1. Introduction

The target of automation is an automatic
assembly machine which joins together two
plastic parts - "hook" and roller". This features
the following processes:

e Initial check of all default positions of
actuators

e Presence of all start conditions related to the

automatic mode;

Start of automatic mode;

Stop of automatic mode;

Control of all mechanisms in manual mode;

Control of each of the two vibratory bowl

feeders depending on the signals from the

sensors for minimal and maximal parts
quantity;

e Control of the signal lamp tower with red
and green lights;

e Control of the sequence of actions, which
take part in the assembly process;

e Tracking of statistical parameters -
"productivity", "number of errors for a
period of time", etc.

The main tasks are related to the design
and assembling of the described system, based
on standard components, writing of control
algorithm for the technological process and
creation of a simulative laboratory unit

demonstrating the various process activities.|[1,
2, 3, 4]. The machine control system if based on
a programmable logic controller which accepts
signals from fiber optics sensors for detection
of parts presence in assembly position and
controls four pneumatic valves through relay
outputs.

2. Networks of possible variants

UgnocTho Yetpoicreo sa Hawri s ynpaonessss wa .
[ yrpasnessie J [ syanaaUKA ] [ acomumTe gy } {”' ke e ‘m“] [ W mingna ]
T

Fig. 1. Network of the possible variants for project
realization

Fig. 1 shows a network of the possible
variants for project realization based on the
main functions which are required from the
control system. An optimal solution is to be
found among these variants. Some devices are

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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able to do more than one operation or two fulfill
two functions simultaneously. The process of
decision taking is connected to a complex
analysis of many factors and for each solution
there are various advantages and disadvantages.
Green dots mark the taken decisions for this
specific task.
3. Cyclogram of the machine process
The assembly process is cycle-based
where each cycle takes 1,5 seconds. Fig.2
demonstrates the time for the working stroke of
every of the four pneumatic cylinders(lifting,
assembly, opposing cylinders as well as a
blowout nozzle). In the event of anomaly in the
working cycle or in case of other emergency
situation, the control system activates light and
sound signals to attract attention of the site
personnel.
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Fig. 2. Cyclogram of the machine process

4. Working algorithm

It is based on several modules - preparatory,
subroutines  calling module, module for
delaying fiber-optic sensors' signals, control
module for vibratory bowl feeders and alarms
handling module. All modules are written in
LADDER language and each module does not
surpass 30 program steps.

5. Experimental analysis
5.1. Experimental analysis on the
productivity of the vibratory bowl
feeder for hooks
The vibratory bowl feeder for hooks is a
critical part of the whole system. Depending on
the number of arriving and properly oriented
parts, the machine will either have minimal
presence of parts for normal work cycles, or
will need to wait until this quantity is attained.
The following statistical information was
acquired based on 10 trials.
(table 1):
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Table 1

TESTS FOR HOOKS FEEDER PRODUCTIVITY
Parts quantity &

Buration for tha abowe quantity:

Minute secands Tatal: (secands)
1 an 50 0nge
1 a4l 100 L
1 Fi ] % 08s
1 15 S iLm
1 20 L) 0,35
1 2 3 0,03
1
1
1

Parts [ o Parts [ min Parts [ hour
3040,00

273600

0,67
a5.60
53,65
60,80
57,00
43,57
43,43
60,90
57,00

a5 105 0.7
15 7 Lo
n 50 0,95

540,00
430,00

AVERAGE! [ 063 53 .

Based on the results, the average feeder
productivity is 3190 parts / hour. However, the
assembly mechanism is able to work faster.

In case the bowl feeder could not feed
enough parts, its own feeder rate is the
maximum possible productivity value for the
machine.

5.2. Experimental analysis on the
productivity of the vibratory bowl
feeder for rollers
- after 10 trials the results show that the

rollers feeder has higher feed rate than the
hooks feeder. This is easily explained with
the smaller roller dimensions and the easier
orientation in general.

The results are shown in Table 2:

Table 2

TESTS FOR ROLLERS FEEDER PRODUCTIVITY
Farts quantity &

Duration faethe above quantity:

Mt seondy Total: (vrcnnds) Parts f e

L) 38 108
43 43 0,93
a5 45 0.83
a5 a3 0,89
a0 an 1,00

rants f howr
E
4008
3200, 000
F200,000
F600,000
20,57
334884
3200,000
J200,000

marts f min
63,16
55,81
53,33
33,33
0,00
sT14
55,81
53,33
531

oooo

a2 & 0,95
43 43 0,93
&5 a5 003
45 % 0,09

oaoao

AVERAGE: a3 0,94 56 EE

5.3. Experimental analysis on the PLC scan
cycle - a "scan cycle" by PLCs is the time
needed to execute the following sequence
of operations:

e check of states on every input - logic "0"
or logic "1"

e  program execution

e update of output signals based on the
changes in the current PLC cycle.



The PLCs from the XINJE XC3 series
have a scan cycle from 1 ms to 10 ms,
depending on the program complexity and the
number of additional expansion modules,
connected to the base PLC. During the phase of
PLC program creation, the following statistical
information was acquired:

(table 3):

Table 3

of
the

Number
inside
program

steps
PLC

PLC scan cycle (ms)

100

200

300

400

500

600

700

800

AW —=[—=|— O

900

The following additional research on the scan
cycle has been conducted independently from
the system with a resulting scan cycle of 20 ms:

e Base PLC XC3-60PRT-C with 36 inputs
and 24 outputs

7 additional expansion modules (a total of
140 inputs / 100 outputs)

5000 program steps inside the program

6. Conslusion:

1. The experience gathered from the project for
automatic assembly of hooks and rollers
could be applied in many other projects
having  similar  parts.  During the
development of a specific manufacturing
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process, a detailed research activity related
to industrial sensors used in industrial
environment, automation components and
innovations in IT and communication
technologies is to be done. Additionally,
analysis on the application of programmable
logic controllers for industrial automation
projects and other areas, based on the end
user's inquiry are to be researched;

2. The design of the electrical and pneumatic
diagrams is connected with the necessary
number of input/output signals and
parameters of the assembly process;

3. Economical parameters are to be taken into
account when making decisions on the
choice of automation components.
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MULTI-FUNCTION AND RECONFIGURABLE
ROBUST ANALOG I/0 MODULE DESIGN
METHODOLOGY FOR INDUSTRIAL
CONTROLLER SYSTEMS

CAGRI CANDAN, EMRE CAN DIKMEN, T. CETIN AKINCI, SERHAT SEKER

Abstract:

In this paper, applied design methodology of robust analog I/O (input and

output) module of industrial controller is explained. Analog 1/O modules are one of the
essential part of the controller. Main aspects of the design methodology are reducing
microprocessor processing complexity, selecting proper ICs (Integrated Circuits), analog
signal correlation, transducer reading performance improvements, ADC (analog to digital
converter) and DAC (digital to analog converter) implementation techniques. Additionally,
test results and serial communication protocols also mentioned.

Key words: Analog module design, transducer performance improvements, noise filtering,

IC selection, signal converter, signal generator.

1. Introduction

Industrial Control Systems (ICS) is a
general term covering various types of control
systems and associated instruments used in
industrial production, process control, machinery
and critical infrastructures [1]. High capabilities and
multiple functions of industrial controllers have
caused widely usage and therefore have become a
crucial part of the industry. As systems became
more and more complex, demands of more
advanced controller has gained momentum [2].

This system provides more flexible and
effective measurement solutions to industry this
utilizes the efficiency of overall process. System has
efficient processing power and connectivity
capabilities on the industrial computers thus
systems. In this decade the industry which has
depended on electronic design has becoming more
advanced because of unique designs products.
Because of these the requirement of conversion
systems increased in terms of flexibility, accuracy
and reliability. The previous version of the
conversion systems has seen that because of their
design issues the data accuracy and capacity of
system is quite low.

To obtain better performance over the
industrial systems several methods has been
researched. In early 2000’s technology a central
process unit has to be connected to the all of the
sensors and devices via reading or transmitting
voltage [3]. The experiments showed that regarding

on the process capacity, time consumption might
increase exponentially. In order to decrease
complexity, a modular approach has been used. To
solve problem extra microprocessors has been used.
Implementing microprocessor increased the speed
of device furthermore it implements several benefits
on device as well such as well-known
communication tools (RS232-485), local algorithms
which can embedded on its registers or OLED
screens for notify users the status of process and
device [4].

In the following level several components
and their purpose has been explained. Overall
system requirements process levels of methods
explained.

2. Design Methodology

From the analysis of literature review, most
of conversion systems has not capable of fulfilling
the system requirements of industrial processes.
Most of the systems are not supply current
technologies demand. Therefore, our design offers
low cost, low power consumption, portability, high
speed and high accuracy in terms of both academic
perspective and industrial demands. Our design is a
compact size device. It uses 32 bit microprocessor
which has the speed of up to 48 MHz Beside of this
256 Kb EEPROM. 16 Mb Internal RAM. It includes
4 channel 24 Bits A/D converters for connecting
several sensors. For dominating the sensors and
actuators it includes 16 bit D/A converter with both
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current and voltage options. Device has capable of
supplying all industry demands such as variety of
voltages (+-10V, +-5V) and for current (0-20, 4-20,
4-24 etc.).

2.1 Central Process Unit (CPU) Selection

The demand of the industrial projects has
high microprocessors speed. Due to the natural
environment of microprocessors this issue solved
with high clock cycle, long resolution bit and smart
algorithms which can able to solve big cluster of
data packets and communication protocols
simultaneously [5]. Almost all of the industrial
processes count as nonstop processes generally the
systems work on 24 hours and 7 days because of
this the selected microcontroller of the systems
should consume less energy from that perspective
energy consumption is equal enough with
processing speed. In our design we used one well
known microcontrollers company’s products.

To accomplish complex industrial projects a
smart communication and sensor analyze algorithm
required. The easiest way to solve this problem is
using a fast, powerful microprocessor. In this
design ARM Core based microprocessor has been
used. ARM based microprocessors have supreme
flexibility peripherals and cortex layers which
increase our systems compatibility. The required
microprocessor has to have high frequency which is
up to 40 MHz or higher in order to achieve
acceptable computation speed. To balance power
consumption of the design, a low power consumed
microprocessor required. In order to achieve
process in required power level and speed the well-
known company the ST is selected. Consider to
GPIO requirements of the system 48 pin
STM32F0xxx microprocessors series is selected.

2.2 Analog to Digital Converter (ADC)
Selection and Implementation

Due to the accomplished a successful
industrial project sensor communication required.
Industrial devices, peripherals have different level
of scale however each of which most commonly
uses well known standards such as 4-20 mA or 0-10
V output. This design has capability of both 4-20
mA standards and 0-10 V standards. Design has
internal jumper sets each of which for making
decision of whether current or voltage uses.
Receiving analog input requires a high precession
and speed. To solve this, issue a four channel -24 bit
delta sigma analog to digital converter has been
used. The converter can able to work with S0Hz or
60 Hz analog signals. The noise resistance of
integrated circuits has up to 600nB RMS [6].

2.2.1. Isolation
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In this decade the design of the Analog
input/output modules has been changed. All of the
analog/output modules separated with the host
microprocessors ~ via some  separators  and
controllers. There were been several methods for
separating the modules from the processor. In this
design we used galvanic isolation because of
several advantages over the other well-known
separation methods [7]. The Digital to analog
converter chip has specialized for industrial
projects. Selected chip especially capable of
providing to 20 mA, 0 to 20mA or 0 to 24 mA
current outputs or 0-5 V, 0-10 V, £5 V or =10
voltage outputs with al0% false supply accuracy
range (0-5.5V,0- 11 V,£5.5 V, or £11 V). Because
of these properties in this design our team select TI-
DACS8760 model IC chip.

2.2.2. Voltage Output

The DAC chip has property of
configurability. When chip is configured for voltage
output, max resistivity is 1 K Ohm at 10 mA. The
voltage level of output the modules output can
extend up from +15V to -15V. The voltage source
of the chip is supplied by power rail; therefore, the
rail must be at least +- 10 V supply range in order to
supply the IC chips.

2.3 Digital to Analog Converter (DAC)

As known as to accomplish an industrial
project the designer of systems needs to control
several sensors and peripherals. Besides of shut
of/on devices any peripherals or sensors requires a
wide range of input streams such as 0-10 V or 4-20
mA or 0-20mA or so. To accomplish these
requirements a high precision digital to analog
converter (DAC) has required. The DAC has to be
work with either 0-10 V or 4-20mA or both. To
accomplish this standards 16 bit dual (both V and
mA output) integrated chip has been selected [8].

The DAC chip has 16 bit resolution. This
range has been chosen because of the requirement
of high level integration. The IC chip has max 0.1
full scale range (FSR). This range includes offset
error, gain error, calibration error, scale error etc.
This FSR scale range is acceptable for all of the
voltage and current supply range. The maximum
nonlinearity is +-1 V or +-2 mA regarding to our
experiments in real-time environment. The IC chip
offers a programmable interface for determining the
voltage and current ranges, with using calibration
register user able to program the gain error and zero
error and other calibration parameters. The slew rate
of output is also programmable. All of the
communication between The IC chip and host
processor have achieved through SPI interface. SPI
is a well-known fast communication protocol which



is increased the speed of the overall design. For
ecach DAC module one microprocessor GPIO has
been assigned and with full-duplex SPI
communication protocol all of devices programmed
separately. The calibration parameters and design
information have stored in an EEPROM. The
storage unit also uses the SPI buss therefore the
communication speed is sufficient for obtaining all
of the information from converter peripherals [9].

. In this system there has 8 blocks which
represent the most important functions. The
sequence of device starts with the input signal from
sensors. The input determined from user side at
early system execution. The user could either
control the analog output by DAC or receive
information from analog input by ADC peripheral.
All of the communication ways handled through
serial communication line [10]. Both of the
information of analog input and output peripherals
values stored at micro controller. After each
sequence the memory part which contains the
information of devices peripheral is stored on the
EEPROM for providing secure information and
safety to user in case of power failure. The CPU
handles all of these events with using high clock
frequency which is up to 42MHz. Microcontroller
gather input data form ADC and generate output
data which has the same parameter with input data
to DAC. Thanks to that the input data remaining
scaled and secured without losing information.
After these processes all of the information sends to
viewing module display for showing the final
results.

3. Device Working Principle

Designed to comply with IEC61000-4

standards

*Selectable Voltage Output ranges from+ 10V, 0
-10V, £ 5V, 0 -5V with output

*Selectable Current Outputs ranges from: 0 - 20
mA, 4 -20 mA, 0 -24mA

*Output filtering, protection up to 15kV for
Electrostatic Discharge protection

*SPI interface applied with isolation which has
communication speed up to 20MHz.

*High temperature protection,
protection.

short circuit

4. Test Results

The chip has capability of working the view
of ADC on integrated circuit on 2.7 to 5 V periods.
The device has been tested interns of current and
voltage level and the temperature over the voltage
and/or current consumption.
All of the accuracy and speed test have made with
100 sample rate with different voltage/current
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levels. 7 tests have been made with this device 3 of
them for voltage and current test one of them for
temperature test. The first test has been made 100
ms period of time. In between two following 100
ms time period the microcontroller adjusted to send
a new voltage level starting from -10 V to +10 V
and the devices output level measured by voltage
source. As seen in Figure 1 the integrated chip
cannot reach the speed level of microprocessor
continuously therefore the level of voltage cannot
increase sequentially. We observed that the voltage
level increased like a saw-tooth wave.

100 ms Period Voltage
Test ¢ver 100 comment

Voltage [V]
N

: s

0 20 40 60 80 100 120
Time [Sec.]

Fig. 1. Accuracy test +-10V level 100 ms Period
for 100 samples

Second test has been made with 250 ms
time interval. To measure accuracy of the device the
time interval increased by 150 ms. The results get
better however instead of overall linear graph we
have been seen that ripples between sequential
voltages. As shown in figure two the voltage
become more stable than previous test however we
can clearly assume that the time period is not long
enough. Third test has been made with 500 time
interval. To get optimum result 500 ms have been
selected. The results are get optimum as expected.
As seen in figure 3 the voltage and the time period
gets completely linear.



250 ms Petiod
Voltage Test over 100 samples

Voltage [V]

0 50 100 150 200 250 300
Time [sec.]

Fig. 2. Accuracy test +-10V level 250 ms Period for
100 samples

500 ms Period Voltat
Test over 100 samplgs

@

Voltage [V]

-8

0 100 200 300 400 500 600
Time [sec.]

Fig. 3. Accuracy test +-10V level 500 ms Period for
100 samples

After linearization of voltage test the second
phase began. In second phase the level of current
accuracy has been tested in the same condition with
voltage tests. The first test has been made 100 ms
period of time. In between two following 100 ms
time period the microcontroller adjusted to send a
new current level starting from 4 mA to 20mA and
the devices output level measured by current source.

7

00 ms Perigd Ampere
Test over 100 samples

Current [mA]

0 20 40 60 80 100 120
Time [sec.]

Fig. 4. Accuracy test 4-20 mA level 100 ms Period
for 100 samples
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50 ms Period Ampere
lest over 100 samples

— N

Current [mA]

4

0 50 100 150 200 250 300
Time [sec.]

Fig. 5. Accuracy test 4-20 mA level 250 ms Period
for 100 samples

As seen in figure 4 we obtained a nonlinear
graph in our first 30 trial we observed almost
correct output however when the current level
increases the chip cannot reach the level of
microcontroller and some additional delays
occurred. Second test has been made with 250 ms
time interval. As it seen with the voltage test the
result becomes sharper however as seen in figure 5
additional ripples are still disrupt the overall current
signals.

Third test has been made with 500 time
interval. As seen in previous test set we observed
that for the optimum result the time interval must be
higher than 250 in order to compere between two
test sets the level adjusted to 500 ms time interval.
As seen in figure 6 after adjusting the right time
interval the current level become completely linear.

24

22

00 ms Period Ampere
Test over 10D samples

Current [mA]

0 100 200 300 400 500 600
Time [sec.]

Fig. 6. Accuracy test 4-20 mA level 50 ms Period
for 100 samples

After finishing the accuracy test a
temperature test has been started. The device
applied with various level of current and voltage
output and the temperature of chip measured
externally. As seen in the figure 7 the level of
temperature increase regarding to level of output up
to a point. We observed that the device becomes
stable after level of the current or voltage has been



produced by the chips. The stabilization may cost
because of the space between the chips on PCB as
shown figure 8. The vain spaces could absorb the
temperature of device which can reach over a
certain range

65

Temperatire over 16|bit Code

sample(0x0000-0xFFFF)
55

Temperature [C]

35

[
30
0 1000

2000 3000 4000

Code value[Hex.]

5000 6000 7000

Fig. 7. Temperature test 20 samples with the range
of 16 bit data from 0 to 65535

;.,
.8
.
.
L
.

4

sERbrRbRL bR

Fig. 8. the DAC on PCB frontal seen

5. Conclusion

In this paper an industrial sensor peripheral
reader controller has been explained. The device
currently in is working on with several different
applications in throughout several different places
and facilities. The combination between
DAC&ADC enhanced the device usage thus several
industrial processes has speeded up and get some
extra qualifications such as combinations of analog
input outputs, smart control over the process thanks
to microprocessor etc. Improvement of smart
devices will increase the process speed and reduce
the errors.

The IC chip has capability of producing
vide range of voltage and currents. The IC can also
be programmed by designer in order to change the
level of voltage and current. The general design of
device can be seen in Figure 9.
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10.

Fig. 9. Module simulation overview
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INDUSTRIAL NETWORK DESIGN USING LOW
ENERGY PROTOCOLS

STOITCHO PENKOV, ALBENA TANEVA, MICHAIL PETROV, VASIL KALKOV

Abstract: In this work a network development for industrial application is presented.
Solutions related to the network protocols and standards for industrial applications are
summarized. The main goal is focused on net operation by combining low energy protocol
and transmission method. In the developed network project for industrial data exchange was
use MQTT protocol and LoRaWAN. An application for security purpose is obtained. The
real test and verification with sending and receiving data between the connected nodes are
made. The advantages of the developed network with MOTT and LoRa are given.

Key words: /ndustrial Network, MOTT protocol, LoRa

1. Introduction

Using network in security applications is
usual, complex and sometimes dangerous tasks.
There are many different ways to solve, depending
of cases. An example a security in places without
electricity in order to be organized, is not easy task.
How to secure buildings or value staff against tiffs
and there no electricity? These tasks over a long
period of time are performed. It is case of highly
dynamic phenomena, such as change of security
status because of fire alarm or intruder, means that
the results do not reflect the real value. A solution
of such problem is to use low cost nodes equipped
with relevant networked sensors for data collection.
Several nodes can be organized and formed a grid
which will bring more complexity, and we will
gather all needed information. If the goal is to
secure object, or to gather info under the sky, it
could be use nodes with GPS to know exact
location, but considering power plan that is not
energy efficient. Where is needed can be used
mobiles and flying robots for deploying these nodes,
and at moment when nodes are deployed, it can be
marked GPS position. Thus are covered large areas
and different surfaces. One of the main factors for
such system development is the implementation
cost. In order to achieve it is appropriate to use
small, low-power nodes, which are controlled and
supervised by a main network grid organized by
LoRaWAN.

The paper presents a WSN extension to
provide communication between the nodes and the
gateway over LoRaWAN, instead of IEEE 802.11
(WiFi), instead of 3,4G.

This paper is focused on configuration and
development of the networked sensors for
monitoring and control the environment and
security system. Many articles show variety of
protocols and communication networks [2, 3, 4, 5].
Generally efforts are focused on problems with
network possibility and delays, packet dropouts,
address channel limitations related to the packet-
rates, but there is no universal solution. In the paper
problems definition, development suggestions and
maintenance for networked sensors are made. This
work summarizes solutions related to the network
protocols and standards for predefined application.
Proposition of node based sensor network with
specified low energy protocols are also presented.

2. Layer protocols

Regarding to the OSI model is important to
discuss the way of data transmission through layers.
In this point of view the transmission method will
be summarized.

2.1 LoRa™ is a proprietary spread
spectrum modulation scheme that is derivative of
Chirp Spread Spectrum modulation (CSS). It trades
data rate for sensitivity within a fixed channel
bandwidth. It implements a variable data rate
utilizing orthogonal spreading factors, which allows
the system designer to trade data rate for range or
power. Furthermore the network performance is
optimized in a constant bandwidth. LoRa™ is a
PHY layer implementation and is agnostic with to
higher-layer implementations. This allows LoRa™
to coexist and interoperate with existing network
architectures. This application note explains some
of the basic concepts of LoRa™. Modulation and
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the advantages of the scheme can provide when
deploying both fixed and mobile low-power real-
world communications networks [6].

Bandwidth vs Range :
+ Long Distance
+ High Speed
+ Low Power

Pick 2... (dictate the
laws of physics)

\

THE THINGS

.......

Fig. 1. Representation of the relationship between
Range and bandwidth of the signal

Fig.1 presents relations between signal
range for successful connection establishment and
frequency bandwidth. In case of frequency
decreasing regarding to the modulation the signal
path increases with LoRa.

2.2 LoRaWAN™ /layer2/ is a Low Power
Wide Area Network (LPWAN) specification
intended for wireless battery operated Things in a
regional, national or global network LoRaWAN
would correspond to the Media access control (MAC)
layer. LoRaWAN targets key requirements of
Internet of Things such as secure bi-directional
communication, mobility and localization services.
It specification provides seamless interoperability
among smart Things without the need of complex
local installations and gives back the freedom to the
user, developer, businesses enabling the roll out of
Internet of Things.

The choice of transport protocol, when
internet connectivity is need basically, is reduced to
two options TCP and UDP. The Protocols allow
multiple devices to communicate effectively using
the Internet. However, the determination way for
different data types, how are divided and stored in
frames, are required. In case of a system design for
collecting data in order to reduce the workload,
related to the data exchange organization, it is
possible to use application-layer protocols. There is
variety of options. One is to use industrial
automation protocols. In problem definition arises
high cost of implementation.

By analyzing network protocols, extra
attention should be pay to the model they use for
data exchange. Many of the technologies used in
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modern computer systems use a data exchange
model referred to as Request-Response. However,
when you try to use such a model for data exchange
in the sensor network you can encounter some
difficulties. A possible solution is using the Publish-
Subscribe method. In this method, the data
publishing modules send it to a server called the
broker, which then sends the data to clients
subscribed to certain information. Using these
methods of data exchange allows the clients to
receive not all the information sent by the node, but
only the data that interest. There is also no need to
constantly calling the modules that generate
information about the data.

2.3 MQTT protocol

Among different options described one of
the most appropriate is MQTT protocol (Message
Queue Telemetry Transport), details in [5]. It was
designed in 1999 for transferring data from
telemetry devices. The main goal of the designers
was to create an efficient protocol to transfer data
from devices with limited hardware resources,
which is equipped with a low-performance
microprocessors and a small amount of memory.
Also expected to work in networks with severely
limited bandwidth for data transmission. The
protocol uses a publish-subscribe method and
transmits the data over TCP/IP or UDP. In its
implementation requires a special computer called a
messages broker. The task of the broker is to collect
messages and sending them to devices interested in
specific information. Fig. 2 shows the organization
diagram for data exchanging between Publishers
and Subscribers by MQTT Broker.

MQTT Broker Subscriber 1
Publisher 1
\ Topic 1 {
Subscriber 2
Topic 2
Publisher 2 —f \
Subscriber 3

Fig. 2. Organization of data exchange in MQTT.

MQTT protocol messages are assigned to
names that are topics. In context of the client and
the broker, there is no need to configure the topic.
The client sends a message to a specific topic. If
there is a particular topic the broker will update its
data, in the absence a new topic will be created
automatically, to which will be assigned the
information transmitted in the message. Topics may
be organized in a hierarchical manner using the
separator in the form of a forward slash (/). This
allows us to organize data in a broker in a manner



similar to the file system. Example topic for
networked grid nodes may have the following form:

Network22/NODE11/sensor33/DATA

An important feature of the MQTT protocol
is the ability to manage the quality of service by
implementing QoS (Quality of Service). It allows
you to manage the way to deliver a message and
confirmation of its receipt.

3. System design and configuration

The developed solution for industrial
network combines LoRa and MQTT protocol.

An  important step in  designing
communication layer using MQTT protocol is to
determine the structure of topics and related
messages. In current system only test messages were
send, which allows reading data from nodes sensors.

Therefore is achieved LPWAN based
LoRaWAN, presented on fig.3. It is evident there is
variety of tasks: many sensor types, devices through
Gateway to the many user defined applications.

Gateway's

A

(({:A

\

LoRa mode's
[s2nzors-defernt types/

Lightii: automiation i

end user

LoRa

Hir conditioning

Temperatire
Megsreme

Energy metering

4
:
¥

Preence detection

Fig. 3. Overview of the developed network with
industrial applications

The network can consist of thousands nodes.

In case of new LoRaWAL project is need a
Gateway in case with no LoRa coverage. The
proposed solution includes Gateway. This can be
viewed as an advantage of the application, fig.4.
LoRaWAN uses licence-free spectrum, usually ISM
(Industrial,  Scientific, Medical) bands to
communicate over the air. In Europe, ETSI
regulates the ISM band access on the 868MHz and
433MHz bands.
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Fig. 4. Designed and Assembled Gateway included
in LPWAN

The usage of these bands is submitted to
limitations: The output power (EIRP) of the
transmitter shall not exceed 14dBm or 25mW, and
the duty cycle imposed in Europe by ETSI is
limited to 1% (for devices) or 10% (for gateways)
depending on the used sub-band. In this project the
Gateway is placed on the laboratory roof. As an
option in a startup it was assumed. The achieved
signal coverage was good enough. In future work it
will be improved. On the next fig. 5 are shown the
used and connected LoRa nodes based on
Microchip ®. In this way is developed and obtained
network based on LORAWAN.

Fig. 5. Numbers of the used nodes based on
Microchip in the developed network.

The architecture including three different
classes (A,B,C), of communication profiles are
available in LoRa networks between devices and
applications, are presented on fig.6.
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LoRa MAC

MAC Options

Class A Class B Class C

LoRa Modulation

Regional ISM Band

Fig. 6. Typical system architecture of a LoRaWAN

node

Class name Intended usage

Battery powered sensars, or actuators with no latency constraint
A Most energy efficient communication class.

Must be supported by all devices
(« all »)

Battery powered actuators
B Energy efficient communication class for latency controlled downlink.

Based on slotted communication synchronized with a network beacon.
(« beacon »)

Mains powered actuators
c Devices which can afford tolisten continuously.

. No latency for downlink communication.
(« continuous #)

Fig. 7. Description of A,B and C profiles

Each class serves different application
needs and has optimised requirements for specific
purposes. The key difference between A,B and C
profiles is the trade-off made between latency and
power consumption, fig.7. It is a difficult task to
gather information from many and different points.
In a stage of problem definition the task is related to
a network design and configuration of nodes
equipped with sensors. The proposed solution is
based on a grid of networked nodes. If there is a lot
of equipment, it is important to find a low-cost
solution with low energy consumption. In order to
reduce costs it is necessary to minimize the tasks of
networked nodes. Therefore cable connections are
not relevant or suitable. In such case of many
distributed nodes cooperation, the option is to use
radio communication. The solution performs the
data transmission from the sensors to the gateway
/one or many/. This allows using of nodes with low-
cost microcontrollers. The power consumption.
Easy operation and reconfiguration of the system
are also given and discussed in [6].

Nowadays  there are many radio
communication standards, but not all are well suited
to the task. The ability and widely used popular, not
expensive modules with easy connection to the
Internet is very important.

First one solution that comes to mind is the
standard IEEE 802.11 (WiFi). It allows connecting
multiple devices to the network, and easy
integration with the Internet. However, it has the
disadvantage of relatively high demand for energy,
which is particularly important in the case of using
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small nodes to collect data. Among the standards
for devices with low power the most interesting
solution is using LoRaWAN network

IEEE standards are for the physical layer of
the OSI model. They allow transferring data. But do
not provide a convenient way to control
communications and meeting the requirements of
QoS (Quality of Service). Accordingly, the next
step is the selection of a transport layer protocol.

Level2 Sections

For second level of headings use
,»SectionL2” mark-up style.
Level3 Sections
For second level of headings use

»Section.3” mark-up style.

4. Application in security area

There are many places around cities (levers,
fields, car morgues, etc.) without electricity and
220V power supply. From security point of view
this is a big problem and complex task. To establish
and maintain the communication with such plant.
The options are very less. Generally is used security
system equipped with transmitters and detectors
using 220V power supply. They are not applicable
in such case.

It is possible to use GSM operators. We are
facing with need to use special equipment with
batteries. These batteries should therefore be
charged. Even in this way the operability depends
of the power supply. The lifecycle is not so long.
This weakness is other come with the developed
solution combining LoRaWAN and MQTT. In this
way can be achieved promising security without
220V power supply.

The coverage measurement with TTN
mapper
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LoRa uses low energy hence the workability is
expected to be 5-10 years. To one node could be
connected more than one detector and passive detectors
as well.

The radio coverage of developed network,
fig.8 can be viewed as an industrial solution in case
with ToT implementation. The signal covers the
laboratory location and connected nodes. To
investigate and conduct the preliminary experiments
is used software named TTN /The Things Network/
mapper, fig.9. The signal coverage and connected
node was monitored. The results demonstrate the
good enough signals. It shows the achieved passing
of the signal at a large distance with low power.

TX- is the emitted power by the
transmitter. The signal is gained by the Gateway.
The signal above the dashed red line confirms the
established and “good” connection.

Free Space

TX=> 4~

Free Space Path Loss and Fading

TX power

P(dBm)

Connector loss, etc.
Antenna gain
Antenna gain

Connector loss, etc.

RX input power

Fig. 9. The TX and RX signals

5. Conclusion

This work is devoted on developing,
configuration and investigation of the network for
security purpose in the case of missing 220V supply.
A solution is found out by combination between the
LoRaWAN network and MQTT protocol. All
developed nodes covered IP 67 standard.

Some advantages of the system are: easy
maintenance; low cost; low energy consumption;
reliability and security; easy connection to the
Internet, long lifecycle. The system nodes (the grid)
can be enlarged with up to more than 1000 nodes
connected with one gate.

In the particular test application for the
industrial network development it is obtained
promising results. There are eight connected nodes
in this case study. Furthermore it will be possible
and very easy to extend the node numbers if
necessary. The idea could be associated with

networked sensors for robots to perform various
tasks. To industrial environment for monitoring
process values like temperature, air conditioning
systems and etc. Each “node” could present sensor
one or many, or robot sensors, connected the main
node through the Gatrway with LoRa. It is possible
to use robots to spread sensors in case of hostile
environment.

The paper shows an example of the use of
open network protocols in networked mobile robot
sensor system. MQTT protocol allowed for the use
of standardized methods for data exchange in the
sensor network. Also greatly simplified the
integration of new nodes, the use of nodes
information from other systems and integrating with
the Internet.

The use of open protocols simplifies
software development work, especially when it
consists of a large number of independent nodes.
Also simplifies the maintenance process, since it is
possible to read information about the industrial
values and the status of individual sensors without
having to use special tools. Future work will be
focused on industrial network implementation.
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MACHINE VISION SYSTEMS FOR
INTELLIGENT QUALITY CONTROL OF
MANUFACTURING PROCESSES

BORISLAV RUSENOV, ALBENA TANEVA, IVAN GANCHEV, MICHAIL PETROV

Abstract: An intelligent system for automated quality control of manufacturing process
applications, based on machine vision is presented in this paper. The quality of many
produced parts in manufacturing processes depends on dimensions and surface features.
The presented automated machine vision system analyzes those geometric and surface
features and decides about tile quality by utilizing statistical analysis. Refined methods for
geometric and surface features extraction are presented also. The efficiency of processing
algorithms and the usage of an advanced analysis as a substitution of human visual quality

control are investigated and confirmed.

Key words: quality control, machine vision, intelligent systems

Introduction

Many industrial processes use or require
visual inspection in quality control as an integrated
part of their production stages. Such processes are
based on visual perception principles to successfully
determine levels of product quality by quantifying
its visual appearance in general and some specific
visual features, respectively [1]. A visual inspection
system is based on machine vision principles by
using acquisition cameras and also, one or more
industrial computers. The main motivation for
machine vision implementation is economic factors,
which constantly require less production costs.

One of processes that use machine vision
for product quality control is the production in
mechanical manufacturing processes [2]. The
production phases are more or less automated. The
exception is quality control stage with mostly
human vision inspection. Some production lines
still use human vision in quality control. The main
reason lies in complexity of this task. Human
resources are used because the visual quality control
process is very complex and highly demanding and
often should be on-line adaptive on changeable
quality requests in classification stage of
production. Because of human features limitations
as controlling element in production line, man

becomes one of the weakest and unreliable links.
By replacing the human with machine, the whole
process should have better production yield and
could be more efficient [3].

Industrial control system (ICS) is a general
term that encompasses several types of control
systems used in industrial production, including
supervisory control and data acquisition (SCADA)
systems, distributed control systems (DCS), and
other smaller control system configurations such as
programmable logic controllers (PLC) often found
in the industrial sectors and critical infrastructures.
Industrial automation is a discipline that includes
knowledge and expertise from various branches of
engineering including electrical, electronics,
chemical, mechanical, communications and more
recently computer and software engineering.

In order to stay on top of a competitive
market, companies have to keep their production
costs as low as possible. One element of their
strategy is to collect production and control data,
analyze it to find improvements, and incorporate
those improvements in each new plant.

The role of including quality control in
other control systems may lie in control and
information flow of plants, in integrating processing
machines, in the Manufacturing Execution Systems
(MES) [7] that monitor the processes, and in the
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data-based Enterprise Resource Planning (ERP) [8]
system that provides decision support.

Process quality control system is a novel
computer-aided process quality control system,
which integrates hardware and software. The
system could realize quality data collection,
transmission, storage, quality monitoring and
quality statistical analysis for spare parts production
process. It could accomplish the collection and
monitoring of quality data automatically in field.
Once the production process has problems, it can
give an alarm and begin to analyze, providing a
basis for process quality control. Furthermore, it can
also carry out offline quality statistical analysis of
the quality data derived from the machining field,
guaranteeing after-process control of processing
quality.

Quality Control System

The complete system block diagram in
Figure 1 presents the role of the SCADA system;
the quality measurement data is collected from the
final product and stored in special registers inside
the controller/ Remote Terminal Unit (RTU) which
in this case is a programmable logic controller
(PLC). This data is transferred to the SCADA node
using industrial network which could be a local or
remote network, this data is analyzed and a control
decision to tune the controller if necessary to ensure
that the product is within the bounds of required
quality.

Material
Processing

Raw
Material

DUtpm
Controller Quality
/RTU Measurement

Industrial
Network

SCADA
node

Quality control system block diagram

Process quality data acquisition and
controlling contents include the monitoring of
parameters process product quality testing. Process
parameters monitoring is realized by measuring the
relevant  parameters on  product  quality

[-37

characteristics. Process product quality testing is
achieved by testing products’ quality feature in the
machining processes or machining process interval.
Common processing measurement parameters for
example could include cutting force, temperature,
spindle motor current changes, vibration and noise
signals. Process quality control should establish the
correlation between process parameters and the
final product quality characteristics, and ensure the
quality of the final product by the adjustment to
parameters.

Role of SCADA in Quality Management

A production process includes the quality
assurance testing of samples from each product lot.
The test data is used to produce a certificate of
conformance report for such a lot. The data is
collected from test equipment, then sometimes
manually entered into a customized database form,
and then formatted to produce the certificate of
conformance. Manual data entry is time-consuming,
error-prone, and repetitive. Here is the challenge to
introduce a supervisory control system to automate
that process and integrate data collection with its
other manufacturing systems. With the automation
of the quality assurance process by electronically
collecting data from the measurement tools, the
operator does not need to write test measurements
into a form and then into a computerized
spreadsheet. Dozens of samples with up to hundreds
of measurements are displayed; with manual work,
the system can only handle a limited number of
measurements. In being automated, it can be
upgraded to manage much more. After data
collection, a system can retrieve the expected
measurement values from database for the samples
of that lot.

A summary screen might he immediately
displayed to the operator indicating, for each
sample, whether all measurements were within
control limits, within specification limits, or outside
specification limits. The operator can also view
details about each sample and adjust the data
manually. Any data modifications are stored in an
audit trail, and the initial raw data is kept for
historical records. When the operator is satisfied
that the data is correct, the system sends this
validated data to its database, and it is possible to
produce the certificate of conformance. Time saving
for these procedures is significant: it could easily



take an operator longer to record the measurement
data than it takes the tool to create it. A supervisory
control system brings the time for the whole
process, from measurement to a report, down to a
matter of seconds.

Description of an application system.

A typical machine vision and quality
control system has the structure shown on fig.2.

{ Light source

Control Modules 4—77"177777—7777/"' z

‘ Part

/i Camera { Light source

s

Structure of a typical machine vison system

The system includes: camera, light sources,
a transport system for moving the inspected
products, control modules and actuators. Typically,
the transport system is a part of the production
process. The cameras are positioned so that the
inspected parts or finished article falls into the
camera's work area. In general, the control module
serves to process the camera signal and to
communicate with the executive actuator. If it is
provided, it serves with the quality measurement
system and the SCADA system of the factory as
well, where the inspected product is manufactured.
The light source allows accurately determine the
right amount of light flux to properly capture the
scene.

1.1. Basic machine vision system of modules
for temperature protection

In the manufacture of modules for
temperature protection of electric motors of
compressors in refrigerators and freezers a main
component which is embedded is a thermo-
protector. The operating temperature of these
thermal protectors is indicated by an alphanumeric
code. Thermo-protectors are produced in several
factories around the world. Upon entrance, each
type of batch of thermo-protectors with a specified
trigger temperature is "contaminated" with thermo-
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protectors with another trigger temperature. In
addition, there are thermo-protectors with missing
or incomplete alphanumeric codes. The task of
identifying and separating the inappropriate
incoming product from the incoming good one is
accomplished by the machine vision system shown
in Fig. 3.

Factory machine vision system

The system of machine vision and quality
control of components for temperature protection of
compressors for refrigerators and freezers with
thermo-protectors is constructed schematically
according to Fig. 4.

FQ2-5 H
Setup Tool FQ2-5 Tk @
Touch Finder FQ2-CH1 M

or PC Tool [Trigger sensor Sensor control PLC
3 10 control PLC

°

ALSTC Flseriss
Lighting Controller _ Extemal Lighting

S
3
— —1

24-V power supply

24V power supply|

Structure of machine vision and quality control
system



The smart camera model FQ [4] of the
manufacturer for industrial automation company
Omron was used. The equipment includes a visual
inspection camera, a setup controller with
predefined different quality parameters, a light
source, a parallel interface for direct digital output
control.

The controller of the wvisual inspection
camera allows operation in 5 different recognition
modes: in case of difference in form, difference in
position, difference in width, difference in size, and
color difference. For inspection of thermo-
protectors, the difference in form recognition mode
is used. The embedded digital outputs of the
intelligent camera are used to send signal to the
programmable logic controller PLC of the thermal
protection module manufacturing machine. When
an unsecured thermal protector is detected, the cycle
stops and the actuator removes the product.

The described intelligent camera system FQ
can also be seen as an intelligent sensor. Unlike
conventional sensors, through camera inspection, at
every stage of the production cycle of a product the
quality control could be achieved. Quality control
consists of separating the unsuitable product.

1.2. Smart machine vision system of

modules for temperature protection

For quality management this is not enough.
In order to be able to derive full information about
the quantity of inferior production which is evident
and what is deviation in relation to the set
parameters, it is necessary to use more digital
outputs. Intelligent camera FQ has a datalog
function. This feature allows keeping a file with a
table of values for each criterion measurement. For
a modern production system, this data exchange is
not fast and effective enough. It requires human
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intervention to be processed, which means it can not
be included in the enterprise's SCADA system.

This problem is solved in the new
generation of intelligent camera model FQ2. This
camera already has had an EtherNet/IP™ interface.
A machine vision system with camera model FQ2 is
shown on Fig.5.

Touch Finder

Personal computer 5011500 FQ2:D3t

(Sysmac Sudo i EtherNetlP por)
installed,
0S:Windows?)

