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biomedical sciences and all related fields.
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board to send research to the reviewers and follow-up. And the receipt of research returns
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approved by the evaluators and then provide them with the acceptance of publication after
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Prof. Dr. Ayad Ghany Ismaeel
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Speed Control of Three-Phase Induction Motor Based on V/F Technique
Ahmed M.T. Ibraheem AL-Naib,
Lecturer
Dep. of Electrical Power Technology Eng., Technical Eng. College/ Mosul, Northern Technical University, Iraq
ahmed alnaib85@yahoo.com

Abstract :

This paper presents the design of a Xilinx Field Programmable Gate Array (FPGA) based
Sinusoidal Pulse Width Modulation (SPWM) for a three-phase Voltage Source Inverter (VSI)
with Variable Voltage Variable Frequency (VVVF) for controlling the speed of a three-phase
Induction Motor (IM) by using V/F control strategy in open loop mode. In the present work a
Xilinx FPGA SPARTAN 3E card is used as a PWM generator to generate appropriate signals
to the inverter switches. The FPGA is programmed by using the Hardware Description
Language VHDL. Using Xilinx FPGA to generate PWM provides flexibility to modify the
designed circuit without altering the hardware part, easy and fast circuit modification,

comparatively low cost for a complex circuitry and rapid prototyping.
Keywords: Inverter, SPWM, V/F control strategy, IM, FPGA.

Introduction

The IMs are called the workhorse of the motion industry because they are the most widely
used motors for appliances, industrial control, and automation. They are robust, reliable,
simple, cheap and available in all power ratings. The squirrel cage types of IMs are very
popular in variable-speed drives. When AC power is supplied to an IM at certain
specifications, it runs at its rated speed. However, many applications need variable speed
operations. Due to the progress in the field of semiconductor devices i.e. power
electronics and integrated circuit, enabled the application of IMs for high-performance
s speed, but can ’drives. These power electronics means not only control the motor
s dynamic and steady state characteristics [1]. Advances in the power ’improve the motor
electronics has led to an increased interest in three-phase VSIs with PWM control [2].
There are various kinds of PWM techniques available such as SPWM, third-harmonic
injection PWM, current tracking PWM, space vector PWM, and others [3]. All these
techniqgues aim to generating a sinusoidal inverter output voltage without low-order
harmonics. The most widely used industrial applications are the SPWM and space vector
PWM [2]. Most PWM techniques are carried out using analog circuits or modern digital
control circuits, such as microprocessors, microcontrollers, Digital Signal Processors
(DSPs), or Application Specific Integrated Circuits (ASICs) [4, 2, 3]. The development of
FPGA with several thousands of logic gates and high logic density forms the future
digital platform for control. In recent years motor control and power conversion
employing FPGA technology are receiving increased attention because of their ability to
meet the need for complex modulation schemes and high speed switching requirement
[5]. For this reason, the FPGA kit is used in this work as a SPWM generator for signals
driving the three-phase VSI. A three-phase VSI based on SPWM make it possible to
control both the frequency and magnitude of the voltage applied to a motor with constant
V/F control method in open loop mode. This form of control is relatively inexpensive and
easy to implement. Feedback from the rotor is not utilized and the rotor is assumed to
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follow the rotating flux generated in the stator. Examples of these applications include
.heating, air conditioning, fans and blowers [4]

2Three-Phase Sinusoidal PWM VSI

Voltage source inverters, as the name indicates, receive DC voltage at one side and convert it to AC
voltage on the other side. The AC voltage and frequency may be variable or constant depending on
the application. Three-phase bridge inverters are widely used for AC motor drives and general-
purpose AC supplies. Fig. 1 shows the inverter circuit. The circuit consists of three half-bridge,
which are mutually phase-shifted by 2n/3 angle to generate three-phase voltage waves. The input
DC supply V.. is usually obtained from a single-phase or three-phase utility power supply through a
diode bridge rectifier and LC or C filter [6]

3 = o3
B G

Fig(1): Three-phase bridge inverter

The SPWM technique is very popular for industrial converters. The generation of gating signals
with SPWM is shown in Fig. 2. There are three sinusoidal reference waves (Vra, Vrb, and Vrc)
each shifted by (120°). A triangular carrier wave (Vcr) is compared with the reference signal
corresponding to a phase to generate the gating signals for that phase. Comparing the carrier signal
(\Vcr) with the reference phases (Vra, Vrb, and Vrc) produces (g1, g3, and g5) respectively these are
applied to switches (S1, S3, and S5) respectively. Each of these gating signals are negated to
produce gating signals (g4, g6, and g2) which are applied to the lower switches (S4, S6, and S2) [7].
The instantaneous 3-phase line-to-line output voltage can be expressed as:

—p—
<
g
3

Vo=Vue(9l-93) (1)
Vo=Vo(03-05) i, 2)
V.=Vu(05-91) el 3)
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Fig(2): SPWM for three-phase inverter

The peak amplitude of the fundamental AC output line voltage can be given as [7:[
” v, forO<m<l......... 4)

abl — M, 3 T

Where :m, is the modulation index ratio, defined as the ratio of the amplitude of the sine reference
wave) A, (and triangular carrier wave ) A. (and is given by

3=

Ideally ,m, can be varied between 0 and 1 to give linear relation between the modulating signal
and output voltage [6]

m’_:

- V/F Speed Control Strategy :

The torque developed by the motor is directly proportional to the magnetic field produced by the
stator. So, the voltage applied to the stator is directly proportional to the product of stator flux and
angular velocity. This makes the flux produced by the stator proportional to the ratio of applied
voltage and frequency of supply [8]
stator voltage (V) = [stator flux (¢p)] * [angular velocity(w)]
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At rated voltage and rated frequency, the flux has rated value [7]. If the voltage is maintained fixed
at its rated value while the frequency is reduced below its rated value, the flux increases. This will
saturate the motor [9]. If the frequency is increased above its rated value, the flux and torque will
decrease [7]. Variable frequency control below the rated frequency is generally carried out by
reducing the machine phase voltage, along with the frequency (varying the voltage and frequency at
the same ratio), in such a manner flux and hence, the torque can be kept constant throughout the
speed range [8]

Block Diagram of the Proposed System

The basic block diagram of the AC drive system is shown in Fig. 3. This system is divided into five
stages. The first stage represents generating the PWM signals via FPGA. The second stage
represents gate drive circuit to isolate and buffer the FPGA from the three-phase bridge inverter
circuit to protect the FPGA from being overloaded by excessive currents and to isolate it from the
high voltages appearing on the power switches terminals. The third stage represents the three-phase
bridge inverter circuit. Metal-Oxide Semiconductor Field-Effect Transistors (MOSFETSs) are
employed as the main switching devices. The fourth stage represents the three-phase step up
transformer (for stepping up the output voltage of the three-phase inverter to feed the IM). Last
stage represents the three-phase squirrel cage IM. The IM used in the study is a three-phase 380V,
1.7 A, 0.55 kW, 50 Hz with 4 poles.

Voce Three-phase : Three-phase
Bridge Inverter | | Transformer

11111
FPGA as 3 Gate
signals |3 Drive
generator—b Circuit

Fig(3): Block diagram of the proposed practical AC drive system

5 FPGA Based SPWM Control Scheme for VVVF Using V/F Control Strategy:

The overall block diagram of the proposed three-phase SPWM generator with VV/F control strategy
is shown in Fig. 4. The control system is divided into five major modules: three-phase sine wave
generator module, triangular wave generator module, three-digital comparators module, dead time
module, and V/F control module. This scheme (architectural control) gives the ability to adjust the
speed of the IM by controlling the frequency and amplitude of the stator voltage, the ratio of stator
voltage to frequency should be kept constant. VHDL code is used to model the entire system of the
proposed architectural control .Xilinx-ISE 9.2i synthesis software is used as a developing
environment. XILINX SPARTAN 3E XC3S500 FPGA Kit is used to downloaded VHDL code of
the proposed architecture control.
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Fig(4): FPGA based SPWM control scheme for VVVVF control