LAN cable
110 Cable
FQ-WOI

FQ Ethernet Cable
FQ-WNII

Switching Hub

FQ2-530-13M

Structure of machine vision system with camera
model FQ2

When using such a camera included in a
SCADA system it is no longer a problem. The high-
speed interface allows to be achieved the necessary
data exchange. Significant improvements are also in
recognition algorithms. This generation of
intelligent cameras have the high-tech Shape Search
III algorithm [3], [6]. It allows work with complex
objects in light interference conditions and poor
background. Several objects entering the camera's
work area can be inspected simultaneously, even if
objects are poorly or partially illuminated or rotated
and overlapped. It is possible to measure distances
between the outline of an object, detection of
defects such as cracks, for example. There is
compensation for displacement and rotation of the
object. The ability to recognize text, different types
of bar code and 2D code is built in. All of these
features make it possible to expand the range of
possible smart camera application areas. In addition
to the enhanced recognition algorithms, a
significant difference is also noted in the camera
setup. The setting of inspection areas is dramatically
simplified compared to the previous FQ equipment.

In the FQ equipment, as in previous models
of Omron's cameras, an underlying search algorithm
based on image outlines (dense edge) is built. It can
easily be influenced by slight changes in image
contours due to unevenness in conveyor systems,

DC24V Power Supply



slight geometric differences in the inspected targets,
all of which lead to a drop in measurement accuracy
and sometimes resulting in unexplained behavior of
the systems. One possible solution to this problem
is to be performed iteratively, comparing to multiple
templates, which of course leads to a drastic drop in
productivity.

Experimental results and quality analysis
A solution to the machine vision system
with camera model FQ2 is an algorithm using
variation-absorbing  templates.  This  method
generates tens of thousands of possible variations
for each local region to absorb the changes caused

by these variations (Fig. 6)
o> W

i

Generation of pose variations
(shifts, rotations and scales)

Model image
(see red marked region)

The variation-absorbing templates method

Along with this, the generated patterns are
clustered and pooled into groups based on their
similarity, resulting in a reduction in the
consumption of memory from 1/100 to 1/1000
compared to the amount of the generated templates.
This does not lead to a drop in productivity and
performance, only leads to increased accuracy and
enables highly accurate recognition at high speeds.
Some results of the data represent the observations
of the different variations.

The results of the quality control of the described
thermo-protector product are systematized for
further processing. They are arranged in a table
describing in detail: the type of defect that has
occurred and number of defects of the type, change
in which the defect occurred, date of occurrence,
batch, operator, etc. To analyze the defects of
production, first a Pareto diagram is built. The
Pareto diagram for manufacturing of thermo-
protectors is shown in Fig.7.
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Pareto chart of inspection of thermal protectors

Three or five most pronounced defects/
problems are ispected. Each of them is subjected to
thorough investigation using the Root cause
analysis (RCA) method. RCA is a technique used to
identify the conditions that initiate the occurrence of
an undesired activity or state. The process of
problem solving used to identify the underlying or
initiating source of a nonconformance. In order to
reach the cause of the defects, the so-called
"Fishbone” diagram is built and shown in Fig. 8.

In the major bones or contributing to the
occurrence of defects are:
Man Power (Personnel)
Machines (Equipment)
Materials (Reagents and Supplies)
Methods

MAN MACHINE

coused! ‘X&cusm &cu&%
cause(3
ruu:w'?347 :mse{‘é7/

MATERIAL METHOD

FAILURE

Fishbone diagram



Besides the described techniques for analysis
of defects and measures for their removal, a quick
analysis of the condition of a defect also gives Time
series plots. Time series plot can be used to
visualise things that vary over time to also present
in which order they occurred. A time series plot
diagram can be constructed without advanced
statistical software. Another advantage is that it is
easy to interpret without deeper statistic knowledge
and gives the possibility to see trends and process
variation. A graph of the development over time of
the most pronounced defect of a Pareto diagram of
Fig. 7 is shown on Fig.9.

[1-41

Damaged case during assembling

Defects

L Rl e o G L T e

Time series plots

Thus, the accumulated and evaluated data
from the quality control of the thermoprotection
component can be used not only to enhance and
permanently stabilize the quality. They are also to
take preventative measures in servicing the
machinery and equipment, involved in the
production of the materials and elements involved n
the final product.

Conclusion

An intelligent system for automated quality
control of manufacturing process applications based
on machine vision is presented in this paper. The
quality of many produced parts in manufacturing
processes depends on dimensions and surface
features. The presented automated machine vision
system analyzes those geometric and surface
features and decides about tile quality by utilizing
statistical analysis. Refined methods for geometric
and surface features extraction are presented also.
The efficiency of processing algorithms and the
usage of an advanced analysis as a substitution of
human visual quality control are investigated and
confirmed.

The presented machine vision system has
purpose to replace a human vision quality controller
in the manufacture of modules for temperature
protection of electric motors of compressors in
refrigerators and freezers. The presented system
consists of at least two cameras for image
registration and one computer. After the image
acquisition and trimming basic optic parameters, the
geometric and surface analysis is performed.
Geometric analysis relies on contour tracing method
where several geometric inspection methods are
united into one. Using this method, the complete
time for analysis is reduced to acceptable limits
suited for real time operations.
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INPOEKTUPAHE HA ACUHXPOHHO
EJEKTPO3AJIBUKBAHE C
KBA3ZUPE3OHAHCEH IPEOBPA3YBATEJI

JIMMUTBHP CIIUPOB, HUKOJIAIL KOMUTOB

Pe3tome: Paspabomen e uzuuciumener aiecopumvi 3d NPOEKMUPAHE HA ACUHXPOHHO
CNLeKMPO3A0BUINCEAHE C KEAZUPE3OHAHCEH npeodpasyeamei U YNpaeieHue ¢ WupoOUUHHO-
umnyicna mooynayus. Pazenedana e pabomama Ha cxemama no uHmMepeaiu U ca
onpeoenenu HanpedceHuemo U moka 8 NOCHOSHHOMOKOBOMO 36€HO NPU CUHYCOUOATHA U
NPOCMAPHCMBEH0-6eKmopHa  mooyiayusi. I[Ipedcmasenume  CyMyI1ayuOHHU  pe3yamamu
nomewvpaHcoasam pabomocnocooHoCmma Ha NPeOI0HCeHaAma Memoouxd.

KirouoBu xyMu: acunxponno enekmposaosusicéane, K8azupesoHancel npeobpasysamein

DESIGN OF INDUCTION MOTOR DRIVE WITH
QUASI-RESONANT CONVERTER

DIMITAR SPIROV, NIKOLAY KOMITOV

Abstract: 4 methodology for design of induction motor drive with quasi-resonant
converter and pulse width modulation control is developed. It examined the operation of
the scheme in intervals and voltage and current in the DC link are calculated for sine-
PWM and space vector-PWM. The simulation results confirm the performance of the

© International Scientific Conference on Engineering, Technologies and Systems

proposed methodology.

Key words: induction motor drive, quasi-resonant converter

1. OcHOBHMU OJIOKEHH S

bbp30o HamansBamuTe €HEpruiiHu pecypcu
MIOCTaBSAT BBIIPOCA 3a TAXHOTO MO-PAIMOHATHO U
nmo-eheKTUBHO H3MON3BaHe. ToBa JoBeXaa 10
HEOOXOAMMOCT OT pa3paboTBaHE W BHEIPSBaHE Ha
eHeprocuecTsBaliy Mpou3BoacTBa. Karo ocHoBeH
CJIEMEHT Ha MPOU3BOACTBCHUTE CUCTEMH CE SIBSBA
€JIIEKTPO003aBEKIAHETO M  EIIEKTPO3aIBUKBAHETO

M. OcHOBHHTE CIICMCHTHU Ha
CJICKTPO3aABUKBAHCTO ca JABUI'aTCIINTC nu
CUCTEMUTE UM 3a YIIPaBJICHUC. ACI/IHXpOHHI/ITe

CJIEKTPOJIBUTATENIN Ca NPOEKTUPAHU Jla PabOTAT ¢
Hai-BUCOKa e()eKTUBHOCT MPH IIBJIIHO HATOBApBAaHE,
HO Ha MPaKTHKa TOBA PsAKO ce cayusa [1].

IIppu TOBa TMOJIOKEHHME CHCTEMMTE 3a
yIpaBJIeHHE ca Te3H, KOUTO TpsOBa Ia OCUTYPST
BUCOKOE(EKTHUBEH PEXKHUM IPHU MIMPOK JUAIa30H Ha
W3MEHEHHE Ha W3XOJHWTE IlapaMeTpu U Ha
cMymiaBammure  Bb3AecTBHA.  ChbBpeMEeHHHTE
peryiaupyeMu  eIeKTpO3aABMKBaHMS TpsiOBa J1a

MpUTEXKaBaT TrojisiMa TOYHOCT, Obp30JcicTBHE,
HaJCKIHOCT W YCTOMYMBOCT TPU CTAMOHAPHU WU

OUHAMUYHM ~peXMMH B  Henust 00XBaT Ha
perynupase [2, 3].

[ToBumraBaneTo Ha  dYecroTraTa  Ha
CHUCTEMMTE,  3aXpaHBaHM  OT  MHBEPTOp C
IIUPOYUHHO-UMITYJICHA MOAYyJIalus (II1M)

JIOBEXKJIa JIO MOBMIIIABAHE HA 3aryOUTe B CHJIOBHUTE
KITFOYOBE M KOMYTAI[OHHU YIapHU HATOBapBaHUSI.

Te3m HemocraTbllm MoOTaT Ja ObIaT
n30eTHATH Ype3 W3IOJ3BAHETO HA PE30HAHCHU
npeoOpasyBaTelid, OCUTYpSBAllld HaMalsBaHE Ha
KOMYTaIlMOHHUTE 3aryOH 3a CMeTKa Ha J00aBsHe Ha
MMACUBHW, a B HAKOM CJIy4al W Ha aKTHBHU
KOMIIOHEHTH. U3BecHM ca pa3nuyHu BUIOBE
pe30HaHCHHU MpeoOpa3yBaTeIM, HO OCHOBHATA HIEs
IpH BCEKHM OT TIX €, Y€ MPEBKIIOYBAHETO Ha
CWJIOBUTE KJIFOUOBE TpsiOBa Jla CcTaHe MPU HYJIEBO
HaIpeXKeHUE BbPXY TAX WIM HA HYJEB TOK MPe3 TAX,
B pe3yJTaT Ha KOETO C€ HaMajsIBaT 3HAYUTEIHO
KOMYTAI[MOHHUTE 3aryou [2, 4].
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Ilenta Ha  HacTOSIIMS  JOKIam €
MPOEKTHPaHEe Ha aCHHXPOHHO €JIeKTPO3aIBIKBAHE
C KBa3Wpe3oHaHceH mpeobOpasyBaten. Heobxoammo
e ma ce wusciueaBa paboOTOCIOCOOHOCTTAa Ha
HpeIlHO)KeHI/ISI aJ'IFOpI/IT'I)M.

2. AHaju3 Ha npeoOpa3yBareJisi

[lapamerpure m0pH MOPOEKTHPAHETO HA
npeoOpasyBaTessl U Ha CUCTeMara 3a yIpaBJIeHHE Ce
ONpeneNsiT  OT  ACHHXPOHHATa  MalldHa |

3aJBIDKBAHKS OT HesS MEXaHW3bM, OT TEXHUTE
pexxuMu Ha paboTa u ToBapoB rpaduk. Ha ¢ur. 1. e

JaJacHa cxXeMma Ha  peryjiupuemMo ACUXPOHHO
CJICKTPO3a/IBUIKBAHC C KBa3UPE30HAHCCH
npeoOpa3yBaTed.
$ || || Mexanuuen

TpomenmBo- Acunxponna  TOBaP
TOKOB M3TOUHHK  MocTroB TlocrosinnorokoBa  Tpudasen MaumnHa

Ha JI. CHePTUA  y3mpaBuTe  KBAa3HPE30HAHCHA MOCTOB

u Guntep BEpHUra HHBEPTOP

@ue. 1. Pecynupuemo acuxpouto
eeKMPO3A0BUINCEAHE C KBAZUPE3OHAHCEH

npeodpazysamei.
3axpaHBaHETO  CE€  OCBIIECTBSBA  OT
IPOMEHJIMBOTOKOBATA Mpexa. Bxoanoto
CHHYCOMJIAJIHO  HANpeKeHHWEe Ce U3MpaBsi OT

JUOJHHUSI MOCTOB H3IPABUTEN M CE€ M3IMIaxJaa OT
¢uiTpoBust  KoHIeH3aTOp. TpudazHust MOCTOB
WHBEPTOpP OCUTYpsBa TpH(a3HOTO HAIMpPEKEHHE 3a
3aXpaHBaHE€ Ha  ACHHXPOHHMS  JIBUTaTenl C
HaIpeKeHNe U 4eCTOTa, ONPEAENICHH OT peKUMa Ha
pabota. 3a yImpaBJICHHETO Ha CHJIOBUTE KITFOUOBE CE€
U3II0JI3Ba T'eHepaTop Ha MIMPOYMHHO MOIYJUpPaH
curHan (IIMM reneparop). AMIuMTyJata Ha
HW3XOAHOTO  HAIpPEKEHHE Cce  Oompeneys  OT
moaynaunonHus uniaekc m=U,/U,,, kpaero U,, e
aMIUIUTyJlaTa Ha MOJIYJIUpALIUs TPHOHOOOpazeH
curHain, a U, e ammiuTynaTa Ha MOJIYJIUPAHUS
CHUHYCOMJAJEeH CUTHaJ. YecToTara Ha H3XOAHOTO
HalpeXXeHue ce Oompenens OT dYecToTara Ha
MOJYJIMpaHUsl CHHYCOHJAJICH CUTHAII f,,.

[INM-reHepaTtopa  Qopmupa  BXOIHHA
yIpaBisBalll CUTHAJ Ha CHCTEMaTa 3a yIpaBleHHe ¢
4eCcTOTa f,,,. UecToTara Ha IPEBKIIOYBAHE Ha
pe30HaHCHATa BepuUra ce onpenesis oT Opos pamMeHa
Ha MHBEPTOPA, 3a Tpu (aszu ce nosyyana fo=3f,m.
Ilepnoga Ha TmpeBKJIIOYBAaHE Ha pPE30HAHCHATa
Bepura e 17.=1/f..

PexumbT Ha pabora Ha
MOCTOSIHHOTOKOBOTO ~ KBA3UPE30HAHCHO  3BEHO
3aBHUCHU oT BXOJTHOTO MOCTOSTHHOTOKOBO
HampexkeHne Uy, W OT TOBapHUS TOK B

MOCTOSTHHOTOKOBOTO 3BeHO 1,. dopMupaHero Ha
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TOoKa I, ce ompeaenss oT curHaira Ha [IMM-
reHepaTopa M OT pexHMa Ha paboTa Ha ToBapa
(acMHXpOHHATa MaIlIMHA).

EdextuBHaTA CTOWHOCT Ha OCHOBHHSA
XapMOHMK Ha M3XOJIHOTO JIMHEHHO HampeKeHHe Ha
HMHBepTopa npu cunycounanHa MM e:

ﬁmU, ,
2 P

mU_ =

N

(1

A nipu npoctpancTBeHo-BekTopHa [1INM e:

1

—mU_=m
\/E K

Mopynupanust CHHYCOMIAJICH CHTHANl ce
neQuHUpa C U3pasure:

U

Mp*

Up= (2)

u;A = U:; Sin(ms[ —V, )’.

* * .
u,; =U, sin(logt—y, —2rn/3); 3)
* * .
u, . =U, sin(ogt—y, —41/3),
KBJIETO:
w=2nf, — KpbroBa  dYecTtora  Ha
MOJIyJIUpaHUs] CHHYCOH/IaJICH CUTHAJT;
* v
U, — aMIimirygHa  CTOWHOCT — Ha
HAaNpe)XeHHETO B OTHOCUTENHH  CIUHUIIN:

Um*:Um/Umba Umb:UmH;
W, — HadaiHa (haza Ha HAIIPEKEHUETO.
Mopynupanute TOKOBE Ha TpuUTe (dazm ce
JneQUHUPAT OT U3pa3uTe:

i;A = SAi; = SAI,: Sin((Dst — (p);
i = Spin =S,I" sin(og——2m/3):
i'e=Seir =ScI, sin(ot—o—4m/3),

4)

KBJIETO:

I," — ammmnTyaHA CTOMHOCT Ha (ha30BHs
TOK B OTHOCUTEJIHU €IMHUILIN: Im*ZIm/Imb, 1L.,=1,.;

@=y,—y; — da3oBa paziuka.

TOKBT B TOCTOSTHHOTOKOBOTO 3BEHO i, C€
ompenens oT uzpasa [4]:

i, =S8, +Szip+Scic, (5)

KbIeTO Sy, Sp U Sc ca ChCTOSHHSITA HA KIFOUOBETE
S1, S; u S5, onpenenenu ot LIIMUM renepatopa, a iy,
ip ¥ ic CA MOMEHTHHTE CTOHHOCTH Ha TOKa B TPUTE
¢asm ma ngBuratens. EdextuBHaTa croifHOCT Ha
TOKa B IOCTOSSHHOTOKOBOTO 3BEHO MOXE Ja Obie
M34HKCIIeHa Mo u3pasa 3a cunycouaanyna UM [5]:

m3
I

2 (1+4coscp2),

1,=1, (6)



KBIIETO [, € MakCUMaJHaTa CTOMHOCT Ha (ha3oBuUs

TOK Ha JBUTaTens, a cosp ¢ (QakTtopa Ha
MOIITHOCTTA.

[TOCTOSIHHOTOKOBOTO KBa3UPE30HAHCHO
3BEHO OCHWTYpsiBA HYyJHpaHe Ha IOCTOSHHOTO

HalpeXKeHWe 3a I[PEBKIIOYBAHE HA CHIIOBHUTE
KIIOYOBe Ha TpubasHUs HHBEPTOP MPH HYJIEBO
Hanpexenue. [Ipu mapajieJHUTe CXEMHU TOBa 3BEHO
CE ChCTOU OT MOCJIeI0BATENICH KItoU S,; ¢ oOpareH
nuon D,;, €MUH WK HAKOJKO MapayielHu KIo4Ya U
QMO U TTACHBHY €JICMEHTH: pe30HaHCHA O00nHa L,

(pe3onancen Tpanchopmarop ¢ L, u L) u
pe3oHanceH koHaen3arop C,.
3. ITosryueHu pe3yJiTaTu
Uzcnensana e paborata Ha

rpeoOpasyBaTelis Npy 3aXpaHBaHE HA aCHMHXPOHHA
mammHa 4A0 80B-4D ¢ HOMHHAIIHM JaHHU,
nanenu B [Ipuiioxenue.

3axpaHBaHETO Ha cxemara € TpudazHO ¢
U,,=380V. BxonaoTO HAaIPE)KECHNE Ha
MOCTOSTHHOTOKOBOTO 3BEHO ce moJTy4JaBa
Uf\/ 2U,,=537V. Homunanamst  pexum  Ha
ACMHXpPOHHATa  MallMHa C€ T[Oojdy4YBa  TNpHU
3axpanBane ¢ U;=380V u f,=50Hz u HOMMHaiIeH
TOBap. [Tpu CHHYCOW/JIATHA MOJTyJTaIust
HOMHUHAJTHOTO  3aXpaHBaIlO0  HAMpPEXEHUE  Ce
MoJTy4YBa npu MOJTyJIaITUOHEH WHJIEKC
m=2/\3~1,155, onpexnenecu o u3pas (1). Thit kato
B pPOKUM Ha HaaMmonynamus (m>1) epexTuBHATA
CTOMHOCT HA OCHOBHHUSI XApPMOHHUK  3aBHUCH
HeTUHEHHO oT m [2], TO TOYHAaTa CTOWHOCT Ha /M Ce
omp et CUMYJIAIIMOHHO m=1,395. IIpu
MPOCTPAHCTBEHO-BEKTOPHA MOJTyJTalust
HOMHWHAJTHOTO  3aXpaHBalll0  HaNpeXeHHe  ce
MojlydyBa TpA  MOXYJAIMOHEH HWHAEKC m=1
orpeeseH mo u3pas (2).

I'paduxure Ha CHTHasa Sym MOy TUPAHHTE
CHTHAJIA Ha HAIPEXKEHHUETO U 4 ¥ TOKA i ,, 33 Daza
A mpu cosp=cospy (p=43,95°), 3a cuHycougaIHa
(CIIMM) w 3a  OPOCTPaHCTBEHO-BEKTOpHA
(IIBIIMM) momymamusi ca MmoKa3aHH ChOTBETHO Ha
¢wur. 2. - pur. 5

SPWM
1

¥
Uprg  Sa

0,5

| IZ,S

0,01 0,02

Duz. 2. 3asucumocm Ha u*MA, S4=f(t) npu CLLIUM

*
Upa
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SPWM
1

*

ina

-1,1

Due. 3. 3asucumocm na i ,,=f(t) npu CILIIM

SVPWM
1 O . N I
. /1 h
Upngg , Sa / \\
f \
/ \
0,5 I \ /
\ /
0 | \\ T _,// hs
0 0,01 0,02

@ue. 4. 3asucumocm na u' S4=f(t) npu
TIBIIIUM

-1

Due. 5. 3asucumocm Ha u*MA, S4=f(t) npu
IIBIIIUM

SPWM
11

0 | |
0,01 0,02

®uz. 6. 3asucumocm na i ,=f{t) npu CLIIIM

TOKBT B IOCTOSHHOTOKOBOTO 3BEHO I,
ompeneneH mo wu3pa3 (5), Mpu CHHyCOWTATHA |
npocrpaHcTBeHO-BekTOpHA IIIMM e npencraBeH Ha
¢wur. 6 u dur. 7.



SVPWM
1,1

0

0,01

0,02

@ue. 7. 3asucumocm na i ,=f(t) npu IIBILIM

AHamm3bT Ha paboTara Ha
npeoOpasyBarels 3a IbpBUS HHTEPBAT IPH 1, =1
ce mpaBM Ha 0a3ara Ha TpaduKHTE, PEICTABEHU Ha
¢ur. 8 3a cunocyunanna IIMM u na dur. 9 3a

npocTpaHcTBeHO-BekTopHa [ITNM.

SPWM
Sy

Slf

Sc

]

]

0

6,502.10™

0,0013

Que. 8. Paboma na npeobpasysamens 3a nvpsus
unmepesan npu CLLIUM

SVPWM
Si

Sp

Sc

0,5

[ ]

Lozrms

0

6,502.107

0,0013

@Due. 9. Paboma na npeobpaszysamens 3a Nvpsus.
unmepean npu IHIBIITHM

OIIpEACJICH C U3pasa:

EdexTuBHAaTAa CTOMHOCT HAa TOKA 3a X-THS
UHTEpBal /,, OT paboTara Ha cxemara MoXxe Ja ObJe

(7
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B Tabmmma 2.3 ca cucremMaTu3upaHu
pesyJitatute OT u3uucienusta Ha I, I,; u I,; 3a
bPBUS MHTEPBAI OT padoTaTa Ha cxemara, KaTo
MPEBKJIIOYTAHETO CTaBa B MOMEHTA f).

Taonuya 1. Pesyimamu om

UBYUCTCHUAMA
IO I()] I()Z
Monynarmus A A A
CIINM 2,182 1,061 3,17
[IBIINM 2,217 1,073 3,172

4. 3akaouenue

Pa3paboTeH € M34YKCIUTEeNeH alrOpUThM 3a
MPOCKTHPAaHE HAa ACHHXPOHHO EJCKTPO3a[BIKBAHE
C KBa3WUPE30HAHCEH MpeoOpasyBaTeN U yIpaBieHHE
¢ NIMPOYHMHHO-UMITYJICHA MOy anus. Pasrinenana e

pabotara Ha cxemara 10 WHTEpPBAIA U ca
ONpe/CICH  HANpeXKCHHWeT0 U TOKa B
MOCTOSTHHOTOKOBOTO 3BEHO. [IpencraBenure
CYyMYJIallMOHHU pe3ynTaTu MTOTBBPK/IaBAT

PpaboTOCIIOCOOHOCTTA Ha MPEJI0KEHATa METOIUKA.
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OITPEAEJISAHE HA ITAPAMETPUTE HA
KBA3ZUPE3OHAHCEH HPEOBPA3YBATEJI C
JABA ITAPAJIEJIHUA KJIIOYA

JIMMUTBHP CIIUPOB, HUKOJIAIL KOMUTOB

Pe3tome: Paspabomen e aneopumuvi 3a onpedenine Ha napamempume Ha K6a3upe30HAHCeH
npeobpasysamen ¢ eoHa 600UHA U 08a NAPATIETHU KIOUA 34 3AXPAHBAHE HA ACUHXPOHHA
mawuna. Tlonyyenu ca anarumuynu uspasu 3a paboma Ha cxemama no UHMeEPEA.
Dopmynupana e 3a0aua 3a ONMUMATHO ONpedeliane HA napamempume Hd pe3oHAHCHUMmMe
enemenmu. IIpedcmagenomo enemposadsudxceane e moodenuparno 8 cpeoama Ha PSpice.
Cumyrayuonnume pe3yimamu NOMEbPHCOABAN OOCMOBEPHOCIIMA HA  THeOpemUUHUsL
ananus.

KirouoBHu xyMu: acunxponno enekmposaosusicéane, K6aupesoHancen npeoopasysamein

DETERMINATION OF THE PARAMETERS OF
QUASI RESONANT DC LINK CONVERTER
WITH TWO PARALLEL SWITCHES

DIMITAR SPIROV, NIKOLAY KOMITOV

Abstract: A4 parallel quasi resonant DC link converter for induction motor drive
application is analyzed and designed. The analytical equations and operating modes of the
presented inverter are explained in details. The proposed drive system is modeled and its
performance is simulated in PSpice. The design considerations are presented and the

simulation results verify the theoretical analysis.

Key words: induction motor drive, quasi-resonant converter

1. OcHOBHH NOJIOKEHHUA

[Ipu MHBEPTOPHUTE ENEKTPO3aBUKBAHUS C
,TBBpPIa KOMyTalus’ , CHIOBHTE TpuboOpm ce
BKJIFOYBAT KOraTO HaMNPEKCHUCTO BBPXY TIX €
HEHYJIEBO M C€ MU3KJIIOYBAT KOTATO TOKBT IPE3 TAX
nMa  HeHymeBa croiHOocT [1, 2]. Bcsako
MIPEBKJIIOYBAHE € CBBP3aHO ChC 3ary0a Ha eHeprusl.
Wsnon3Banero  Ha  WHBEpPTOpH € L, TBBpJA
KOMyTalusi” 3a 3aXpaHBaHE Ha JIBUTATENN BOIH JO:
€JIEKTPOMAarHUTHU CMYIIEHHS KBbM
CJICKTPOJIBUTATEINTE W IO IlUIaTa eIIEKTPHYECcKa
BepHra; Npy W3IOJ3BAHETO HAa JBJITH 3aXpaHBaIld
JUHUHM C€ TIOJy4aBaT IIPEHAINPEKEHUS BBPXY
KICMHUTC Ha JABHUIarciisd; CKbCABAHC Ha XHMBOTa Ha
JIATeTUTE; MOSBAT HA IIIyM ¥ BHOPALIUU U JIp.

Te3sn wHemocrtarplli MoOrar Jga ObaaTr
n30erHaTd  4pe3 W3IMOJA3BaHETO Ha PE30HAHCHU
npeoOpasyBaTesid, OCUTYpsBallld HaMajsBaHE Ha

KOMYTAaIlMOHHUTE 3aryom. Pasmuyawmre BHIOBE
pe3oHaHCHU TmpeobpazyBaTeld CH MPUINYAT TI0
TOBa, Y€ IMPHU BCEKH OT TAX MPEBKIIOYBAHETO HAa
CWJIOBUTE KJIIOYOBE TpsiOBa N1a cTaHe NMpPHU HYJIEBO
HaIPEe)KCHUE BBPXY TAX WIIM HA HYJICB TOK MPE3 THAX,
B pe3yJTaT Ha KOETO CE€ HaMajsiBaT 3HAUUTEIHO
KOMyTallmoHHUTE 3aryou [1, 2, 3, 4].

HuBepropute c KBa3HPE30HAHCHO
MMOCTOSTHHOTOKOBO 3BEHO Ca TOTYUYMIN HAN-IIIHPOKO
pasnpocTpaHeHHe Tpu TpU(PA3HUTE CXEMH U B
YaCTHOCT TPH ACHHXPOHHHUTE  3aABMKBAHUS,
nopaau peauna npuuuHU [1]: BB3MOXKHOCT 3a
,»MEKa KOMyTalusi’ KakTO MpPU BKIIOUBAHE, Taka U
MIpH M3KJIFOYBaHE HA BCUYKH MPUOOPH HA CXeMara;
3aryOuTe B pE30HAHCHUTE €JIEMEHTH U3BHH BPEMETO
3a KOMyTalusi ca HYJICBH; TOBApHT HE Y4yacTBa B
PE30HAHCHUS TIPOIIEC U JIp.

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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Ilenta Ha  HacToSIUSL  JIOKJIAA €
pa3paboTBaHe Ha aNrOPUTHM 32 OMpEICNsHEe Ha
napaMeTpuTe Ha KBa3UPE30HAHCEH MPeoOpaszyBaTel
¢ emHa OoOWMHA W [Ba TMapajelHd KIfoda 3a
3axpaHBaHE Ha aCMHXpOHHa MmamiuHa. HeoOxoaumo
e Jga ce wu3ciensa pabOTOCIIOCOOHOCTTa Ha
NPEeTIOKESHATA METOMKA.

2. AHanu3 Ha mpeoGpa3yBaTeJisi

[IpunnunHaTa cxemMa Ha  aCHHXPOHHO
€JICKTPO3a/IBUKBAHE c KBa3HPE30HAHCEH
npeoOpa3yBaTeN ¢ eaHa 000WHA W JBa TapasieITHU
KJTI0Ya B MIOCTOSTHHOTOKOBO 3BEHO € Mpe/CTaBeHa Ha

¢ur.1.
r’quw
D D
3 B R
; =0
U C'
. . ‘@ ‘@
MocroB T10CTOSHHOTOKOBO Tpudasen mocToB
U3MpaBHTEll KBa3UPE30HAHCHO UHBEPTOP
u GunTHP 3BEHO
Que. 1. Ipunyunua cxema
S A
A
4
B
4 4
Sal ¢
SaZ ¢
Ucr
U
Iy Iy
1 Lr.max
!
t At At Ats —
0 1 A 1 A 15 4 5

Due. 2. 3asucumocmu Sy, S’ 4, Sur, Suz, ey i =f(2)

IToCcTOSHHOTOKOBOTO KBa3UPE30HAHCHO
3BEHO CHIBPKA TPU CHUJIOBH KIt04a S,;, Sy, U Su3,
Tpu muona Dy, D, u D3 v pe3oHaHCHUTE 000MHA U
kouaenzarop L, u C,.

Paborara Ha MOCTOSTHHOTOKOBOTO
KBa3HPE30HAHCHO 3BEHO MOXKE Jla ObJie pasiesicHa
Ha MmecT wHTepBaita (dur. 2); yCTaHOBEHO

ChCTOSIHHE (1O ?y); BKJIIOUBAHE Ha Oobunata (At));
PE30HAHCHO pa3pekAaHe Ha KOHAeH3aTopa (41);
HYJICBO HAINpPEKEHUE Ha MMOCTOSTHHOTOKOBOTO 3BEHO
(4t;); pe3zoHaHCHO 3apekJaHe Ha KOHJAEH3aTopa
(4t,); BpbllaHe Ha EHEPTUS B 3aXpaHBALIHI
WU3TOYHHK (A15).

[-47

Ha ¢wur. 2 e mpencraBena paborara Ha
npeobpazyBaTess 0 HHTEPBAIH.

Ot durypata ce BWXIa, Y€ KOraro ¢
HEOOXOIMMO  TPEBKIIOYBAaHE Ha  HIKOW  OT
OCHOBHHUTE KIIIOYOBE Ha MHBEpTOpa (Hampumep S,),
TO C€ OCBILECTBABA C U3BECTHO 3aKbCHEHUE #,=At,+
At, cre KaTo HANPEKEHUETO B IIOCTOSTHHOTOKOBOTO
3BEHO CIajHe 0 Hysa upe3 currama S'y. [IspBo ce
BKJIIOYBA pe30HAHCHaTa OOOMHA W HEWHHS TOK
3amoyBa Jda HapactBa 10 crToHOoCcT [p. Taszm
CTOMHOCT TpsiOBa 1a OBAC MOCTATHUHO TOJIsIMA, TaKa
Ye 3amaceHaTa eHeprusi B OoOWHaTa Ja rapaHtupa
PE30HAHCHOTO 3apeKaaHe Ha KOHJEH3aTopa.

OT paBEeHCTBOTO Ha EJIEKTPOMAarHUTHATa W

CJICKTpOCTaTUYHaATa CHEprus npu II'BJIHO

npeoOpasyBaHe ce MoIyvaBa:
wo=Lr 2 Loy (1)
em 2 r*Lr 2 r~ Cr

OT TyK MOXe Jia Ce ONpe/eu IpaHuYHATA
CTOMHOCT Ha TOKa [y, CBHOTBEICTBAIl Ha
HeoOXOArMaTa eHeprus, 3araceHa B 000uHaTa:

[W = UCrZr (2)

KBJIETO Z,=\/(L,/C,) — XapaKTepUCTUYEH HMIICAAHC
Ha PE30HAHCHUSI KPET.

Crnen 3amecTtBaHe Ha m3pasute 3a Uc u Z,
ce nojry4dana [1]:

2
1, = (Z]SJr101+IO2 B -1 3)

r r

KbIeTO /,; ¥ I, ca e(DeKTUBHUTE CTOMHOCTH Ha TOKA

B MOCTOSIHHOTOKOBOTO 3BEHO B MHTEpBaja Hpeau U

clie]] IPEeBKIIF0YBAHE HA OCHOBHUTE KITIOUOBE.
Bpemero 3a 3apexiaHe Ha pe30HAHCHATa

0o0una At;, BpeMeTo 3a pa3pekIaHe Ha
KOHZIeH3aTopa Af; ¥ O00IOTO BpeMe 3a MPEeXOTIHHS
nporec Ha pe3oaHacHUTE eleMEeHTH [y ce
nonyyasat [1]:
L1
Atl - ’_W,-
US
1 U
At, = —atan| ———— |/ 4)
(’Or Zr (IW + Iol)
T, = At, + At,.

BxonHuTe W3WCKBaHUS TIPU TPOEKTHpPaHE
Ha mpeoOpasyBaTeinTe ¢ KBa3UPE30HAHCHO 3BEHO
ca ganeHu B [1]:

- BxomHOTO HampekeHWe Ha WHBEpPTOpa
TpsOBa ma OBAC HamaleHO 1O HyJa 3a
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MIPEBKJIIOYBAHE TP HYJIEBO HANpEKEHHWE U OTHOBO
Jla ce TOBHINU IO HANIPEKCHUETO Ha 3aXpaHBaIIus
W3TOYHUK B PAMKHTE Ha PE30HAHCHUS ITUKbIT;

- ToxbT Tpy TPEBKIIOYBAHETO TPsiOBa Ha
ObIe BB3MOXKHO Hal-MalbK, 3a J1a Ce HaMaJsaT
3aryOuTe B €JICKTpUYECKaTa BEPHTa;

- IlukoBWTE CTOMHOCTH Ha PE30HAHCHUTE
HalpeXXeHrne W TOK TpsAOBa nga ce cBeaar o
MUHHAMYM, 33 J1a C€ HaMaJd TPETOBAPBAHETO HA
€JIEMEHTHUTE BbB BEPHUTaTa;

- CkopocTTa Ha HapacTBaHE W HaMaJsBaHe
Ha M3XOJHOTO HAMpPEKEHHWE Ha WHBEpPTOpa TpsOBa
Ja € HHCKa 3a CJCKTPO3aJBW)KBAHUS CbC
CPaBHHUTEIHO JIBJITH Kabemw;

- Pe3onaHCHUAT 1UKBI TpsiOBa Ja Obje
MHOTO TIO-KpaThbK OT IUKBJIA, ONpEICICH OT
HOCeIl[aTa YecToTa Ha MHBEPTOpa.

A
Tw, A

6.10°%

4.10°%

2.10°®

o0 L ! ! ! ! L Lo g1
0 210° 4.10° 6.10° 8.10° 10.10¢
| | ! | | L &F
0 210" 410" 610" 810" 10.10"°

@Due. 3. 3asucumocmu na Ty=f(L,) u Ty=1(C,)

I A g
121

10

6

4

s a
0 210°  410° 6.10° 810° 10.10°
| | | | | L &L
0 2,10 410" 6.10" 810" 10.10M

Due. 4. 3asucumocmu na Iy=f(L,) u I,=f(C,)

3a  yJIOBIETBOpPSBAaHE HA  BXOJHHUTE
W3UCKBaHMS, € HEOOXOIUMO BPEMETO 3a IMPEXOIHUS
IIPOLIEC Ha PE30aHACHUTE €JIeMEHTH I U TOKBT,
OCHUTYpsIBalll 3aracsiBaHe Ha eHeprus B 0oOunara [y
Ja ©UMaT MUHUMalHu ctoitHoctu. Ha ¢ur. 4 u ¢wur.
5 ca mpencraBeHu rtpadukute Ha Ty u Iy B
3aBHCHUMOCT OT wu3MeHenwero Ha L, u C,.. Or
rpaduKUTe C€ BIDKAA, Y€ MUHHMMAIHATa CTOWHOCT

Ha T ce mojy4yBaT Mpyu MUHUMAJIHU CTOMHOCTH Ha
L. n C, a MuUHUMajHaTa CTOMHOCT Ha I ce
moJiy4yaBa Mpy NpU MUHUMaiHa cToiHOCT Ha C, U
MaKCHUMaJIHa CTOMHOCT Ha L,.

3amamyaTa 3a ONTUMATHOTO OIpENeIsTHE Ha
mapamMeTpuTe Ha Pe30aHaCHUTE EJIIEMEHTU MOKEM
na dopMynupaMe B CIEIHHUS BUI: Ja C€ HAMEpAT
croitHOcTHTE Ha L, 1 C, TIpA KOUTO BpeMeTo Ty mMma
MHHHMaJIHA CTOMHOCT, a TOoKa [y HE HaJBHIIABa
MaKCUMAJHUS YCTAaHOBEH TOK Ha TOBapa I, .
VYpaBHeHnero Ha Ty ¢ 1eneBaTa QyHKIWA, a
YpPaBHBHUETO Ha [y € OTPAaHUYHUTEITHO YCIIOBUE.
CrnenoBateniHo Ha (QyHKOuATa TpsOBa na Oble
HaMepeH JIoKajeH MUHUMYM. LlerneBata ¢pyHkms ce
3amaBa ¢ u3pas (6), a OrpaHUUUTETHOTO YCIOBHE CE
nonyuaBa ot uspa3 (3) BBB BUAa: Iy—ksl, ;i =0,
KpaeTo k3=1,1 e koedpurment Ha 3amaca. Kato
BTOPO OTPAaHWYUTEIIHO YCJIOBHE CE€ BBBEXKIA
M3UCKBAHETO PE30HAHCHHS KOHICH3AaTOp Ja HuMa
CTOWHOCT He MO-MaJIka OT peaiHaTa, KOsSTO MOXKe Jia
ce M3I10J13Ba, T.€. He mo-MajiKa OT C, . 3a C,.pin CE
npueMa croifHocTTa 1nF. @yHKkuuara Ha Jlarpamxk
npueMa CIeIHUS BUI:

L(L..C..A)=T,(L,.C)+
+7\‘1(]W(Lr’cr)_k3’[ +7\’2(Cr _CrAmin)’

) ®)
0.max
KBJIETO A; U A7 ca KOCPHUITUEHTH.

VYcnosusara va Kuhn-Tucker ce moyuasar ¢
u3pasure:

L(L,.C,hs)
oL, '
LGt ),
o« ®
UL, Cihr)
o, '
aL(Lr,C,,Xl,Xz)_O
o,

Ilonyuenata cucrema € OT YETUPH
ypaBHEHUs ¢ 4eTHpH HewusBecTHU — L,, C,, A; 1 ;.
OntuMaiaHUTe  CTOMHOCTH  HA  PE30HAHCHUTE
€JIEMEHTH 3aBUCST CaMO HAIPEKEHUETO U TOKOBETE
B IMMOCTOSIHHOTOKOBOTO 3BeHO — U, 1,; 1 I ,;.

3. llonyueHu pe3yaraTu

B cpemara ma Pspice e pazpaboreH
CUMYJIAIMOHEH MoOJIeN Ha ACUHXPOHHO
€JIEKTPO3a/IBHIKBAHE c KBa3upe30aHACCH

npeoOpa3yBaTen ¢ eaHa 000WHA W JBa TapasieTHH
kmoua. C momormira Ha pa3pabOTEHUTE MOJCIH €
u3caenBaH Tpuda3zeH ACUHXPOHEH JBUTATEN THUII
4A0-80B-4D ¢ nomuHanHa MomHocT Py=0,75kW.