A. Three-Phase Sine Wave Generator Module

The sine wave generation is implemented via Sine/Cosine Look-Up Table (LUT) v5.0 which
exists in the Xilinx Core Generator [10]
To generate three-phase sine reference waves, three separate sine LUTs are used with (120°) phase
shift between each other. The Sine LUT module accepts an unsigned input value THETA and
produces two’s complement outputs of SINE (THETA). The values for the sine wave are stored in
an internal ROM. Equation (5) defines the relationship between the integer input angle theta

(THETA) supplied to the LUT (refer to Fig. 5) and the actual radian angle (0) J10]

0 = THETA* ="
radians...................... (7)

Where :m is THETA width in bits

THETA SINE

——

SINE
MODULE
CLK »

Fig(5) :Sine schematic symbol
In order to adjust the three sine waves reference frequency) f..... (conveniently, a clock divider is
used to divide the main system frequency) f... (which equals to 50 MHz (coming from an oscillator
existing on the FPGA board) to clock frequency) f.. (which is used here.
The reference frequency (frererence) has a relationship with the clock frequency (fox) and the THETA
width (m), could be expressed as:
Sin

2% (8)




If a variable frequency sine reference wave generator is required then clock frequency) f.. (should
also be made variable. A variable clock divider (clock divider gives different values of clock
frequency suitable for adjusting the reference frequency) is used to adjust the reference frequency at
different values with range of (0 > f...... 50 > Hz) (instead of using a single clock divider that adjusts
the reference frequency at 50 Hz only) at a fixed THETA width) m (according equation (6.(

B. Triangular Carrier Wave Generation Module

The triangular carrier signal is generated using an up/down counter of n bits, which is
incremented and decremented until the maximum and the minimum value of the triangular wave is
reached respectively.

The carrier frequency) f... (has a relationship with the clock frequency and the up/down

counter that could be expressed as:

r — S ctock —dem
S carrier 2= (9)

Where ;f.... iSthe clock frequency obtained from Digital Clock Manager (DCM) unit.
The DCM s used to multiply the main clock frequency (50 MHz) by a ratio of (23/9 (239via a
Digital Frequency Synthesizer unit (DFS) to generate) f..... (equal to (127.7777MHz). The carrier

wanted frequency value of (1950 Hz), and the bit size of the up/down counter is) n-15=bit)[11.]

C. V/F Control Module

External data (4-bits) (as a multiplicand data) are used to multiply with the values of the three
sine reference waves that are stored in the internal block ROM via using three multipliers to get a
variation in the amplitude of the sine reference waves resulting in a variation of the modulation
index with range of (0 > m,) (1 > for controlling the output voltage of the three-phase voltage source
inverter which is an input supply to the IM). At the same time, these external data are used as a data
selector for a multiplexer which is used to supply the three Sine modules with the clock frequency
)f.. (from the variable clock divider (adjust the clock frequency) f.. (for the three Sine modules). The
multiplexer works as follows:

For example

if (external data="1111") then fyx =409.836 KHz;
(m; =1) ( freference = 50 HZ)

elsif (external data ="1110") then f = 358.4 KHz;
(m; =0.875) (freference = 43.75 Hz)

elsif (external data ="1101") then fyx = 332.8 KHz;
(m; =0.8125) (freference = 40.625 Hz)

By this manner the inverter output voltage over the inverter reference frequency will be constant.
The value of the external data (ratio VV/F) can be adjusted by using the four slide switches which
already exist on the FPGA Kkit.




D. Comparator Module

The triangular carrier wave (Vcr) is to be compared with the sine reference waves (Vra, Vrb, and
Vrc) (output data from the multipliers) by using three digital comparators. The digital comparator
output is logic '1' if the value of the sine reference wave is greater than the value of the triangular
carrier wave; otherwise its output is logic '0". Each of the comparators outputs (g1, g3, and g5) are
negated to produce the complement signals (g4, g6, and g2) which are needed to trigger the lower
power switches of the three-phase inverter.

E. Dead Time Module

An important factor in the design of the PWM generator is the dead time control of the three legs
of the inverter. This is required to avoid the top power switch (MOSFET) in each leg and the
bottom to close at the same time, therefore a short circuit across the power supply will occur at that
leg [2]. The dead time is programmed to be 4 usec.[11]

6. Simulation via MATLAB/SIMULINK

To verify the experimental results, the simulation of sinusoidal PWM three-phase inverter feeding
IM was made using MATLAB/SIMULINK and simpower system toolbox .The scheme of the
system is shown in Fig. 6. It consists of three major parts (three-phase bridge inverter circuit, PWM
generator, and three-phase induction motor). The three-phase sine reference waves (sinwave (A),
sinwave (B), and sinwave (C)) are comparing with the triangular carrier wave by using three
relational operator and the intersection of these waves generates the gating signals (g1, g3, and
g5 (that applied to the upper switches (S1, S3, and S5), each of these gating signals are negated by
using three logical operator (NOT) to produce a gating signals (g4, g6, and g2) are applied to the
lower switches (S4, S6, and S2) of the three-phase bridge inverter to generate three-phase AC
output voltage waveform to feed the induction motor .

File

[

o

4 A K Aar (B im0 [0 9 [pcooee | becodee cDdEe paee (LK€ LA |

F|g(6) MATLAB Simulation of the SPWM three phaseVSI fed IM
7. Experimental and Simulation Results

Fig. 7 shows the results of the line-to-line output voltage waveforms of the inverter circuit for
VVVF using V/F control. Table 1 shows the actual speed of the IM with VVVVF controller in open
loop.




0910,
YU/

Fig(7): Experimental and simulation results of the line output voltage waveform of the inverter
using V/F control

Table (1) :Results of the open loop V/F control of the IM

DC supply Supply Modulation Stator Synchronous Speed (rpm) | Actual Speed
Ve (V) Frequency index (m;) Voltage (as calculated) (rpm)
(H2) (V) (as measured)
220 6.25 0.125 47.5 187.5 185
220 12.5 0.25 95 375 373
220 18.75 0.375 142.5 562.5 558.4
220 25 0.5 190 750 746.4
220 50 1 380 1500 1487

The relation between the stator voltage and the measured speed is shown in Fig(8).

Weasured Speed (rom)

o 260 sto
Stator Voltage (V)

Fig(8): Relation between the stator voltage and the measured speed

The experimental setup of the three-phase inverter with the FPGA control is shown in Fig. 9.
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Three-Phase ' ‘ Induction
Bridge Inverter : Motor

N

L -«..;\\.,__ S

Gate Drive
Circuit

Three-Phase
Transformer = 107/02

Fig(9): Experimental setup

7:Conclusion

The use of FPGA technology to generate PWM pulses for a three-phase inverter using VHDL
programming language has been successfully implemented. The output fundamental frequency in
the V/F speed control strategy can be varied from 6.25 Hz to 50 Hz (with step size of 6.25Hz); at
the same time the modulation index can be varied from 0 to 1(with step size of 0.125). Then the
speed of the IM can be adjusted in range 187.5-1500 rpm. The measured speed has a linear

variation with the stator voltage as shown in Fig. 7.
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Enhanced Artificial Intelligent Method for Representing the Photonic Crystal
Fiber Profile Index
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ABSTRACT:

A new method proposed in this paper to compute the fitness in Genetic Algorithms (GAs). In
this new method the number of regions, which assigned for the population, divides the time.
The fitness computation here differ from the previous methods, by compute it for each
portion of the population as first pass, then the second pass begin to compute the fitness for
population that lye in the portion which have bigger fitness value. The crossover and mutation
and other GAs operator will do its work only for biggest fitness portion of the population. In
this method, we can get a suitable and accurate group of proper solution for indexed profile of
the photonic crystal fiber (PCF).