Copyright © by Technical University - Sofia, Plovdiv branch, Bulgaria



[IpoexTupaneTo Ha  KBa3UPE30HAHCHHUS
npeoOpaszyBaren  BKJIIOYBA  ONpPEIENSHETO  Ha
napamerputre Ha L, u C,.. Ha 0aza Ha BXomHuTe
mannu:  U=537V; 1,=1,073A; 1,,=3,172A, ca
M3YUCIEHN ONTHMAaJHH CTOWHOCTH TIO CHCTEeMa
ypaBHeHHa (9). Pesynrarure ca cucteMaTU3UpaHU B
tabmuua 1. B cemara Ttabnmuoa ca pageHd U
MHUHUMAJHUTE CTOMHOCTH Ha BpeMeTO Ty, i ¥ TOKA

Lymin, TOMydeHH 10 wu3pa3 (6) m mpa3z (3)
CHOTBETHO.
Tabauuya 1. Onmumannu cmotinocmu
HA Pe30HAHCHUme eJleMeHmu
L, mH 2,67
C, nF 1
a
A - 1,08.10
4
A - -1,74.10
T min us 0,6873
Ly in A 3,3285
VW
| | | | | | | |
(n< 10 I T -7 77777777\777\777\777\777%
g.31 8.315 8.32 8.325 8.33 8335 834 8345 8.35 8355 8.36
x10°
20y : : : : : ; ; ; ;
E/;( 10 77777T777777771777\777\777\777\777‘{
L L L | L L L L
8.31 8.315 8.32 8.325 8.33 8335 834 8345 8.35 8355 8.36
x10°
s S S S S S
R e e e ’\”’\”’\”’\”"‘

20 i T T T T i i
10}“”T‘I’T”T”T”T”’\”’\
0 . | | | | . .
8.31 8315 832 8325 833 8335 834 8345
ts

saZ

@Due. 5. 3asucumocmu Sy, ,S 4, Sa1, Saz =f(t)

600

400

==

- - —-F ===
A S I

| |
325 8.33 8335 8

2 I I I
8.31 8315 832 8. 34 8.345

ts X 1073

Due. 6. 3asucumocmu uc,, iy, =f(t)
I[Ipu reHepupaHeTOo Ha  CHTHAJI  3a
MIPEBKIIFOUBaHE Ha OCHOBHUTE KJIIOYOBE,

JAOI'BJIHUTCIIHUTC BCPUTH TpH6Ba Ja C€ BKJIOYAT,
Taka Y€ Ja IMpEAU3BHUKAT PE30HAHCCH IIPEXOIACH
mpounec. HpeBKJ'IIO‘lBaHCTO Ha KIHOYOBCTC Ha
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UHBEPTOpa  CTaBa, KOTaTo
HaIpeXeHHne ce yCTaHOBU Ha HyJIa.

Qur. 3 u ¢ur. 4 mnpencraBs HacT OT
MOJTyYeHUTE pe3yJiaTah 3a €QUH LIWKBJI Ha padoTta
Ha cxemara. B Tabnuia 2 ca cTaBHEHU pe3yJITaTUTE,
MOJYYEeHH OT MW3YMCIMTENHATa METOAHMKa C Te3H,
MOJIYYEHHU OT CUMYJIALMOHHHS MOJEII.

3axXpaHBalioTo

Tabnuya 2. Pezynmamu om uzuucienusma

WN3u. meroguka | Cum. Moaen

Aty ps 17,326 17,22
Aty, us 0,118 0,21
Ats, ps 0,5 0,5
Aty, Us 2,567 0,57
Ats, s 15,751 18,0

Iy, A 3,3285 3,45
Iy maes A 3,499 3,46

Ot Tabnuiara ce BUXKIA, Ye pe3yJiaTauTte,
MOJTyYeHH TI0 N3YUCIIUTEITHATA METOANKA ca OJTU3KA
JI0 pe3yiTaTuTe, TONYYeHH OT CHUMYJIAIHMOHHUSI
MOJICIL.

4. 3akaouenue

Pazpaboten e anropursM 3a onpenensHe Ha
rapaMeTpuTe Ha KBa3MPE30HAHCEH MpeodpazyBaTel
c enHa OoOMHAa © JBa MapalelHd KiIoya 3a
3axpaHBaHe Ha ACHHXPOHHA MallluHA.
CuMmynanmoHHO € wu3cjenBaHa paboTata Ha
QIrOpUTbMa C ACHHXPOHHO eJIeKTPO3aJBHKBAHE,
MoienupaHo B cpenarta Ha PSpice. Ot nmonmyueHure
pe3ynTaT  TOTBBPXKAABaT JOCTOBEPHOCTTA M
paboTocrocoOHOCTTa Ha alrOPUTHMA.
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CBbBPEMEHHU YCTPOWCTBA 3A KOHTPO.I
HA JOCTBIIA

HUKOJIMHKA SIHKOBA, EBPY AIEM, UBPAM AXMEJIOB

Pe3tome: Cucmemume 3a KOHMPO Ha OOCHBbA NO3B0AABAN u3uuecKus 00CmvN 00 Cepadu
U noMeweHus, Kamo no360s16an 0OCMBbAA CAMO HA OMOPUUPAHUE TUYA ¢ NOMOWMA HA
nvieH HaOop om eleKmpOHHU Memoou 3a UOSHMUDUKAYUs U eNeKMPOHHU 3AKII0YEAUU
mexanusmu. QYHKYUOHUparnemo um ce 0A3Upa HA mMpu NPUHAKA HA UOCHMUDUKAYUL —
, Kaxeo snam? ", newo xoemo snaem xamo IIHH koo, ,, Kakeo umam?*, newjo xoemo
npumedcagame, kamo cmapm kapma, ,,Kaxeo com?, newjo koemo cme, kamo buomempuyru

benesu unu KomMouHayus, om msix.

KoatouoBu qymu: 6uomempuunu 0annu, KOHmMpon na 0ocmvna

MODERN DEVICES FOR ACCESS CONTROL

NIKOLINKA YANKOVA, EBRU ADEM, IBRYAM AHMEDOV

Abstract: Access control systems allow physical access to buildings and premises by
allowing access to authorized persons only by means of a full range of electronic
identification methods and electronic locking mechanisms. Their operation is based on
three identifying features — “What do I know?”, Something we know as a PIN, “What do 1
have?”, Something we own as a smart card, “What am I?” , Which we are, like biometric

© International Scientific Conference on Engineering, Technologies and Systems

marks or a combination of them.
Key words: access control, biometrics

1. YBox

CepliecTByBaT MHOTO ONAcHOCTH, KOMTO C
BPEMETO W HaNpeIBaHETO Ha TEXHOJOTHHUTE,
YOBEYECTBOTO YCIISIBA J]a CE CIIPABH.

3ammraTa Ha O0CKT C€ ChCTOM OT HSKOJIKO
Touku. ToBa 3aBHCHM OT HMBOTO Ha YYBCTBHTEIHHU
MecTa. BB BCHUKH ciTydau € BayKHO T. K. CHCTeMara
e KOHTpoiiupa KoHTpon Ha jgocterna (ACS) Ha
o0exTa.

JloOpara opram3anys € HM3MOJI3BAHETO Ha
MonepHH TexHosnornu. ACS BKITIOUBAT CIETHOTO:

® TIPOTHBOJICHCTBUE Ha MIPOMUTILICH
HITTHOHAX;

e (Oopba c kpax0a;

e [IPOTHUBOJICHCTBUEC HA CA0OTaK;

e 0Oopba ¢ YMHIOUICHO TIOBpeXJaHE Ha
obopynBaHe ;

® 3amucH Ha pabOTHOTO BpPEME;

® MOHHUTOPHUHT Ha HaBpEMCHHOCTTa Ha

MPUCTUTAHETO U 3aMHUHABAHCTO HA IICPCOHAJIA,

® 3aiMTa Ha  HENPUKOCHOBEHOCTTa  Ha
JIUYHUSI )KUBOT;
® OIIEHKA Ha KOHTPOJ Ha MOTOKa;
e KOHTPOJ Ha BIM3aHE M W3IH3aHE Ha
TpaHCIIopTa.
B nombnnenme, ACS e Oapuepa 3a
,,JIOOOIIUTHH .

C M3II'BJIHEHMETO Ha CHEeUU(pUYHH CUCTEMU
32 CUI'YPHOCT C€ H3IOJ3BaT Pa3iIMYHM METOIU 3a
MpUJIaraHeTo Ha YCTPOWCTBA 3a WACHTH(HKALUSI U
yIIOCTOBEPSIBAHE Ha CAMOJINYHOCTTA.

Haii-uecto ce usnoissa kato ACS:
BBPTAIIU CE BPATH;

TYpPHHKET 3a PEMHUHABAHE B KOPHUIOPHTE;
[IJII03 KaOHMHa;

aBTOMATHYHH BPATH;

Oapuepn;

CUCTEMH 3a MapKHUpaHe;

KPBIUIM TUTH3Talld BPaTH.

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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2. /IuHAMUYHU METOIH

Ppronuc w moamuc AUHAMHKa, TJIACOBU U
peueBd MOJENM, TEMIO Ha paboTa Ha KIialaHa.
EnuH OT U3BECTHUTE METOIU € CIICAHUST:

Wutenurentexn MHKPOIIPOLIECOPEH
KOHTpOJIEpP 3a KOHTPOJI HA JOCTBI 1O JBE BpaTH U
paborno Bpeme ¢ RS485 xomynukamusa. Tosm
MOJIeJI € MOIXOISAII 32 M3rpaJaHe Ha OOEKTH C
MHOXeCTBO KoHTposiepu oT cepuara iCON 1XX
CBBP3aHM B IIMHA WM CaMOCTOSITETHO IOJI3BaHE
che cepueH i LAN koHBEpTOp.

@ue. 1. iCONI110

Konrponeppr iCON110 or ®ur.l wuma
BB3MOXKHOCT 3a YIpaBJIeHWE Ha eJHa Bpara
JIBYCTPAaHHO WJM JB€ BpaTH E€AHOCTPAHHO.
Pasmonara chCc craHmapTH3mpaHU BXOJOBE 3a J[Ba
YyeTena, KOWTO HMMaT BB3MOXHOCT 3a paboTra B
pexum ¢ [IMH kox, kapra ¢ paboTeH Koj,
OMOMETPUYHM YETIX I KOMOWHAITUS OT TSIX.

B®B BpB3Ka ¢ 00CTyKBaHETO Ha cUCTeMaTa
KOHTPOJIEPHT PaOOTH B IBA PEKHIMA!

1. camocrosTesneH

2. cepuiiHa KOMYyHHKAIUSL.

[Ipu camocTosATeNHUS pEKUM Ha padoTa
N00aBsIHETO ¥ WM3TPUBAHETO Ha KapTHTE Ce
OCBIIECTBSIBA ITOCPEACTBOM Macrtep KapTa, KOSTO
Ce aKTHBHpPa MHPBOHAYAIHO UYpe3 TMOTPEOUTENCKU
copryep. B pexuM  KOMyHUKaluUs — UMame
BB3MOXKHOCT J]a C€ BB3MOI3BaAME OT yJ00CTBOTO U
Obp3uHaTa Ha cepuitHata RS485 komyHmkamms.
ToBa Hu gaBa BB3MOXKHOCT Aa monszBame ICON110
B camoctodaTeneH pexuMm ¢ LAN wim cepuen
KOHBEPTOp WJIM Ja TO CBBpPKEM B IHMHA C 70 253
ycTpoiicTBa mocpeactBom RS485.

Bcuuku  HacTpolikM  ce  U3BBpIIBAT €
momomra Ha TtIateH (Andromeda Pro) wmm
oesrrateH (Andromeda Tool) codryep, kouto
JOMpUHACIT 32 TIOJ3BaHE Ha JONMBIHHTEIHU
(yHKIIMH, OmMUCaHW BHB (YHKIIMOHATHOCTTa Ha
KOHTpoOJIepa.

TpsiOBa na ce W3MOJI3BaT TAKMBA YHUKAIIHU
CTaTHYHU METOJAM, KaTo WACHTU(UKAIUS Ha CIOU
Ha KOXkaTa, IO OTHOIIEHHWE Ha CKaHUpaHE Ha
MpbCTa, AMHAMAYHA METOIW — WACHTU(UKANS Ha
JBH)KEHUETO Ha YCTHHUTE MPH BBH3NPOM3BEKAAHE HA
KOJIOBa AyMa.
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Buomerpruunute uneHtudukaTopu padboTart
Jno0pe camMo KoraTto OneparopbT MOXE Ja MPOBEpU
JIBE Hella:

[TspBO e OHOMETPHYHUTE
MOJTyYEHH OT J1aJIeH YOBEK Ca BEPHH

Brtopo — 4e Te3u naHHM chBHAAaT ¢ MOZENa,
KOHTO Ce ChXpaHsBa B JIOCHETATA.

Buomerpuunn XapaKTePUCTUKU ca
YHUKAJIHH MICHTU(PHUKATOPH, HO BBIOPOCHT 32
TAXHATa HaJEXKIHO CHhXpaHSIBaHE U 3alllUTa CPerry
TMOJICITYIIIBAaHE OCTaBa OTBOPEH.

UzBectHO paspaborBane ACS, Bb3 OCHOBA
Ha mokazaHusTa u cpaBHeHnero COU pemersuynu
KOH(HTI'Ypallui BEHUTE Ha KUTKATa, MUpPU3Mara Ha
poduTe NpeBbPHATH B UU(POB BUI.

JTaHHU

Bcsika  OmomerpudHa — TEXHOJOTHS — ce
npuiiara B CII€JIHUTE eTaIlu:
e CKaHUpaHE 00EKT;
® IpeMaxBaHe Ha WHIMBHIyaTHA
uHpOpMaIUS;

® Ch3JaBaHC Ha H_Ia6J'IOH;

e CpaBHJABaHE Ha TeKymara Oa3a JaHHU
mabJIIoH.

[otpeburensr aapecupa uckane 10 ACS 3a
JOCTBIT IPEAUMHO HJICHTHYEH, KaTo ce paTuduimpa
C JWYHA  Kapra, KIOY  WIH  JHYCH
ueHTH(GHUKAMOHEH HOMED.

3. Unentudukanus c upuc

[Inonep B obnacTra Ha WAEHTH(UKAUATA
OT upuc Ha okoTo € A-p Jxon [Jayrman. [Ipe3 1994
r. toif e marentoBan B CAIl. buomerpuuno
OIMCBaHE Ha CTPYKTyparTa Ha Mpuca € noxo0HO Ha
Oapkoz.

@Due. 2. Pasnosznasare no upuc

[IpeauMCcTBOTO HA CKEHEpH HA UpHUca €, Ye
T€ HE M3WCKBAT MOTPEOUTEIAT Jla C€ KOHICHTPUPA
BBPXY IleNTa, ThH KaTO H3BaJKaTa MeET-NETHA B
ppuca € Ha [OBBPXHOCTTAa Ha OKoTOo. B
JICHCTBUTEITHOCT OKOTO MOXE J]a Ce CKaHuUpa Ha
pascTosiHMEe TIO-MaJKO OT | m, KOETO TpaBH
BB3MOXKHO M3IOJI3BAHETO HAa CKEHEPH Ha Mpuca 3a
nenu Hanpumep B OaHkomarute. Pa3paborBaHe Ha
TEXHOJIOTHH 32 WICHTU(DUKAIHUS.

Bb3 ocHOBa Ha CKaHHMpaHEe Ha HpHCa 10
HACTOSILEM C€ M3M0JI3Ba B IoBeve oT 20 KOMITaHHH,
Brirountento British Telecom.



Mmva akTWBHA W TAacWBHAa CHCTEMa 3a
pasmo3HaBaHe. B cuctema OT IBpBHST THIT TPsiOBa
Ja KoH(HUrypupame camara Kkamepa.

ITacuBHUM cucCTeMHU — JIECHU 32 U3IOJI3BaHE,
T KaTO KaMmepaTa ce€ HacTpoiiBa aBTOMAaTHYHO.
HNmat BHCOKa HaIeXIHOCT, OOOpYIBaHETO HMa
TOJISIMO TIPHJIOKEHUE Ha BCIKAKBU OOCKTH.

4. Unentudukanmsa Ha KanuisipuTe Ha

pernHarTa

[lpy  omnpenensHeT0o  HA  BIJIOBOTO
pasmpeeneHue, U3MEpPEeHO  OT  pETUHATa,
KPBBOHOCHUTEC Cba0BC B IIOBBPXHOCTTA Ha

peTHHATa TO0 OTHOIICHHWE Ha MBPTBaTa 30HA Ha
OUYHUTE U JIPYTH CUMITOMHU. MOJIEIbT HA KalHJIsIpHA
chUcTeMa ce pas3iiduaBa OT pETHHATa JOpU TIpH
ONMU3HAIM, ¥ MOXKE JIa CE M3II0JI3Ba MHOT'O YCIICIITHO
3a uieHTH()UIUpAHEe HA UHIUBU/IA.

OCHOBHOTO YCTPOWCTBO 3a TO3U THII
cuctema € OWHOKyJIsipHO. [Ipu mpoBexgaHe Ha
mporelypa 3a yJOCTOBEpSIBAHE HA IMOTPEOUTENs
TpsiOBa Jia ce MPUIbPIKa OKOTO KbM OKyIsipa. [Ipe3
TOBa BpEeMe CHCTEeMAaTa MMa BpPEME 3a OCBETsIBAaHE Ha
peTHHATA ¥ ToJTydaBa oTpa3eHus curnai. He Bcekn
YOBEK I¢ CE OCMEIH Jia TMOIJICJHE B HEU3BECTHO
HCIO, KOCTO CBETU B OYUTC MY.

5. UpenTuduxanuss mo reoMerpusita Ha
pbKarTa

Merton 3a yaocTOBepsiBaHE Ha MOTpeOUTes
ype3 QopMata Ha pbKaTa B TEXHOJOTHMYHATA CH
CTPYKTypa U HMBOTO Ha HAIEKIHOCT € CPAaBHHMA C
MeToza nACHTUPUKALNSA ypes HPBCTOBH
orrevyarbiy. CTaTUCTHYECKaTa BEpPOSITHOCT 32
CBILIECTBYBAHETO HA [JBE PbLE € W3KIIOUUTEIHO
Majlka cbC cbuiata reomerpus. Ha @ur.3 e
MIpUMEPEH CKEHEp.

Que. 3. Ckenep 3a ceomempusama Ha poKama

MareMaTHIecKd MOJIENT Ha WIASHTU(DUKATIH
3a TO3U MapaMeThp M3UCKBA HSIKAaKBa MH(OpMAIIHS
camo 9 OaiiTa, KOSTO BH II03BOJABA Ja
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ChXpaHsBaTe TOJIIMO KOJMYECTBO 3allUCH U OBP30
ThpceHe. JInunute nneHTHHUKaIMoOHHH yCTPOcTBa
3a pbUHA I'€OMETPUsS Taka ca IIUPOKO M3I0JI3BAHU
yctpoticta B CAILI.

Haii-monmynsipHOTO  yCTpOHCTBO CKaHHpa
KaKTO BBTpEIIHATa Taka M CTpaHWYHATa 4YacT Ha
JUIaHTa, C IIOMOILTa Ha BrpajieHaTa BUIEOKamepa U
ANTOPUTMHU 32 KoMIipecusi. ToBa Bb3IM3a Ha MMOBEYE
oT 90 pasnnynu xapaktepucTuk. lIpencrasuren Ha
Ta3| TeHJCHIUs ¢ pa3ButueTo Ha ACS American.

®dupmarta Steller Systems, mpousBexaa
Identimat ~ TepmuHa. 3a  oTuuTaHe  Ha
TEOMETPUYHHUTE XapaKTePUCTUKKW Ha pbhKaTa W C
JUIaH HaAodNy B crnenuanHus naHen.  llpes
MPOLETIUTE B MOBBPXHOCTTA HA ONTUYHHUS CEH30D
KJIETKa CKaHUpa YEeTUPU MpbCTeHA. Te3u KICTKU
OTIpeieNIAT HayallHaTa TOYKa 3a JiBa YndTa IphCcTH
— IOKa3ajeua ¥ CpeIHusl, PBCTEH U MAJIKHS MIPBCT.
Bcexkn mpbeT e ckaHupaH MO LsjlaTa JAbJDKHHA,
KBJETO JbJDKMHATA CE€ HW3MEpBa B Or'bBaHE U
Pa3CTOSHUETO 10 ,,ChCem .

PesynrareT Ha  ymocroBepsiBaHe €
nojoxureneH 3a  norpedurens.  Lludposusr
CTaHJapPT C€ ChXpaHsBa B 0a3a JlaHHU WIA B
namerTa Ha uaeHTHdukauuoHHa kapta. [lo To3m
HauuWH, 32 3aII1Ta JaHHUTE Ca KPUIITUPAHH.

F702 or @ur.4 e camMocTosTeleH
OMOMETpPUYCH TEPMHHAT 332 KOHTPOJ Ha JOCTBI H
OTYUTaHEe Ha pabOTHO BpEME C MPBCTOB OTIECYATHK
Y mapoJa.

Due. 4. F702

Buenpenara orepanyoHHa cucreMa
0a3upana Ha Linux rapaHTHpa HaJeXTHOCTTa MPH
HeTpeKbcHaTa padota Ha TepmMuHaia. OTroBaps Ha
BCHYKH CBETOBHHU MH/TyCTPUAIHN CTAaHJAPTH.

Moxe nga ce U3MON3BAa B YUPEKACHUS,
KBETO Ce M3UCKBA BUCOK KOHTPOJ Ha JOCTHII KaTo
0aHKM, KOPIOPAaTUBHU OQUCH, TOMEIICHHUS CbhC
CBPBBPH, MIOMETIICHHUS ChC CKJIaMpaHa
knacudurpana nHGOPMaLKs, TOPH U 33 HYKAHU Ha
apMusATa.

Buomerpuyen TepMHHAJ — KOHTPOJ Ha
JOCTBII M pabOTHO Bpeme, Oa3upaH Ha JIMIEBO
pasno3naBane, 125 kHz, ASK RFID wu IIMH
nneatudukamus VF380. O6m Bux Ha VF380 e
naneH Ha wr. 5.



Que. 5. VF380

Moxe na ce U3M0i3Ba B YUPEKICHHS,
KBJIETO CE HM3UCKBA BHCOKO HHBO HA CHI'YPHOCT:
0aHKM, KOPIOpPaTUBHH O(MUCH, TOMELICHUS ChC
CBbpPBBPH, MTOMEIICHUS 3a JOCTBII bi (6]
knacuduipana uHpopmanus. TepMUHAIBT MOXE
Jla ce M3I0JI3Ba 32 OTYMTAaHE Ha pabOTHO Bpeme, 3a
KOHTPOJI Ha JIOCTBII WJIM B KOMOHWHAIIMS OT JIBETE.

BuCoOkO HHMBO Ha CHUI'ypHOCT rapaHTHpPaHO
OT pa3IMYHM KOMOMHAIMM 33 WIACHTU(DUKALIUS:
nuineBo pasnosHaBane, RFID kapta u mapona, kato
BCHYKH METOJIM MOTaT Jia c€ KOMOMHUPAT.

TeraAccess — IlpencraBnsBa cucrema 3a
KOHTPOJI Ha JOCThIla W OTYHTAHE Ha pPabOTHO
BpeMe, KOSTO C€ ChbCTOH OT CIICHUTE KOMIOHCHTH:

® KOMITIOTBP, Ha KOWUTO € WHCTaJupaH
ynpasisiBaimusit codpryep TeraAccess;

e koHTpoJiepu 3a gocTbin ACT120-0/02;

e wuHTep(eiiceH KOHTPOJIEP, OCHIIECTBSBAII
Bpb3Ka MEXKAY KOMIIOTHPa H  KOHTPOJIEPUTE
(RS232/RS485);

® BXOJHH/M3XOJHUA TEPMHUHAIU 3a JOCTBII
(ACA1XX);

e (0E3KOHTAaKTHHU KapTH.

Hosure ycrpolicTBa 3a JOCTBII C KapTH ca
CTWJIHY U HAJICXKTHHU, TOPAIH KOETO Beye HaBIISA30Xa
U B TOJIEMHTE XHIIEpMapKeTH HampuMmep. BoHIeH
BUJI HA YCTPOHCTBOTO € NajieH Ha Dwur. 6.

Te ca Ethernet mpexxoBu ycTpoiicTBa, KOETO
MI03BOJISIBA JIa Ca MHOTO B €/IHA JIOKaJTHa MpeXka, He
e Heo0XomumMO Ja ce JIOBeKAa MO0  TAX
JOIMBITHUTENEH Kalell, a camo Kaben ¢ dYeTupu
ycykann pnBoiikn (Hampumep UTP wmm  FTP).
3axpaHBaIIOTO HANpPEKEHHE Ce IM0JaBa MO CHIIUSL
kaben upe3 PoE (Power over Ethernet).

Due. 6. Ycmpoticmeo 3a 0ocmvn ¢ Kapmu

3. U3Boam:

Cucremata TpssOBa Ja MMa BB3MOXKHOCT 3a
MHTETpalys Ha BUCOKO HUBO C OCTAHAIUTE CUCTEMHU
3a CUTYPHOCT Ha €IUH 00CKT (OCHOBHO KOHTPOJ Ha
IOCTBII W BHICOHAOMIOMEHWE) H  TrpaduIHO
Mpe/cTaBsHe Ha WHPOpMANMATA 3a aKTYaJTHOTO
CHCTOSIHUE Ha CCTEMaTa U aJapMEHUTE ChOUTHS Ha
PC mucrineit mnm Ha MoOweH TenedoH.

[lepudepuute ycTpoiicTBa Ha cucremara -
JIETCKTOPUTE, TpsiOBa Jia MOrar HaJeKJIHO H
CBOCBPEMEHHO Jla pearupar Ha BCHYKH BHUJIOBE
aTakyd KbM OOEKTa M CHIIEBPEMEHHO MPOIEHTHT Ha
(hanmmBU CUTHAIM, HE3aBUCHMO OT TOPaXKIAIIUTE
TU IPUYHHY, TPSOBA J1a € OJI3BK JI0 HYJIA.

He na mocnmexpHo MsCTO, OT 3HaYeHHUE 3a
KpaiHUs TOTPEOUTEN € MPOCTOTaTa Ha yIpaBICHHE
Ha cHUcTeMara — KOJKOTO IO-ONMPOCTEHO €
YIpaBJICHHUETO, TOJIKOBA 10-MaJIKO ca
BB3MOXKXHOCTUTE 3a YOBCHIKU I'PCHIKH IO BPEME Ha
eKCIIOATAIHSITA.
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ANALYSIS OF TIME TO BREAKDOWN
VOLTAGE MEASUREMENT

EMEL ONAL

Abstract: In this paper, regression analysis of the experimental results for different gas
mixtures at different pressures is done by a general purpose statistical software package
called STATA. Experimental results contain breakdown times of varied gas mixtures under
several pressures as nanosecond depends applied different voltage magnitudes at different
polarities. Through the statistical software regression analysis done between three
parameters, these are breakdown time as nanosecond, voltage magnitude as kilovolt and
gas pressure as bar. After several regression analyses, gas pressure and voltage magnitude
dependent breakdown time equations are obtained.

Key words: Impulse voltage measurement, breakdown, regression, statistics.

1. Introduction

In practice high voltage insulation systems
consist of different types of insulators such as gases,
liquids, solids or any combination of them. When
electric field applied to the insulator, breakdown is
occurred. If insulation strength is higher than
applied electric field breakdown is not occurred.
This electrical breakdown phenomenon is not
deterministic process, it is random. For this reason,
properties of the insulator examined by statistically.
To examine the electrical insulating properties of a
system statistically, some experimental data are
required. Therefore, to get experimental data about
insulation  system, under different voltage
magnitudes, different insulators, different voltage
polarities, some different any combination of them,
measurements are obtained. Because the volt-time
characteristics of the electrical breakdown of
compressed gases is of practical importance in
designing protection and insulation coordination for
gas insulated systems, it has been studied
theoretically [1-2] and experimentally [3-4].

After this data obtaining process, some
statistical formulas can be obtained. In this paper
using some experimental data, such as breakdown
time depending on applied lightning impulse
voltage magnitude and polarity and various
insulating gases under different pressures, via a
statistical software called STATA for each gas
mixture regression analysis are done between three
parameters, these are breakdown time, gas pressure
and applied voltage magnitude. The theoretical
predictions are examined in the light of extensive

experimental results. Results are compatible with
theoretical predictions.

2. Experimental results and regression
analysis

In many engineering problems, two or more
random variables are not statistically independent of
each other during the same observation, so there is a
relationship  between these variables. The
relationship between two variables is that one of
them is influenced by the other, or that both
variables are affected together by other variables.
For example, the relationship between flow and
rainfall in a river basin is arisen by flow is emerged
after rainfall. The relationship between the flows in
the two neighboring basins depends on whether
they are affected by the precipitation in that area.

However, the relations are not deterministic
(ie, functional), meaning that when one of the
variables takes a certain value, the other will not
always get the same value. This value may be
slightly different in various observations due to the
influence of other variables that we do not consider
in a related way. For example, when one of the two
adjacent river basins has a certain amount of flow,
the flow in the other is not always has the same
amount. Nevertheless, it is of great importance in
practice to identify and determine the existence of
nonfunctional relations between variables. Using
this relation, it is possible to estimate the value of a
variable depending on the known values of the other
(or more) variables. This estimation is closest
estimation of subjected variable although it is not
the actual value. It can be said that the difference
between the estimated value and the actual value
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(error) will also located within certain limits with a
certain probability. The mathematical expression
that represents a relation of the type mentioned
above is called the regression equation. The purpose
of regression analysis is to determine if there is a
meaningful relationship between the variables
considered, to obtain the regression equation
expressing such a relation and to calculate the
confidence intervals of the predictions to be made
using this equation[5-8].

The results of the regression analysis and
experimental analysis with different gas mixtures at
different pressures are shown as follows.

The lightning impulse voltages used in this
study are produced by a 1 MV, 50 kJ, Marx type
impulse generator. The voltages are measured by
means of a capacitive divider and a HIAS 743
digital oscilloscope with 12 bit real vertical
resolution at 120 Mega sample / sec. All
measurements of the experimental study are given
in IEC standard. The present paper describes a
study of breakdown strength signal analysis of
Sulphurhexafluoride (SF¢) and SF¢ gas mixtures in
positive impulse voltage. Sulphurhexafluoride gas
due to its exceptional insulating and arc-
extinguishing properties has been widely employed
as insulation of high voltage power apparatus.
Experimental test set-up is shown at Fig.1.

Voltage
HV [&d Divider ~ HIAS 743
Impulse Oscilloscope
Generator
Measuring
[ ] Cable

—

Fig. 1. Experimental set-up

2.1. Analysis of %100SF¢ Under Pressured
Positive Polarity Lightning Impulse
Voltage

First of all, breakdown time as nanosecond
depended applied positively polarized lightning
impulse voltage under 9 bar, 7 bar, 5 bar, 3 bar, and
1 bar pressure for 100%SF¢ gas is obtained
experimentally. As an example graph of 100%SFg
and 1 bar pressure is shown as Fig 2. As seen from
Fig 2, when the breakdown time increases, the
breakdown voltage decreases. Finding the time to
breakdown curve is important for all equipment
especially for designing insulation coordination.
Basically two regimes can be distinguished,
depending on whether breakdown occurs on the rise
of the impulse or on its tail. The first regime occurs

[1-56

at much higher voltages than the latter one and it
usually occurs at small electrode separations. In the
first regime the time to breakdown decreases more
or less regularly with increasing crest voltages
while in the second one the time to breakdown
shows at wide range distributions. SFs and SFg
mixtures are generally used at switchgear and
insulation equipment’s because the breakdown
voltage of this gas is very higher than that of other
insulation gases.

350
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< 200
=

= 150

100

50

500 1000 1500 2000 2500

Fig. 2. Experimental results of relationship
between applied voltage magnitude U(kV) and
breakdown time t(ns) for %6100 SFs gas at the

pressure of 1 bar

If these wvalues are transferred to the
STATA environment, the values at following table
1 are obtained.

In engineering field, STATA is used to find
out the breakdown time of machines. This analysis
is also called reliability or failure time analysis[7-
13].

Table 1. Regression analysis of %100 SF gas

. reg t_ns bar U_kv
df

213
184.47
0.0000
0.6373
0.6338
338.87

Number of obs
F( 2, 210)
Prob > F
R-squared
Adj R-squared
Root MSE

Source SS Ms

Model
Residual

42366999.5 2 211834998
241146751 210 114831.786

Total | 66481674.6 212 313592.805

tns Coef. Std. Err. t Pt [95% Conf. Interval]

-4.98655  8.184779
-9.095287  .480204
3442.428  126.3263

-0.61 0.543
-18.94  0.000
27,25 0.000

-21.12141
-10.04183
3193.398

11.14831
-8.148649
3691.458

bar
U_kv
_cons

From here, breakdown time equation is
obtained as follows;

t(ns)=3442.428-9.095287*U(kV)-4.98655*bar (1)

In equation (1), t shows the breakdown time
in nanoseconds. U kV represents the peak value of
applied impulse voltage. The bar in the equation
takes the gas pressure between 8 and O bar as a bar
unit.

Statistically, the value of P>|t| is 0, 543
which is inconsistent. Here is a conclusion, the



effect of the gas pressures in this range is less
effective than impulse voltage peak magnitude. As
seen figures 2,3,4, breakdown time and voltage
values are varied in large range. For this reason, it is
important to know time to breakdown values.

2.2. Analysis of %50 SF¢ +%50 N, Under
Pressured Positive Polarity Lightning
Impulse Voltage

In our second model, the following
regression analysis is obtained from our data, which
consist of a mixture of 50% SF¢ + 50% N, gases
and have different breakdown time due to different
voltage amplitudes with positive polarity at
different pressures as 9, 5, 3, 1 bar. As an example
time to breakdown voltage graph of 100%SF¢ +%50
N, gas mixtures for the pressure of 1 bar is shown as
Fig 3.
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Fig. 3. Experimental results of relationship
between applied voltage magnitude U(kV) and
breakdown time t(ns) for %50SFs+%50 N, gas

mixture at the pressure of 1 bar

Regression equation for %50SF¢+%50 N,
gas mixture is shown at equation (2).

t (ns)=3328.191-10.59744*U (kV)+4.73382*bar (2)

2.3. Analysis of %1 SF¢ +%99 N, Under
Pressured Positive Polarity Lightning
Impulse Voltage
Experimental result is shown at Fig. 4

for %1 SFs+%99 N, gas mixture.

200 400 600 800 1000 1200 1400 1600 1800 2000

t(ns)

Fig. 4. Experimental results of relationship
between applied voltage magnitude U(kV) and

[-57

breakdown time t (ns) for %1 SFs+% 99 N, gas
mixture at the pressure of 1 bar

Regression equation for %1 SFs+% 99 N,
gas mixture is shown at equation 3.

t(ns)=1962-9.530341*U(kV)+34.51702%bar  (3)
- ) iz #ber
*
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Fig. 5. Regression analysis results of relationship
between applied voltage magnitude U(kV) and
breakdown time t (ns) for %1 SF6+% 99 N2 gas
mixture at the pressure of 1 bar

Table 2. Regression analysis of different percentage

of SFs and SF s mixtures
Test Standard Skewness | Kurtosis
environment deviation
%100 SF, gas at | 684.7446 | 0.1774 1.6092
pressure of 1 bar
%50 SF¢+%50 839.2957 0.8939 2.6595
N, gas mixture
at pressure of 1
bar
%1 SF¢+%50 N, | 426.1696 0.3600 2.1473
gas mixture at
pressure of 1 bar
3. Conclusion
The volt-time curves predicted by

regression method with stata. The third case is
presented in Fig. 5, together with the experimental
results.

It can be seen that, for the three impulse
waveshapes considered, the method that best fits the
experimental data, which leads to a very good



agreement between predicted and observed results.
The greatest difference between measured and
calculated times to breakdown is at %50 SFs+%50
N,, this case is seen at table 2 clearly. This values
are insufficient to reach a definite result. It is
needed to obtain more data for exact result.

For tail chopped impulses with the same
time to breakdown, in principle the voltage value on
the volt-time curve should be higher for waves with
shorter tails. As such impulses have faster decays,
higher voltage levels should be required for the
breakdown to occur. The longer the time to
breakdown in relation to the time to crest, the more
pronounced should the differences between the
curves be. As seen in fig. 5, breakdown values of
experimental values are lower than that of predicted
values. Because predict values are more results.

It is carried out experiments and simulation
to investigate the relationship between breakdown
characteristics and time parameter of applied
lightning impulse voltage in this paper.

These relationships are also evident from
Tables 1, 2 and fig.5. Since the tables depict that
regression model among the three variables are very
good fit for the considered analysis.
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SHORT TERM ELECTRICITY CONSUMPTION
FORECASTING: A CASE STUDY OF ELECTRIC
UTILITY AT TURKEY

EMEL ONAL

Abstract: Energy need has been increasing day by day, and this situation makes energy
management is requirement. That’s why, significant rise can be seen about tending to
energy management applications and different modelling in last years. This concept has a
wide definition and also many subtitle. This study focus on consumption side, demand side
management is explained by detail. Demand side management is the reaction of electricity
price change given by consumers ranged from industrial to home. Demand switch occurs
when the reaction effects the market. Demand response is entegrated via programs to
market. This research is analyzed through consumption. Also demand management is
defined by some resources as a whole applications for longer process. Demand response is
kind of subtitle of demand management, which both of them aim the increasing of energy
efficiency. At this study, the prediction is done by using daily peak electric consumption
values for June 2016. The results are compared with the results of Turkey Electric
Transmission Corporation. Data of Turkey Electric Transmission Corporation at maximum

is % 5.94 bigger than that of found prediction values.

Key words: Demand side management, Energy management, Electric consumption

1. Introduction

Purpose of Demand Side Participation is
using more efficient and economic energy. This
system has great benefits. That’s why a lot of
country has started to try that system many years
ago. Still, there are studies about the development
and using effective of this program. Even some
countries issued regulations to consumers involve
the system. Turkey is behind from these countries
when it is compared. Fundamental of Demand
Participation based on compatibility of supply and
demand. Demand Participation becomes
requirement in case of the harmony failures. Also,
satisfying studies are not done in Turkey to
entegrate demand participation into the market.
Load flexibility must be provided and let the
suppliers have opportunity to sale in market [1-4].
Therefore, these all prove that active demand side
participation and works are needed in Turkey.
While surveying why Turkey needs demand side
participation, examples of this subject on foreign
countries must be examined and achievements of
countries whose implement that program very
successfully should be analyzed. Demand side
participation is important to provide flexibility to
the market [5-9]. Because according to produced
and purchased energy amount on all countries on

world and problems of this distribution process of
energy.

2. Turkey’s and Other Countries Positions
on Demand Side Management

Beginning of the 2000’s, USA, some
European countries and Australia started to operate
this system successfully. Energy Efficiency
Directive of European Commission put some
articles to support the demand side participation for
regulators in 2012. USA could be seen as more
development country regarding demand side. One
of the supplier companies, called ENERNOC, has
come out with new projects with aggregators and
conducted a survey country-wide including 4 other
corporation. With this survey, 11.8 Billion Dollars
energy saving is announced between 2013-2014
years. Additionally, after demand side participation
is done and operated correctly, 500 Million Dollars
income made is seen and announced by another
research on USA since 2010. In Australia, this
system is advanced level and consumers are willing
to attend. Also, Canada, Japan and South Korea are
the other countries whose attend in a significant
level. It is possible to create more secure and clean
sources by increasing the efficiency of this method.
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In our country, demand management
projects are not developed and well planned. Energy
is produced by natural gas on highest rate. Hence,
energy interruption can be seen when the occasion
that demand goes to peak point. For this reason,
increasing the rate of renewable energy sources on
production is very serious subject both our country
and foreign countries[10-12] .

Demand participation is the system focused
on consumer. When capital and small consumers
entegrate into the system, providing the demand
flexibility shows that how important the roles of
every kind of consumers. According to research
which is done by Smart Energy Demand Coalition,
2.2 Billion Dollars income was made in USA in
2013. Therefore, it was indicated that this situation
prevented a large amount of investments to the wide
grids and power plants just by using system. And
this means huge benefit for consumers. So, all kind
of consumer can take an advantage of this process
and direct source can be made up through that, also
productivity of this method can be measured. The
direct source which is made up can launch to the
market of countries local economies. In this way
market could be relieved and consumers and
suppliers might be encouraged for the market
competition. Despite that, operating this process
efficiently, whole barriers must be defined and
looking for solutions to eliminate them. Likewise,
entire  tools,  infrastructures, technological
developments and projects must be examined.

3. Mapping Demand Response in Europe

Development of countries’” demand
response and their progress would be evaluated
according to some criteria’s. Also, mapping demand
side response in Europe would be done based on
these criteria’s. These are;

*Consumer access & aggregation
*Programme requirements
*Measurement & verification
*Finance & penalties

Development of demand response of
countries could be compared with each other
according to these criteria’s. As specified SEDC’s
(Smart Energy Demand Coalition) research,
countries using this method efficiently do not have
to make large scale investments to build power
plants to produce energy. So, this source can be
used their local economies. Reducing of
investments for peak load back-up generators can
be pointed as an example. Mapping and comparing
are done in Europe according to reports which is
published by SEDC for 2013, 2014 and 2015 years.

[1-60

When compared 2013 and 2014 years, Belgium,
England and Swiss are the countries whose are
active in this program in 2013, remain their activity
in 2014. Besides those countries, Ireland, France
and Finland become the active countries in 2014.
These three countries studied partially about this
program in 2013and by increasing their
developments, they became an active situation in
2014. Austria, Norway and Sweden are three
countries whose are in partial study for both 2013
and 2014 years as seen in fig.1. When looked at
2015 mapping, there is no country not active before
2015 and become an active after 2015. However, It
can be seen that France and Swiss step forward as
more active compared to countries whose status are
in active in 2015. The reason for this is that
participants and free aggregators, who are in
market, roles and responsibilities are defined well in
both country. Italy and Spain are the only the
countries whose status are not in active for three
years [13-14].

{ 2000

y=

Commercialy active
Partial opening
s Preliminary development
m— (losed

No thorough regulatory review

Fig. 1. Demand Response Activity in Europe

4. A Case Study: Prediction the
consumption of next four years from
daily peak load in June 2016

Peak load analyze is done in the fig. 2 at
below for June 2016. The figure shows the highest
and the lowest peak load values in one day in June.
Load values can be seen in the figure for what time
they reach highest or lowest point and how much
they are. Because of the season, it could be
predicted that high temperatures may lead to this
situation. Also this proves that, those values are not
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only up to temperatures, but also terms, season or
other different conditions can effect to peak load
hours and their values. At here, certain days of one
month are taken into the consideration.
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Fig. 2. Daily highest and lowest hourly peak load

Fig. 2 is analyzed by choosing random day
in one month and examining the highest and lowest
peak load in that day. This is also practiced to other
random days in other months. As showed in the
figure, according to values and hours when peak
loads are highest and lowest level, it is possible to
make some predictions. Although, these predictions
could be made just based on normal circumstances,
some other variables in certain time period can
effect those predictions.

When considering 2016 monthly and yearly
peak load analyze, the conclusion proves that why
demand side management needs to be done, why
focus on those projects and new modelling must be
produced. Short-term demand forecasting also plays
a role in the process of regulation. A precise
estimate of demand is important for the purpose of
setting tariffs. A detailed consumer category-wise
consumption forecast helps in the determination of
a just and reasonable tariff structure wherein no
consumer pays less than the cost incurred by the
utility for supplying the power. Also, the utility can
then plan the power purchase requirements so as to
meet the demand while maintaining the merit order
dispatch to achieve optimization in the use of their
resources.