Key words: Genetic Algorithms (GAs), Fitness, Fiber Optics and Photonic Crystal Fiber (PCF).
1.INTRODUCTION:

Photonic Crystal Fibers (PCF), which are optical fibers with a cross-sectional microstructure of air
holes and/or doped sections, have in recent years attracted much scientific and technological
interest. PCFs offer a number of novel design options, such as very large or very small mode areas,
high numerical aperture, guidance of light in air, and novel dispersion properties [1].

Based on pure silica glass, the invention of single material photonic crystal fiber also known as holy
fibers (HFs) or microstructure fibers has attracted wide interest over the past few years. The air-
filled holey cladding leads to unique guidance properties such as photonic band-gaps at optical
wavelengths, very large core with endless single mode guidance and soliton effects, polarization
maintenance and high birefringence and dispersion management arise and promise various novel
applications [2].

In conventional optical fibers, electromagnetic modes guided by total internal reflection in a core
region whose refractive index is raised by doping of the base material. In PCFs, two distinct guiding
mechanisms are possible: the guided modes may be trapped in a core with a higher average index
than the cladding region by an affect similar to total internal reflection (often termed modified
internal reflection, or just index-guiding), or they can be trapped in a core of lower average index by
a photonic band-gap (PBG) effect.

For instance, it is possible to produce PCF with very high birefringence, to get a single-mode fiber
with anomalous dispersion regime in the visible wavelength domain, or to obtain fibers with very
flat near zero chromatic dispersion curves on a large wavelength range. All of these properties are
related to the fiber design, namely, the pitch (A) of the periodic array, the holes diameter (d) and
the number (N) of rings around the core as shown in the Figure (1). A truly unique possibility
offered by PCFs, is the realization of fiber that can be single-mode regardless of wavelengths and
hence has been named "endlessly single mode™ PCF [3].
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2.THEORY

The core of the PCF is made of solid silica and the cladding consists of multiple layers of air holes
separated by narrow silica bridges. Figure (1) illustrates an example of the cross-section of an
index-guided photonic crystal fiber [4]. The idealized structure of the PCF have regular hexagonal
array of perfectly circular air holes.

In recent years, photonic crystal fiber made of pure silica and air holes provided a new approach of
dispersion compensation: large negative dispersion (D) can achieved in PCF due to high relative
difference (A) between air and silica, and can tailored by the size and structure of air holes in the
cladding. To determine the dispersion parameters in the conventional fiber the most important thing
that must be fixed is the relation between the normalized propagation constant (B), and the V-
number. [5] give the formula of the normalized propagation constant:

Pitch, &

Fig(1): Cross section of a crystal “holey fiber”.

p/k) —n3
B=( /2) (1)
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where 3 is the propagation constant and must be within the range (kng < B < kngo), K is the wave

number (k=2n/ 1), Ais the wavelength while ny, and ng are the core and the cladding index,
respectively.

Due to the high similarity between the ng and nes most researchers assume that they are the
same. On the other hand, formulation of the V-parameter suggested to be based on an
approximation with an equivalent step index (SIF). In the case of a SIF, the VV-parameter, Vs, as
function of wavelength, 4, is given by [6]:
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The refractive indices of the core and cladding, ng, and ng, respectively, are assumed to be
wavelength independent and a denotes the core radius. One problem with using the step index
approximation for describing the PCF is that the core region is not circular, complicating the
definition of values for the refractive indices, is the problematic due to the strong wavelength
dependency of the effective indices caused by the air-glass matrix. For these reasons, the V-
parameter of the PCF, Vpcr instead of proposed to given as [7]:

2
Vsie (A) = 75‘ nfo (/1)_ nczl (/1) -(3)
The wavelength dependency of the effective refractive indices is taken into account by introducing
the effective index of the fundamental mode, nc,( 4 ), and of the first cladding mode, n¢( 4 ). Instead
of an equivalent core radius it is suggested to use the characteristics length scale of the structure
namely (A).