According to reports published by TEIAS
(Turkey Electric Transmission Corporation) real
consumption amounts since 1970 can be seen on the
fig.3. Using 3" degree curve method, on the basis of
the real consumption values between 1970-2015
years, demand prediction is made until 2020.
Herewith, values found by using prediction is
compared with other values which was made by
TEIAS and the difference between both of them are
shown in the fig. 3. Hereby, when compared with
TEIAS predictions, the values at table 1 are seen.

Table 1. Difference of predicted values of TEIAS
and this study according to years

years difference of predicted
values as percentage
(%)
2016 1.43
2017 2.25
2018 3.42
2019 4.67
2020 5.94
Of course, all independent factors,

occasions, financial parameters cannot known as
certain on these predictions. It can be said that those
differences are reasonable. The reason that the
TEIAS data is high is increasing energy need.
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Fig. 3. Real consumption and prediction values
between 2016-2020

5. Conclusion

In conclusion, Demand Side Response is
defined, how it is operated on other countries is
shown and benefits of this system are indicated.
Peak load is analyzed by hourly, weekly, monthly
and yearly for 2016. With all these data’s, according
to previous months, terms and years, prediction is
practiced with consumption values. It all summarize
how important the demand side management is.
Because otherwise, at negative scenario different
kind of problems which my lived can be estimated.
As a result, nowadays, considering expanding
energy needs of countries, more significant and
effective planning and new modelling can point the
benefits of this system.



The nature of the forecasts has also changed
over the years. It is not enough to just predict the
peak demand and the total energy use, say on an
annual basis. Since the whole objective of demand-
side management is to alter the system load shape, a
load shape forecasting capability within the system
is most desirable. The various methods of
implementing demand-side management are time of
use pricing, use of curtailable/interruptible rates,
and imposition of penalties for usage beyond a
predetermined level, and real time pricing. A time-
of-day tariff structure to manage peaks and troughs
in electricity demand, an hour-by-hour load shape
forecast has become an essential prerequisite.

Further, the end-use components of the load
shape must also be known in order to plan the other
demand-side management activities to achieve
maximum conservation, while avoiding undue
demand restrictions. Another use for demand
forecasting models is the assessment of the impact
that a new technology might have on the energy
consumption. This helps planners to evaluate the
cost effectiveness of investing in the new
technology and the strategy for its propagation.
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XUBPUJIHU MPE KU U3T'PAIEHU 110
TEXHOJIOI'US 3A IVIBTHO YINIBTHEHHUE HA
KAHAJIUTE YPE3 AEJIEHUE HA AbJ/KUHATA

HA BBJIHATA

AJIEKCAHIABP CAPA®OB

Pe3tome: Joxymenmvm npedcmass pabomama u nPUHYUnsm Ha Oelicmsue Ha XuopuoHu
MpedicU U3epadeHu no MexHoI02Us 3d NILIMHO YIIbIMHEHUe HA KAHATUme Ype3 Oelenue Ha
OwvwicuHama na evanama. Paszenescoam ce nomenyuannume npobiremu npu usnonzeane Ha
Memooa 3a NILMHO YIIbMHEHUe HA KaHaaume upe3 OelleHue Ha ObINCUHAMA HA 8bIHAMmA,
Kamo 3a2ybu no GIAKHOMO, NPUCIYW6Ane, HeIUHeluHy egexmu, Kanayumem Ha
BBL3IMOJICHUME KAHAIU, KOUMO Mo2am 0a 6vb0am YNIbMHEHU, CKOpocm 3a npeoddasane Ha
OoanHu u 0Ow Kanayumem na xubpuowama mpedca. 3acsea ce MAXHOMO HACMOAWO U
0vOewo npUNodNCeHUe 8 CHEPEMEHUAN OBP30 paA3sUsaly ce CEAM HA KOMRIONbPHUME
Mpedicu.

KaouoBn AYMHU: ONMU4YHU, MpedHCU, HNiIbMmHO, YHIbmMHEeHUe,
OvIdICUHAMA HA 8bjHama, kanayumeni, CKOpocm, KOXepenHmmnocm.

Kanauiu, ceemjuna,

HYBRID NETWORKS USING DENSE
WAVELENGTH DIVISION MULTIPLEXING
(DWDM) TECHNOLOGY

ALEXANDER SARAFOV

Abstract: The document reviews the work of the hybrid networks using dense wavelength
division multiplexing (DWDM) technology. The potential problems in using the dense
wavelength division multiplexing (DWDM) technology are considered. A review of their
present and future usage in the fast changing technology world in the field of computer
communications or data communications is given.

Key words: optics, networks, dense, multiplexing, channels, light, wavelength, capacity,

velocity, coherent

1. BLBenenne

Karo mHavalmeH MOMEHT B CBhBpEMEHHATa
WUCTOpUSI HA  TpeaaBaHe Ha  HHPOpMaIUATa B
MPOCTPAHCTBEHO-BPEMEBHS KOHTYp C€ JaBa MepHuoaa
1887-1891 r. B KOWTO TepMaHCKUS (UMK XalWHpHUX
Pynond Xepm, ycmsiBa eKCIEPUMEHTATHO Ja JOKaxe
CBIIECTBYBAaHETO  HA  EIIEKTPOMAarHUTHAaTa  BBJIHA
mpeicKa3aHa TEOPETHYHO OT MIOTVIAHACKHSA (U3UK
Jxeiime Kmapk Makcyen mpe3 1873 r. Ha 06a3zara Ha
ChCTaBeHAaTa OT HEro JUHAMHYHA TEOpUs  Ha
€JIeKTPOMArHUTHOTO TMoje (KOSTO OT CBOsI CTpaHa €
CEJICKTUPaHa CHBKYITHOCT OT EMITUPUYHU U TCOPCTHUYHH
3aBHCUMOCTH OT (DOPMYJIH U OCTYJIaTH Ha  QU3UIH
U3CNeBAIN MPHUPOJaTa Ha EJIEKTPOMArHUTHOTO TIOJeE,

KaTo TOW CBHIO BIM3A B TOBA YHCJIO C YaCTHUYCH MPHHOC).
Ome enuH 3HAYUTETHO BaKEH W3BOA OT TEOpWATa Ha
€JIEKTPOMarHuTHOTO II0JIE€ €, Y€ CBETJIMHATa € ChLIO
€JIEKTPOMarHuTHa BbJIHA U MOXE J1a C€ PA3IJIex]Ia KaTto
(GYyHKIHSA ~ OT  TPOCTPAHCTBEHO-BPEMEBUS  KOHTYD.
ExkcnepumeHTanHoTo oka3aTeiacTBO Ha XalHpux Xepig
ce CBbCTOU B JI0JIaBSHETO Ha M3JIbYEHA
€JIEKTPOMAarHuTHaTa €HEPrus paslpocTpaHsBalla ce B
MIPOCTPAHCTBEHO-BpEMEBHS KOHTYp Toj (opmara Ha
€JIeKTpOMarHuTHa BbJIHA WIM C JIPpyTH  JAyMHU
MpPEelaBaHETO U MPUEMAHETO Ha €JIEKTPOMArHUTOTO MOJe
MEXIy [IBa TOKOBH KOHTYpa, KOUTO HsAMAaT oOIa
rajBaHMYHa Bpb3Ka MOMEXy cu. Hsakonko peceTunieTus
MO-KbCHO CJIeJ] OTKPUTUETO Ha Xepll CTaBa U Jorarkara
32 W3MOJ3BAHETO HA CBOHCTBaTa (mapaMeTpuTe) Ha
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eJIeKTpOMarHuTHaTa BBIHA Upe3 TAXHATA TIPOMSHA 3a
MIpeHAcsHEeTO Ha WHpopManus, KaTo WHPOpManusiTa ce
CMATa 3a OTHeTHA TpeTa ChCTaBKa 3aBHCHMa OT
MIPOCTPAHCTBEHO-BPEMEBHUS KOHTYp, KOETO BB3MpPHEMaHe
M aHajgu3 JOIbJIBAa 3HAHHETO/HE3HAHHETO HA YOBEIIKH
WHAWBHJ 32 KOHKPETHO CHOUTHE B IPOCTPAHCTBEHO-
BPEMEBUS KOHTYP, KATO BCHUKO CIYYUIJIO C€ 10 MOMEHTa
Ha TpeaaBaHe Ha uH(pOpMaIHs ce cunTa 3a Takosa. Cren
JI0Ka3aTeJIcTBOTO Ha XalHpux Xepl Ha Tpylna Ha
Jxeiimc Kmapk Makcyen aMHaMuU4Ha Teopus Ha
€JIeKTPOMArHUTHOTO TIOJIe, 3amo4yBa W HEWHOTO TI0-
HaTaTAIllHO Pa3BUTHE, KATO OT €]IHA CTpaHa MapamMeTpuTe
Ha TeopusATa Ha MOJepHATa eJIEeKTPOJAMHAMUKA ca
npeoOpa3yBaHu B IO-TIIPOCTH TUMCHCHAIIHU TaKHWBa 3a
yJIECHEHUE Ha WHXXEHEpPHU 1IeJIi U ce ChClaBa HayKaTa
CJIEKTPOTeXHHUKA. Ts mpuaoOMBa MIUPOK HHTEPEC U
MacoBOCT TMOpajd JiIeCHOTaTa CH U Bpb3KaTta C
MPAKTUUYECKUTE CH TPUIOKEHHUS, KAaTo HW3MEpBaHUs,
n3cienBanus, anauu3 u ap. Ot apyra cTpaHa TeopHusTa 3a
€IIEKTPOMArHUTHOTO TIOJIe TIPOIBDKaBa J1a Ce pa3BHBa C
HETIPOMEHEHH MapaMeTpH W Taka ce Ch3[aBaT HAayKHUTE,
KaTo MUKPOBBIHOBA TEXHHWKA OIIe II03HATa W KaTo
CBPBXBHCOKOYCCTOTHA TEXHHKA, IOpAJHM II03HATATa
BpBb3Ka MEXIYy IbJDKMHATA HA BBJIHATA M UYECTOTATa,
KaKTO M HAyKd CBBP3aHU C TEOPETUIHH IO3HAHUS 3a
pasnpoCcTpaHEeHHETO Ha EJNEeKTPOMATHUTHUTE BBJIHU B
pa3IuYHA BENIECTBEHW MaTepUaTHH Cpeld B e(heKTHuTe,
KOWTO HACTBIBAT B TiIX. Ta3W Hayka MOpaxia
TEOPETUYHHSI aHAIM3 Ha TPEJaBaTEIIHUTE JIMHUHU, KAaTO
pa3MYHH BUIOBE BBJIHOBOAHM, OOCMHHU PE30HATOPHU H
MHUKPOBBJIIHOBH €IIEMCHTH M YCTPO#CTBa, HO H00MBa
npuwiokenue enna ciuenq 1940 r.. Teopusita Ha
BPB3KOBUTE YpaBHEHHs B MpeJaBaTEIHUTE JIMHUU, KATO
TesierpaHUTE ypaBHCHHS, KOAKCHAITHUS KaOen ¥ IpYyru
BHUJIOBE MPOBOJHHUIIM CE€ OCHOBaBa Ha KOMIUIEKCHU
TIPUHITUITH MEXTY eJIeKTPOANHAMHIKATA u
CIIEKTPOTeXHUKaTa. V3Mmon3BaHeTO Ha Ta3W TEOPETUYHA
0a3a, KaKTO ¥ Ha MHOXECTBO E€KCIICPUMCHTAIHN TECTOBE
Ha peauna ydyeHu B nepuoja ot 1920-1970 r. Boau u 1o
CH3AaBaHETO HA MOJCPHOTO ONTHYHOTO BIAKHO MO3HATO
nHec. VMHpopmanusaTta € OCHOBCH TPaIuBCH CIEMCHT
MoabpKan OOIIYBAaHETO WJIM KOMYHHUKAIUATA, KaTO
0OMEHEH TPOIeC B ChbBPEMEHUTE KOMYHHUKAIUU MEXIY
WHIUBUIN C PA3HOOOPA3HHU IIEIH.

2. XuOpuIHU MpesKH U3rPaJieHH Mo
TEeXHOJIOT'HS 32 IIbTHO YIUIbTHEHHe HA
KaHaJMTe ype3 jieJleHHe HA IbJIKHHATA
Ha BbJHATA

TexHomorusara 3a INIBTHO YILTBTHEHUE Ha
KaHAJIWTE 4Ype3 pasfeNsHe Ha Ib/DKMHATa Ha BBIHATA
mo3Hara ¢ aHriaumiickara abpusuatiopa DWDM (Dense
Wavelength Division Multiplexing) ce wu3mom3Ba 3a
M3rpakiaHe Ha OCHOBHHU KPBIOBO TOIOJOTUYHHU MPEKH
Mo3HATH | Kato (token ring) B aHTIHMiIicKaTa IUTEepaTrypa
IIPU CHBPEMEHHHUTE OINEPaTOpH M JOCTaBUMIM Ha
HUHTCPHCT. HMeHHO oT Te3u MpPEIKU 06x3amaum TOJICMH
TEPUTOPHH JIOCTABYMKA HA yCIyrara yCIsiBa Jia CHaOIu
KpalHUAT MOTPEOUTEN AMPEKTHO WIIM W3IOJI3BAWKU JAPYT
moanocTaBunk mo wu3BecteH karo (Tier 3 provider).
OcHoBHATa KpbroBa TONOJIOTUA MHHaBa IIPE3 TOJICMU
TpajioBe WM HAceleHH paioHHW, KaTo CHOTBETHO 32

[1-64

TOYKaTa, KbJIETO MMa pa3nonokeHo DWDM obopynBane
€ MPUEeTO W HAaUMEHOBAaHHWETO TOUYKa Ha NMpuchkcTBHe PoP
(Point of Presence). KpbproBure mpexu W3rpajicHu Ha
MIPUHIMIHA 32 IUTBTHO YIUTBTHEHHE HA KaHAJIUTE 4pe3
pasjiensiHe Ha TbJDKMHATA Ha BBJIHATA CE HajlaraT Mopaju
OTPOMHOTO KOJIMYECTBO OT TpaduK, KOETO Mpexara
Tps6Ba na moeme. ChINO Taka ¢ TAXHOTO M3IOJI3BAHE Ce
M3IBIHSABA €HO OT BaXKHUTE 32 KIMEHTUTE U3UCKBAHE, a
UMEHHO  pe3epBHpaHOCTTa  Ha  yciayrata.  T.k.
TOTIOJIOTHATA € KPBroBa, akO BB3HUKHE MOBPEJa MEXKIY
JIBE TOYKM Ha TPHUCHCTBUE OT MpEXKaTa € BB3MOKHO
MpeHacoYBaHe Ha Tpaduka B oOpaTHa IOCOKa, Taka de
TOM OTHOBO Ja CIMIHE J0 JAecTuHauusta. Tosa
HEMMEHYEeMO BOJM /0 MOBHUIIAaBaHE Ha Tpaduka, KOWTO
ce HOCH OT KpbroBaTa TOIOJIOTHsI, KaTO peaiHo Tpaduka
KOMTO € MpeHacodeH ce Haciarsa cymupa ¢ Tpapuka B
oOpaTHa TOCOKa T.K. TEXHUTE IOCOKH CHBIAJIAT CJeN
npeHacouBaHeTo. Ilo To3m HaumH OOmMAT CyMapeH
KaranuTeT Ha MpekaTa HapacTpa JPAacTUYHO M € BaKHO
TS Ja € Taka MPOEeKTHpaHa Jia HsIMa BB3MOXKHOCT 3a
HAJIXBBPJISIHE HA HEHHMS KamanureT. Mpexu 1o
texHosorusita DWDM ce usnons3saT ome U 3a Bpb3Ka
MEXAY IbpKaBH, a HMMEHHO MEXAy [JBE TOYKH Ha
MIPUCHCTBHE PA3MOJIOKEHN B JIBE CTPAHH, MOYTH BHHATU
YNPaBISIBAHU OT /IBA PA3JIMYHU JOCTABUMKA HA YCIIyTa.

3. CumyJanuu 4 eKcrnepuMeHTATHI
pe3yaraTtu

PazButnero Ha mpexute usrpagean no DWDM
TEXHOJIOTHSTA OTHBA OINE TO-Jajed, Karo 3arodBa
W3MIO3JIBAHETO HA XHOPHUIOHM MPEKH W3TPAACHHA OT
DWDM obopyaBane, BKJIFOUBANKHU KpBroBU
TOTIOJIOTUYHU MPEXKHU, MPEKU OT TOUKA JI0 TOYKA, KAKTO
U cMeceHH Mpexu. EnHa TakaBa XuOpuIHa Mpexa €
mokazana Ha ®wur. 1, Karo celiara Moxke Aa oOXBaiia
TEPUTOPHUH HA 1IeTTM KOHTUHEHTHU. BaskeH acmekT e jaa ce
oTOeNeXH, 4Ye TaKWBa MPEXKHM HUMAT BB3MOXKHOCT 3a
CBpB3BaHE Ha MH(DOPMAIMOHHH IICHTPOBE TO3HATH O]
aHTJIMMCKOTO HanMeHoBaHue, kato Data Centers.
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INotenmmanan mpoOieMH Ha MPEKUTE HU3TPALACHU OT
o0opy/BaHe 3a IUTBTHO YIUITBTHEHHE HA KaHAJINUTE 4pe3
pasensHe Ha AbIDKUHATA HA BBIHATA:

- Hee()eKTHMBHO TPH MalbK OpoH MYNTHIUICKCHPaHU
KaHaJu

- 3arybm 1O BIAKHOTO;
3aBHCHUMOCT Ha 3aryoure

- IPUCITyIIBaHE

- HEeJIMHEHHH e(eKTH

- C yBeJIMYaBaHETO Ha OpOs HAa KaHAJIUTE MpeaBaHu 110
€IHO BIAKHO C€ yBenmM4aBa W obmarta (cCymapHaTa)
eHeprusi Ha pasnpoctpansBamoro ce OJl-e. Jocrura ce
JI0 HUBO, IIPH KOETO CE€ IPOSIBSIBAT HEIMHEHHN e(eKTH.
Te 3aBUCAT M OT BBIHOBOTO pa3CTOSHHE AL MeEXay
OT/ICJIHUTE KaHaIN

- YeTHPUBBIHOBO  CMECBaHe  —
JOI'BIHUTEITHN KOMITOHEHTHO

- CTUMYJHPAHO pPaMaHOBO pa3ceiiBaHe — IOABABAT CE
JOIBITHUTEITHA KOMIIOHEHTH

- M3UCKBA U3MOJI3BAHETO HA ONTHYHU ycuiBatenu [4]

OCB€H TOBa CIICKTpajIHa

osABsABAT ce

4. 3akarouenue

XUOpUAHUTE MPEXKH U3TPAJCHU 110 TEXHOJOTHA 3a
IUTBTHO YIUTBTHEHHWE HA KaHAJIUTE dYpe3 JAeJIeHHE Ha
JbDKHMHATa Ha BBJIHATA ca OBJCHIETO 332 CBBP3BAHE HA
Haii-roJeMuTe JocTaBYNIM Ha HHTEpHET B cBeta (Tier-1)
C MpEKHTE HAa TEXHUTE KOPIOPATUBHHM KIHEHTH, a
MMEHHO TII0-MaJIKH pa3NpOCTPAHUTEIN Ha yciyrara
untepHer (Tier-2) u T.H. O TOIMOJOTHUATA 10 JIOCTHI'aHE
Ha KpaiHHUTE TOTPeOUTeNN ¢ MHPOPMAIIMOHHH 1IEHTPOBE

Data Centers B KOUTO MMa KOJOKHPAaHO 00Opy/BaHE Ha
KOPHOPAaTHBHU KJIMEHTH OWIO TO (UPMH MM YaCTHHU
JMIa ¥ TOYKH Ha OOMEH Ha MPEKOBH NPEPHUKCH IO

W3BECTHM C AHIVIMHACKOTO HaWMeHoBaHHe Internet
exchange point (IXP wmu 1X).
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DIPOLE ANTENNA OVER EBG STRUCTURE
FOR UHF RFID APPLICATIONS
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Abstract—This paper examines the possibility of designing a low profile antenna with
high gain for RFID identification in the frequency range 865 to 868MHz. The advantages
of the suggested structure are high gain and low profile compared to traditional
antennas.
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surface varies from 180 ° to—180
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Modern antenna technologies have evolved
extremely and rapidly last years. One of the driving
reason for that evolution is so-called metamaterials.
In this paper we will focus on a specific part of
metamaterials namely Electromag- netic Band Gap
structures (EBG). These metamatirials exhibit
electromagnetic features which may not exist in
nature. These materials have simultaneously < 0
and p < 0. [1] This type of structure is applicable to
a wide range of applications in antenna and
propagation fields. For instance it can be used as a
spiral and curl antenna to achieve low profile
design. [2] One of the most interesting properties of
metamaterials is the reflection phase. It is defined as
the phase of the reflected electric field at the
reflecting surface compared to the incident one. [3]
It is known that a perfect electric conductor (PEC)
has 180 ° reflection phase for a normal incident
plane wave. A perfect magnetic conductor (PMC)
has the reflection phase 0 o but does not exist in
nature. [1], [3]

However, EBG structures are more than the
PMC surface. The reflection phase of the EBG

frequency, not only 180 ° for the PEC surface or 0 °
for the PMC surface. This reflection phase feature
makes EBG unique. For example one possible
application of that surface it is usage as a ground
plane of wire or patch antennas for low profile
design which is desirable in many wireless
communications systems. [3]

A basic question here is: How effective is
the EBG struc- tures for low profile antenna
applications? Mushroom-like is known to have
effective bandgap for a surface-wave propa- gation.
It can be used to improve antenna radiation patterns.
When the incident wave is a plane wave (kx 2 + ky
2 <kO0 2, kz has a real value), the reflection phase
of the EBG structures varies with frequency. At
certain frequency the reflection phase is zero
degree, which resemble the perfect magnetic
conductor that does not exist in nature. [1]

To understand how the EBG improves
antenna parameters, a vector dipole antenna is used.
The antenna consists of two orthogonal dipoles. The
advantage of the suggested construction is that the
antenna can realize circular polarization which is

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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important for the RFID communications if
both dipoles are used. Here only one dipole is used
as radiator, for the sake of construction
simplification.

The paper focuses on mushroom-like EBG
structures in- vented by Sievenpiper et al. [4]. The
structure studied here has a feature of compactness
and can be integrated into printed circuit boards,
which is very critical in handheld devices. To prove
that it is necessary to be used the vector dipole
antenna, the conventional ground plane and the
EBG structure. Consequently three comparisons on
antenna gain are presented: the vector dipole
antenna, the dipole antenna with metal reflector and
the dipole antenna with EBG structure.

2. The EBG Structure

The  mushroom-like = EBG  structure
displayed here consisted of four elements: metal
patches, a substrate, a ground plane and vias, which
connected metal patches and the ground plane. This
is illustrated in Fig. 1.

substrate
metal patches

€r
\vl/ grounc@ne

@Due. 1. Schematic diagram of the EBG structure

The parameters in Fig. 1 are: w - width of
the patch; g - patch distance; h - substrate height; r -
radius via; r =4, 3. The functionality of the EBG
structure can be explained by a LC equivalent
circuit model [1], shown in Fig. 2.

.{"_

A

+ =
|@|

Que. 2. Equivalent scheme of the EBG structure

The inductance in that model comes
from the -current flowing along adjacent patches
and connecting vias. The ca- pacitance result comes
from the fringing electric field between adjacent
metallic patches. The equivalent circuit model is
able to predict the reflection phase as well as some
surface wave properties. The capacitance and
inductance in the equivalent circuit can be
approximated by following formulas [5].

L=ptop,h (1)

_a)go(1+8r)co w+g

C sh™( ) )

T

The fractional bandwidth (BW) £90 o of
the reflection phase is received by the following
formulas [5].

1
0, = ——— (1)
*JLc
w, Z,\C

3. Results

3.1. EBG Structure

For the RFID frequency range 865 MHz to
868 MHz the EBG structure is made with finite
dimensions 300x300mm. The substrate material is
FR-4 with thickness 2, 4mm. Accord- ing to
formulas 1, 2 and 3 patch width is approximately w
=70 mm. Consequently the structure consists of 16
patches - 4x4. To simulate radiation structure
described above commercial software CST
Microwave Studio is used. The final dimensions
after fine tuning are: patch width - 74, 24 mm; gap
width - 0, 76 mm and via radius - 0, 25 mm. The
EBG surface is shown in Fig. 3.

The reflection phase of the structure is
determined by CST and presented in Fig. 4. As one
can see from Fig. 4 the surface has reflection phase
0 - at 866 MHz which is in desire bandwidth
between 865 -868 MHz. In £90 ° the construction
has 30 MHz bandwidth from 850 to 880 MHz.

@Due. 3. The finite EBG structure
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@ue. 4. The Reflection phase of the EBG structure

@Due. 5. The Radiation pattern of the dipole
antenna (no reflector is employed)

3.2. The Dipole antenna

In this subsection the measurement results of the
dipole antenna are presented. The antenna
dimensions are: width — 104 mm, length — 104
mm, height — 2, 4 mm and substrate — FR-4. For
feeding of the antenna a coaxial cable (50Q2) and
balun mounted on a small PCB circuit in the
middle of the antenna are used. The radiation
pattern of proposed dipole is displayed in Fig. 5,
resulting in gain of 2 dBi. The input return loss is
displayed in Fig. 6.

3.3. The Dipole antenna with metal
reflector

In this subsection the results from the dipole
antenna over a plain sheet reflector are presented.
The distance between the antenna and metal
reflector is 1 mm. Later will be shown why a gap is
chosen exactly 1 mm. For feeding of the antenna is
selected again balun and coaxial cable (50Q).
There is a small hole on the metal reflector used to
pass thru the coax feed cable. The dipole is fixed to
the reflector with double sided adhesive tape with

[1-68

exact thickness of 1 mm. The measured radiation
pattern of the dipole reflector struc- ture is displayed in
Fig.7.

vmms1l Log Mag 10.00dB/ Ref 0.000dB [F1]
>1 866.00000 MHz -15.402 dB

Due. 6. Return loss of the dipole antenna (no
reflector)
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@Due. 7. The Radiation pattern of the dipole
antenna over a metal reflector

yamsil Log Mag 10.00dB/ Ref0.000dB [F1]
>1  866.00000 MHz -1.8922 dB

s

i

Due. 8. The Return loss of the dipole antenna over
ground plain sheet metal reflector

3.4. D. Dipole antenna with EBG reflector

A driving reason for researching the low-
profile (closely spaced reflector) antenna is the
necessity of compact systems for handheld
applications. To achieve high gain and low profile at
the same time, a  parametric analysis is
performed. The results are shown in table 1.



From table I it can be concluded that a
reasonable com- promise between high gain and
low profile antenna can be achieved at 1 mm
reflector distance from the radiating element. When
the distance becomes over 15 mm the efficiency of
the EBG surface significantly decreases.

The real construction is shown in Fig. 9.
The final dimen- sions are: width — 300 mm,
length — 300 mm and height — 5, 8 mm. For
feeding of the antenna here also are used coaxial
cable (50Q) and balun which is mounted on a small
PCB circuit in the middle of the antenna. Also on
the EBG reflector there is a small pass-thru hole.
The dipole and the EBG reflector are connected
with double sided adhesive tape which has 1 mm
thickness such as on the previous model with plain
reflector.

@Due. 9. The Real model of the antenna
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/7 120°
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140°
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—170%
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@ue. 10. The Measured radiation pattern of the
dipole antenna over EBG structure
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Figure 10 shows the radiation pattern of the
antenna with EBG structure. Also figure 10 shows
gain of the antenna is G =5, 7 dBi. The width of the
main lobe is 70 » which is a typical angle for RFID-
application antennas. The return loss of the antenna
is displayed in Fig. 11.

According to Fig. 11 the antenna has good
impedance matching with reasonable bandwidth
which makes antenna insensitive to manufacturing
tolerances.

vmmsll Log Mag 10.00dB/ Ref 0.000dB [F1]
>1 866.00000 MHz -30.299 dB

F

@Due. 11. The Impedance matching of the dipole
antenna over EBG structure

4. Conclusion

This paper introduced possible design of
dipole antenna with EBG surface. EBG surfaces
are used to increase antenna gain and decrease the
antenna thickness compared with tra- ditional air
gap antennas. All this features give the antenna
possibility for mass production. It is intended
mainly for RFID communications.
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A REVIEW ON RECENT ANTENNA DESIGNING TECHNIQUES
FOR ELECTROMAGNETIC COMPATIBILITY(EMC) TEST

MR.SARANG M. PATIL, PROF.PETER Z. PETKOV, PROF.BONCHO G. BONEV

Abstract: All devices from electronics category must meet EMC requirement. In this
article presents a review summary of various antenna structure designed for EM signal
radiated emission and susceptibility measurements currently used for evaluating the
electromagnetic compatibility/interference (EMC/EMI) characteristics of electronics
systems and devices. For accurate EMC/EMI test require to capture of unknown
electromagnetic radiation from an equipment using suitably calibrated EMI sensor. The
response of sensors is analyzed in terms of the antenna factor-which is the ratio of the
incident electric field on the antenna surface to the detected voltage at load. At the end
comparison is done of all antennas specifications and new idea is proposed for

improvement in EMC measurement

Key words: Antenna Factor, Electromagnetic compatibility, Electromagnetic Interference

sensor, Immunity.

1. Introduction

All the electronics devices and appliances
are important part of our day today life, like kitchen
tools to satellite, because of the more demands for
wireless devices, the electromagnetic territory has
becomes polluted. Electromagnetic interference
(EMI) both inter- and intra- device is the well-
known "pollutant".

Electromagnetic  compatibility is  the
member of electrical science which deals with
unintentional propagation, reception and generation
of electromagnetic energy with reference to the
unwanted reaction that such energy may induce.
Electromagnetic compatibility testing of electronics
equipment Necessitate to measurement of field
strength radiated form devices [1].Radiated
emission from equipment are measured and
calibrate the field level for immunity test.
Ordinarily, antennas with large bandwidth are used
for emission measurement and diode based field
sensors are widely used for calibrating field level
for immunity test [2].The definition of EMC/EMI as
per IEEE dictionary as follows [3].

Efficient EMC measurement, observes and
determines the behaviour of electrical apparatus
from the prospect of EM radiation with electronic
circuits [4].In communication system various
electronics equipments are used, at side of
transmitter are designed to radiate a specific radio-
frequency, power at selected frequencies to antenna,
antenna radiated signal intentionally but along with
that another uninitiated signal also transmitted, it is
form of EMI. Another non-radiators devices is also

present in surrounding like computers, ideally
computer performs task and during the computation
time its generate some signals internally because of
electronic circuits within the system will be
contained and not be radiated, however some
signals are radiated as EMI because of internal
signals are not contained totally [5].
Electromagnetic  pre-compliance = measurement
applications antenna is not used widely used
because of large in size and are sensitive to nearby
reflections and interact with surrounding metal
objects .If EMC testing is carried out during the
design phase of product it provides following
advantages,
e Passing rate of final compliance test is
increased.
e Retest count is
laboratory.
e Eliminates surprises late in the design.
e Conform that EMC considerations are part of
the original.

As per the data received for EMC test
laboratory, 50% submitted products are fail in
compliance testing at first attempt. To reduce this
statistic and improve the percentage of passing form
50% to 90% need to use EMC measurement
antenna /Probe at designers/Manufacturers end [6].

A variety of antennas have been designed
to help the EMC engineer test quickly over the
range from 30MHz to 1GHz, and they can have
quite interesting shapes [7]. A very significant
concept about all antennas is that they required
calibrating, and their calibration factors must be
taken into consideration in any measurement of

decreased at EMC test
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radiated emissions [8]. Test field calibration is
described and analyzed in [9].

2. Common Antennas Used for EMC
Testing

Now a day various antenna types and
geometry are present, some of them are commonly
used for EMC test, they are as below:

2.1. Tunable Dipole Antenna

Electrical field measurement purpose
tunable antenna is widely used, this antenna support
for the range of frequency over 25-1000 MHz
Tunable dipole having two types- the resonant
dipoles and half-wavelength dipoles.

2.2. Biconical Antenna

This antenna is called broadband dipoles
that consist of two conical conductors having a
common axis and vertex. The receiver is connected
at vertex. Biconical antenna operates in the range of
30-300 MHz, this antenna is best for vertical
polarization measurement because of smaller in
size.

2.3. Log-Periodic Antenna

This antenna is called log-periodic because
of structural geometry that its impedance and
radiation characteristics repeat periodically as
logarithm of frequency. It’s operating range of
frequency from 200-1000MHz

2.4. Bilog Antenna

This antenna is called log-periodic because
of structural geometry that its impedance and
radiation characteristics repeat periodically as
logarithm of frequency. It’s operating range of
frequency from 200-1000MHz

2.5. Loop Antenna

The shape of this antenna is like coil and is
highly sensitive for magnetic field but shielded
against  electric  field. = Measurement  of
electromagnetic field takes place with electrically
small loop for the range of frequency approximately
20Hz-30MHz.

2.6. Horn Antenna

This antenna is specially used for high
range frequency measurement of
electromagnetic signals. This measure frequency
above the 1GHz. Range of frequency is 1-
40MHz.

3. literature survey

A number of researchers work on antenna
designing for electromagnetic compatibility test. In
this session consider some recants important and
efficient antenna designs with specifications.
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N.Narang et el.[10]. Present A Coplanar
Microstrip Antenna as a Dosimetric E-field Probe
for GSM /UMTS Applications. Co-planar
Microstrip antenna used as E-field sensor. This
probe is specifically used for Specific Absorption
Rate (SAR) measurement in mobile
communication. In this probe used antenna is dual
band Microstrip, its support for the frequency band
i.e. 915MHz and 2.10GHz in Global System for
Mobile communication frequency. Over all
dimensions of antenna is 30mm*100mm in size.
The Microstrip design is made on a low dielectric
substrate, FR4 epoxy of er = 4.4 and thickness t =
1.6 mm. structure of antenna is see in figure 1.

Fig. 1. Proposed E-field probe [10].

Mohammed Siddeqet el. [11], A New
Printed Monopole Antenna as EMI Sensor is
proposed, structure of proposed antenna is shown in
figure 2, Tthis antenna operates in triple band
resonating frequency i.e. 2.6, 3.5, 5.7 GHz.
Proposed antenna overall size of
33.06mm*25mm*1.6, etched on FR-4 epoxy
substrate, testing result observed like the percentage
bandwidth of 6.9% and 12.2% is observed in the
structure at 2.6GHz and 5.7GHz.

= w,

Fig. 2. Proposed E-field probe [10].

Zdenek Kubik et el [12], see in fig.3, has developed
Optimization of electrical properties of parallel
plate antenna for EMC testing, this parallel plate
antenna is also called as Strip line antenna or TEM
cell antenna, for the measurement device under test
is kept within the uniform EM field region.
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Fig. 3. Proposed parallel plate antenna [12]

Parallel plate antenna designed specifications are:
W =0.3m, H = 0.4 m, and thickness of plate’s t =
0.0012m, this design support for the range of
frequency from 9KHz to 30MHz.

Amit Kumar Srivastava et el. [13], , first
proposed design of patch antenna is simulated on
HFSS. After the simulation simulated module is
fabricated, with substrate ‘FR4’ having electric
permittivity, er=4.3 with the height, h= 1.588mm is
used. This antenna operates the 2.45GHz to
3.00GHz.so circular patch is act as good EMI
sensor is concluded. Observe dimensions of
proposed antenna in figure 4.

Fig. 4. Proposed circular patch antenna [13]

S. Capdevila, J. Romeu et el. [14], design of
an Modulated Scatterer Technique (MST) probe
antenna to be used in sensing applications, antenna
designed with substrate RO4003C with a thickness
of 1.52mm, has been scaled down to accommodate
the new frequency range (from 868MHz to
2.45GHz). Figure 5 indicate proposed structure of
MST antenna with dimensions in mm.

Loy = B W, = 1. 7mm

g = Fig

Ly = 5. Dnimh

Lg= Zlmm

Fig. 5. Proposed MST Probe antenna [14]

Surbhi Mittal et el. [15], approach to
electrically small loop electrically short field probe
to obtain a flat frequency response using the
combination with active oscilloscope probe.
Proposed design supports to operate up to

5GHz.loop dimensions are 3*3mil and it is very
small. Measurement results agree very well with the
expectations from 0. 1 GHz to 3 GHz. Figure 6 is
small loop field probe.

Fig. 6. Proposed Design of Flex Circuit Probe [15]

M. F. P. Tartaglial et el. [16], discussed the
Metamaterial-based Probe for EMC Measurements,
in this antenna author try to improve the gain,
bandwidth and resonance with the supports of
metamaterials. In this work planer probe used with
square format along with Smm of track width with
35 mm of thickness on the o ROGERS R3003
substrate with 1.5mm of thickness with a full
ground plane shown in figure 7. EMC measurement
can be performed with low cost planer probe is
concluded.

i~
FalD

Fig. 7. Proposed Design of Flex Circuit Probe [15]

H. Lv et el.[17] , see Fig. 8 is the Indoor
Electromagnetic Testing Antenna Design with
Better Standing Wave Ratio and Gain is proposed,
this covers frequency range between 0.14GHz and
6.3GHz so relatively bandwidth is 191.3%
proposed. The antenna is constructed with dielectric
constant of 2.55 and 0. 8 mm thickness of the
dielectric substrate of polytetrafluoroethylene.

O

| e
Fig. 8. Prototype antenna module. [17]

Xingyu Zhang et el. [18],this article present
highly sensitive integrated photonic electromagnetic
field sensor based on a silicon-organic hybrid
modulator driven by a bowtie antenna shown in



figure 9, fabrication and characterization of this
compact antenna is analyze. Device capable to
measure electromagnetic power density of
8.4mW/m2, corresponding to a minimum detectable
electric field of 2.5V/m. at 8.4GHZ.

fal L ]
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Fig. 9. (a) Schematic top view (b) Magnified
image of the feed gap region in (a). [18]

F. H. Wee et el[19] .electromagnetic wave
detection based on multiband antenna design
proposed, antenna design is shown in figure 10 to
solve the hazard electromagnetic wave detection
problem a multi-band Microstrip is designed.
Antenna is simulated and analyzed the results like,
efficiency, VSWR, return loss, radiation pattern etc.
Antenna radiates for multiple frequency like ,2.3,
4.5, 4.68, and 5.2GHz.overall dimensions of
antenna is 80mm*70mm with patch
30mm*60.32mm.For mentions dimensions antenna
return loss below -10dB and input impedance equal
to 50Q .

fd
Fig. 10. Proposed Design of Detector antenna [19]

Nisha Gupta et el. [20] has Design of
Printed Log Periodic EMI Sensor, this printed log-
periodic dipoles called array with linear polarization
with desired frequency range. Antenna is printed on
FR-4 substrate with dielectric constant 4.4 and
thickness 1.6mm, printed pattern separated by
dielectric and named as elementl to 5. This 5
element dipole array supports the frequencies of
720 MHz, 1.344 GHz. and 2.64 GHz. Proposed
dipole array is shown in figure 11.

Fenghan Lin et el.[21], invented 0.7-20-
GHz Dual-Polarized Bilateral Tapered Slot Antenna
for EMC Measurements. DBTSA in constructed
with bilateral tapered slot antenna, this maintain
wide operating frequency range from 700MHz to
20GHz. Figure 12 indicate Antenna structure,

[1-74

Fig. 11. Proposed antenna Top view [20]

The constructed of two-layer printed circuit board,
substrate material is Rogers RT6002, relative
dielectric constant &7 of 2.94 and a thickness ¢ of
0.762 mm (overall 1.524 mm), After result analysis
of DBTSA, concluded that it is a good candidate for
a dual-polarized sensor antenna for applications in
wireless EMC measurement.

Stub Loaded

250

Fig. 12. Proposed BTSA antenna [21]

4. Important parameters for EMC/EMI
Antenna Selection

The most common fundamental parameters
of technical tools, the EMC antenna is used. The
review of the basic parameters and related antenna
parameters are discussed below:

4.1. Antenna Factor

In Electromagnetic, AF is the ratio of the
electric field strength to the voltage V induced across the
terminal of an antenna. This is linear definition expressed
in volt per meter (V/m)

4.2. Frequency Response

Frequency response 1is most crucial
parameter in probe characteristics, is defined as the
range the probe will respond to. Probe should
provide flat frequency response over all frequency
range

4.3. Sensitivity

Sensitivity is defined as the how small and
RF signal a probe can respond to accurately.
Sensitivity is most important when small RF field
should be measure. It is measured in V/m.
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Table 1. Comparative analysis of 3 -vector Probe

Ref. Frequency Range. | Simulator | Over all e Antenna L
. Sensitivity | Factor Applications
Paper Used antenna size.
No. From To (AF)dB/m
Ref 10 915MHz 2.10GHz | HFSS 13.0 30mm*100mm ImV/m 50 dB/m SAR Measurement
33.06mm x
2.5t0 5.3 to -
Ref.11 2.68 3.1 6GHz HFSS 13.0 25mm x1. ) EMI sensor
6mmm
to 4.1
EMC,EMI Testing of
W=0.3m, GSM cell phones,
Ref.12 OKHz 30MHz . H=0.4m . . radio and TV
Transmitters
CST 1.8930 to 41.7375 to
. « -1. .
Ref13 2.45GHz 3GHz Mlcrpwave 130*130mm 2 4728V/m 19.6dB/m EMI sensor
Studio
Ref 14 868MHz 2.45GHz | - 22*6mm - - EMC measurement
Ref.15 0.1GHz 3GHz - 3x3 mil 3.3mV - EMC measurement
Ref 16 - - - 6cm*5cm - - EMC measurement
Ref.17 | 0.14GHz | 6.3GHz | HFSS 220%111mm - ; clectromagnetic
detection
Ref.18 8.4GHz 10GHz 12*6mm 25V/m - electromagnetic field
) ) sensor
CST electromagnetic Wave
Ref19 | 23GHz | 52GHz | microwave | 80*70mm . . mag
studio 2014. detection
Array 13.08-
Ref20 625MHz 2.6GHz 1E3D Length=206mm 24 24dB/m EMI Sensor
CST wireless
Ref21 700MHz 20GHz microwave 320*230mm - -
studio EMC measurements
4.4. Dynamic Range

Dynamic range is the total range of RF field
coverage a probe will respond to. The greater the
Dynamic range the better a probe is suited to
address test applications that span the gamut from
low to high field strengths

5. Proposed Module

In this proposed solution for EMC/EMI
measurement system, antenna constructed for three
axial field measurements, designed antenna has
wide bandwidth, Good antenna Factor, sensitivity
should be measured in V/m ,small in size along with
multiple polarization capability. Features of
proposed module shown in Fig.21.