The effective index of the cladding, nes, is assumed a constant value for the microstructure cladding,
and can be taken to be that of air, i.e. nes =1, for PCFs with cladding consisted of large air holes. In
PCFs where the air holes are not large enough for this assumption to be made, nes is approximated
as [8]:

neff - nair pair + nsilica psilica (4)

where P, and Psjica are the power fraction of air and silica that make up the microstructure
cladding respectively, and nsilica is given by the Sellmeier formula.

Short optical pulses entering a dispersive channel such as an optical fiber are spread out into a much
broader temporal distribution and hence dispersion problem will be arising. The total dispersion for
the PCF can be determined by applying Equation (5), by taking second derivative of the ( nes )
given by equation (4) and then applying one of the curve fitting techniques [9].

_i dzneff (/1)

D. —
T c da?

..(3)

where c is the speed of light.

Genetic algorithms (also known evolutionary algorithms) are a class of optimization algorithms that
apply principles of natural evolution to optimize a given objective. In genetic optimization of a
problem, different solutions to the problem are picked (usually randomly), and a measure of fitness

is_assigned to each solution [10]. The standard theory of genetic algorithm based on schema
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analysis. Schema analysis operates in the representation (genotype) space and can be used provided
that the chromosomes chosen are linear strings made up of a fixed number of genes (positions)
each of which has a well-defined set of possible alleles (values) and also any combination of alleles
is permitted (so that all strings are legal) [11].

On a given generation of the design, a set of operations, analogous to mutation and reproduction in
natural selection, performed on these solutions, which should theoretically be "fitter" than their
parents should. This process repeated until the algorithm terminates, typically after a predefined
number of generations, or after a particularly "fit" solution found, or more generally, when a
generation of solutions meets some pre-defined convergence criterion.

1. THE PROPOSED METHOD

Hence the goal of our work is to determine the propagation characteristics which is the normalized
propagation constant (B), or the propagation constant ( 5) with respect to wavelength (4 ) for the
PCF.

To get more accurate results and to become more nearer to the exact solution, a new technique is
proposed here by splitting the PCF cable cross section (almost circular) into more than one region
(sectors) by taking many rays prolonged from the fiber center toward the cladding with different
orientations as shown in figure (3). In order to study the dispersion effects, the selected possible
profiles of all regions should take into account to find out the resultant value of propagation
characteristics. Each region bounded between two rays; the first is the horizon (x-axis), while the
second is the ray that makes a certain angle with the horizon; see Figure (2),Hence, the resultant
propagation constant may be determined when all regional profiles are considered. The resultant
value may simply calculated as the average of all individual propagation constants related to each
region.

ray n

Fig(2): Splitting the PCF cross section into many sectors.
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The clad region in the PCF consists of two materials (air and silica), as mentioned earlier, for this
reason the nez may represent both materials, and in this work nes approximately depends on the PCF
cross-section, see Figure (3).

air holes jaket
d
k5D ® @/\o
]

solid core |— cladding region

Fig(3): Simple section of PCF cross-section.

The most important two parameters that directly affect the total dispersion in such fibers are the
number of air-hole layers (N) and the (A) value that is combined with (d) in (d /A) which is a
relative function including the hole diameter (d) and hole-to-hole distance (A).

The fiber parameters taken into account during the computation were fixed as follows: (A =1.5y, d/
A =0.75 and N=5). The relative difference between ngjjica and nes , is shown in Figure (4).