1. Conclusion

In this survey paper describes and reviews
the various antenna designing techniques/ methods
with different antenna geometries, Nevertheless,
useful solution are still less and suffer from

different problems like, Improvement in antenna
factor, complexity of structure, gain, sensitivity etc,
whatever antenna’s currently used as EMI sensor
are only detect one or two axial components, but
accurate ~ measurement  of  electromagnetic
compatibility the three vector antenna must.

i 418 j[ T . ‘h
¥ r Rk '|f{ +‘+E{/

KEY FEATURES
* Highfrequency range.
 Highsengtivity

o wide Bandwidth
Compact Size

* Good Antenna Factor.

*  Multi-Polarization,
o Capable to Far Fidd
Measurement

Fig. 13. Proposed Antenna Features
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Hence, we have proposed three axial
antenna geometry for calculating the average 3-
axisal vector field for EMC measurement.
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OIITUMHU3ALIUA HA ITPOLNECA
EJIEKTPOHHOJBYEBA JIUTOI'PA®US YPE3
POBACTHO UHKXEHEPHO ITPOEKTUPAHE

JIMJISIHA KOJIEBA', EJJEHA KOJIEBA'?, BEHLIMICJIAB ITOYEB'

Pestome: B pabomama e pasenedan npoyecvm eleKmpoOHHONbYE8A IUmMozpagus Ha
EKCNOHUPAHU U NPOASeHU NpOoGuIU Ha pe3ucmu om noaumemun memaxpuiam (IIMMA)
npu NPou300CMEeHU YCA08US U HATUYUe HA Spewiku 6b6 pakmopnume nusa. Ilpunocen e
nooxXo0 3a poOACMHO UHICEHEPHO NPOEKMUpaHe U cd OYeHeHU MOoOelu 3d CpeOHume
cmouHOCMU U OUCnepCcuume Ha 2eoMempuyHume Xapakmepucmukiy Hd npoguiume Ha
pesucmume 6 3a6UCUMOCH 0Nl 6APUAYUUME HA YCKOPABAWOMO HANpediceHue, 003ama Ha
eKCNOHUpane, NbPEOHAUATHAMA OeOeuna HA pe3ucmume U 8pemeno 3d Nposeséame.
Hanpasena e napamempuuna onmumuzayusi npu KOHKPEMmHU U3UCKGAHUS 34 NOKA3AMenume
Ha Kauecmeomo.

KarouoBu aymm: erexmpounonvuesea aumoepaghus, pezucmu IIMMA, peepecuonnu
MoOenu, pobacmuo ynpasieHue, moiepaHcHu 2paHuyi, napamempuina Onmumu3ayus

OPTIMIZATION OF ELECTRON BEAM
LITHOGRAPHY PROCESS THROUGH ROBUST
ENGINEERING APPROACH

LILYANA KOLEVA', ELENA KOLEVA'? VENTZISLAV TZOTCHEV'

Abstract: This work considers the electron beam lithography process of exposed and
developed polymethyl methacrylate (PMMA) resist profiles under production conditions
and in presence of errors in process parameter values. Robust engineering approach is
applied and models for the mean values and the variances of the resist profile geometric
characteristics depending on variation of acceleration voltage, exposure dose, initial resist
thickness and development time are estimated. Parameter optimization with specific
requirements for the quality characteristics is performed.

Key words: electron beam lithography, resist PMMA, regression models, robust control,
tolerance range, parameter optimization

1. BLBenenune

Jlutorpadusita € OCHOBHA TEXHOJOTHSI B

[Ipu IIPOU3BOJCTBEHU

© International Scientific Conference on Engineering, Technologies and Systems

MUKPOCTPYKTypupanero. [Ipum To3m mporec Karo
IbpBa CThIIKA HAa MUKPOIPaBUPAHETO CE€ IPaBH
“3amucBaHe” (Ha ~ MHUKPOCTPYKTYPHU JIATEHTHHU
o0pa3n) B YyBCTBHTEJICH TBHBK CIIOW, HapH4aH
pesuct. BropaTa cThika Ha TUTOrpaCKUST MPOIIEC
€ TIpOsIBSIBAHE HA JIATCHTHUS 00pa3 upe3 pa3TBapsHe
Ha OOJIPYCHUTE WM Ha HEOOTbUCHHUTE y4acThIU Ha
pesucta  (3amMcaHUTE  MHKpooOpas3u), KOETO
MpEeBphIA JATCHTHHS 00pa3 B penedHa KapTHHA Ha
CTpyKTypara B pe3ucra [1].

OTKJIOHEHUSITA B M3XOAHUTE XapaKTEPUCTHKU Ha
IpoAyKTa MOraT Ja ce [ABbDKAaT Ha PaziIuyHu
npUYnHU [2]:
® [POM3BOJCTBEHH TMPUYMHU - YOBEIIKH
IPELIKY, BApUALMU B XapaKTEPUCTUKUTE Ha
CYpOBHHMTE, HaCTpOMKaTa Ha MaIUUHUTE U
M3MEHEHUETO Ha  TMPOU3BOJCTBCHHUTE
napamMeTpu C BPEMETO, H3MEPBATECIHU
TPeLIKH U JIp.;
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BJIMSHUE Ha OKOJHATA Cpella - KaKTo IO
BpeMe Ha MPOU3BOJICTBOTO, Taka MU TIO
BpeMe Ha U3M0JI3BaHE Ha MPOJTYKTHTE;
BJIOIIIABAHE HA W3XOJHHUTE XapaKTEPUCTUKU
¢ BpeMero. BapuwanuuTe Ha U3XOIHHTE
XapaKTePUCTUKK UMAT CIIy4aeH XapakTep H
Ha-4eCcTo ca ¢ HOPMAJIHO pasIpe/iesicHHe.
[lpu peanHu yclnoBUS OTKIOHEHHSTA B
HACTPOMKHUTE Ha MapaMEeTpUTE Ha Mpolieca, KakTo U
MPOMEHHUTE B OKOJTHATA Ccpejia, ca MO-3HAYUTEITHU B
CpaBHEHHE C MPOM3BOJCTBOTO B J1a0OPATOPHH
YCIIOBUSI M CE€ TpeaaBaT KbM  H3XOJHUTE
XapaKTePUCTHKH Ha TMPOJYKTa, TNPUYUHSIBANKH
HapacTBaHe Ha pa3celiBaHeTo WM. [loBuIIaBaHETO
Ha KaueCTBOTO, OIPEJEICHO KAaTO HaMallsBaHE Ha
pasceliBaHETO Ha M3XOJHUTE XapPaKTEPUCTHUKH,
JIBJDKAIIO CEe HA TPEIIKH BbB (DAKTOpHHUTE HUBA WU
NpOMsSIHA B CTOWHOCTHTE Ha  HEyNpaBlIsieMH
(hakTopu, MOXe Ja craHe upe3 u300p Ha
MOJXOMAIIM ONTHMAIHU TapaMeTpu Ha Iporieca.
[lo To3m HaumH ce moctura pobOACTHOCT TI0
OTHOIIICGHWE Ha TPEUIKd BbB (AKTOPHUTEC HUBA U
JIPyTH IIyMOBE, T.C. MOBHUIIIABa CE KAa4eCTBOTO Ha
npomykra [2 - 7].

2. Onucanue HA eKCTePUMEHTA

B HacTOSMMAT EKCIEPUMEHT € pasriieiaHo
eKCIIOHMpaHe C EJeKTPOHEH JIbY U TIPOSIBSIBAHE C
MeTrI-u300yTII keton (MUBK) Ha cTpyktypa ot 5
napayeilHy JUHUM ¢ muprHa 0.3 pm, pasnonokeHu
Ha pazctostare 0.4 pWm exHa OT apyra M pa3MepuTe
Ha mpoduIia, TOJIYYeHH B cpelaTta Ha LIeHTpajIHaTa
JUHUSL Ha TOJIOKUTENCH PE3UCT OJIMMETHI
metakpuiaT (IIMMA) BbpXy cunniueBa MoaiIoKKa
(Pwur. 1). [TapameTpure Ha nporeca
enekTporHonbyeBa Jgutorpadus (EJLJI), kowmto
BapupaT 1O BpeMe Ha EKCIepUMEHTa, ca:
ycKopsiBamio Hanpexenue (z;, keV), mppBoHauanHa
nebenmHa Ha pesucra (z,, um — dy Ha Dur. 2),
BpeMe Ha TMposBiBaHe (z;, S) H J03a Ha
excrionupane (z4, pC/cm?), KaTo AMAMa3oHUTE HM
Ha U3MEHEeHHe ca 1moka3anu B Tabnwuma 1.

Tabnuua 1. /{uanazonu na usmenenue
Ha npoyeca eleKmpoHHOIbYE8A

[1-78

aumoepaghus
Pasmep- | Kogupanu
Paxrop HOCTp @:[KTIZ)pH ZMIN | ZMAX | Z0
VA keV X1 20 24 22
Z) um X, 03 |05 | 04
73 S X3 240 | 360 | 300
Zs uC/em’ X4 900 |1300 | 1100

0.4 pun

+

0.3 pm

Que. 1. Cmpyxmypa na eKCNOHUPAHUsL Pe3Ucm

db
z [um] i l I '
I I Ys
do | 0.94, | Y1 |
1 2
0.05d, 4 Y4 | Y2 | Y
1
Y3
x [um]

@Due. 2. ['eomempus na HaNPeYHOMO ceyenue
na npossenus pesucm [IMMA

WscnenBann ca CleOHUTE TEOMETPUYHU
XapaKTepUCTUKH Ha HAIPEYHOTO CEYEHHE Ha
nposeerus pe3nuct [IMMA (®wr. 2):

[HupuHa Ha MOBBPXHOCTTA — Y| [um] —
mypuHaTa Ha  BuHcoumHa  55% ot
II'bpBOHAYANHATA JAcOEIMHA Ha pE3UCTa,
H3MEpeHa OT CHIIMLMEBATA MOJIOKKA;
[Hupuna Ha IpHOTO — Yy, [UM] — MIKUpHUHA
Ha BHcCouMHa 5% OT mBbpBOHAYAIHATA
nebenvHa Ha  pe3ucra, H3MEpeHa  OT
CHJIMLIMEBATA [TOJUIOKKA;

[upuna npu nouIokKaTa — ys; [um];

bren Ha creHuTe Ha pe3ucta — y; [°] —
CPeICH BI'bJ, TOJNYyYEH Ype3 yCpeIHSBaHE
HAa BIVIMTE HA CTGHMTE HA pe3ucTa (y; u
Y42);

3ary0a Ha nebenmHa Ha pe3ucTa —ys [%].
OT TrnexHa TOYKa Ha KadyecTBOTO Ha
MOJTy4eHUs POQHI, CTPEMEXKBT € KbM MOJTydaBaHe
Ha MapajeiHd CTCHH Ha HANPEYHOTO CEYCHHE Ha
MPOSIBEHUSI PE3UCT, KAKTO 1 MUHMMAJIHHU 3aryOn Ha
nebenvHa Ha pe3ucta. Te3W M3HMCKBaHUS ca
CBbp3aHH, KaKTO c (YHKIIMOHAIHUTE
XapaKTepUCTUKKM Ha  TOJyYyaBaHUTE  M3JEIus,
nopagd MalKUTe WM  pa3Mepu, Taka M C
MUHUMAJIHUTE 3aryOu Ha MaTepuai oT 00padoTKa.

3. PerpecuoHen ana;m3

IIpoBenen e IIJIAaHUPAH YHUCIIEH
EKCIICPUMEHT, MPH KOMTO € M3IBJIHEH ONTUMAaJleH
KOMITO3UIIMOHEH m1aH OT 24 onwuta. CToilHOCTUTE
Ha IapaMmeTpuTe Ha Ipoieca (z;) ca Kogupanu (X;) B
nuanasoH ot -1 1o 1 mo cierHaTa hopmya:

‘xi

=(z, —z)/ 4, (1
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Tabénuuya 2. Pecpecuonnu mooenu Ha ceomempudnume Xapakmepucmuxy Ha pe3ucma

Hapam.

Pezpecuonnu mooenu

R2

2
R (adj)

Y1

0.45138952 - 0.01838889x; - 0.00047879x, + 0.02983199x; +
0.02349321x, + 0.00416232x,> + 0.00156668x,> - 0.0029375xX; -
0.00131986x,x3x4 + 0.00342362x3x4 - 0.0021875x;X, - 0.0015625x,x4 +
0.00373136x5x,” +  0.00118014x,x, -  0.0010625x,x3x,  +
0.0009375%,X,x,+0.0008125x,x,x5+0.0006 1 852x,%5+0.00144429x, X,

0.98956

0.98666

Y2

0.46907754 - 0.02694444x, + 0.01303117x, + 0.04180783x;3 +
0.03204235x, + 0.00664468x,> — 0.007875x;x, + 0.00933453x,x; +
000737965X2X4 — 000624535X2X3X4 + 0003875X1X2X4 + 0.00375X1X2X3-
0.00375X1X3X4

0.98035

0.96988

Y3

0.48520985 — 0.03244444x,+ 0.01423087x, + 0.04898345x;

+ 0.03770034x4 — 0.01075x;x, + 0.01453905x,x3 -0.0063078x3x, +
0.01267754x,x4 — 0.00994746x,x3x4 + 0.007125xx,%3 + 0,006875xX,X4
—0.0065x;x3x4+ 0.005375x,X4

0.95362

0.92889

Y4

95.905 — 2.2433333x; + 1.6697343x, + 1.7374913x; + 1.7243059x,-
1.558653x5" + 0.904375x,x5 + 1.4720837x,x5 — 1.2247872x3x, +
0.93971598x,%4 + 0.899375x%;x4— 0.68903402x,X3X4

0.94822

0.90075

Ys

15.2 — 1.3444444x, — 3.7697674x, + 3.0252907x; + 2.1453488x, +
1.7430233x,°> — 0.4252907x3° — 0.45625x;xs — 1.0447674x,x; +
0.49476744x3x, — 0.74273256%xs — 0.30625x;x; + 0.28125x,x, +

0.99949

0.99852

0.61744186X,°x5— 0.9%,x4> — 0.16773256X,X3X4

KBJIETO A; € MHTEPBAJ Ha BapUpaHE, M3UYHUCICH 3a
CHOTBETHUTE HHMBA Ha (paKToOpa, a Zj € cpeaara Ha
WHTEepBaja Ha TPaHUIMTE Ha BapuUpaHe, KOUTO ca
noka3zanu B Tabmuma 1. [lomyuenure momenu ca
naaenn B TabOmuia 2, KbJIETO ca IOKa3aHU WU
KOe(UIIMEHTUTE UM Ha JCTEPMHUHALINS (Rz), KaKTO U
KOPUTUPAHUTE KOCPUIIMCHTH Ha JCTCPMHUHALIUS
(Rzadj). HampaBenuar ananmu3 mokas3Ba, ue
MOJTy4YE€HUTE MOJICITH ca JOCTaThYHO TOYHH, 3a Ja ce
W3IIONI3BAT 3a TPEJCKa3BaHE W ONTHMH3AlHUs Ha
TCOMETPUYHHUTE XapPaKTCPUCTHKH, Ha MPOQUIUTE,
MONTydeHN TIPU EKCIIOHUPAaHE Ha IIOJIOKHUTENCH
I[IMMA pe3ucT ¢ eJIEKTPOHEH JIbY.

4. Po0acTHO NpoeKTHPaHe

Ha 0a3ara Ha mpoBepeHHTE pPErpecHOHHU
MOJICIM Ca OLEHEHH ¥ MOJCIU 33 CpPEIHHUTE
CTOWHOCTH ¥ JAWCIIEPCHUTE HA W3CJICABaHUTE
MOKa3aTeld Ha KadeCTBOTO ITPH IPOHM3BOJICTBEHH
YCIOBUSI M TpPEIIKA BBB (DAaKTOpPHHUTE HHBA.
M3moi3BaHUTe  TOJNICPAHCHUTE  WMHTEpBAIM  Ha
BXO/IHUTE NapaMeTpH ca rnokasanu B Tabmumna 3.

Taonuya 3. Tonepancnu epanuyu 3a
napamempume na EJIJI

O3HaueHue, TonepancHa
Benuunna
KOJMPaHU rpaHuIa
7, [keV] p1 p11£0.02 p,
z [pm] P p2%0.05 p,
z3 [s] P p;£0.0006
74 [uC/em?] o p410.03 py

Pa3FJ’Ie)K}IaHeTO Ha TOPCEHOCAa Ha TI'PCHIKUTC

BbB Q)aKTOpHI/ITe HHBa KbM nusxoagHara

XapakTEepUCTHKA  II03BOJISIBA  HAMMPAHETO  HA
PEKHMH, KOUTO Ca HEUYBCTBUTEIHH IO OTHOLIEHHE
Ha TE3M I'PELIKHU. 3a LIeITa Ce OLICHIBAT JBa MOJIEA,
ONMCBAIIM CpeJHAaTa CTOMHOCT W AMCIIEpCHATa Ha
U3XOJTHUTE XapaKTEPUCTHUKU TPHU MPOU3BOACTBEHU

YCIIOBHSI.
MogenbT 3a cpenHara CTOMHOCT Ha

U3XO0/IHATA XapaKTepucTuka e [2, 3, 6]:

~ _ _ T

() = Ely(@)] = 1, () + 0 E(9) (2)

KBJETO Mn(p) € Moxed Ha  U3XOJHaTa

xapaktepuctuka, E(g) e  MaTeMaTnyeckoTo

OuakBaHEe Ha g. BTopusAT 4WieH B3WMa MPEIBHI

OTKJIOHCHHETO,  MPEAMU3BHUKAHO  OT  T'PEIIKH,

npefageHd OT MapaMeTpuTe Ha Mporeca p KbM
W3XoaHATA XapakTepuctuka (p), ®' e Bextopa Ha
KOC(HUUUEHTUTE  HAa  PETPECHOHHUS  MOZEI
(Nm(p)=O'F), F - marpuna ot u3BecTHu (GyHKIMH f
Ha TlapaMeTpuTe Ha Ipoleca p, ONpPEACTCHU Ype3
perpecuonnust Mozen (z), g = h — f, h e Bekrop Ha
perpecopuTe B PErpecHOHHUS] MOJEll, pasriiefaHn
KaTo ChIbpKAIIM TPEUIKH € (32 BCEKH MapaMeThp
Ha TIpoIieca - z; = p; + €;).
MojensT 3a qucnepcusiTa e:

§2 =E@TyypT0) + 02 = 0TYO + o2 3)
kpaero ¥ = g — E(g), e onpeneneHa Ha ocHOBa Ha
JIICTIEPCUUTE HAa BCEKU TapaMeThp Ha mpoiieca p,
KOETO MOXeE Jia ObJie M3YHCICHO C TIOMOIINTa Ha
TOJICpAaHCHUTE TpaHULIM Ha T[apaMeTpuTe Ha
npolieca, KOBapHallMOHHATA MaTpUIla Ha TPELIKHTE,
NPy HaJW4Yhe Ha TPEeliKH BbB (DAaKTOPHHUTE HHUBA,
W=E(yy') 3aBMcHM  OT  CTpyKTypata  Ha
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Taonuya 4. Onmumanuu pabomuu napamempu

[Tapamersp P P2 Ps Pa min.
$2(yy) 0.9429 -0.9984 -0.9980 -0.9992 | 1.658*10°
52(y,) 0.0000 0.0000 0.0000 0.0000 | 4.915*10°
52(y3) 0.0219 0.0219 0.0219 0.0926 | 0.0001571
52(vs) -0.1728 -0.3608 1.0000 -0.7194 1.698
52(ys) 1.0000 1.0000 -1.0000 -1.0000 0.02953

PErpeCuoHHNA MOJICJI U OT IJIaHa Ha CKCIICPUMCHTA,

e clydaifHaTa ~ Tpelika ~— Ha  H3XOJHATa
XapaKTepUCTHKA.
W3urcasiBaHETO  HA ~ KOBapHAIMOHHATA

MaTpuna Ha rpemkute, W= E(yy') ce 6asupa Ha
HAKOM TIPEIIOJIOKEHUS] 33 MaTeMaTHYeCKOTO
OuYaKkBaHE Ha TpemKuTe €, a HuMeHHO: E(e;)=0,
E (eiz) = ¢/, KOUTO MOraT Ja GbIAaT ONpeIelIeHH
4pe3 TOJIIEPAHCHUTE TPAHUIIH.

OmnpenenstHETO  HAa  JAUCHEPCHHUTE  OT
TOJICPAHCHUTE TPAHWIM 3aBUCH OT HAYMHA, IO
KOMTO ca 3aJaJieH! TpaHuIuTe. AKO TOJIEpaHCHUTE
TpaHUIM ca JaJeHH KaTo MPOLEHT OT HOMUHAJIHATA
CTOWHOCT Ha MapamMeThpa Ha Mporieca:

o,p' o.p'.
lpl '+ lpl

ya : 4
100 P 100 ®)

-

cjceaHara cpopMyna MOXE da 6’[:,[[6 H3I0JI3BaHa 3a
HU3YUCIIIBAHETO HA KOAUpaHaTa JUCIICPCU:

ol = [51'19'1' /(300501' )]2 (5)

KBIAECTO :ﬂ“i 3a BCCKHM OT IapaME€TpuTe Ha

npoleca, TO 3a KOIUpaHaTa CTOWHOCT Ha

JIUCTIEPCHATA CE TOTydaBa:
2 2
o, =89, +%p, +%,p; (6)

KBJIETO:

’ 261'2 p;a

5ipzl'a _
300%w,

3000,

0i 1i

9, :[ S, j 7)
300

AKO TOJIEpaHCHHTE TpaHMLIM ca JaJeHU
ype3 TIOCTOSIHHH CTOMHOCTH (p'l.—gl.,p'l.+gi ),

KOHWTO HE 3aBHUCIT OT HOMHUHAJIIHUTE CTOMHOCTH Ha

napaMeTpuTe Ha Ipolieca, KoAupaHaTa CTOMHOCT Ha

JUCTIEPCHSTA €:

22 2 2 _ a2 2 _ 2 2

0, =0 (pi)_ai (pi)/wi =o' /o =¢; 90; (8)
YnupaBneHHeTo  Ha  MPOU3BOJCTBEHUTE

mporecu (CTaTWkKaTa) € CBBp3aHO C H300p Ha

nmoaxoasAaniy OITHUMAJIHU PEXHUMU Ha IMPOLCCUTE,

KouTOo ce peamusupar. [lpu 3amaBane Ha pabOTHHU

CTOMHOCTH HAa MapaMeTpUTEe Ha IMpoleca MOrar Ja
Cce OT4YeTaT peaulla ONTUMHU3ALMOHHU KPUTCPUH,
CBBP3aHM C TIOKa3aTeNUTe Ha KayecTBOTO Ha
MOJTy4aBaHUsl TPOAYKT, KaKTO W OTYUTAHETO Ha
IIYMOBUTE (pAKTOPHU U BapUAIUUTE HA ITAPaAMETPUTE
Ha Tpo1ieca Iy MPOU3BOACTBEHHU YCIOBUSI.

5. OnTumMu3anus
N300pbT Ha MeTON 3a ONTHMHU3ALUS €

Ba)kKHA MpEeAnOoCTaBKa 3a pelieHue Ha
ONTHMH3AlIMOHHATA 3aJaJa, ThHA KaTo TOH
OCBIIECTBSIBA MPOIECa HA ThPCEHE Ha HaW-100pus
pe3yarar.

3a menuTe HAa MPOYYBAHETO € TPOBElEHA
eIHOKPUTEPHAIHA ONTHMH3AINS Ha IUCTIEPCUHUTE
Ha W3CJICABAaHUTE I[IOKA3aTeld Ha KayecTBOTO.
Hawmepenure MUHUMAJIHA CTOMHOCTH Ha
TUCTIEPCUUTE, KaKTO M KOJUPAHUTE CTOMHOCTH Ha
rnapaMeTpure Ha IIpoleca, MpU KOUTO Te ca
MoJTy4eHHu, ca nokazanu B Tabnmua 4. Bwxkaa ce,
4ye JWCTIepcHATa € Hail-rojsiMa TP CPEIHUTE
BIIIMTE HA CTCHUTE HA MPO(UIIA HA PE3UCTHUTE.

B 3amaunte Ha MHOrOKpHUTEpHAaIHATa
ONTHMHU3AINS  €JHOBPEMEHHO C€ ONTHMHU3UPAT
HAKOJIKO  Kputepus  (ueneBd  QyHKIUH) B
JIOITYCTHMO MHO’KECTBO oT perieHus
(antepuatuBu). B oOmms ciaydaii HE CBIIECTBYBa
€IHO pelIeHHe, KOETO Ja ONTHMH3HpPAa BCHYKU
Kputepuu. B 3aBUCHUMOCT OT BUJa HA KPUTEPUUTE U
OTpaHMYCHMsTa, KaKTO W OT THIA  Ha
MIPOMEHJIMBHTE, 33J]a4iTe HA MHOTOKpHUTEpHAIHATa
ONTUMM3AIMS MOTaT J1a C€ pa3fesiaT Ha JUHCHHHU,
HEJTMHEHHU, [IEIOUUCIICHU, MPEKOBHU U JIP. 3aJa4H.

IIpu mpomsBoacTBOTO Ha pesuctn [IMMA
¢ pasmep Ha mmpunarta 0.400 um, ¢ 1en nocTuraHe
Ha TMapalielTHd CTeHW Ha HallpeuyHUTE CEYCHHUs Ha
npopunuTe Ha  pPE3UCTUTE Cca  IOCTaBCHH
WU3UCKBAHUSI, CBBP3aHU ChC CPEIHUTE CTOMHOCTH Ha
IIUPYUHUTE Ha HAMPEUYHUTE CEUCHHs Ha MpOQHInTe
Ha pe3UCTHUTE Ha pa3IMYHa BUCOYMHA M HA BI'bja Ha
CTEHMTE Ha MPOSIBEHUTE PE3UCTH:

* 0.395<y7(p) £0.405
* 0.395<y5;(p) £0.405
e 0395<y;(p)<0.405
e 87<y,(p)<93

Ha ®ur. 3 e npeacraBeHa onTuMaiHa
o0jacT Ha MapaMeTpuTe Ha TpoIeca yCKOPSBAIIO
HalpeXeHue Zz; U /1032 Ha EKCIOHMpaHE Z, NOpHU
nebenmHa Ha pesucta z; = 0.4 um u Bpeme Ha



nposiBsiBaHe zz; = 240 s, KBIETO 3alIpHXOBaHAaTa
o0iacT e Ta3W, B KOSTO Ca CIa3eHW M YETUPUTE
OTpaHUYCHUSL.

1/mo
45

13.5

1300

12004

1100

1000+

To3a Ha ekcmorApane z4, nC/cm?

200

22
Yckopsagamo Hanpexerade z1, keV

20

Due. 3. I'paguuna onmumuszayus — cpeoHa
CMOUHOCM Ha 3a2ybama Ha debenruna Ha
pesucma Vs(p) npuz; = 0.4 umu z; = 240 s

0.50

e
'S
o

0.40 -

llebetHa Ha pe3ncTa 72, pm

e
)
Iz

0.30

20 21 22

YcropABamo HampexenHde Z1, keV
Due. 4. ['padhuuna onmumusayus — cpeona
CmouHOCm Ha 3a2ybama Ha debenuna Ha

pesucma §s(p) npuz; = 240.06 s uz,; =
1000.84 uClem’;

[Tonyyena e m MHHMMaJIHaTa CTOMHOCT 3a
cpenHaTa CTOMHOCT Ha 3arybaTa Ha ne0ennHa Ha
pesucra Vs (P)min =10.45% npu u3mbBIHEHHE HA
MOCTABEHUTE  OTPAHUYCHHUS] NPH  ONTHUMAIHU
CTOMHOCTH Ha TapaMeTPUTE Ha IIPOLECA: Zigy =
22.9428 keV, zpop = 0.4041 um, 734, = 240.06 s u
Zaopt = 1000.84 pC/em’,
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Ha ®ur. 4 ¢ mpencraBeHa KOHTYypHA
rpaduka Ha CpegHAaTa CTOWHOCT Ha 3arybarta Ha
nebenvHa Ha pe3nucTta Vs(p) B 3aBHCUMOCT OT
YCKOPSIBAIIIOTO HANPEKEHUE 7z, M JieOenuHaTa Ha
pe3ucTa z, MpH MOCTOSIHHU CTOMHOCTH Ha JAPYTHUTE
JIBa TIapaMeThpa ¥ PaBHM HAa TEXHUTE ONTHMAJHH
CTOMHOCTH - BPEMETO 3a NPOABABAHE Z3op = 240.06
S M J103aTa HA EKCIIOHUPAHE Zyopn = 1000.84 uC/cmz.
Ha dwurypara cbc cumMBOI “*¥” e O3HAUCH
MTOJTyYCHUST ONTUMAJICH peXHuM, KaTo
3al[prXOBaHaTa 30HA ChHOTBETCTBA Ha 00JacTTa Ha
napaMeTpH Ha IpoIeca, MPU KOUTO C€ M3ITBJIHABAT
OTPaHUYCHHSITA 32 TECOMETPUYHHUTE XaPAKTEPUCTUKU
Ha mpoduiia Ha SKCIIOHUPAHUS U TPOSBEH PE3UCT.
CroifHOCTHTE Ha JpyrWTe [Ba TapaMeTbpa Ha
mmpoleca ca TIIOCTOSHHH ¥ pPaBHH Ha TEXHUTE
ONTUMAJIHH CTOMHOCTH (Zjopt U Zaopt)-

[Ipu MHOTOKpUTEpHATHATA ONTUMH3AIHL
€HOBPEMEHHO CE€ ONTHMHU3UPAT HIKOIKO KPUTEPHUs
eHOBpeMeHHO. B o0must cioywall He ChIecTBYBa
€HO peIlEHUE, KOETO Ja ONTHMH3UpPa BCHYKU
kputepun. CeplecTByBa, 00ade, MHOYKECTBO OT
HEJIOMUHUPAHN aiTepHaTWBH, HapedeHo I[lapero
ONTHMATHO MHOXKECTBO, BCEKH €JIEMEHT OT KOETO
MOXKe Jla ObJe pelleHre Ha MHOTOKpHTepHaTHaTa
3a/laqya  OT MaTemaThdecka TJIleqHa Todka. B
MpaKkTHKaTa, oOade, € HeoOXoAuMO Ja Oble
n30paHa e/Ha aJITSPHATUBA 3a KPAaHO pEIICHUE Ha
3amavara. 3a HeitHus n300p € HyKHa JTOTbTHATETHA
uHpOpMAITHSL. Benuku [Mapero-onTumanau
pElICHUs TIPUTEXKABAT CIICAHOTO CBOWMCTBO: BCSIKO
OTKJIOHEHHE OT HAKOE OT TAX C IeN Mmoo0psiBaHe Ha
eIMH WIM Ha HIKOJIKO KPHUTEPHs BOTU JIO
BJIOIIABAHE HA IIOHE €JIMH MM Ha HIKOJIKO OT

OCTaHAJINTE KpUTEpHUH. 3aroBa [Tapero-
OTITHUMAJTHATE permeHus ca e(eKTHUBHH,
HEJIOMUHUPAIIIH, HEenoo0psiBaIu ce,

KOMIIPOMUCHH WJTH TTPHECMJIIHBH.

B koHkpeTHus ciyyall 3aJJaHUETO € Ja ce
MUHUMH3UPAT €IHOBPEMEHHO CpEJHAaTa CTOWHOCT
Ha 3ary0bara Ha jeOenmHa Ha pesucra Vs(p) u
JUCTIEPCUUTE HA BCUYKUTE TIET TEOMETPUYHH
XapaKTepUCTUKH Ha Tpoduiia Ha pesucta. [lomydyen
e ITapero dponr (Ilapero onTuMalHU pElICHHUs) C
MOMOIITa HA TEHETUYECH aJIFOPUTBM M MPOAYKTa
QstatLab [8]. Mecer oT TAX ca NpeACTaBEHU B

Tabnaua 5, 3aegH0 CBC CTOMHOCTHTE  Ha
mapamMeTpuTe Ha TMpolieca, MPH KOUTO TE ca
nojgydeHd. Bmkma ce, Ye JUCIEPCHHMTE Ha

IIMPUHATE HA TOBBPXHOCTTA, HA JBHOTO WM TIPU
MO/IJIO’KKATa HE ¢€ U3MEHAT (10 4 AeceThyeH 3HaK).
B pamkuTte Ha 3a1a7cHUTEe 00JIACTHH OrPaHUYCHUS
3a TIapaMeTPUTE Ha MpoIeca U MOJIyUYCHUTE CPeIHU
CTOHHOCTH HA  OCTaHAJUTE reOMETPUYHH
XapaKTCpUCTUKU BapupaT B MHOI'O MaJIK I'paHUIIA.



[1-82 Taonuya 5. I[lapemo onmumannu pewienus

No. pi )2 Ds P4 Ys(@) | 2(1) | $%(y2) | §%(y3) | §%(ya) | §%(¥s)
1 -0.1271 | -0.3492 | -0.9992 | -0.9993 | 11.3918 | 0.0000 0.0000 0.0002 1.6984 0.0301
2 -0.2525 | 0.3614 -0.9949 | -0.9996 | 9.2823 0.0000 0.0000 0.0002 1.6986 0.0297
3 -0.2933 | 0.7609 -0.9766 | -0.9723 | 8.6865 0.0000 0.0000 0.0002 1.6988 0.0295
4 -0.2647 | 0.3985 -0.9985 | -0.9994 | 9.1930 0.0000 0.0000 0.0002 1.6986 0.0296
5 -0.2753 | 0.5974 -0.9965 | -0.9959 | 8.8138 0.0000 0.0000 0.0002 1.6987 0.0295
6 -0.3123 | 0.7264 -1.0000 | -1.0000 | 8.5954 0.0000 0.0000 0.0002 1.6987 0.0295
7 -0.3157 | 0.4983 -0.9849 | -0.9985 | 9.0499 0.0000 0.0000 0.0002 1.6986 0.0296
8 -0.1492 | -0.0029 | -0.9998 | -0.9996 | 10.1961 | 0.0000 0.0000 0.0002 1.6985 0.0299
9 -0.2865 | 0.6322 -0.9944 | -0.9999 | 8.7540 0.0000 0.0000 0.0002 1.6987 0.0295
10 -0.3689 | 0.6338 -0.9996 | -0.9999 | 8.7684 0.0000 0.0000 0.0002 1.6987 0.0295

tool EBMR-MREDO for robust engineering
3ajla4ya  OmpeneNis  MHOXECTBO  e(peKTHBHH quality optimization of EBMR of titanium.
(HemOMHMHMpaAHWN) pelieHus, oOpa3yBariy GpoHTa Ha E+FE, 5-6,264-269.

ITapero. B To3u ciyuaii u300pbT Ha OICHBYHA 5. Koleva E., Vuchkov I. and Velev K. (2009).

Pemennero Ha MHOTI'OKpUTCpUAIHATA

cUCTEeMa OT KPUTEPHH U TAXHOTO apamKUpaHe I0
CTETIEH Ha BAXKHOCT € TPYOHO QopMannuzyem
npoOjeM, KOMTO HsAMa €IHO3HAYHO ThIKYBAaHE U
Hen30eKHO Mopakaa CyOCKTHBHU PEILICHHS.

6. 3akiarouenue

Upe3 mpuiarane Ha po0AacTHO WHXKEHEPHO
MPOEKTUPAHE Ca OICHEHHW MOJCIH 3a CPEIHHUTE
CTOWHOCTH ¥ JIUCIIEPCUUTE HA KAueCTBCHUTE
MOKa3aTeNy, XapakTepu3upalld T'eoMeTpHusira Ha
npodmra Ha moyiokuTeneH pe3uct [IMMA, crmen
EKCIIOHHMPAHE C €JICKTPOHEH JIbY U TPOSIBIBAHE MPH
nporieca CJICKTPOHHOJIbUCBA nurorpadusi.
[MonyyeHnTe Mojenn JaBaT BB3MOXHOCT 32
napaMeTpuyHa ONTUMU3AIMS TPU MTPOU3BOACTBEHU
YCIIOBUSI U HAJIMYMS HA TPEHIKH BHB (DAaKTOPHUTE
HUBA 3a MMOJTyYaBaHe Ha PE3UCTH C BUCOKO Ka4eCTBO
U BB3MPOU3BOAMMHU Xapakrepuctuku. [lomyueHure
4Ype3 MHOTOKPUTEPHAIIHA ONITUMH3AIUS PEIICHHS ca
pobacTHH (HEUYBCTBUTCIIHH) KBM HEH30CKHHUTE
IpElIKH B CTOWHOCTHTE Ha TMapaMeTpuTe Ha
Tpoleca MpHu MPOU3BOJICTBCHH yCIOBUSL.

[Tpunaranero Ha TO3W MOJXO]| II€ TMOBUIIIH
Ka4ecTBOTO Ha IMPOW3BEXKIAHATA MPOIYKIHS TPH
U3IIBJIHCHUE HA  TOCTaBEHUTE  TEXHOJOTHYHU
W3UCKBaHMS.
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EKCHEPUMEHTAJIHO U YU CJIEHO
OINPEJAEJIAHE HA KOE®OUIIUEHTA HA
JOIN'BJIHUTEJIHU 3ATI'YBU MEKY IIUHU

NBAH XAJUKHUEB, IMAH MAJIAMOB, BACUJI CITACOB

Pestome: B masu paboma ca npogedenu ekchepumMeHmaniHu u YucieHu u3cieosanus Ha
GNUAHUEMO HA CKUH eheKma u eghekma Oau30cm Ha NApaneino pasnoaiolcen mokosooeuu
wuHy. Excnepumenmannume u3cie08anus ca Hanpasenu upe3 paspabomenama 3a masu
yen excnepumenmanna ypeooa. Hucienume uscredsanus ca usgbpuieHu upes paspadomenu
KOMANIOMbPHU MoOeau 6 cpedama Ha npoepamuus npooykm Comsol. Hanpaseno e
cpasHenue mMexcoy noayueHume eKCnepuMeHmanty U YucieHy OauHu 3a Koeguyuenma Ha
OONBIHUMENHU 3a2Y0U MeAHCOY MOKOBOOeUU WUUHU.

KiarouoBu nymu: koeguyuenm na oonvianumentu 3a2you, moxosoodewu wunu, MKE

DEFINING THE COEFFICIENT OF ADDITIONAL
LOSSES BETWEEN BUSBARS
EXPERIMENTALLY AND NUMERICALLY

IVAN HADZHIEV, DIAN MALAMOYV, VASIL SPASOV

Abstract: Experimental tests and numerical study of the influence of both skin and
proximity effects on parallel current-carrying busbars have been carried out and the results
have been described in this paper. The experiments have been conducted by means of an
experimental installation, specially developed for the purpose. The numerical study has
been performed with the help of computer models, developed in the sofiware product
Comsol. A comparison has been made between the obtained experimental and numerical

data of the coefficient of additional losses between current-carrying busbars.

Key words: coefficient of additional losses, current-carrying busbars, FEM

1. Introduction

It is known that when alternative current
flows through current-carrying elements, additional
losses occur due to skin and proximity effects [1].
These losses depend in a complex way on the
dimensions of the current-carrying elements, on the
frequency of the current, on the properties of the
material, etc. It makes their direct calculation quite
difficult. The skin effect is described by differential
equations [2], [3], [4]. Analytical solution is only
possible for simpler cases, such as the ones,
presented in [5]. Papers [3] and [4] consider the skin
effect in a massive busbar and give an approximate
analytical solution. An electric device has been
shown in [2] for measuring the flux density, while
in [6] the skin effect has been discussed and the

magnetic field in the conductors has been calculated
by the finite element method. The numerical results
have been presented in a graphical format and
compared with analytical ones. Paper [7] presents a
study of the skin and proximity effects in case of
using U-shaped busbars in terms of their
dimensions and location, as well as vs. the
frequency.

This paper describes both experimental tests
and a numerical study of the coefficient of
additional losses between current-carrying busbars.
A comparison between the obtained experimental
and numerical results has been made.

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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2. Busbar location variants

Table 1 presents the variants of location of
the busbars, for which the coefficient of additional
losses has been studied.

Table 1.  Types of location of the

investigated busbars

-84

Variant 1

-

3. Studying the coefficient of additional
losses between current-carrying busbars
experimentally

A special experimental installation has been
developed for the purpose of studying the
coefficient of additional losses experimentally, as
shown in Fig. 1.

Fig. 1. Experimental installation for studying the
coefficient of additional losses: 1 - stationary part;
2 - movable part; 3 - aluminium busbars with
dimensions [60x6]mm, 4 - terminals for measuring
the voltage drop; 5 - K type thermocouple, 6 — fixer.

The electrical circuit of the experimental
installation is shown in Fig. 2.

b)

Fig. 2. Electric circuit of the experimental
installation for studying of the coefficient of
additional losses at: a) — currents in the same
direction; b) — currents in opposite directions;
O, — circuit breaker; AT — autotransformer; LT —
load transformer; A — ammeter,; V — voltmeter.
The coefficient of additional losses is
defined according to the formula:

P I’R

P IR

k=

K (D
"R

9

where: P. are the losses per unit of length at
alternating current with r.m.s. value /; P- are the
losses per unit of length at direct current / of the
same magnitude; R. and R- are the resistances of
the busbars at alternating and direct current
respectively.

The resistances of the busbars R. and R- are
defined according to the following formulae:

AU

R =22 2

= (2)
AU

R =22

-=7 3)

Here AU is the voltage drop of the busbars.