1.46

1.455

1.445 -

1.44

Effective refractive index (n )

1.435

i i i 1 i
0.4 0.6 0.8 1 1.2 1.4 16 1.8 2
Wavelength ()

Fig(4): The relation between ng;jica and Neg.

Using the PCF structure of Figure (4), and after simple mathematical operations, Equation (4) may
rewritten as (Shaker, Majeed and Daoud, 2011):
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Hence the parameters that directly affect the dispersion and should taken into consideration in the
design are:
i.  The profile shape of the PCF (the hexagonal is one of the most popular one).

ii.  Number of air-hole layers (N).

iii.  Distance between two adjacent air holes, (A).

iv.  Diameter of air hole, d.

For given parameters, nes may calculated versus ngjica at some specific wavelength. The proposed
method could applied to compute the propagation constant for different possible profiles when the
following suggested orientation adopted 0°, 15° 30° 45° 60° 75° and 90°. Figure (5) gives the
profile of (0° and 60°) orientations, as they are the same as well as the (30° and 90°) orientations,
which are identical. On the other hand, Figure (6) represents the (15°, 45° and 75°) orientations.
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Fig(5): Refractive index profile for the PCF.
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Fig(6): Refractive index profile for the PCF, the angles 15° 45° and 75° are considered

2. RESULTS

To apply the proposed method, computation of PCF fiber with following parameters were adopted:
hexagonal structure with N=5, A=1.5u, and d/A=0.75, and for different orientation mentioned
earlier. To demonstrate the validity of the GA and its usefulness, the effect of various profiles (at
different orientations) were investigated. Figure (7) illustrates the relation between the normalized
propagation constant, B, and the wavelength for the suggest PCF for two (0° and 30°) orientations.
It is apparent from this figure that there is a considerable difference which is increases toward
higher wavelengths.

Figure (7) illustrates the relation between the normalized propagation constant, B, and the
wavelength, 1, for the PCF whose parameters have been shown above but for two orientations, 0°
and 30°, it is apparent from this figure that there is a considerable difference (about 0.12) and it
increases toward higher wavelengths. Figure (8) shows the dispersion characteristics along some
specific wavelength range for the same fiber and parameters given above and also for the two
mentioned orientations. It is clear that the difference is small in 1.1um to 1.6 um range while below
and above this range it is considerably higher.
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Fig(7): Normalized propagation constant versus wavelengths for the PCF profile with two
orientations, (A =1.5, d/ A=0.75 and N=5).
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3. CONCLUSION

The following points can summarize the benefit of the proposed method:

Time reduction in the propagation constant computation is the power of this way, five times
or more less than from previous one.

The crossover operation done for specific portion of the population not for all.

This new Genetic Approaches can register a group of right solution.

Finally, the ultra-flattened dispersion well sketched by this way for the PCF.

; !
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Fig(8): Dispersion along a wavelength range for the same fiber of Figure 7.
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Abstract:

Heat-transfer coefficients are reported for one surface, a plain surface, with 50 mm square base
area. Parallel channel test piece has one mm by one mm, 25 channelsThe data were produced
while boiling R113 at atmospheric pressure. For this surface, the mass flux range was 200 —
600 kg/m’s and the heat flux range was 5 - 80 kW/m? The results obtained have been
compared with standard correlations for tube bundles. The measured heat-transfer
coefficients for the parallel micro-channel surface are slightly bigger for any plate channel
surface. It is dependent on heat flux and reasonably independent of mass flux and vapor quality.
Thus, heat transfer is probably dominated by nucleate boiling. The parallel channel heat transfer

coefficients were typically bigger than other plate -channel values.
Keywords: - parallel channel; heat transfer coefficient