3.1. Experimental results for the coefficient
of additional losses

The coefficient of additional losses has been
defined by means of the experimental installation
described above. Fig.3 and Fig. 4 illustrate the
dependence of the coefficient of additional losses
on the distance between the busbars for variant 1 in
case of currents in the same direction and in
opposite directions.

1.2 T

1 i L I i i i i
0 10 20 30 40 50 60 70
Z [mm]

Fig. 3. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 1 and currents in the same direction.

1.2

1 1 I Il i I 1
[ 10 20 30 40 50 60 70

z [mm]

Fig. 4. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 1 and currents in opposite directions.

Fig. 5 and Fig. 6 show the dependence of
the coefficient of additional losses on the distance
between the busbars for variant 2 in case of currents
in the same direction and opposite directions.
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i
0 10 20 30 40 50 60 70 80 920
Z [mm]

1 I I I I

Fig. 5. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 2 and currents in the same direction.
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Fig. 6. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 2 and currents in opposite directions.

4. Numerical study of the coefficient of
additional losses between current-
carrying busbars

4.1. Mathematical model
The mathematical model of a quasi-

stationary electromagnetic field is described by the
Helmholtz equation in a complex type [8]:

v? A-ja)yaA:—,Lz.fe, 4)

where: A is the magnetic vector potential; @ is the
angular frequency; u is the magnetic permeability;
o is the specific electrical conductivity; J, is the
current density of external sources. The second
member of the equation reflects the eddy currents.
The solution of the electromagnetic
problem is given at a predetermined boundary

e



[1-86

condition along the border of the buffer zone of the

type:

nxA =0. ®)]

The losses per unit of length at alternating
: . ; T — ¥ 7 7
current are obtained from the electromagnetic field ki 5 10 15 20 ARRIRI

problem solution according to the formula: Fig. 8. Distribution of the magnetic flux density

B[T] for variant 1 and currents in the same
P. = [[a.Eas. (6) direction.
s

The losses per unit of length at direct
current are calculated by the formula:

2
p=L ()
oS ¥ 7.28x107° r_:m*m’" A 26x107
where [ is the current through the busbar; S is the Fig. 9. Distribution of the magnetic flux density
cross-section of the bpsbar. N ) B[T] for variant I and currents in opposite
The coefficient of additional losses is directions.
defined by the formula:
I.l 2.48x107
=107
P
Jo=—. 8
P ®)
20
4.2. Analysis by the finite element method
Numerical models for defining the 1
characteristics of the electromagnetic field for the
variants presented in Table 1 at frequency of 50 Hz 10
have been created by the software product
COMSOL [9]. s
Fig. 7 shows the mesh of finite elements.
TavaT T T AVaS i¥a 5 V¥ 1.44x107
o e B R Fig. 10. Distribution of the magnetic flux density
5 S e B/[T] for variant 2 and currents in the same
FREE oo ;'- 0 AR SRR direction.
ik E o 18
ksl A : EE 14
REr KLELE s : Ol e i 8
R RSN IR : .
§_. & : : AT ARATAY > x\_.. . ; T : E K :
. MAMMMN X V : % s : e Y-?.leo'”
Fig. 7. Mesh of finite elements. Fig. 11. Distribution of the magnetic flux density
B[T] for variant 2 and currents in opposite
Fig. 8, Fig. 9, Fig. 10 and Fig. 11 illustrate directions.
the distribution of the magnetic flux density for ' o
variant 1 and variant 2 at dimensions x = 60mm, y = The obtained distribution of the current

6mm and z = 20mm. density in the busbars for variant 1 and variant 2 at



dimensions x = 60mm, y = 6mm and z = 20mm is
shown in Fig. 12 and Fig. 13.

¥ 3.66%10° x10° A 4.99x10°
38 4 42 44 46 48
a)
¥ 3.7x10° x10° A 514x10°
38 4 42 44 46 48 5

Fig. 12. Distribution of current density [A/m’] for
variant 1 at: a) - currents in the same direction; b) -
currents in opposite directions.

A 4.16x10°
x10°
4.15

A 1.69%10°
x10°

3.95

|
I 3.9
| |

¥ 2.72x10° ¥ 3.86x10°

a) b)

Fig. 13. Distribution of current density [A/m’] for
variant 2 at: a) - currents in the same direction; b) -
currents in opposite directions.

The obtained distribution of the specific
losses in the busbars for the different variants at
dimensions x = 60mm, y = 6mm and z = 20mm is
shown in Fig. 14 and Fig. 15.

¥ 1971 (E: Ceee— < 10" A 3674
2 25 3 35
a)
¥ 2016 [ o ee—< 10" A 3891
25 3 35

Fig. 14. Distribution of the specific losses [W/m’]
for variant I at: a) - currents in the same direction;
b) - currents in opposite directions.
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A 3238

32

b)

Fig. 15. Distribution of the specific losses [W/m’]
for variant 2 at: a) - currents in the same direction;
b) - currents in opposite directions.

5. Comparison between the obtained
numerical and experimental results

Fig. 16, Fig. 17, Fig. 18, and Fig. 19 show
the graphic dependencies of the coefficient of
additional losses on the distance between the
busbars obtained from both the experimental tests
(curve 1) and the numerical study (curve 2).

1.2

1.18
116+
114+
112+

L1f
1.08
1.06-
104+

1.02-

1 i | I i i i
0 30 40

Z [mm]

Fig. 16. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 1 and currents in the same direction.
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L18

i
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70

Fig. 17. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 1 and currents in opposite directions.
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Fig. 18. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 2 and currents in the same direction.
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Fig. 19. Dependence of the coefficient of additional
losses on the distance between the busbars for
variant 2 and currents in opposite directions.

6. Conclusion

Based on the results from the numerical
study and the experimental tests carried out, the
following conclusions can be made:

- the pattern of change of the coefficient of
additional losses considerably depends on the
distance between the busbars;

- the coefficient of additional losses for
variant 1 decreases with the increase in the distance
between the busbars, regardless of the direction of
the current;

- the coefficient of additional losses for
variant 2 decreases with the increase in the distance
between the busbars at currents in the same
direction, while at currents in different directions
the situation is just the opposite;

- the coefficient of additional losses has the
highest value when the busbars are positioned as in
variant 1 and in case of currents in opposite
directions.

The difference between the obtained
numerical and experimental results is 7%. It allows
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for studying the coefficient of additional losses
numerically and obtaining arrays of data in order to
be able to define this coefficient directly.
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STUDY OF TWO TYPES OF SENSORS OF
STATIC FORCES - A PIEZOELECTRIC SENSOR
AND A PIEZOELECTRIC ELASTOMER SENSOR

NIKOLA GEORGIEV

Abstract: The present paper studies a piezoelectric sensor (PS) and a combined
piezoelectric elastomer sensor (CPES), consisting of a piezoelectric sensor and an electro-
conductive elastomer sensor, both sensors measuring static and slowly changing forces.
The piezoelectric sensor works in a resonance mode, since higher level of sensitivity is thus
achieved. Both sensors have been modeled and the influence of the measured static force
on the mechanical resistance of the piezoelectric sensor has been defined, as well as on its
output voltage. Thence the influence of the measured static force on the resistance of the
electro-conductive elastomer sensor has also been determined. Models have been obtained
for both sensors in Simulink in MATLAB environment. The models have been
experimentally tested.

Key words: combined sensors, piezoelectric, elastomer, Matlab, Simulink model, static
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force

1. Introduction

A great number of mechanical quantities such as
mass, force, acceleration, momentum, deformation
and angular velocity are measured by means of
piezoelectric transformers [1, 2, 3]. They work both
in static and dynamic modes. Usually by means of
this type of sensors static or slowly changing forces
are measured and the measured force is applied to
the piezoelectric transformer itself or to a metal
element, to which piezoelectric elements are
attached [2].

Piezoelectric resonant sensors are also used in
robotics to measure distances, touch, and static or
dynamic forces in resonance mode [2].

Electrically conductive elastomer sensors are a
special class of tactile sensors of force, marked by
their compactness and low cost.

The most frequently used construction of tactile
sensors with electro-conductive rubbers (elasto-
mers) is the sandwich type (fig.1). The elastomer
material in it 5 is placed between two metal (brass)
electrodes 1 and 6. The measured static force is
applied perpendicular to the sensor, and the volume
resistance of the electro-conductive rubber changes
in result [4].

This paper studies a piezoelectric sensor and a
combined sensor, which, in turn, consists of a

piezoelectric sensor and a sensor with an electro-
conductive elastomer. The considered sensors
measure static and slowly changing forces, and the
piezoelectric sensor works in a resonant mode. The
electro-conductive elastomer sensor is represented
by a resistor R, by means of which its volume
resistance is expressed. Modeling of the PS and
CPES is carried out and the influence of the
measured static force on the mechanical resistance
of the metal rod of the piezoelectric sensor and
thence on its output voltage is defined. The
influence of the measured static forces on the
resistance of the electro-conductive elastomer
sensor is registered.

2. Exposition

The piezoelectric sensor (PS) of force, studied
here, is composed of two piezoelectric plates 2 and
3, stuck on a metal (brass) rod 1, fig 1. The
measured static force is applied to the metal rod and
this allows for increasing the range of the measured
forces considerably.

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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Fig.1. Experimental installation of the CPES

The applied static force /' can be expressed by
the concentrated mass M-4. The sinusoidal
generator 5 supplies electrical energy to the input of
the piezoelectric plate of the PS-2, where it is
converted into mechanical oscillations due to the
reverse piezoelectric effect. Since the generator is
set up for resonant frequency w, for PS, the
mechanical oscillations reach their maximum and
are in the form of standing waves in the metal rod 1.
The mechanical oscillations are converted again
into electrical signal due to the forward
piezoelectric effect in the output piezoelectric plate
3. The sensor with the electro-conductive elastomer
consists of two brass electrodes 1 and 6 and an
electro-conductive rubber 5 between them. The
measured static force changes the volume resistance
of the rubber R,, and this is registered by means of
the voltmeter 9.

3.Modeling

Fig. 2 shows the electro-mechanical circuit of
the PS, containing electrical input and output parts,
presented by its capacitors C,;, C.,. A mechanical
part is located between them, which comprises the
mechanical resistances of the piezoelectric plates
R, L, C, as well as those of the metal rod R,,, L,,
C,. Energy transformation from electrical to
mechanical and vice versa is presented by the ideal
transformers 77; u Tr,. Similar electro-mechanical
circuit for a PS is considered in [2]. The active
resistance R together with the resistance, presenting
the sensor with the electro-conductive elastomer R,
are connected to the output of the piezoelectric
transformer. Thus the measured static force
changes: the mechanical resistance of the metal
resonator and thence the output resistance of the
piezoelectric transformer V,(?); the electrical
resistance of the electro-conductive sensor R, and
thence the voltage of the output voltage divider

[1-90

Vo(t). Thus the measured static force influences both
sensors, first reducing the output voltage of the
piezoelectric senor, and then reducing the voltage
on the electro-conductive sensor. This allows for
increasing the level of sensitivity of the combined
piezoelectric elastomer sensor significantly.

ii(t)

g

Lm Cm ny: 1 i n@

Vo (t) Vi(t)

Fig.2. Equivalent electro-mechanical circuit of
the CPES

Fig. 2 presents an electro-mechanical circuit of
the CPES in which the equivalent electrical and
mechanical quantities are denoted as follows:
Vi(t),V,(t) - input and output electrical voltages on

the PS;

Vo(t) - output electrical voltage for the CPES;

io(t) - output electric current of the PS;

ny, n; - coefficients of electro-mechanical
conversion at the input and output of
the PS;

Fi1) - input mechanical force for the PS;

im(?) - mechanical current (oscillatory speed).

The piezoelectric plates, used both for the
purposes of modeling and for the experimental tests,
are rectangular in shape, with dimensions: length
Lp=8.10'3 m, width Wp=15.10'3 m and thickness
T,=1.10" m and are made of piezoelectric ceramic
material PZT4m having the following parameters:
piezoelectric module d;;=123.10" C.N", Young’s
modulus Y*;, =0,83.10"" N.m?, density p,=7600
kg.m’3, permittivity £'37=11,5.10° F.m’, elastic
constant S%,=11,7.10" m’N"',  longitudinal
frequency constant N=1600 Hz.m and quality factor
of the piezoelectric ceramics Qu,=500. The metal
rod is made of brass with Young’s modulus Y5,
=0,98.10"" N.m?, density p,=8500 kg.m” and the
following dimensions: L,=7.107 m, W,=15.10° m
uT,=1.10° m.

The sinusoidal generator V(?) is with amplitude
V=7 V and circular frequency w=660991 s equal
to the frequency of the PS.

Since the sinusoidal generator is assumed ideal,
it can be presented in Fig. 3 by means of the input
voltage of the PS



(1

Thus the input voltage V;(?) is also sinusoidal
and, due to the reverse piezoelectric effect,
expressed by the coefficient of electro-mechanical
transformation 7, it is converted into a sinusoidally
changing mechanical force F;(z) in the simplified
equivalent circuit of the CPES, fig. 3

Fl(t)=nV,(t
()= 1100 o
Rp Lp Cp R, Ly, Cu ny:1 i0@
AN
()
Tr2
Fit)
O

Fig. 3. Simplified equivalent electro-mechanical
circuit of the CPES

The mechanical resistances and coefficients of
ideal transformations for the piezoelectric ceramic
plates are equal to [3]

_ 7T, pr Pp Yli
20y, ’

L

C,=——"—
P 2 14 E
2T, WYy

_ _ E
nl_HZ_WpdﬂYip P

L,=2T,W,L,p,

3

The mechanical resistances of the metal rod are
found in the same way

E
R = T Tme Pmi Ylm

" 40y
L

m

- T 2Tm WWI )/151

> >

C

m

“)

Metal rod density p,,; can be expressed by means
of the concentrated mass M, as well as by the mass
G and the density p,, of the brass metal rod

M
Pml = Pm 1+E

)

The concentrated mass can be presented by the
concentrated force F and the acceleration of gravity
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F
M==

g (6)
Thus the density of the metal rod p,; can be
expressed by the measured concentrated force

F
Pmt = Pm [1 +g_G]
(7

After substituting (7) into (4) for the mechanical
resistance, presenting the losses in the metal rod, it
is obtained

R, = 8¢

40w0

m

®)

By means of the derived expression the
influence of the measured static force on the
mechanical loss resistance is taken into account for
the PS.

The mechanical quality factor O, of the metal
rod of the PS can be obtained from the damping
ratio of the mechanical waves in «, and the circular
resonant frequency w, of the PS

a,

Oy = i
. 9)
The dependence between the volume resistance
of the electro-conductive elastomer and the meas-
ured force R, =f(F) is non-linear. The theory of the
elastic properties of bodies [5] is used for its analyt-

ical derivation.

With the help of the Hooke’s law the measured

force can be presented as follows

F:O'SergSerSA—h
o (10)
where:
S is the cross-section of the electro-conductive

elastomer;

Y, - Young’s modulus of the electrically
conductive elastomer;

e - relative deformation ;

h - thickness of the electrically conductive

elastomer.
From (10) for the relative deformation of the
electro-conductive elastomer it is obtained
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-
Y8 (11)

Taking into account the relative deformation ¢
and introducing a corrective coefficient S for the
resistance of the electro-conductive elastomer it is

obtained
B

_ Y, s
R =R_e

) (12)
By R,, the resistance of the electro-conductive
elastomer is denoted at zero static force F.
With the help of the second law of Kirchhoff for
the mechanical part of the PS, fig.3, the following
expression is obtained

E(0=(Rp+Rhﬁm0}%Lp+gﬂa%§0+{g+Ca]j%(ﬁm
(13)

After integrating both members of the equation
and certain transformations, for the mechanical
current of the PS it is obtained

1
(Lp +Lm)

1,1
i, (t)= -[Fl (t)dt—wjim (t)dt+(<CLp+LCm)]Him ()drdt

(L,+L,)
(14)

The output electric current through the capacitor
can be obtained from the mechanical current and the
electro-mechanical transformation for the output of
the PS

1

i(t)=—1i, (1)
= (15)
Thus the output voltage of the PS can be found

Vo (6) =V, (1) = C; [ic(r)a "

This output voltage is supplied to the resistive
divider, consisting of R and R,, whereas for the
output voltage of the combined piezoelectric
elastomer sensor it is obtained

vV, (t
o=
1+—

R (17)

With the help of the expressions (8), (14) and

(16) a Simulink model of the piezoelectric sensor in
MATLAB environment is developed, fig. 4.

Rt

{)

ntegratorl  Lmip

s.,-e“'"

"w't»m | L

ietsgrsted] bntegrzie® 10m ULelgl

Sumt

Fig. 4.

Fig. 5 presents the change of the simulated r.m.s.
output voltage V), of the piezoelectric sensor in case
of changing the measured concentrated force F
within the range from 0 to 10N.

XY Plot

<

Y Axis

0 2 4 6 8 10
X Axis F.N
Fig. 5.

With the help of the expressions (8), (14), (16)
and (17) a model of the combined piezoelectric
elastomer sensor can be developed in Simulink
(MATLAB environment), fig. 6.




Fig. 7 presents the change of the simulated r.m.s.
output voltage V, of the

combined piezoelectric elastomer sensor for the
measured concentrated force F within the studied
range.
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Fig. 7.

XY Plot

Y Axis

X Axis

Fig. 8.

The presented model of the piezoelectric sensor
in Simulink is experimentally tested by means of
the circuit in fig. 1. The change of the effective
values of the output voltages V), obtained by the
model and from the experiment in function from the
measured concentrated force F is shown in fig. 8.
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Fig. 9.

The model in Simulink of the combined piezoe-
lectric elastomer sensor is also experimentally test-
ed by means of the circuit in fig. 1. The change of
the effective values of the output voltages V, ob-
tained both by the model and from experiments as a
function of the measured concentrated force F is
shown in fig. 9.

The voltages obtained in the simulation are
higher both for the piezoelectric sensor and for the
combined piezoelectric elastomer sensor, since the
sinusoidal generator is assumed ideal, fig. 1.

The maximum relative error for the piezoelectric
Sensor is O, =8,53%, and this shows that the Sim-
ulink model well describes the behavior of the stud-
ied sensor for static forces.

For the combined piezoelectric elastomer sensor
the maximum relative error is 0. =9,33%, which
means that the Simulink model well describes its
behavior as well.

The relative levels of sensitivity measured
within the studied range of the concentrated force F,
are: SF=51% for the piezoelectric sensor; S—=77%

for the  piezoelectric  elastomer  sensor.
Consequently the relative level of sensitivity of the
combined  piezoelectric elastomer sensor

considerably exceeds the one, of the standard
piezoelectric sensor. This is due to the fact that the
measured force acts on both parts of this sensor —
the piezoelectric and the elastomer.

5.Conclusion

Two types of sensors have been studied: a pie-
zoelectric sensor and a combined piezoelectric elas-
tomer sensor, consisting of a piezoelectric sensor
and an electro-conductive elastomer sensor, both



sensors measuring static and slowly changing forc-
es.

Both sensors have been modeled and the in-
fluence of the measured static force over their out-
put voltages has been defined.

The models have been tested experimentally and
it has been established that they define well the
behavior of the sensors while measuring static forc-
es.

The relative level of sensitivity of the combined
piezoelectric elastomer sensor considerably exceeds
the one, of the standard piezoelectric sensor and it
suggests the possibility to use it for measuring static
and slowly changing forces.
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PIEZOELECTRIC TRANSFORMER, POWERING A SUPER-

CAPACITOR

NIKOLA GEORGIEV

Abstract: A piezoelectric transformer, working in three-resonance mode with two parallel
electric resonances at the input and the output and one mechanical resonance in series has
been considered in this paper. The influence of the parameters of the piezoelectric ceramics
on the magnitude of the output current of a piezoelectric transformer of current in short-
circuit mode has been studied. The obtained expression can serve as informational output
parameter of this type of transformers. The basic output electrical parameters of a number
of piezoelectric ceramic materials (used in practice) have been compared. The times for
charging the super-capacitor, connected to the output of the piezoelectric transformers
have been calculated. Experimental tests have been conducted, confirming the validity of
the obtained expression for the output current in short-circuit mode.

Key words: piezoelectric transformer of current, three-resonance mode, short-circuit

current, super-capacitor

1. Introduction

Traditionally, on-off control of semiconductor
devices (thyristors and triacs) is accomplished by
means of optrons and pulse inductive transformers.
There is a need for additional power supply with the
optrons, and the pulse transformers are
characterized by low workability and a high extent
of dissipation. One of the promising directions for
eliminating these shortcomings is the use of
piezoelectric  transformers of current (PTC).
[1].They have the following basic advantages:
compactness, high workability, temporal and
temperature stability, resistance both to electrical
and mechanical overloads, and capability to work in
short-circuit mode.

The aim of this paper is to study the influence of
the parameters of the piezoelectric ceramic
materials over the output short-circuit current,
which is one of the main electrical parameters of the
piezoelectric transformers of current.

2. Exposition
It follows from the name of the piezoelectric

transformers of current that the most essential
parameter for this type of piezoelectric transformers

is the output current, obtained from the generator
section.

The principle of operation of a transverse-
transverse type of a PTC is explained by fig. 1:

23 o—¥- Is,

cx

E

Cs v,

'o

Fig.1. Egquivalent electro-mechanical circuit of
a PTC

Two pairs of silver electrodes 2 and 3 have
been laid on a piezoelectric ceramic plate 1, i.e., a
PTC has been constructed [2]. In the excitation
section 2 of the PTC electrical energy is converted
into mechanical, while in the generation section 3,
mechanical energy is converted into electrical. The
electric resistance of the piezoelectric ceramic plate
is of the order of tens of G2 and determines the
excellent separation of the two electrical parts of the
PTC.

The voltage of the sinusoidal generator is
supplied to the excitation section and the electrical

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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energy is converted into mechanical oscillations.
They propagate into the piezoelectric ceramic plate
and when they reach the generator section, they are
converted into an electrical signal, which, after
being rectified, charges the super-capacitor Cs.

If the sinusoidal generator is set at some of the
resonant frequencies of the PTC, then standing
mechanical waves arise in it and the output electric
voltage has a maximum value.

Inductances L; and L, are connected in parallel
both to the input and the output with values,
allowing for obtaining two parallel (current)
resonance circles with the electrical capacitances C,
of the excitation and the generator sections — fig. 2.
These parallel resonance circles are with frequency,
coinciding with the resonant frequency of the
mechanical part of the PTC. Thus three resonance
circles are obtained: two parallel electrical and one
in series (mechanical), with the same resonant
frequency — fig. 2.

Both sections — the excitation and the generator
one — are expressed by their electrical capacitances
Ce, while the electro-mechanical conversion is
expressed by the ideal transformers Tr.1 and Tr.2.
The mechanical part of the PTC is shown by its
connected in parallel concentrated mechanical
parameters: active resistance R, — taking into
account the losses in the PTC; inductance L, —
defining the mass; and capacitance C,, - taking into
consideration the elasticity of the PTC [3].

Before the switch S; is turned on, the PTC
works in idle-run mode; when it is turned on, the
PTC works in a mode, close to a short-circuit mode,
since the super-capacitor is not charged.

o, R Ly Gy onyl h N

o 1y =
@ Try Tr;
E

Fig.2. Equivalent electro-mechanical circuit of

the PTC

When the excitation and generator sections are
with the same length, the coefficients of ideal
transformation are the same »n;= n,=n.

Because of the resonance mode
mechanical part of the PTC

[a)LM— ! } 0
oC,, . (1)

in the

Consequently, the total mechanical resistance
of the PTC is equal to the mechanical loss
resistance

Z,, =R, . )
Since the input and the output electrical parts
of the PTC have two parallel resonance circles, then
the two equivalent reactive conductivities are equal
to
1

B :L——wClij B, :[L—a)Q]:O
oL, ’ oL, . 3)

After reducing the mechanical part of the
circuit to the electric part for a three-resonance
mode [3] it has the form (fig.3):

s 1y
MN ¥ QJ‘ o

—o

Fig.3. Reduced electrical circuit of the PTC for three-
resonance mode

2
2n CS

The mechanical loss resistance R, can be
expressed in the following way:
T2,

40,

. Zy=TWpY
, 4)

M

n=n, =n, =Wd,Y

where:

W, T  arethe width and the thickness of the PTC;

ds;;,Y,p - the piezoelectric module, Young’s
modulus and density of the PTC;

Ou - the mechanical quality factor;

Zy - the mechanical characteristic
resistance of the PTC;

n;,n; -the coefficients of ideal

transformation.

By using the reduced electric circuit of the
PTC for three-resonance mode (fig. 3), for the r.m.s.
value of the output short-circuit current of the PTC
it is obtained

2n* E
RM

Ige =

)



The coefficient of ideal transformation n and
the mechanical resistance R,, in (5) are expressed by
the parameters of the piezoelectric ceramics and the
geometric dimensions of the PTC (4) and it is

obtained

8SWQ, dyY E

Isc = —ﬁ T

(6)
From [2], Young’s modulus and the velocity of

the sound in the piezoelectric ceramics c; are equal

to

2.7
y = k31833

Y
Cl = —
d3, P

(7

After substituting by (7) into (6), for the r.m.s.
value of the output short-circuit current is finally
obtained

8W O, k321 gl 5323E
zT

Isc =
. (8

The obtained expression (8) shows the
dependence of the r.m.s value of the output short-
circuit current on the parameters of the piezoelectric
ceramics (Q,, ks;, &3, ¢;), geometric dimensions
(W, T) and the r.m.s. value of the input electromotive
force (E). This expression shows in perceivable
form which of the parameters of the piezoelectric
ceramics exert significant influence and this
facilitates the right choice of the needed
piezoelectric material; it also illustrates how the
output current in short-circuit mode can be
increased by changing the geometric dimensions of
the PTC.

The coefficient of transformation in idle-run
mode kyy gives additional information about the
output electric parameters of the PTC. It has to be
taken into account since in some of the electronic
control circuits the PTC initially works in idle run
mode and then it switches into a mode, close to
short circuit. The time for charging the super-
capacitor ¢ can be calculated in the following way

[4]

f= CS (V31 _V30)
1 . )
ptes

2 , (10)
where:
V3 s the voltage of the charged super-capacitor;
V3 - the initial voltage value of the super-

capacitor before charging;

Icg - the short-circuit current in case of a
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depleted super-capacitor.

Based on the obtained expression for the short-
circuit current, the coefficient of transformation in
idle run mode kyy and the charging time of the
super-capacitor ¢, several types of piezoelectric
ceramics have been analyzed and their parameters
presented in Table 1. The main purpose in this case
is to determine the most appropriate among them
for producing a PTC. Table 2 illustrates both the
calculated by (8) the output short-circuit current and
by (9) the charging time of the super-capacitor ¢ and
the corresponding measured quantities. The
calculations, as well as the measurements, are for a
super-capacitor with capacity of 300 F and £ =3V,
W=25 mm, 7=0,5mm.

The coefficient of transformation in idle-run
mode kyy is calculated in the following way [3]

k _ 4QM k.’)zl
vo =5 2
7 (1-43)
(11)
Table 1.
Piezo QM k31 ST33 Cj
ceramics x10”° F/m m/s
PZT-4 500 0,33 11,5 4560
PZT-5A 75 0,34 15 3860
PZT-4H 65 0,38 30 3900
PZT-7A 600 0,3 4 4800
PZT-8 1000 0,3 9 4600
Table 2.
Piezo kuo I.. I,. t,s 1,8
ceramics mA mA calc. meas.
calc. meas
PZT-4 25 658 645 2181 2245
PZT-5A 4 124 121 1161 1231
PZT-4H 4,5 268 257 5373 5448
PZT-7A 24 254 241 5669 5809
PZT-8 40 918 899 1760 1817

The maximum relative error for the output
short-circuit currents is Om.=2,1%, while for the
charging times of the super-capacitor it is
Omax=3,1%.

From the results, given in Table 2 the
following conclusions can be drawn:

The most appropriate piezoelectric ceramic
materials for producing PTCs are PZT-4,



PZT-8, since the highest short-circuit cur-
rents are obtained with them.

e  With these two types of material the short-
est charging times for the super-capacitors
are obtained, which is crucial for their prac-
tical application.

e The calculated short-circuit current values
are always higher than the measured ones,
since the sinusoidal generator is assumed
ideal;

e The lower short-circuit currents in compari-
son to the calculated ones lead to longer
charging times of the super-capacitors than
the calculated times.

3.Conclusion

A piezoelectric transverse-transverse trans-
former, working in three-resonance mode with two
parallel electrical resonances at its input and a me-
chanical resonance in series at its output has been
considered in this paper.

An expression has been obtained, which takes
into account the influence of the parameters of the
piezoelectric ceramics, the dimensions of the PTC
and the input electromotive force on the magnitude
of the output current of the piezoelectric transform-
er of current in a short-circuit mode.

The main output electrical parameters of prac-
tically used piezoelectric ceramic materials have
been compared.

The times for charging the super-capacitor,
connected at the output of the considered piezoelec-
tric transformers have been calculated.

Experimental studies have been carried out,
which confirm the validity of the obtained expres-
sion for the output current in short-circuit mode.
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LOAD AND CONTROL CHARACTERISTICS OF
A SERIES RESONANT DC-DC CONVERTER
WITH A SYMMETRICAL CONTROLLED
RECTIFIER

ANGEL LICHEV, ALEKSANDAR VUCHEV, NIKOLAY BANKOV, YASEN MADANKOV

Abstract: A series resonant DC-DC converter operating at frequency higher than the
resonant one is examined. A symmetrical controlled rectifier is used, which allows a phase
shift control. On the base of a first harmonic analysis, the processes in the converter are
studied. As a result, expressions for basic parameters are obtained and the load

characteristics are built.

Key words: series resonant dc-dc converter, controlled rectifier, ZVS, phase-shift control

1. Introduction

The well-known series resonant DC-DC
converter operating at frequency higher than the
resonant one has a number of advantages: zero
voltage switching (ZVS), small size and low
weight, natural short circuit protection and so on [1,
2, 3]. However, it does not allow a bidirectional
power transfer between the power supply source
and the load to be achieved. This disadvantage can
be avoided by using a symmetrical controlled
rectifier [1, 4, 5] combined with a phase shift
control method [2, 3, 6]. Thereby, the output power
varies from zero to the maximum value.

Even though, resonant DC-DC converters
with unidirectional power flow are thoroughly
described in literature, only very few is found on
bidirectional resonant converters. The reasons might
be the higher converter complexity and the
additional components needed [7].

In [8], a first harmonic analysis of a
bidirectional series resonant DC-DC converter
operating above resonant frequency is presented and
controlled by the conduction time of the output
stage transistors. As a result, expressions for basic
parameters of the converter are obtained.

The current paper presents sequel of the
theoretical examinations achieved in [§]. Its purpose
is both the load and control characteristics of the
bidirectional series resonant DC-DC converter to be
obtained with phase-shift control and operation at
constant frequency above the resonant one.

2. Principle of the Converter Operation

The circuit of the examined bidirectional
converter is presented in Fig. 1. It consists of two

identical bridge inverter stages, resonant tank circuit
(L, C), matching transformer 77, capacitive input
and output filters (C, and C), snubber capacitors
C,+Cs by which a ZVS is obtained.

I ¥
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Fig. 1. Circuit of the Examined Resonant
DC/DC Converter

The ,,input” stage (transistors Q1+Q4 with
freewheeling diodes D1+D4) operate as an inverter
and the ,output” stage (transistors Q5+Q8 with
freewheeling diodes D5+D8) — as a rectifier.
Voltages U, and U are applied to the input and the
output terminals, respectively.

The operation of the converter is illustrated
by the waveforms, presented in Fig. 2. Two
operating modes are known — DIRECT MODE and

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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REVERCE MODE. In the first mode, it is assumed
that energy flows from the “inverter” to the
“rectifier” (from the source of voltage U, to the one
of voltage U,). In the second mode (which is
possible because of the converter is reversible) — the
energy flows from the “rectifier” to the “inverter”
(from Uy to Uy).
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Fig. 2. Waveforms of the Basic Voltages and
Currents

The converter operates at constant
frequency s which is higher than the resonant .
Therefore, the transistors pairs of the “inverter” Q,,
0; and 0, O, operate at ZVS. The transistors of the
“rectifier” also operate at ZVS. When the current i,
passes through zero, Qs and Q; or Qs and Qg begin
to conduct. This pair switches off after time,
corresponding to an angle o (as described in [8]).
As a result, the voltage u,, is shifted in time from u,.

In this way, the control of the output power
is obtained by the variation of angle o

When ¢ > 7/2, than the conduction time of
the inverter reverse diodes D;, D; (D, D,) is more
than that of the transistors Q;, Qs (O, Q,). In this
case, the energy transferred back to the power
supply is more than the consumed one and the
average value of the current /, is negative.

The output voltage U, cannot change its
sign. This is due to the rectifier diodes operation. As
a result, when a > n/2, the energy transferred back
from the load is more than the consumed for the
rectifier and the average value of the current /, is
negative. This means that the rectifier transistors

0Os, 07 (Os, Og) conduct longer than its diodes Ds,
D7 (D()a DS)

3. Results of the Converter Operation

Analysis

The examination of the converter is carried
out with harmonic analysis. The impact of an only
the first harmonic is taken into account.

For the purposes of the analysis, the
following assumptions are made: the matching
transformer is ideal with a transformation ratio &, all
the circuit elements are ideal, the influence of the
snubber capacitors and the pulsation of the supply
voltage U, and the output voltage U, are neglected,
i.e. the voltages u, and u, have rectangular shape.

On the basis of the assumptions made, the
resonant frequency, the characteristic impedance
and frequency detuning of the resonant circuit are:

w, =1/JLC . p, =L/ C; v=0,/0,

In accordance with the chosen method of
analysis, it is assumed that only the first harmonics
of the current i; and the voltages u, and u, have
impact in the examined circuit. This gives the
opportunity the processes in the converter to be
illustrated by means of vector charts. (Fig. 3). The
aforementioned operating modes are realized by the
variation of the angle a. In DIRECT MODE, it is
assumed that o varies in the range 0 < a < w/2,
(Fig.3a). In REVERCE MODE, the control
parameters vary in the range n/2 < o < 7 (Fig.3b).

U,

Fig. 3. Vector Diagrams of the Basic Voltages and
Currents

The normalized values of the output voltage

U; and the output current /, are determined as
follows:
1
Uy =kU, /U, n I _ Lofk

1
Ud/Po M

The output characteristic Ujj = f(I{;a) of
the converter is:
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Ul =clitga+1-c’1’ 2)

When 7§ >0, the sign is positive and the
energy is transferred to the load. When 7 <0, the

sign is negative and the energy is transferred back
to the power supply source.

According to (2), the output current can
vary in range, defined by a minimum and a
maximum value:

—1/ec<Iy<+1/c 3)

From the expression it is observed that, the
possible extreme values of the output current
dependent only on the frequency detuning of the
resonant circuit.

On the basis of (2) the control
characteristics of the converter are obtained. It is
derived that:

R
\/02 +(c-tga—R(;)2

U(,) = 5 (4)

where Rj =U;/I; is the normalized value of the

load resistor.

The direction of the output voltage U, is
uniquely determined. Therefore the above equation
does not give enough information about the possible
operation modes of the converter. So, it is more
convenient the following expression to be used:

1
Iy=% (5)

\/02 +(c-tga—R])

On the basis of the first harmonic analysis
presented above the following expression for the

normalized current through the “inverter”
transistors is obtained:
( 7,
2cosa
Iy = (6)

27[(1 + cos((p))

For the normalized average values of the
currents through the “inverter” diodes is derived

that:
g
e 2cosa

o 27(1-cos(p))

(7

Expression for the normalized average
current through the “rectifier” transistors is obtained

as follows:
7,
2cosa

Ton = 27r(1 - cos(a)) &)
The normalized current through the
“rectifiers” diodes is:
( 7l j
Je 2cosa ©)

bR 27r(1 + cos(a))

The expression for the normalized capacitor
peak voltage is:

’
Ul _+ 72.[0
cM — —

(10)

2vcosa

The normalized RMS value of the current
through the inductor is:

P
B 2\/§cosa

4. Load and Control Characteristics

(11)

For the purposes of the design of the
converter, its load and control characteristics have
to be known.

Fig. 4 presents the output characteristic of
the converter. They are obtained (on the basis of
equation (2)) at frequency detuning v = 1,15 and
transformation ratio £ = 1.

1172/20

Fig. 4. Normalized output characteristics at 0<o<r
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The output characteristics present the
normalized dependencies of the output voltage U,
from the output current /,. They are obtained when
the converter operates at a constant frequency with
different values of the control angle a.

The output characteristics situated in the
first quadrant correspond to the DIRECT MODE (0
< a < 7/2), and the others in the second quadrant — to
the REVERCE MODE (7/2 < a < ). The ordinate is
the boundary between the two modes. The
characteristics are arranged symmetrically with
respect to it.

From Fig. 4 it is observed that the output
voltage does not change its polarity and,
independently from the energy transfer direction,
can significantly exceed the input one. Moreover,
the output current /, cannot exceed the value at the
output short circuit for o = 0 or o = z respectively.

The ZVS operating range boundaries are
pointed out in dotted lines. These are the curves A
(for ¢ = 0), B (for ¢ = 7) and C (for ¢ = 7/2). The
values of the control angle are chosen in a way to be
couples symmetrical to 7/2.

The dependencies of the average value of
the current /'y,  through the ,inverter” stage
transistors from the output current /'y (based on (6))
are shown in Fig. 5.

1172/20

Tx/10 137/20

Ir/10 B
T

-3 -2 -1 0 1

Fig. 5. Normalized average current through the
“inverter” transistors - lo;

On this figure the boundary B falls with the
abscise axis and other boundary C is parallel to that.
The conducted analyses show that the
characteristics of the average value of the “inverter”
reverse diodes current /'p; (built on the basis of (7))
have the same form as those from Fig. 5, but they
are mirrored with respect to the ordinate. This

results in the conclusion that at DIRECT MODE the
stress is mainly on the “inverter” transistors, and at
REVERCE MODE - on its reverse diodes.

Fig.6 presents the normalized dependencies
(drawn on the basis of (8)) of the average value of
the current ['pr through the ,rectifier” stage
transistors from the output current /. This is
another case when the characteristics for the
average value of the “rectifier” reverse diodes
current /'pr (based on (9)) have the same form as
those from Fig. 6 but are mirrored with respect to
the ordinate. This results in the conclusion that
obtaining higher output voltage leads to an increase
in all the “rectifier” devices stress.

The calculations show that, I’y and I'px
increase to a certain value, then decrease to the
limit. However, it is not noticeable on the
characteristics.

Fig. 6. Normalized average current through the
“rectifier” transistors - Ipg

Fig. 7 presents the normalized dependencies
of the peak value of the capacitor voltage U'cy
(based on (10)) from the output current /'y. Like the
output characteristics, these are also symmetrical
with  respect to the ordinate. Therefore,
independently from the energy flow direction, the
resonant tank elements are similarly loaded for the
same energy quantity. Moreover, it can be observed
that for a random characteristic the capacitor
voltage is always greater than the output one.

Here, like in Fig. 5, the variations of /') and

'car about the limit values are not noticeable on the
characteristics.

The dependencies of the effective value of
the current through the inductor /'zzr (drawn on the
basis of (11)) from the output current are shown in
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Fig. 8. It is easy to be seen that the characteristics
are symmetrical with respect to the ordinate and
again, independently from the energy flow direction,
the resonant tank elements are similarly loaded for
the same energy quantity. When the output current
I'y = 0 (for a=n/2) the RMS current can reach very
high values. Here, again, the variations of /'y and
'cyr @about the limit values are not noticeable on the
characteristics.
It could be seen, that the characteristic in
Fig. 7 are similar to these in Fig. 8.

Fig. 7. Normalized resonant capacitor peak voltage
- Ucu

Normalized control characteristics for the
output current /') as a function of the control angle
o.are presented in Fig. 9. They are built on the basis
of equation (5), at frequency detuning v = 1,15 when
the converter operates at several different values of
the load resistor R’y =0,1; 0,3; 0,5; 1,0; 2,0.

In this case, the abscissa appears to be the
boundary between the two modes of energy
transfer. From the figure, it is observed that
independently from the value of the load resistor
these characteristics have two extreme values. The
output current gains same values for these points,
which can be determined by expression (3).

Fig. 9 shows that from the point of view of
the converter output power control, the most
appropriate interval of variation of the angle a is the
one limited by the two extreme values. Moreover,
the control characteristics can be assumed as linear
for a comparatively wide range.

With increase of the value of the load
resistor the range of change of the control parameter
decreases. As a result the characteristics become
largely nonlinear.

Fig. 8. Normalized RMS current - Igrr

4,
16 Ry=0,1 03 0,51,0 2,0 v=1,15

2,

0 7‘12/4 70/2 37‘5/2 n o
2

Fig. 9. Control Characteristics of the Converter

5. Conclusion

A series resonant DC-DC converter,
operating above the resonant frequency, is
examined. A symmetrical controlled rectifier is
used. As a result of the first harmonic analysis,
normalized load and control characteristics of the
converter are built. Based on the research, it can be
concluded that the considered converter is
bidirectional and it can operate without violation of
the ZVS conditions in wide range of variation of the
control parameter. It is proven that the converter
output voltage can exceed the input one
independently from the energy transfer direction. It
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is found that the converter power devices stress
grows up with the output power increase.

The obtained results can be used for further

examination and design of such converters.
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LOAD AND CONTROL CHARACTERISTICS OF
A PHASE-SHIFT CONTROLED BIDIRECTIONAL
SERIES RESONANT DC/DC CONVERTER

ANGEL LICHEV, ALEKSANDAR VUCHEV, NIKOLAY BANKOV, YASEN MADANKOV

Abstract: A phase-shift-controlled bidirectional series resonant DC-DC converter
operating at frequency higher than the resonant one is examined. On the base of a first
harmonic analysis, the processes in the converter are studied. As a result, expressions for
basic parameters are obtained and both load and control characteristics are drawn.

Key words: series resonant dc-dc converter, controlled rectifier, operation above resonant

frequency

1. Introduction

The trend of increasing the share of green
energy is remains stable [1]. Therefore, the issues
related to the conversion and accumulation of this
energy gain popularity.

For this purpose, bidirectional resonant DC-
DC converters are used, which can operate at zero
voltage switching (ZVS) [2, 3, 4].

In [5], a bidirectional series resonant DC-
DC converter operating above the resonant
frequency is presented with a phase-shift control.
An examination is carried out with harmonic
analysis. Expressions for the basic parameters of the
converter are obtained.

This paper presents sequel of the theoretical
examinations achieved in [5]. Its purpose is load
and control characteristics of the bidirectional series
resonant DC-DC converter to be obtained with
phase-shift control and operation at constant
frequency above the resonant one.

2. Principle of the Converter Operation

The circuit of the examined converter is
presented in Fig. 1. It consists of two identical
bridge inverter stages, resonant tank circuit (L, C),
matching transformer 77, capacitive input and
output filters (C; u Cy). Fig. 1 also presents the
snubber capacitors C;+Cg by which a zero voltage
switching is obtained.

A voltage U, is applied to the DC terminals
of the ,,input” inverter stage (transistors O,+Qy4 with
freewheeling diodes D;+Dy), and a voltage U, — to
those of the ,,output” stage (transistors Qs+(Os with
freewheeling diodes Ds+Ds).

i O .ﬂ_('l ™ QALDT%SQ:
T

o 4 >
Cr-f ;

Q|

DY
Os &= Ds | ¢ 1 ] ADTR L +
KET o) TH
. ~A ' = U
__‘_ ) J__ Co

Fig. 1. Circuit of the Bidirectional Resonant
DC/DC Converter

The operation of the converter is illustrated
by the waveforms, presented in Fig. 2. Two
operating modes are possible. The first of them is
DIRECT MODE. In this mode, it is assumed that
energy is transferred from the source of voltage U,
to the one of voltage U, (from the “inverter” to the
“rectifier”). In the second mode — REVERCE
MODE, (which is possible because of the converter
is reversible), the energy flows in reverse direction
— from U, to U,.

The “input” stage generates a voltage u,.
The converter operates at constant frequency s,
which is higher than the resonant one ®,. For that
reason, the current i; falls behind the voltage u, at
an angle o.

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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Fig. 2. Waveforms of the Basic Voltages and
Currents

The “output” stage generates a voltage u,.
This voltage is shifted from u, at an angle & (o=
otQ).

Angle ¢ corresponds to the conduction time
of the ,,input” stage freewheeling diodes, and angle
o — to the conduction time of the ,,output” stage
transistors.

When ¢ > 7/2, the energy transferred back
to the power supply source is more than the
consumed one and the average value of the current
1, 1s negative. In this case the conduction time of the
inverter reverse diodes D;, D; (D, D,) is more than
that of the transistors Q;, O; (O, Q,).

Because of the rectifier diodes operation,
the output voltage U, cannot change its sign.
Therefore when o > /2, the energy transferred back
to the load is more than the consumed for the
rectifier and the average value of the current /,
becomes negative. That means that the rectifier
transistors QOs, Q- (Qs, Os) conduct longer than its
diodes Ds, D, (Dg, Ds).

3. Results of the Converter Operation

Analysis

The examination of the converter is carried
out with harmonic analysis. The impact of only the
first harmonic is taken into account. The results of
the analysis can be wused for engineering
calculations because they are accurate enough.

For the purposes of the analysis, the
following assumptions are made: the matching
transformer is ideal with a transformation ratio £, all
the circuit elements are ideal, the influence of the

snubber capacitors and the pulsation of the supply
voltage U, and the output voltage U, are neglected,
i.e. the voltages u, and u;, have rectangular shape.
On the basis of the assumptions made, the
resonant frequency, the characteristic impedance
and frequency detuning of the resonant circuit are:

®, =1/JLC . py =+/L/C; v=0,/®,

In accordance with the chosen method of
analysis, it is assumed that only the first harmonics
of the current i, and the voltages u, and u, have
impact in the examined circuit. This gives the
opportunity the processes in the converter to be
illustrated with vector charts (Fig. 3). The
aforementioned operating modes are realized by the
variation of the angle 6. In DIRECT MODE, it is
assumed that & varies in the range 0 < 6§ < m,
(Fig.3a), and in REVERCE MODE - 7 < § < 2n
(Fig.3b).

0)
Fig. 3. Vector Diagrams of the Basic Voltages and
Currents

The normalized values of the output voltage
U, and the output current /, are determined as
follows:

1
Uy = kU JU, n 1y =20/ (1)
Ud/ Po
After relevant calculations it is obtained
that:
, sind
Iy = ) (2
c

2
where: ¢ = 7I?(v ~1/v).

The normalized output voltage is:

Ul = cosQ

3)

cosSax

According to the expression the boundaries
of the ZVS operating mode are obtained for the
“inverter” transistors (at @ = 0 and ¢ = 7) and for
the “rectifier” transistors (at oo = 0 and o = 7).
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For (n/2 < § < 3m/2), the transistors in both
stages operate at ZVS.

On the basis of the first harmonic analysis
presented above the following expression for the

normalized current through the “inverter”
transistors is obtained - (4):
( § j
2cosa
I, = 4)

27[(1 + cos(go))

For the normalized average values of the
currents through the “inverter” diodes is derived

that:
g
, 2cosa

o 27z(l—cos(go))

)

The expression for the normalized average
current through the “rectifier” transistors is:

al,
2cosa

I, =——F = 6
o 27r(1 - cos(a)) (©)
The normalized current through the

“rectifier” diodes is:
i
2cosa

I, =———"— 7

- 27:(1 + cos(a)) @)

The expression for the normalized capacitor
peak voltage is:

al

1 —
Uopy=t—m
2vcosa

®)

The normalized values of the RMS current
through the inductor are:

72_[!
I, =— 9)
Frr 2\/5 cosa

4. Load and Control Characteristics

Detailed information of the examined series
resonant DC-DC converter design can be obtained
from its load characteristics.

On the basis of (2), the normalized
dependencies of the output voltage U’ from the
output current /'y are obtained (Fig. 4) when the
converter operates at a constant frequency (v =

1,15). The output characteristics situated in the first
quadrant for 0 < 6 < w/2 correspond to DIRECT
MODE, and the others in the second quadrant when
—m/2 <6 <0 —to REVERSE MODE. In the area of
the output characteristics, the boundaries of ZVS
mode are shown with dotted line. The analysis of
the dependencies shows that in this case the
converter operation is very limited and practically
no-load mode is not possible. Apparently, this range
of variation of the control parameter & is not
recommended for operation of the converter.

4
4 v=1,15
Uo
3
Qo= =0
\ 2 ;
= ;
T8 oo
SelE % Lo Nre|ell &
o?. o "? I PSR s=z2227) rl;\; Nh OE
T p=8-m ¢7=5‘
0
r T T T T 1
-3 -2 1 0 1 2 I3

Fig. 4. Normalized output characteristics at
—/2 <0 < +n/2

Fig. 5 presents the normalized output
characteristics of the converter for value of the
control parameter in the range n/2 < 6 < 3n/2. The
ones situated in the first quadrant for ©/2 < 6 <=
correspond to the energy transfer to the load, and
the others in the second quadrant for # <6 < 3n/2 —
to the mode of energy return back to the power
source respectively. The ordinate appears to be the
boundary between the two modes. Referring to it,
the characteristics for the equally distanced from &
control angles are situated symmetrically.
Obviously, limitations for the converter operation at
ZVS are not observed.

The output characteristics (Fig. 4 and Fig 5)
show that, independently from the range of
variation of the control parameter, the output
voltage does not depend on the output current, i. e.
the examined converter behaves as an ideal current
source. Moreover, the output voltage does not
change its polarity and, independently from the
energy transfer direction, can significantly exceed
the input one.
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Fig. 5. Normalized output characteristics at
/2 <6 <3m/2

In Fig. 6 the normalized dependencies of
the average value of the current /'y, (drawn on the
basis of (3) and (4)) through the “input” stage
transistors from the output voltage U’y are
presented. They are obtained for variation of the
control parameter in the range /2 < 6 < 37/2.

34 v=1,15

137/20

2
LIS
14
~~~~~ 27720 _ .
~~--___________?>f§”_/2___
0 ' : I
0 1 ? %o °

Fig. 6. Normalized average current through the
“input” stage tranzistors - I'y;

The characteristics corresponding to the
DIRECT MODE are presented with thick lines, and
those to the REVERCE MODE — with dotted lines.
For a wide range of variation of angle 3,
monotonous rise of the current is observed with the
increase of the voltage. In this range, the converter
power devices stress is bigger for greater values of
the output voltage. However in REVERCE MODE,
this is not valid for all values of the control
parameter.

The normalized dependencies of the
average value of the current /'p; (drawn on the basis

of (3) and (5)) through the “input” stage
freewheeling diodes from the output voltage U, are
shown in Fig. 7.

237/20

34 v=1,15

Fig. 7. Normalized average current through the
,input” stage freewheeling diodes — I 'p;

The variation of angle § is in the range /2 <
0 < 3m/2. The characteristics corresponding to the
DIRECT MODE are presented with thick lines, and
those to the REVERCE MODE — with dotted lines.
Here like in Fig. 6, for a wide range of variation of
angle 9, both the current and the voltage increases.
In this range, the converter power devices stress is
bigger for greater values of the output voltage. In
DIRECT MODE, this is not valid for all values of
the control parameter.

The analysis of the characteristics in Fig 6
and Fig. 7 shows that the current through the devices
has significant value in no-load mode, fact that is not
of minor importance.

Fig. 8 presents the normalized dependencies
of the average value of the current /'y; (based on (3)
and (6)) through the ,output” inverter stage
transistors from the output voltage U',. Similar
dependencies of the average value of the current /'pp
(built on the base of (3) and (7)) through the
,soutput” inverter stage freewheeling diodes are
shown in Fig. 9.

The characteristics corresponding to the
DIRECT MODE are presented with thick lines, and
those to the REVERCE MODE — with dotted lines.
They are obtained for variation of the control
parameter in the range n/2 < § < 3w/2. For both
modes, monotonous rise of the currents /'or and I'pg
1s observed with the increase of U'y. This shows that,
independently from the energy transfer direction, the
converter power devices stress is bigger for greater
values of the output voltage.
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OR 237/20

Fig. 8. Normalized average current through the
,,output”’ stage transistors —I'gg

The normalized dependencies (based on (3)
and (8)) of the peak value of the capacitor voltage
U'cy from the output voltage U’y are presented in
Fig. 10. It could be seen that obtaining higher output
voltage leads to an increase of the capacitor peak
voltage. Moreover, for a random characteristic U'cy,
is always greater than the output one.

Fig. 10 shows that in no-load mode the
capacitor peak voltage has maximal value which is
significant.

137/20

Fig. 9. Normalized average current through the
,output” stage freewheeling diodes — I 'pp

Fig. 11 presents the dependencies of the
normalized RMS value of the current through the
inductor /'grr (built on the basis of (3) and (9)) from
the output voltage U’ It is possible to see that the

RMS current value increases at the output voltage
increasing.

Likewise as the capacitor peak voltage in
no-load mode the inductor current has maximal
value which is significant. Moreover, the
characteristic in Fig. 11 are similar to these in Fig.
10.

10 -

’ 72110, 137/10 Y115
U, 4z/5,67/5 k=1

8] 910, 112/10 o

[

4 4

24

0 T T " T

0 1 2 U, 3

Fig. 10. Normalized resonant capacitor peak
voltage — U’cy,

104 72/10, 137/10
.. 4z/5,67/5
97/10, 112/10

v=1,15

Fig. 11. Normalized RMS current — I g

Fig. 12 presents normalized control
characteristics of the examined converter for several
values of the frequency detuning (v = 1,08; 1,10;
1,15; 1,20; 1,30). According to the fact that the
output voltage does not depend on the output
current, they are easily obtained with the
substitution ¢ = 6/2 (U'y = 0). In the range n/2 < § <
3m/2, the dependencies variate monotonously, and a
significant linear section can be observed. This is
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the recommended control interval. There are not
limitations for ZVS in this case.

x 5x/4 3x2 Tx/4 27 o
T T T

z/4  x/2 3z/4

Fig. 12. Normalized control characteristics

5. Conclusion

The presented output and control
characteristics show that the bidirectional series
resonant DC-DC converter can operate without
violation of the ZVS conditions in wide range of
variation of the control parameter. It is proven that
the converter behaves such as an ideal current
source. The converter output voltage can exceed the
input one independently from the energy transfer
direction. It is found that the converter power
devices stress grows up with the output power
increase.

With regard to the “inverter”, this is not
valid. For some values of the control parameter —
with the increase of the output voltage, the
converter power devices stress decreases.

The obtained results can be used for design
of resonant DC-DC converters.
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EXPERIMENTAL ANALYSIS OF THE SUPPLY
VOLTAGE QUALITY OF INDUCTION MOTORS
WITH PWM CONVERTERS

IVAN KOSTOV, BOJIL MIHAYLOV, VASIL SPASOV

Abstract: This paper presents an experimental analysis of the harmonic content of the
supply voltage in induction motor electric drives. The drives are fed by voltage and
frequency converters with autonomous voltage inverters with sinusoidal Pulse Width
Modulation. For the purpose of analysis a laboratory stand is developed for measuring
non-sinusoidal periodic signals. The stand consists of an induction motor, frequency
converter, digital storage osciloscope and harmonics analyzer. The quantitative integral
evaluations of non-sinusoidal periodic voltages are obtained based on the V/f=const and
V=var; f=const control law. The analysis is carried out in Simulink environment by the fast
Fourier transform Analysis Tool in SimPowerSystems Toolbox for Matlab. Conclusions are
drawn about the supply voltage quality and the possible application of converters for the
supply of induction motors in operation modes.

Key words: electromagnetic compatibility, induction motor electric drives, harmonic

spectrum, fast Fourier transform

1. Introduction

Presently induction motor electric drives
based on non-linear semiconductor converters are
widely used in various industrial areas. While
offering enhanced opportunities for the control of
technological processes, these drives also create
problems. They generate current and voltage
harmonics that can reduce the rated torque and
efficiency, increase heating and magnetic noise of
motors [1,2]. For this reason, it is necessary to
determine the supply voltage quality.

The induction motor drives use variable
voltage converters (VVC) and variable frequency
converters (VFC) with a DC link. Such converters
have numerous capabilities regarding the forming of
the output voltage and its harmonics toward high
carrier frequencies due to the implementation of fast
switching elements. One of the most commonly
used methods for modulating the VFC output
voltage is through Pulse Width Modulation (PWM).

The aim of this paper is to determine the
supply voltage quality of induction motors fed by
static frequency and voltage converters using PWM.
For that purpose a laboratory stand of induction
motor electric drive is developed and the voltage
harmonic spectrum indicators of the PWM
equipment are determined. The experimental
analysis is carried out by the fast Fourier transform
Analysis Tool in SimPowerSystems Toolbox for

Matlab. On obtaining the quantitative indicators of
the supply voltage quality, their impact on the
electrical drive characteristics is evaluated.

The paper is organized as follows. Section 2
outlines the harmonic spectrum indicators of the
supply voltage of the motor. Section 3 focuses on
the mathematical analysis of the modulated periodic
signals. The developed Ilaboratory stand and
research methodology are given in Section 4. In
Section 5 the results from the experimental analysis
are presented. Finally, conclusions are drawn in
Section 6.

2. Harmonic spectrum indicators

The phase voltage of the motor in an
induction motor (IM) electric drive controlled by a
semiconductor converter is analysed. The latter is
set to operate as frequency converter and voltage
converter. To evaluate the IM periodic non-
sinusoidal supply voltage, the following coefficients
are used [3, 4]: total harmonic distortion coefficient
(ktup), coefficient of deformation (kp), form
coefficient (ks and weighted harmonic voltage
factor (kpve).

In addition, the rms values of the stator
phase voltage (U) and of its first harmonic (U,) are
also evaluated.

The above coefficients are determined by
the formulae [5, 6]:
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b =k = (1)
THD l]1 HVF U1
k=Y k=Y 2
vl U,

All odd harmonics not multiple of 3 are
included in kyyr in (1).

It should be taken into account that for
induction motors, fed by sinusoidal voltage with
harmonic components, the standard determines the
ability for loading within the range from 1 to 0.7 of
the rated power with kyyr varying from 0.030 to
0.115 [7]. Implementation of static PWM converters
increases the steel losses by about 12% [5]. The
total increase in the motor losses is by another 3%,
0.5% of wich is in the stator coil, 2% in the rotor
coil and 0.5% are additional losses. This leads to a
decrease in efficiency of the general-purpose motors
by about 0.7% (95.3%-94.6%) at rated speed and
load for 3kHz modulation signal.

3. Mathematical analysis of modulated
periodic signals

The output voltage formed by the PWM is
given by [8, 9]:

u,=05mU, sin(at + y/)+ F(Ma)c + Na)). (3)

Here m is the index of modulation; ®=2xf is
the angular frequency of the modulated signal; v is
its phase angle; w~=2nf. is the carrier angular
frequency; Uy is the rectified voltage by the DC-link
unit and the residual function F(Mw,. +Nw) equals
the sum of all high-frequency harmonics.

Expression (3) contains harmonics that
depend on the carrier frequency. They are
concentrated around the multiples of M (both even
and odd) of the carrier frequency. As shown in
Table 1, the sum M+N is a positive odd integer.

The most commonly used techniques for
evaluating the measured signals include Fast
Fourier Transform (FFT) and specialized software.

Table 1. Harmonic spectrum
of sinusoidal PWM voltage

N(M) M
0Odd Even

M M 1 2

0 +1 lo, 20+l | ...
+2 +3 loA2m 20,30 | ...
+4 +5 lo, 4o 20,50 | ...
+6 +7 lo, +6® 20,70 | ...
+8 +9 lo, 8w 20, %0 | ...

4. Laboratory stand and research
methodology

Based on the analysis, a laboratory stand of
induction motor electric drive is developed. It
consists of a static AC to DC converter capable of
working as VFC and VVC, digital oscilloscope and
personal computer. The stand is shown in Fig. 1.
Here UR stands for uncontrolled rectifier and Cy for
DC-link capacitor. The rms value of the supply
voltage is U=220 V and the frequency is =50 Hz.

[ et PREET] . cunes 001 powerpis P T
Osciloscope e [ N DR LI sl oo i
Type: SE e I T
SIGLENT [ U0 S, =re
SHSS10 | | it |
.~ Format Fe——— B Vb Sblas ating
\ T T
U,f | el [ o I ; ise LTV Vierr |
ki atoi s _|
1 e
NN L T
220V UR | Cr Inverter (-
P ——
A% M
I o I Help

Fig. 1. Schematic of the laboratory stand

A full wave bridge rectifier and DC-link are
used. The power inverter operates with sinusoidal
PWM and carrier frequency f.=5(2.5) kHz. The DC
voltage maximum value is Vpc=2204/2V. The
induction motor model has the folowing rated
parameters: active power P=180W; speed
n=1366 rpm; line voltage V,=380 V; frequency
f=50 Hz; number of pole pairs z~=2;
efficiency =64 % and power factor cos¢=0.64.

The T-shaped equivalent circuit parameters
are: stator resistance R=55.8 Q; stator leakage
reactance L=0.089 H; rotor resistance R,=46.6 Q;
rotor leakage reactance L=0.157H and
magnetizing reactance L,,=1.367 H.

The FFT Analysis Tool from the
SimPowerSystems ToolBox in Simulink uses
Structure with Time format for the measured values
of the voltage V(t). The values are stored in the
Workspace. The discretization time t, is between
2us and 20us depending on the modulated signal
frequency. The induction motor operates at no-load.
The supply voltage is varied based on the V/f=const
control law for the VFC mode and V=var;
=50 Hz=const for the VVC mode. A Siglent 1810
digital oscilloscope with 2GB memory is used.

5. Results from the experimental analysis

Fig. 2 shows the induction motor phase
voltage at 30 Hz when supplied by VFC. The values
of the first 33 harmonics are also displayed as a
percentage of the first hamonic peak value (V).
Here V na=124.2 V and kruyp=91.22 %.
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Fundamental (30Hz) = 124.2, THD= 91.22%
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Fig. 2. VFC output voltage form and values of

the first 33 voltage harmonics at {.=2500 Hz,

f=30 Hz

The shape of the motor phase voltage at
50 Hz, minimum voltage amplitude V., = 27.83 V
and VVC converter mode is shown in Fig. 3. The
values of the first 20 harmonics expressed as a
percentage of the first harmonic peak value are also
displayed. Here kryp = 266.45%.

Fundamental (50Hz) = 27.83 , THD= 266.45%
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Fig. 3. VVC output voltage shape and values of the
first 20 voltage harmonics at f,.=2500 Hz, =50 Hz

The phase voltage harmonic spectrum at
30 Hz and VFC mode is shown in Fig. 4. The
analysis is carried out up to f,,,,=15 kHz. It can be
seen that that harmonics tend to group around the
multiples of M of the carrier frequency.

The phase voltage harmonic spectrum at
50 Hz, Vima= 27.92 V and VVC mode is shown in
Fig. 5. The analysis is also carried out up to
fuax=15 kHz. There is again grouping of harmonics
around the carrier frequency multiples of M.

To determine the quantitative indicators by
means of formulae (1) to (2), a set of experiments is
carried out. Six modulated frequencies (10, 20, 30,
40, 50 and 100 Hz) are analyzed for the VFC mode.
Tables 2 and 3 show the obtained results for the
harmonics spectrum indicators of the voltage when
the motor follows the V/f=const control law.

Five voltages (20, 48, 77, 106 and 133 V) at
=50 Hz and two carrier frequencies (2.5 kHz and

5 kHz) are analyzed for the VVC mode. Tables 4
and 5 show the obtained results for the harmonic
spectrum indicators of the voltage at no-load.

Fundamental (30Hz) = 124.4 , THD= 91.07%
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Fig. 4. VFC output voltage harmonic spectrum at
f.=2500 Hz, =30 Hz

Fundamental (50Hz) = 27.92 , THD= 265.90%
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Fig. 5. VVC output voltage harmonic spectrum
at f,=2500 Hz, =50 Hz

Table 2. VFC output voltage harmonic
spectrum indicators at £=2500 Hz, no-load

f u | U kg krip kg tie
[Hz] | [V] | [V] [us]
10 71 30 1.92 2.11 0.43 20
20 96 58 1.51 1.33 | 0.60
30 118 | 88 1.32 091 0.74
40 139 | 118 | 1.19 0.62 | 0.85
50 150 | 136 | 1.12 046 | 0.91
100 153 | 140 | 1.11 045 | 091

oo |o |0 |0

Table 3. VEC output voltage harmonic
spectrum indicators at £=5000 Hz, no-load

f 8] U, ke | krup | kg t
[Hz] | [V] [V] [ps ]
10 73 30 1.97 | 2.18 | 0.42 20
20 96 58 1.51 | 1.33 | 0.60 8
30 118 88 1.32 | 091 | 0.74 8
40 139 118 1.19 | 0.62 | 0.85 4
4
2

50 150 136 | 1.12 | 0.46 | 0.91
100 | 153 139 | 1.13 | 0.46 | 0.91
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Table 4. VVC output voltage harmonic
spectrum indicators at f=5000 Hz, no-load

f U U, ki | krup | ka te
[Hz] | [V] | [V] [ms]
50 57 20 2.08 | 2.66 | 0.35 4
50 87 48 1.62 | 1.50 | 0.55
50 112 77 1.44 | 1.05 | 0.69
50 133 106 1.25 | 0.74 | 0.80
50 148 133 1.18 | 0.49 | 0.90

BN BN N RS

Table 5. VVC output voltage harmonic
spectrum indicators at f=2500 Hz, no-load

f U U, ke | keap | ka te
[Hz] | [V] | [V] [ps ]
50 57 20 2.08 | 2.66 | 0.35 4
50 88 49 1.62 1.50 | 0.55
50 111 77 1.44 1.03 | 0.70
50 133 106 1.25 | 0.74 | 0.80
50 148 133 1.18 | 0.49 | 0.90

4
4
4
4

Tables 6 and 7 present the kyyr values,
calculated from the experimental data. The first
value takes into account all harmonics with
magnitude greater than 5% of the main harmonic.
The second value is obtained by (1). Table 6 is for
VFC at two carrier frequencies. Table 7 presents the
kpyr values for the VVC at one carrier frequency.

Table 6. Weighted kyvr coefficient
for the VFC converter

; f[Hz]
i) 10| 20 | 30 | 40 | 50 | 100
kHVF[%]
s | 49 [ 69 [ 54 [ 44 [ 37 [ sl
21850 100 | 85 | 64 | 80 | 7.6
s |43 [ 46 [43 [ 08 |25 | 31
159 74 | 61 | 45 | 41 | 53

Table 7. Weighted kyyr coefficient
for the VVC converter

. U, [V]
¢ 20 48 77 106 133
R T
kuve [7%0]
25 11.5 5.5 9.0 5.6 3.8
’ 17.1 17.5 12.3 8.5 5.8

6. Conclusion

This paper evaluates the supply voltage
quality and its impact on induction motors, fed by
static frequency and voltage converters using PWM.
A series of experiments are conducted on a
specially developed laboratory stand. The voltage
from the converters is examined by FFT-analyser in
SimPowerSystems Toolbox of Simulink.

Based on the results, it can be concluded,
that harmonics tend to group around the multiples

of M of the carrier frequency for both the VFC and
VVC mode. Despite shifting of the harmonics
towards high carrier frequencies, the weighted
harmonic voltage factor exceeds the limit, set by the
Standard IEC 60034-1. To improve the quality of
the supply voltage, sinusoidal filters can be
implemented on converters outputs.

The obtained results show that the total
harmonics distortion coefficient and the distortion
coefficient do not significantly vary with the carrier
frequency, but strongly depend on the voltage. The
values of kryp, however, are well above the limit,
recommended by the IEEE Std 519-1992.

The developed laboratory stand and the
experiments carried out can be used as a foundation
for future research of other types of modulation.
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INVESTIGATION OF ONE LOOP ELECTRIC CIRCUIT FOR
CONTROL OF FLASH LAMP

YANKA IVANOVA, SVETOSLAV IVANOV, ROSSEN BOJILOV

Abstract: This article provides a transient analysis in discharge flash lamp operated by
one-loop high-voltage electric circuit. Lamp is designed to emit a strong non- coherent
exciting radiation for management of Solid Nd: YAG, ruby, or Er: YAG lasers. It is
designed a scheme for impulse control of Xenon flash lamp. For simulation research in
program environment is proposed replacement scheme. The results of simulation studies

are presented.

Key words: impulse control, xenon gas discharge lamp, one-loop electric circuit

1. Introduction

Modern laser technology is a combination
of the physical principle of the laser, the selection of
suitable active environments in combination with
electrical and electronic devices for excitation of
these environments and receiving laser radiation.
Basic for practical applications in industry, science,
in medicine are lasers with condensed active
substances (liquid and solid), in particular solid-
state Nd: YAG, ruby, Er: YAG and the like lasers,
as well as its unique ability to adjustment dye lasers
and lasers with F - centers. The dye lasers in the
range of 0,57um to 0,62um are currently the main
tunable sources widely used in lidar technology for
remote monitoring of the composition and
atmospheric pollution. They also find important
applications in systems for the separation of
isotopes, as well as medical applications for the
treatment of serious illnesses. Typical of them is
that to obtain sufficient output power and energy
required highly specialized non - coherent - Lamp
excitation requiring very steep front of excitation
radiation (~us). Obtaining of such exciting
radiation massively available and widely used
discharge lamps is not easy technical task. This
requires discharge across the lamp to be induced by
a capacitor or a capacitor battery with a significant
capacity (~ wF) charged to a very high voltage
(~ 10kV). 1t is thus possible the formation of fast
rising edge (/ + 3us) pulse with a very high
intensity respectively received in a powerful pulse
of current through the lamp. The result is a sharp
increasing to several times of the output generated
power.

This  article presents a  practical
implementation of the scheme with a single loop

automatically  synchronized formation of a
discharge in discharge xenon flash lamp. Composed
is a model for transient analysis of the scheme and
engineering design of this type of driver circuits.

2. Driver management scheme for xenon
flash lamp

In common pulsed lasers, solid-state and the
dye lasers, the optical pumping is carried out with
flash lamps, [1] having infinitely large initial
resistance, and negative dynamic resistance. The
power of this type lamps usually consists of a
capacitor for accumulating energy and for the
discharge, the coil forming the pulse, high-voltage
DC power supply and the ignition circuit for the
ionization of the lamp. The length of the resulting
high-energy (~ 100 + 300 J) pulse with a steep edge
(~ 1 us) is determined by the type of the controlled
laser.

2.1. Principal scheme for control of flash

lamp

Principal electrical control circuit of flash
lamp is shown in Figure 1. In the researched circuit
is used a gas discharge flash lamp filled with xenon
at a relatively low gas pressure of a few thousand
Pascals. To provide the necessary electrical charge
in parallel to the power source is switched storage
capacitor C;. In order to trigger discharge between
electrodes by an additional ignition device
connected to the lamp is fed to pulse which ionizes
the gas in advance [2].

The resistance of the lamp decreases and
the accumulating capacitor C1 discharges through it
[3,4]. As a result of the discharge a powerful pulse
is emitted with duration determined by the

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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capacitance of the storage capacitor C; and the
inductance of the discharge circuit Z;.
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The electrical schematic diagram of an
ignition device includes the following elements: a
transformer 7, capacitor Cjs, a resistor R;, thyristor
D;, DC power source V; and a generator of control
pulses V,. The source of DC voltage V; = 400 V' is
charging capacitor C;. Upon receipt of a control
pulse from the control system thyristor D; turns ona
result of which the capacitor C; discharges through
the primary winding of the transformer. Thus arises
the initial ionization of the gas in the lamp and it is
ready to be incorporated into the basic power supply
from the capacitor C;, charged with a voltage V; =
S5kV. In the scheme in question generator pulses V;
generates pulses with T7L - levels. Duration of
generated pulse is 26us. The repetition period is
2ms, which duration corresponds to the frequency
500 Hz. Because the scheme under consideration
comprising a gas discharge flash lamp, the
inductance of the discharge circuit Z; and the
accumulation capacitor C; is one-loop, ignoring all
active losses, excluding the lamp the transients
processes can be described with the following
integro-differential equation:

di ; l ..
Ua(0)=L, " +KO\/Z+ajzudt, (1)

where:
ir; 1s the current in the lamp as a function of

time;

Uc,(0) is the voltage to which the capacitor C;
is charged in the initial moment ¢ = 0;

K is the impedance of the lamp, which depends
on the geometry of the lamp, as well as the gas
pressure in it.

2.2. Replacement circuit for simulation
research

For the study of transients the control
scheme of the flash lamp it is made a replacement
circuit for simulations in programming environment
NI Multisim. Constructed scheme is presented in
Figure 2. In the scheme the trigger device is
represented by the impulse generator V, and switch
S,.With the aim of producing a replacement circuit
diagram for carrying out simulation research a

theoretical analysis of voltamper characteristic of
the impulse control of a xenon discharge lamp is
done[5].

Uct

R1 L1
3000 20pH

bR

v4

c1
= @ov 5V

52 26usec 2msec
I [lav omv

Fig. 2. Substitution scheme for the study of
transients in the programming environment NI
Multisim

=
1

It is established that the variation of current as a
function of applied voltage on the lamp can be
experimentally received from the equivalent electric
circuit including a parallel combination of a
capacitor and an active resistance and inductance in
series included, figure 3. The active resistance R is
defined as the real part of the total resistance of the
lamp.

The established value of the current in the
switching power supply of the lamp has been
expressed by the inclusion of a consistent
inductance L.

During the arc discharge in the lamp
positive and negative electric charges are generated.
Their amount related to a the applied voltage on the
lamp determines the value of the capacity C in the
equivalent circuit of the lamp. This replacement
scheme can be used for a maximum duration of
control pulses 40us.

L
S VY,

—

C R

T

|

Fig.3. Equivalent substituting scheme of the
lamp

For the present research of transient
processes in one-loop power control scheme of the
flash lamp is sufficiently the lamp to be furnished
by the included resistor R, (Fig. 2)

It is known that the active resistance of the
lamp according to the duration of the control pulses
can be determined from the formula:

R,(7) :% 2)
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where: A is the cross-section of the lamp (cm?);

[ is length of the lamp (cm);

t is 1/3 of the pulse duration (ms);

p(t) is the impedance of the plasma (€.cm),
which depends on the impulse duration in time.

With R, is referred to the internal resistance
of the voltage source V;. Pulse duration of the
source V,, indispensable to ignite the lamp is 26us.
Key used (relay) S, is a controlled by voltage
switching level 4V, making it possible to control of
the circuitry of source signals with 77L levels.

3. Results

Simulation researches have been done in the
Multisim environment. The graph of change of a
current [;, through the flash lamp obtained by
simulation researches with the set values of the

passive components in the control circuit, is shown
in Figure 4. The current through the lamp is
variable, reaching a maximum value of 9564 for
7us. The change of the current represents a fading
transition process.

Figure 5 shows the shape of the voltage on
the capacitor C;, switched in parallel to the power
source Uc;. The supply voltage V; is 3SkV.
Figure 6 illustrates the transient process of charge
the capacitor C; with the high voltage of the power
source, after the excitation of the lamp.

From the graph of the transient processes in
the one-loop electric circuit it is established that the
process charge has a duration of 2ms, like this time
interval affixes restriction on the maximum
frequency of the control impulses.

Transient Analysis

1.25k
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Fig. 4. Graph of change of the current I, through the flash lamp
Transient Analysis
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k|
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= 2k
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Fig. 5. Graph of the voltage on the capacitor C,
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Transient Analysis
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Fig. 6. Graph of the transient process of charge the capacitor C;

4. Conclusion

This paper examines a classical solution for
impulse control of xenon lamp in programming
environment Multisim, as the results are
approaching with sufficient accuracy to practical
researches of the scheme. The substitution scheme
allows optimization of transient processes in the
flash lamp by changing the values of passive
elements included. The results of the simulation
researches allow the evaluation of energy and
frequency characteristics of the control circuit. The
substitution circuit assembly does not include the
excitation lamps of the lamp, such as the impulse
transformer, the thyristor and the passive elements.
This is not necessary because this schematic
solution is often applicable in practice, and ready
impulse transformers for different circuit solutions
are available on the market.
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ULTRASONIC SENSOR FOR MEASURING
WATER SPEED

SVETOSLAV IVANOV, YANKA IVANOVA, ROSSEN BOJILOV

Abstract: In the proposed article, an ultrasonic receiver and an ultrasonic transmitter are
designed and tested to measure the rate of water flow in a cylindrical tube. A device
running on time - impulse method of speed measurement, has been investigated. An
analysis of the frequency and selectivity of the receiver has been made. A methodology has
been developed to select the pulse frequency and the frequency of the low frequency
modulation signal. The proposed schematics of the transmitter and the receiver were

studied.

Key words: Ultrasonic flowmetering, signal processing, transit-time flowmeter

1. Introduction

The phenomena arising from ultrasound
propagation in a moving environment are used in
sensors to measure velocity and fluid flow. The
sound velocity ¢ which is a material property value
is the propagation velocity of a sound wave in a
medium. It changes with the density of the
measuring medium. Therefore it is temperature
dependent in liquids and pressure and temperature
dependent in gases [1, 2]. The time changes when
the sound carrier is also in motion, in fact, it is the
sum of the sound velocity in the measuring medium
and the measuring medium velocity. This effect is
utilized in an ultrasonic flowmeter. The advantages
of ultrasonic sensors are high performance,
allowing determining short-term speed fluctuations,
and lack of additional impedances along the way of
supplying the liquid with external placement of
transmitters and receivers of ultrasonic waves,
possibility of control of reversal streams. The
disadvantage that makes it difficult to use ultrasonic
sensors to measure velocity and cost is the
significant difference in ultrasound speed (1000-
2000m/s) and medium (1-10m/s). Differences in
velocity and flow rate sensors are based on
measuring the velocity of the ultrasound wave
going upstream and downstream. The main
attributes for which they are classified are: the
number of channels, the nature of the acoustic
channel, the location of the emitters and the
receivers, the mode of operation, the method of
processing the signals. According to the number of
channels, acoustic sensors can be single channel
(fig.1) and multichannel (fig. 2) [3].

Transducer B —,

Flanged [ .
End >

Flanged
“~ End

- %4— Transducer A -

Fig.1. One-channel ultrasonic sensor

According to the character of the acoustic channel,
the sensors are without refraction of the ultrasound
beam and by refraction by means of special
elements. In some ultrasonic sensors, the emitters
and receivers are located in the stream, and other
ultrasonic sensors are located outside the flow. The
acoustic channels of these sensors may be parallel
to each other but may also be crossed. Virtually all
ultrasonic sensors can operate in time-pulse,
frequency-pulse and phase mode [1].

§ B 5
&\\\\\\& =

Fig. 2. Two-channel ultrasonic sensor
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When working in time-impulse mode, the
principle of operation of ultrasonic sensors is based
on measuring the propagation time of the ultrasound
pulses along the flow and against the flow in the
pipe (fig. 1). The time for passing the ultrasound
pulse from the transmitter A to the receiver B is
given by the expression:

L
=
4 (C+V.cos€) M

The time for passing the ultrasound pulse from the
transmitter B to the receiver A is given by the
expression [4]:

L

t,, = ,
" (C=V.cosb) ?

where: C is the ultrasound rate in the water;

€@ is the angle of propagation of the
ultrasound to the pipe axis;

V' is the speed of the water;

L is the distance between the ultrasonic
transmitter and receiver (transducers 4 and B).
According to equations (1) and (2), since V' << C, it
can be shown that

_2.LV.cos®

c 3)

At=t, —t,

Therefore, the velocity of the fluid V' can be
determined by the formula:

C’ At
V=—"-—— (4)
2.L.cos@

The main disadvantage of this method of
determining the velocity of the fluid is the
discrepancy between the speed averaged in the
direction of ultrasound and the velocity averaged
over the cross section of the pipeline. It is possible
to introduce an empirical coefficient that allows
error exclusion at the expense of this factor only in
narrow range of medium viscosity variations as well
as a slight change in the number of Reynolds Re
[5]. Changing the speed of ultrasound in the
environment, for example, when changing the
temperature, also gives rise to a measurement error.

2. Transit Time Flow meter

The principle schematic of the speed sensor
is shown in fig. 3.

/ Transducer A
Fig. 3. Construction of the ultrasonic sensor

The velocity of the fluid as a consequence
of equation 4 can be determined by the formula:

_AT2L
cos@.(T, +T,,)

&)

The magnitude of the angle 6 can be
determined by the rectangular triangle formed by
the diameter of the tube D and the direction of the
sensors L.

. D . . D
0 = arcsin— =sin~ — (6)
L L

Therefore, the water velocity in the pipe /' can be
definitively determined by the equation:

- AT.2.L -

cos (sin"1 lz)(TAB +T,,)

When designing the ultrasonic sensor, it is
necessary to determine the length of the ultrasound
wave A which is distributed in the water as a
function of the selected frequency f by the formula:

A=— ®)

where: C is the velocity of the ultrasound wave in
the water [6].

The time for transmitting the ultrasound wave from
the emitter to the receiver at the distance labeled L
is determined by the formula:

t== )

The coefficient k£, which shows the relationship
between the distance L and the length of the
ultrasonic wave 4 can be determined by the formula:
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(10)

Therefore, the reference frequency with
which the radiated high frequency oscillations are
repeated is determined by the formula:

f,=L

11
3 (11)

With a pre-selected duty cycle of the
reference pulses D, the number of cycles containing
the ultrasound wave is determined by the formula:

Ncycle = f‘.—D
fz“ep

The duration of the packet of ultrasonic pulses has a
value that is determined by the formula:

(12)

N' J/
PW: cycle
f

The aim of the research is to design and test
an ultrasonic transmitter and an ultrasonic receiver
to measure the water velocity in a pipeline by the
direct measurement of the transition time. The
pipeline diameter D is /00mm and the distance
between the sensors L is /50mm. Schematics of the
designed and investigated ultrasonic receiver and
transmitter are shown in Figures 4 and 5.

(13)

2.1. Ultrasonic transmitter
The transmitter includes a rectangular pulse
generator with a frequency of /MHz, implemented
with a Schmitt trigger (DD U3A4), fig. 4. The Frep
repercussion pulses that determine the duration of

the broadcast packet of high frequency pulses are at
a frequency of /0 kHz with duty cycle D = 50%.
With the operational amplifier U2, the pulses are
amplified to an amplitude of /0V. For transmitters
and receivers, double ultrasonic receivers and
WCT75 - 1 transmitters can be used. Figure 5 shows
the high frequency pulses emitted by the emitter f,
modulated by the duration of the Frep reference
pulse. The duration of the PW packet is 50 us.

Figure 5a shows the packet of impulses
generated by the ultrasonic transmitter. The
duration of this packet is determined by the duration
of the reference pulse shown in figure 5b.

2.2. Ultrasonic Receiver

The scheme of the ultrasonic receiver is
shown in fig. 6. The generated signal from piezo
sensor U5 is amplified sequentially by two
operational amplifiers powered by a single-pole
voltage. The resistor divider R/, R3 creates the so-
called virtual zero without changing the amplitude
of the input signal. In this case, a virtual zero value
equal to 72 of the supply voltage for the operational
amplifiers is selected. The scheme is designed to
amplify frequencies /MHz. With the D2 diode and
with the capacitor C5 an amplitude detector is
realized for the received high frequency pulses. The
voltage at the detector output goes to the input of
the analog comparator with a digital output U3A.

With the logic elements U7C and U6B a R-S
trigger is realized. When the impulse with response
frequency F,, reaches, after logging in. ,,1” at the
output of the comparator, the digital output of the
trigger RX1 detects a registered ultrasonic signal
from the receiver. Figure 7a shows a graph of the
output voltage of the detector when receiving the
ultrasonic signal with frequency /MH:z.

Frep

. V2

UIA 5VT | w
U3A D, n g (1"2
5> 74HCO8N_4v R4 1 |
Vv ' 8.2pF

74HC14N_4V 10.0kQ 17| OPAG640H ?011{9 U4
C1 —
530pF

)

Fig. 4. Scheme of the ultrasonic transmitter
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Transient Analysis
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Fig. 5. Graphs of the generated high frequency ultrasound pulses (a) and the reference pulse defining the

duration of radiation (b).
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Fig. 6. Scheme of the ultrasonic receiver

R10
10kQ

In Fig. 7b shows the reference frequency pulses F,., that start the emission of ultrasound pulses from
the transmitter, as well as inputs to the logic element of the receiver U44, which allows switching of the
trigger to the output of the receiver.
In Fig. 7c shows the graph of the output impulses of the receiver RXI, which allow for the
calculation of the delay time 743.
These calculations can be made from a microprocessor control system. Another fundamental task of
the ultrasound sensor management system is to generate pulses with the reference frequency determining the
start and end of the ultrasound pulses.
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Transient Analysis
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Fig. 7. Graphics of the amplitude detector output signals (a), the reference pulses entering the
receiver (b) and the output pulses of the receiver (c).

3. Results and discussion

The ultrasonic receiver is designed to
receive [IMHz signals. Figure 8 shows the
amplitude-frequency characteristic of the analogue
part of the receiver. Research has been done in
“Multisim” software. The gain coefficient for the

received signal frequency is 5/ (34dB) and is kept
almost constant for frequencies up to 9 MHz.

Analog amplifiers are designed to amplify
high-frequency signals, with low frequency
capability being achieved by the transfer capacitors
at their inputs.

% 100.00 (1.0045M, 34.2107dB)
= 400 \
5 -20.00 / :
10.00k 1.00M 9.00M
Frequency (Hz)

e Rasut
| =

Fig. 8. Amplitude-frequency characteristic of the ultrasonic receiver.

Noise Spectral Density Curves - (V"2 or A"2)/Hz
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Fig. 9. Graphs of the spectral density of the
after amplification of the signal

noise input at the input of the amplifier and the output
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It is made a study of the spectral density of
the noise generated by the elements in the amplifier
of the ultrasound receiver (fig. 9). The sources of
this noise are: heat noise, contact noise, lungs
(Schottky noise) and pulse noise. The graph shows
that the input noise at / MHz has a value 4.0
V/Hz, and after signal gain there is value .70
V’/Hz.

Therefore, the analog amplifier -circuit
suppresses signals with a frequency lower than
IMH?z. With the arrival of each reference impulse at
the input of the ultrasonic receiver the output signal

of the R—S trigger is reset and it is prepared to
read the delay time of the ultrasound signal passing
through the water 7 43.

4. Conclusion

The selected mode for measuring the water
velocity in a pipeline is the time - impulse method.
This method allows measurement of the velocity of
fluids in tubes up to 6m in diameter. Designed are
ultrasound transmitter and receiver models with
good resistance to low frequency sound
signals.Generation of high frequency pulses and
reference frequency is realized with the appropriate
choice of microprocessor control system. The
microprocessor control system can determine the
water velocity in the pipeline by solving equation
(5).

Schematics of receivers and transmitters
need to be connected to both piezoelectric
converters (transducers), 4 and B, figure 3.
Accordingly, the emission sequence of the
ultrasound pulses must be against the direction of
fluid movement to determine the time 75, and in the
direction of movement of the fluid 7,3
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BUPTYAJIEH UHCTPYMEHT 3A U3ZMEPBAHE
N OBPABOTKA HA JAHHMU OT IPEKH
MHOI'OKPATHHU U3MEPBAHUA

BAHS PAHT'EJIOBA, BEHIIECJIAB IIEEB, HUKOJIAM [TAYHKOB

Pe3iomeB paboraTa ce mpejacTaBs pa3paOOTeH BHPTYyalHHs MHCTPYMEHT 3a U3MEPBaHE U
00paboTKa Ha MHOTOKPaTHH W3MEPBaHMS B pealHoO BpeMe. KaTo M3TOYHHK Ha peaHus
CHTHAJI ce M3noyi3Ba (DYHKIMOHAJEH aHAJOroB I'eHEpaTop, CHCTeMaTa 3a ChOMpaHe Ha
maran e AT - EMANT 300. Ha npexnuns nanen Ha BUPTyalTHISI HHCTPYMEHT MOTaT Jia ce
BUJIAT BCUYKH ITapaMeTpH, CBbP3aHH ¢ n3MepBaHeTo. ChIO Taka XHCTOTpaMaTa, peagHOTO
HaOJII0/ICHUE HA U3MEPEHHUs CUTHAJI, KOMIIOHEHTHUTE Ha HEONPEIeJIEHOCTTa U JIPYTH.

KonrodoBu aymm: usnonsea ce omuoso cmuna Abstract, ne ce ocmagam npasHiu pedose
npedu uau cied napazpagume

VIRTUAL MEASUREMENT TOOL AND DATA
PROCESSING OF DIRECT REPEATED
MEASUREMENTS

VANIA RANGELOVA, VENCESLAV PEEV, NIKOLAI PAUNKOV

Abstract: This work presents the development of the virtual instrument for measuring and
processing of multiple measurements in real time.As a source of the real signal is used
Sfunctional analog generator, the data acquisition system is EMANT 300.0n the front panel
of the virtual instrumentcan be seen all parameters related to measurement. Also the
hystogram, the real monitoring of the measured signal,uncertainty components and others.

Key words:virtual instrument. repeated measurements, statistics, uncertainty, LabView

1. BLBeaenue

Heompenenenoct  Ha  u3MepBaHe ¢
napameTsp [1], cBbp3aH ¢ pe3yaTaTa OT H3MEpBaHE,
KOHTO XapakTepu3upa JUCTIEpCUSITA Ha
CTOWHOCTUTE, KOUTO MOTAaT Ja ObJaT MPUIHCAHU Ha
n3MepBaHara BCJIMYHUHA. BI/IHaFI/I, Koraro €
BB3MOXKHO CE€  TMPEANOYUTAT MHOTOKPATHHUTE
M3MEpBaHUs TMpel €IHOKPATHOTO, CHOTBETHO U
JOCTOBEpHOCTTAa HA OIIGHKara € 1o TomsiMa. B
Hamata pa3paboTka € CB3IaJIeH BHPTYyalleH
WHCTPYMEHT 3a H3MEpPBaHE B pEaTHO BpeMe U
00paboTka Ha JaHHUTE B peajHo. 3a O0CKT € B3eT
CUTrHaJI OT q)YHK]_II/IOHaJIeH reaeparop, 4YHUATO
YeCTOTa Ha CUTHAJIA 111 CE M3MEePBa MHOT'OKPATHO.

2. CbIIHOCT HA U3MepBaTeJHATA 3a/1a4a.

Ja ce wmwi3mepn 100 mhTH decToTa  Ha
HUCKOYECTOTEH CHTHAJI 3a/1aJIcHa ¢ ()yHKI[MOHAJICH

reaeparop tun JUPITERS500, f=100Hz , xaro ce
HampapsT MHOTOKpaTHM HaOmoneHus. Bpeme 3a
M3MepBaHe Ha BCEKU euH pe3yinraT 10 cekyHau.

2.1. ChceTaBsiHe HA cienu(puKanus HA
HU3MepBaHeTo.

-Ananuz Ha  ycnoeusama Ha  u3mepeame-
U3MEPBAHETO C€ M3BBPIIBA B JIAOOPATOPHU YCIIOBUS
IIpU TeMIepaTypa Ha okojHarta cpega +35,0 C

- Ananus na cxemama na usmepeane -BpemMe Ha
[IUKBJIA 32 U3MEPBaHE C BUPTyalmHus ypen — 10 s

-Ananuz na mexnuyecKume XapaKmepucmuKu na
AIlIl -- paGoOTHW YCIOBUS Ha W3MOJ3BAaHE  —
TeMneparypa Ha okonmHata cpega ot 0'C no 50°C
80% R.H, oTHOCUTenHa rpelllka Ha H3MEpBaHaTa
4eCTOTa Ha TPUBI'BJIHU CUTHAIH O [ .

Copyright © 2017 by Technical University of Sofia, Plovdiv branch, Bulgaria
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2.2. ChcTaBsiHE  Ha
Bpb3KaTa.

YPAaBHEHHETO  Ha

f=f+f,+ef.

Kpaero:

J - HemonpaBeHWs pe3y/ITaT OT H3MEPBAHETO.

Cﬁe - [TI0IIpaBKa 3a KBMCHCHUETO HAa 4E€CTOTAaTAa HA

OIIOPHUA I'CHECPATOP OT IIPOMSIHA HA
TeMIICpaTypara Ha OKOJIHaTa Cpeaa.

ng - IOIIpaBKa 3a rpelikaTa OT KBAHTYyBaHC-

METONYHA.

H3karouBaHe Ha rpyOuTe IPeIIKH.

[Mopanu ecTecTBOTO Ha EKCIIEPUMEHTA, € SICHO,
4ye Ou TpsiOBajIoO Ja HsIMa rPyOu rPEIIKU, HO C OTJIe]
Ccra3BaHe Ha MeETOJUKaTa C€ TMpaBH U TakKaBa
mpoBepka.l3non3Ba ce CTAaTUCTHYECKHS IaKeT
SPSS CreqBbpBEXIaHE Ha  MHOTOKPaTHHUTE
W3MEpBaHWs W TOCJenBalla  CTaTUCTHYECKa
00paboTka Ha W3MEPEHWTE JAHHU C€ IOJTydyaBat
CJIGTHUTE CTOMHOCTH 33 CPEAHOAPUTMETHYHOTO Ha

u3BajKaTa oT 100 HaOIIOeHUSA f u

CPCAHOKBAAPATUYIHO OTKJIIOHCHUC S(f ) .
100

1
N= 100 f= —Z = 106.055
4 100 — I
IIpu N >30, CPEIHOKBAAPATUYHOTO OTKIOHEHUE
Ha pe3yJiTaTa ce U34yHcisBa 1o Gopmyiara:

— z
100, 3
SUJ _ [:1[fl-_f ] _
100
[IpoBepka Ha BUAa Ha pa3NpeAeICHUETO CE
npaBu ¢ nporpamarta SPSS. 3a menra ce BbBexAaT

0,0055

N3MEPCHUTE CTOMHOCTH u ce IMOCTpOsABa
XUCTOI'paMaTa JaJaAcHa Ha ®@ur. 1.
10— — —
; &7 Z
:—/
e an = 106,0557
St Dev. = 005191
M= 100
o

T
105,00 105,02 106,00 105,05 105,05 108,10 105,12
fRHZ

@Due. 1 Xucmoepama na pezynmamume.

Or  cdurypa 1 ce  BWXKAA, Y€
pasmnpeesieHneTo Ha M3MepBaHaTa BEJIMYMHA HE €
HopmanHo ( [aycoBo ).3aToBa, ce wu3moi3Ba
kpumepusa na Hpeun. Crex 1poBepka Ha
KPUTEpHUs, CE YCTAaHOBU, Y€ HSIMA I'pyOH TpELIKH.
3amoTo 3a BCIAKO M, HOJIy4yaBame, M, < 1
tabmmuHo=1,0 3a 100 m3MmMepBaHWs W HHUBO Ha
noctoBepHocT p = 0,95, kbAETO

_ (fz - fi—l)
")

3. IIpersea u o0chKRIaAHE HA CHCTABSALIMTE
HA HeoIlpeeJIeHOCTTA.

Heompenenenoctra Ha  pesyiarara OT
M3MEPBAHETO ChIbPIKA JIBE TPYITH CHCTABKH.

1.Heonpenenenocr, MoJy4YeHa ypes
OIICHABaHE THIT A, TIOCPEICTBOM CTAaTHCTHYECKa
00paboTka Ha pe3yNTaTUTe OT m3MepBaHETo. KbM
Ta3d rpynma ce OTHAcs  HEeOomNpeleleHOCTTa
XapakTepH3Hpala pa3ceiBaHeToO Ha PE3yJITATUTE OT
MHOTOKPaTHU HAOIOICHUSI.

2. HeompeneneHoct moiy4deHa Bb3 OCHOBA
Ha anpuopHarta nH(GOpPMAIUs 32 U3MEPBAHETO, Upe3
OIleHsIBaHUs THII b.

KbMm Ta3u rpymna ce OTHACHT:
HEOTIPEIeIICHOCTTa, CBBhp3aHa ¢ m30opa Ha Opos
OTUYCTHU OT TNpeaHus Mma"Heji Ha BUPTyaJlHUA
WHCTPYMEHT, HEOIIPE/IeTICHOCT, CBBbpP3aHa C
rpemkata oT  HenumHeWHocT Ha Al m
HEONPEACTICHOCT, CBbpP3aHa C W3MEHEHUETO Ha
yecrorara Ha omnopHusi rerepatrop B AIlIl or
MpoMsIHA Ha TeMIIepaTypara Ha OKOJIHATa CpeJia.

3.1.JlokyMeHTHpAaHe U U3YHUCISIBaHe Ha

ChCTABJISIBAILITE HA HEONpe/ie/IeHOCTTA.

U;-neonpedenenocm, CBbp3aHa ¢
pasceiiBaHETO Ha pEe3yJITaTUTE OT MHOTOKPATHHTE
Haomoaenus ( OuensiBane Tunm A ).IIpu N>100
MOJKE J1a Ce TIPUEMeE, Je:

u; =S (f) =0,0055 Hz

U,- Heonpedenenocm, cBbp3aHa ¢ u3dopa
Ha Opos otuetm Ny, OT TpEIHUS IaHel Ha
BupTyanHus wHCTpyMeHT ( OnensBane tun b ).
W3uucnaBa ce upe3 wu3pasa 3a abconroTHa
rpeniKa:Tpeka ot auckperu3anus. CTOWHOCTTa Ha
roJleMHHAaTa Ha KBaHTa Ha TmpeobOpa3yBaHe ce
ompezens OT W3MEpeHaTa 4YecToTa pasfefieHa Ha
Oposi Ha U30PaHUTE OTYETH:

_ f 100 _
17N 100
1
1 — 057702

TV V3

g € TOJICMHUHATAa Ha KBAHTA Ha npeo6pa3yBaHeTo.
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Us;- neonpedenenocm cebp3aHa ¢ CBbp3aHa
¢ rpemkara ot HenuHedHnoct Ha AL 'panurure
Ha a0CoNIOTHATa TpeIlka OT HENIMHEWHOCT  He
HaaxBbpasaT 10ppm[4], Torama IpU  MPUETO
HPaBOBI'BIHO pa3NpeiesieHue e Ob/ie paBeH Ha:

q 10.10°® .
0= —==——=—=0,577.10"" Hz
43 43
Ug-neonpeodenenocm, CBbp3aHa C

HeCTaOMJIIHOCTTA HA 4YECTOTaTa Ha  ONOPHUS
regepatop B ALIl.I'panunure Ha abcomroTHaTa
rpenika He HaaXBepiAT 122 ppm [4], ToraBa mpu
IOPUETO MPaBOBI'BIHO paslpeneieHne e Obae
paBeH Ha:

WzuucnsBane Ha KOMOHWHHpaHaTa
CpeIHOKBaIpaTHYHa U pa3lIpeHa HEOMpeeeHOCT
Ha pesynraTa oT usmepsaneto Uc:

. u? +ul+ui +u = 0,577

I[Ipu wuBOo Ha moctoBepHOocT p = 0,95,
KOCQHIMEHTHT HA TPUIOKpUBAHE K € 2 W
pasimpeHara Heolpe/IeIeHOCT € PaBHA Ha:

U=ku,=2.0577=1,15Hz k=2

O0001menue Ha OroJuKeTa Ha

q 12210~ % HeorpeneneHocTTa [2] e ganeH B Taoum. 1.
aJ = = = =0,71.10"*Hz
43 43
Taonuya 1.bo0dxcem na neonpedenrenocmma
Cecra- | Tun | Tun bpon Koedpunuent | CroiiHoct Ha
BJIsIBA- | OLIEHS | paslpeee- W3MEPBAHUSA Ha ChCTaBJISIBAINATA HA
ma i -BaHE | HUE N pasnpenene- HEONPEAEIICHOCTTa
Hueto b u, Hz
U A [IpaBOBI'bIHO 100 - 0,005
1
U, b [TpaBOBI'BIHO - 0,6 0,577
Uy b [IpaBOBIBIHO - 0,6 0,577.107¢%
u
4 b5 | Mpasosrsamo - 0,6 0,71.107*
4. Pa3pa6oTBane HA BUPTYAaJIeH oT4yeTH,3aaicHus  Opoil  Ha  MHOTOKPAaTHOTO
HHCTPYMEHT 3a MHOTOKPATHH W3MepBaHe Ha YecToTaTa Ha CUTHAJA,MHMKATOp 32
H3MEepPBaHUsI. HOMEpa Ha TEKyIlla M3MEPBaHa YeCTOTA,MHAUKATOP

C rTaka HampaBeHaTa IIOCTAaHOBKAa C€
pa3paboTu W BHUPTYyaJeH WHCTPYMEHT, KOUTO ja
peanusnpa 1Mo TopHaTa Mporeaypa aBTOMaTH3HPAHO
U KOHTPOJIUPYEMO. Karo ananoro-umdpos
npeoOpa3yBaresn ce H3MoJ3Ba cucrteMa 3a
crOupane Ha manam ALl — EMANT 300 [3] u
MepCcoHaNieH KOMITIOTBPCHC 3apefieHa IMporpaMHa
cpena LabView8.5.

Ha npennust manen Ha pa3paboTeHUs
BUpPTyaJieH WHCTpyMeHTIokazaH Ha @ur. 2, ca
BKJIIOUCHH CIIEAHUTE BBH3MOKHOCTH: HabOmroneHme
Ha BXOJHHA HU3MCPBATCJIICH CHUI'HAJ, un(prBa
WH/IMKAIUA Ha M3MepeHaTa 4ecToTa,03HayeHHe Ha
KOU BXOJIHU MOPTOBE € CUTHaja,uHauKanus Ha ID,
BpeMe Ja u3MepBaHe,3a1aeHust Opoil Ha HUppoBH

Ha oOwwMs Opoil HM3MEpEeHH YEeCTOTHUH,M3MEpPEHaHa

cpeHa  CTOMHOCT Ha  4YecToTaTa,u3MepeHara
CpEHOKBaIpaTU4YHAa CTOMHOCT Ha HW3BaJKara,
XUCTOIpaMa Ha MHOIOKpPaTHHUTE H3MEpBaHMS,

YETUPUTE BUAOBE ChCTABKH Ha HEOIIPEIECICHOCTUTE
51 TEXHUTE CTOMHOCTH, pasumpenara
HEOIPeIeICHOCT, KPaHHUAT pe3yiTarT.

Ha ¢ur. 2 e mokazaH enuH pe3yirar OT
HaIlpaBeHUTE EKCIIEPUMEHTH. A MMEHHO, KaKTO ce

BM)KJ1a TOBa ca CICOHUTE CTOMHOCTH Ha

npocnensBanuTe mnapamerpu :Cmoitnocmma Ha

uecmoma

uzmepenama f average

91,661 Hz.,cmoiinocmma Ha cpeoHo K6. OMKJ1 A} f
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5. 3akarouenue

Pesysarature oT NmpoBeACHH HM3MEpPBaHUATA
HUKOTa HE ca a0CONITHO €IHAaKBU u 0e3
KoJIeOaHHMsI, 3al[0TO 3aBUCH C KOJIKO UyBCTBUTEIICH
ypel Ie Ce MPOBeIe SKCIEPUMEHTa W MPH KaKBU
yCIIOBUS, a ChUI0O M OT  H3IMOJI3BaHaTa
u3MepBaTeIHaTa TEXHUKA. Eto 3a110
,,HEOIPEIeIeHOCTTa Ha HM3MepBaHUATa € YacT OT
pesynrara Ha W3MepBaHeTo. T ¢ HeoOXomuma Hu
AonpurHacd 3a YCTAHOBSIBAHC Ha MPCHHU3HOCTTA B
M3pa3sBaHETO Ha  W3MepeHaTa  BeIIMYHHA.
Heomnpenenenocrra Ha u3MepBaHETO TpsiOBa 1a €
M3BECTHA 3a BCSAKO M3MepBaHe. Bceku pesysrar ot
W3MEPBaHE € U3BECTEH CaMO B IPAHUIIMTE HAa CBOSTA
HEOIIPEJIeIICHOCT. BI0JKEThT Ha HEOIPEeIeIICHOCTTa
006001IeHO TIpeICcTaBs OIICHSIBAHETO Ha
ChCTaBSIIUTE HAa HEONPEJCIICHOCTTa Ha pe3yJsrara
OT W3MEpBaHETO. BIOJKETHT BKJIOYBA CIUCHK Ha
BCUYKH W3TOYHUITN Ha HEOTIpe/IeTICHOCT,

CBBbp3aHaTa c TSIX CPEHOKBAIpaTUYHA
HEOMpEACTICHOCT M METOAWTE 3a  HEWHOTO
oleHsBaHe. M3X0kKTallkm OT Ka3aHOTO JO TYK,
pa3paboTKaTa MOXeE Jla Ce H3IMOJ3Ba HABCIKBIE,
KBJIETO UMa MOTPEeOHOCT OT TakaBa 00paboTKa Ha
pe3yJITaTy, a ChII0 U OT CTYACHTUTE KaTO 0000IIeH
npuMep Ha MCTOAWKATAa II0 H3pa3siBaHC Ha
HEONpEJEICHOCTTa Ha  M3MepBaHMATAa.  Tasm
METO/MKa 3a 3a/aBaHe Ha HEONpeAe]IeHOCTTa Ha
U3MEPBAHETO C€ M3MCKBA B MHOTO CTpaHH H €
3a0BJDKATETICH  €JIEMEHT OT JOKYMEHTHTEe 3a
cepTudUKaLUs HA 1aCHO U3CTHE.
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HIGH SENSITIVE LONG DISTANCE SCANNING
FIBER-OPTICS LASER SENSOR SYSTEM

MARGARITA DENEVA, MARIN NENCHEV

Abstract: The principle of the proposal is to use laser with long (25 m and more)
resonator, composed by series of short free space parts, coupled by long optical fibers. We
combine the laser with such resonator construction with spectral characteristics of the
generation, which are appropriate for intra-cavity laser spectroscopy registration of
expected atoms and molecules (including atmospheric non-desired pollutions — SO,, NO,,
Na etc.). The registration on the base of the intra-cavity laser spectroscopy (ILS) method
makes the laser developed extremely sensitive for atoms or molecules presence in the
investigated spaces of the resonator free-space region, in principle down to single atoms.
The laser spectral control includes also original solution for producing suitable controlled
multi-bands spectrum for simultaneous monitoring in different spectral bands. The laser
system proposed is very convenient for controlling the air purity in number of rooms in
given laboratory, enterprises, where the presences of the non-desired pollutants are
expected. We treat theoretically the system action and present the experimental laboratory
test on the example of registration of Sodium atoms presence in the air.

Key words: intra-cavity spectroscopy, special laser system, long resonator, multi
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registration parts, theoretical treatment, experiment with Sodium atoms

1. Introduction

Specialized laser systems are established at
present as important tools for distant monitoring of
air pollutions, in ecology, in industrial enterprises
producing different type chemical materials, in
military production, etc. [e.g. 1-4]. Here we propose
high-sensitive long-distance scanning fiber optics
laser sensor system for such ecological control,
especially for monitoring of close working places
(number of separated rooms). The principle of the
proposal is to use laser with long (50 m and more)
resonator, composed by series of short free space
parts in each monitored place (room), coupled by
long optical fibers and combined by the laser with
such resonator construction with  spectral
characteristics of the generation that are appropriate
for intra-cavity laser spectroscopy registration of
expected atoms and molecules (including
atmospheric non-desired pollutions — SO,, NO,, Na,
etc.). The registration on the base of the intra-cavity
laser spectroscopy method makes the laser
developed extremely sensitive for atoms or
molecules presence in investigated free-space
resonator region, in principle down to single atoms.
Except the cheapest engineering realization, the
important advantage is the completely elimination
of possibility for spark formation that is of essential

importance for the military production specialized
enterprises. We present also the experimental
laboratory test of developed such system by
registration of Sodium atoms presence in the air in
different places.

2. Details of the principle of the proposed
system

2.1. General description

The laser source, which is suitable for intra-
cavity spectroscopy, 1is with homogeneously
broadened amplification and with controlled wide-
band generation. As an additional advantage in our
case, the spectrum is tunable in the laser gain. The
general condition for application of the laser source
in intra-cavity laser spectroscopy is that the spectral
band of the emission must be smooth, structure-less.
The principle of the extremely high sensitive intra-
cavity registration consists in this that the spectral
absorption lines of the investigated atoms or
molecules presented in the laser cavity make holes
in the smooth laser spectrum.

The drastically increasing of the sensitivity
in comparison with this one in the case of the extra-
cavity registration is result of strong competition
between the generation at different lines in the wide
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spectrum in the homogeneous broadened active
laser medium [5,6]. The introduction of smallest
losses for one line leads to strong decreasing or
suppressing of the lasing at this line. The additional
important factor to increase the competition and
respectively - the sensibility is to use temporally
long generation — long pump pulses (flashlamp-
pumping with long exciting pulses or cw diode
pumping) or cw operation. The condition to be
avoided the typical structure in the wide-band laser
spectrum is that in the resonator are precluded any
parallel reflective surfaces (including low
reflection), forming the resonance structure of
Fabry-Perot type. As very convenient laser for intra-
cavity laser spectroscopy, which is applied here,
following our earlier work [7], is a waveguide type
laser that naturally enables to exclude the parallel
surfaces into the cavity and to obtain smooth
spectrum.

The schematic of the system proposed,
taking into account the given general description, is
presented in Fig.1.

Fig. 1. The schematic of the proposed system

In the proposed system, the laser is
composed by a capillary-tubular cuvette filled with
liquid active medium (WAM) or other type
waveguide realization active medium; pump source,
and the special resonator. In one side of the WAM
the resonator reflector is formed by output coupling
using wedged mirror OM (R= 0.96), spectral
selective and tuned Interference Wedge IW [8] and
focusing lens L,. The last transforms the emitted
light from the output of the waveguide AM. In the
other side, the resonator reflector is formed by
series, numbered with 7, (i = 1,2,3,4), of boxes for
registration BR; connected via long optical fibers
(OF;) that are coupled each other with the
corresponding lens (L; ; all lenses in the system are

AR coated ) and at the end of fiber OF, with retro-
reflected output by the end-concave mirror CM. The
each box is disposed in the corresponding room —

Room;. The registration subsystem RS consists of
spectrum analyzer, which in one variant is based on
diffraction grating DR in near grazing incident
angle, where the resolution is highest, and
photograph-plate R with corresponding construction
arrangement (first inset in Fig.1, details are not
shown) or realized on the base of CCD matrix. In
equal manner, the spectrum can be registered after
expanding telescope (Lti-Lt;) and using convenient
Interference Wedge IW, [8, 9] second inset in Fig.1.
Below, as a point of the presentation, we give
general detailed description of the characteristics of
the system, which leads to the reality of its expected
advantageous practical functioning.

The laser is the waveguide flashlamp
pumped dye laser (in other realization can also be
suitable spectrally semiconductor laser and
flashlamp pumped Ti:Sapphire laser). The dye
active solution — 3.10” mol/l Rh6G in ethanol,
flows through the cell that is cylindrical glass
capillary-tube with internal diameter of 1 mm,
external diameter of 10 mm and length of 100 mm.
The pumping is by flashlamp in elliptical type
reflector thus assuring the exciting pump energy of
10J in 15 pus pulse (rise front 2 us, plato 4 us and
fall front 7 ps - at half maximum). The focal length
of the lens L, 1s 10 cm and for the lens L, it is 5 cm,
respectively; the radius of end-concave mirror CM
is 5 cm and its reflectivity is 99 %. The IW; and
IW, are composed by dielectric layers and both are
with thickness of 3 um, wedge angle 5x10” rad and
reflectivity of the composed mirrors for IW; — 0.8
and for IW, - 0.3. The mechanical construction of
each box (20x20x25 cm) contains a door that can
assure its prevention of the registration, i.e. the
corresponding room to be out of control. The aim of
such isolation is to assure possibility to monitor
each room separately. The total length of the high
quality connected optical fiber is with f = 7 dB/km
(multimode, 125/250 um) and the total length of the
fibers is 15 m. Accepting that the loss of any
connection (by lenses L;) is (0.2-0.3) dB, the ratio
(returned power/incident power) for total fiber
system can be evaluated to be of order of (0.55 —
0.6), or the fiber part can be accepted as equivalent
mirror with reflection of ~0.6.

2.2. Theoretical description of the system
action.

A discussion of the strongly increased
sensitivity obtained by applying intra-cavity
spectroscopy technique will be presented.

In the consideration we will use the values of
laser system discussed in the previous point. The
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differential rate equations system [5], adapted for
description of the case under investigation described
Rh6G dye solution and pumping with the system
parameters described above, is:

dN, N,
— = =R (t)— B g |-N—-——%
7 p (1) (211 i ql] .
Qi _yypgny -9
dt Te;

with P (0)=(y1-¢c/2L")-hv-q;()

Here q; are the generated photon number for the
corresponding wavelength in the considered laser
spectrum; p ti is the corresponding output power,

which integration in the time (from 0 to the length
pulse) gives the output energy. In the systems, with

N, is noted the population of the upper laser level
per unit in the WAM. The
B; = (aé -l-c)/(Va -L') [s'], where O'é is the
emission cross-sections for the given wavelength in

volume term

the laser spectrum; V, is the working volume

(0.05 cm’); ¢ = 3x10" cm/s is the light velocity;
L'=L+(n-1)-1 - the optical length of resonator,

where /=10 cm is the length of the active medium,
n is the refractive index and L is 25 m. The time
term 7 of 3 ns is the lifetime of the upper laser
level for the Rh6G WAM. The dumping time of a

photon in the resonator is 7= = L'/ (c- 7/1-), where
1

7; [5] describes the loss into the resonator for the

wavelength in the considered laser gain spectrum
(depending on the reflectivity of the combined end
resonator mirror OM, IW; and Lo). The system was
solved numerically by Runge-Kutta-4 method.
From the solution we obtain g;(t) and the

respective output power for each wavelength in the
spectrum; y; characterises the output of the laser

resonator. The calculations are prepared for the
spectral range (588 — 591) nm, in which the Sodium
D-lines are also comprised.

In the example considered we will compare
the extra-cavity and intra-cavity registration of
presence of Sodium vapors outside and inside of the
described special resonator. We will study the
behavior of the formed by the Sodium atoms
absorption holes in the spectrum at the Sodium D-
lines (doublet D, =589.0 nm and D;=589.6 nm).
Let’s we accept that the same volume of Sodium
atoms with the same concentration and length —
path of the laser beam through the volumes, is
disposed one time outside the resonator and after
this - inside the resonator. Let’s the Sodium atom

concentration provides absorption losses for single
pass at D, line of 1% (respectively — 0.5 % for D,
line). Using the given above differential equation
system, we obtain the spectra of laser light for the
two cases.

For the extra-resonator case (simple
passage) we obtain practically non-observable (or
specially detected holes due to of 1 and 0.5 %
absorptions at the lines). The calculated output laser
spectrum for this case is shown in Fig.2, in the inset
the formed hole by the absorption at D, line in
expanded scale is given.

2.5E-03 1.2€-04 -
2.0E-03 [ N T, S / ......
i 1.0E-04 d
-
9.0E-05
8.0E-05 /

0.0E+00 S 7.08-05
587.5 588.0 588.5 589.0 589.5 590.0 590.5  588.96 589.01  589.06

A, nm

Fig.2. The calculated output laser spectrum for the
case of registration by single passage through the
Sodium D-lines. In the inset is shown the formed
hole by the absorption at D; - line (the figure is
expanded).

The calculations for the intra-cavity case of
emission spectrum with the same volume of Sodium
atoms, gives the picture, shown in Fig.3. The
drastically increasing of the holes at the D-
absorption lines can be seen. This confirms our
expectations for the possibility for high sensitive
registration of desired atoms presence by
application of the proposed laser system and for
monitoring of such presence in few rooms.

Bout T
2.56-03

out»

5.0E-04 -

0.0E+00 J\

587.5 588.0 5885 589.0 589.5 590.0 590.5 591.0

A, nm

Fig.3. The calculated output laser spectrum for the
case of intra-cavity registration by single passage
through the Sodium D-lines.

Let us evaluate the concentration of the
Sodium atoms that leads to 1% decreasing of the
transmission — i.e. the case considered above.
Following Ref. [9] we can write:
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I/1,=exp(~c-N-1,)

where [, is the incident intensity, / — the intensity of
the transmitted beam, both /, and / for wavelength
of the absorption line, o = 6.10"* cm® is the
absorption cross-section for the D, line and /,=5 cm
is the path of the beam trough the volume with
Sodium atoms. For these conditions, after a simple
arithmetic, we obtain that N is of order of (10™+10%)
cm”. Thus our system assures reliable registration
of presence of Sodium atoms with such
concentration.

3. Experimental test

In the given in the work practical test-
realization (example) that clarifies the system
action, we use only two structures - BR; and BRy,
excluding BR, and BRj. Both optical fibers OF; and
OF, were with length of 1 m each and damping
factor B =300 dB/km and four connections with the
lenses (equivalent mirror with reflection ~ 60 %).
The other used characteristics of the elements and
of the construction are the given above. The volume
of Sodium atoms is formed by burning of three
standard matches with the flame outside the cavity
near the output mirror OM (extra-cavity
spectroscopy) or inside the cavity - in the space
between the cell output and lens Lc.

The typical real spectra of the emission of
laser system with spectrum of generation tuned at
Sodium D-lines are given in Fig.4. The top
spectrogram (Fig.4a) is for the case when the
Sodium atoms are formed outside the cavity and the
laser light passes through the space with the Sodium
atoms (absorption outside the cavity). The bottom
spectrogram (Fig.4b) is for the case of presence of
the Sodium atoms inside the complex laser cavity.

(a)

(b)

Fig.4. Typical real spectrums of the laser system
emission with spectrum of generation tuned at
Sodium D-lines. The top spectrogram is for the

absorption outside the cavity and the bottom - for

the Sodium atoms inside the complex laser cavity.

The strong increasing of the sensitivity is evident.

In Fig.5 are shown the corresponding trace-
curves for the two spectrograms — left for the given
in Fig.4(a) and right — for the spectrogram in
Fig.4(b).

/”*««f“-*‘\/\\ (a) ,«”“”\(‘“U ~ ®)
, | FooA4t s
/ \ [ ' D, D, |
1 J
IV
\ / |
\ \
wavelength wavelength

(the scale is given by D, and D, lines)

Fig.5. The corresponding trace-curves for the two
spectrograms in Fig.4 — left for case (a) — Sodium
atoms are outside the cavity (practically the
absorption D-lines are not observed ) and right for
the case (b)— the atoms are inside the cavity (real
observation of the D-lines). The scale is given by
the holes of D, and D, lines marked on the figure.

Following the theoretical considerations,
given above, and the obtained spectrograms, we can
conclude that practical laboratory model of the
system proposed is able for real registration of
Sodium atoms with concentration ~ 10" cm™. This
concentration can be accepted to correspond to the
obtained one in the matches flame.

4. Discussions

Following the results from the theoretical
analysis and from the carried out experiment we
make in evidence the feasibility of the proposed
system and its advantages for specific ecologic
monitoring and survey for dangerous pollutions,
accompanied the industrial production. The
sensibility of such intra-cavity spectroscopy based
technique is more than of order of magnitude higher
than the standard extra-cavity laser technique. Very
suitable laser sources are these one that avoid the
flat parallel reflected (as well as partially) surfaces,
what in high degree is natural property of the
waveguide laser sources. With application of
modern low-losses optical fibers and suitably
treated elements (without parallel surfaces, there is
no parallel passage of the light rays) the proposed
system can be organized as very suitable technical
instrumentation for extremely sensible detection of
desired pollutant atoms. Note that in particular case
of many rooms disposed at both sides of building
corridor, the optical fiber part of the resonator can
be adapted to form a ring type laser resonator. This
will permit to use more effectively fiber parts of the
resonator.



[-133

5. Conclusion

In the work is proposed the principle of the
special laser system with an optical fiber based long
(20 m and more) resonator, composed by series of
short free space parts, coupled by long optical
fibers. We combine the laser with such resonator
construction with spectral characteristics of the
generation that are appropriate for intra-cavity laser
spectroscopy registration of expected atoms and
molecules. As it is shown, the registration on the
base of the intra-cavity laser spectroscopy (ILS)
method makes the developed laser extremely
sensitive for atoms or molecule presence in
investigated spaces of the resonator free-space
region. The laser spectral control includes also the
original solution with Interference Wedge for
producing suitable controlled multi-bands tunable
spectrum (for monitoring in different spectral
bands). The theoretical treatment of the system
action and the experimental laboratory test for
registration of very low concentration presence of
Sodium atoms in the air confirm the feasibility of
the system and its expected advantages. The laser
system proposed is very convenient for controlling
the air purity in number rooms of given laboratory,
enterprises, where the presence of the non-desired
pollutants is expected.
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THERMO-SENSITIVE PAPER APPLICATION AS
METHOD FOR LASER BEAM SPOT STUDY -
CASE OF Q-SWITCHED LASER PULSES

VALKO KAZAKOV

Abstract: Recently, we have developed, as a new technique for laser spot profile
investigation, a combined spot registration on appropriately chosen thermo-paper with
convenient computer treatment [3]. Such technique presents some essential advantages:
spectral insensitivity in very large range (from UV to IR); the registration is not affected by
electromagnetic noise; as addition, it is extremely cheap and accessible. Here, on the base
of our previous experience, obtained mainly with free lasing Nd:YAG laser pulses, we
present results of application for Q-switched pulses of this laser. Some specific behavior of
the registration under condition of more than thousand times shorter pulse influence than
in free lasing are shown and the condition — power density and energy density limits of
correct registration are carried out. The technique under carefully laser illumination
control can give acceptable results also in the considered case.

Key words: laser spot study, thermo-sensitive paper, Q-switching.

1. Introduction. General aim of the work.

The aim of the work is extension of our
previous results, related with development of the
practical application of Thermo-Sensitive Paper
Registration Technique (TeSPeRT) for laser spot
imaging. This old technique [1, 2] is used in the
literature and in the laboratory practice only for
visual illustration (including also successfully - for
the interesting cases) of the laser spot. The base of
the technique, as a rule, is the whitening in the laser
beam incident area on the black thermo-sensitive
paper. In previously reported applications [1, 2] are
used accidentally taken sensitive materials and
without conclusion about energetic characteristics
of the spot. As we have shown in Ref. [3], in
condition of combining the convenient chosen
thermo-sensitive paper for registration and
convenient computer treatment, and with correctly
defined illumination, this technique can be
successfully wused for laser beam energetic
parameter study. In the noted work we demonstrate
the correct determination of the energy density
distribution in the beam cross-section, as well as
evaluation of the beam energy. Our previous
investigation is by the use of the free lasing
Nd:YAG laser light (pulse length 0.1 — 3 ms; power
~ 10 - 40 kW). The obtained results confirm the
usefulness and the expected potential of the
technique developed by us, especially for the
condition of typical free lasing light emission.

Taken into account the essential difference between
the characteristics of the free lasing and Q-switched
laser pulses, especially temporal (ms against ns) and
power (kW against hundreds kW for comparable
energies), the application of the developed by us
technique for the Q-switching case needs particular
treatment of the Q-pulses registration, which is the
aim of the presented work. Here, we present the
results of noted above study and namely concerning
the energetic aspects and conditions for correct
applications of the TeSPeRT for Q-switched laser
pulses treatment. Note that such technique presents
some essential advantages in comparison with
electronic based techniques of this type: spectral
insensitivity in very large range (from UV to IR);
the registration is not affected by electromagnetic
noise; and as addition, it is extremely cheap and
accessible. The beam-profile knowledge is of
essential importance in the laser manufacturing and
in the scientific and practical application of the
lasers [1 - 5].

2. Experimental investigations and results.

We start the proposed study using the
results, given in our previous work [3], about the
free laser pulse light treatment applying TeSPeRT.
In the work [3] we have presented and discussed the
principle and the convenient condition to obtain
correct energy density distribution in the laser beam
cross section. The given there results are for pulse
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energies in the range of 0.3 J to 10 J with pulse
duration in the range 100 - 3000 ps — i.e. the typical
free lasing operation of used in the tests Nd:YAG
lasers (at 1.06 um and 1.36 pm generation). Taken
into account the well-known essential difference
between the characteristics of free lasing and Q-
switched laser pulses, especially temporal and pulse
power characteristics [1, 2], we provide systematic
study for the case of the Q-pulses registration by the
TeSPeRT.

In the study of free lasing case in Ref. [3],
we have shown that a very suitable material for the
beam spot marking is the tracing paper, blacked at
one side through the copy machine and illuminated
at the non-blacked side by the laser beam. Here,
following our works [3] and complementary
investigations, we have used for beam spot
registration the same type of tracing paper (A4 92
gr/m’ from Sihl Digital Imaging Company), blacked
one (1X), two (2X) or three (3X) times through the
standard xerography type action machine - Konica
Minolta Dialfa Di 5510. The blacking-out was made
by copying the tracing paper at normal blacked
position of the machine option. We do not observe
noticeable difference comparing few tracing papers
from different producers and also the blacking by
different copiers of the noted before type (Sharp-
MX-3500, Toshiba 2500c) for normal blacking
operation. The transmission of pure tracing paper is
measured to be = 50 % when the paper is placed
closely to the entrance of the light power meter
(Thorlabs SN6050506). In this manner the
measurement with flat and large entrance of 2 cm
diameter accept all the diffused light. We used both
He-Ne yellow (0.595 um) laser beam with incident
diameter on the paper of ~ 2 mm and power of 3.6
mW, and focalized light from standard electric bulb
with tungsten filament. There is no notable
difference of the measured transmissivity. The
corresponding measurements of the transitivity after
blacking are: for 1X - (10 £ 2) %; for 2X - (1 £ 0.1)
% and for 3X = 0.1 %. The transmission through
marked spot by Q-switched pulse is measured to be
~ 25 %, which is ~ 2 times more than the
transmission through spot illuminated by free lasing
pulse with the same energy — given in Ref. [3].
There are quite differences in 2D and 3D graphics,
when the Q-switched marked spot is scanned with
white cover and with black cover. The graphics of
spots, scanned with black cover are with unusual
form and lower height than is expected to be.
Hence, in case of Q-switched pulses there is not
only whitening of the blacked paper, but also
cleaning at some points of the spot where is a higher
power density and there the blacked paper is
transparent like a pure tracing paper. The computer
treatment in this work is ma