1.Introduction

In recent years, electronic devices, such as micro-processors and lasers, have been growing in power
and reducing in size. This has led to an increasing intensity in heat generation that needs to be
removed during normal operation. Removing heat is becoming increasingly difficult. It therefore
seems likely that new methods will be needed in the not too distant future. One possibility is to use
a boiling fluid as the coolant, as this would transfer significantly more heat than its single-phase
equivalent. This has led to an abundance of research into boiling in small diameter channels.Lie et
al [1] investigated flow boiling of FC-72 on plain and pin finned surfaces at atmospheric pressure.
Two pin-fin surfaces were tested; one with fins 200 um square and 70 um high on a square in line
arrangement with a 400 pm pitch, and one with fins 100 um square and 70 pm high on a square in-
line arrangement with a 200 pum pitch. The mass fluxes used were within the range 287-431 kg/m2s
and the heat fluxes within 1-100 kW/m?. Single-phase and flow boiling heat transfer coefficients
were reported. The single-phase, heat-transfer coefficients were based on the mean-wall to fluid-
inlet temperature difference and the base area of the heat-transfer surface. The boiling coefficients
used the mean-wall to fluid-saturation temperature difference. The mass flux was found to have
only a slight effect on the boiling heat-transfer coefficient. The temperature at the onset of nucleate
boiling was found to increase with increasing mass flux and, for the same temperature difference,
the largest heat transfer occurred with the 100 um fins. Cross-flow between channels was evident.
The degree of wall superheat required for the onset of boiling was lower for the finned surfaces,
with increased nucleation sites being evident in the corners of the fins. Bubbles grew to many times
the size of the fins and became elongated and distorted. The bubble departure diameter reduced with
increasing mass flux and with the addition of fins. The departure frequency increased with mass
flux and the addition of fins. Correlations of the heat-transfer coefficients were produced by
assuming that a convective and boiling component of heat flux existed.Work on multiple parallel
micro-channels has revealed the importance of instabilities that result in flows with different flow
patterns appearing in different tubes simultaneously, Hestroni et al [2]. Qu and Mudawar [3]
concluded that existing correlations for boiling in single micro-channels were not applicable to
multi-channel arrangements. Several instabilities have been identified. Xu et al [4] , working with
water and methanol in 26 parallel rectangular channels 0.3 mm x 0.8 mm x 50 mm long, classified
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the Instabilities In terms of duration. Large amplitude/long period oscillations, occurring at 117 s
intervals, resulted in large pressure pulses, with smaller oscillations occurring at periods of the order
of a 10 s.Ma et al [5] investigated flow boiling of FC-72 at atmospheric pressure on square pin
finned arrays. The fins were 30 um wide and arranged on a square in-line configuration with a pitch
of 60 um. Two fin heights of 60 um and 120 um were tested. Both were compared to an open
channel, or smooth, flow. The test pieces were 10 mm square and 0.5 mm high and were placed in a
flow channel 30 mm wide and 5 mm high. The test piece location was 300 mm from the flow inlet.
The downstream flow length was longer

2.Experimental setup

In the Figure 1 Schematically, the flow loop is presented. Before to running each single phase flow
exam series, the working fluid was degassed by vigorous boiling for closely three hours to force any
dissolved gases to run away from the system to the ambient. During this interval the vent valve
above the condenser was periodically opened to permit dissolved gases goes to elopement to the
atmosphere. This furthermore set the test pressure to close atmospheric. After degassing the liquid,
as it was observed that no gas or air bubble coming out of the liquid inside the test piece before to
boiling, flow boiling exams were executed. Exams were conducted by setting the wanted liquid
mass flow rate and inlet temperature. Mass flow rate was adjusting by the by-pass valve and modify
by the throttling valve located before the filters. The pre-heater was linked to a controller. With
respect to the exam’s mass flow rate, the controller was adjusting to the wanted applied heat to the
fluid flow which was passing the pre-heater, to supply the required inlet temperature.
Simultaneously the test section heater was adjusting to the required heat flux to the test piece. The
liquid was distributed through the flow loop until the wanted entry temperature was obtained. This
took three hours approximately. Steady state conditions were obtained when the fluid outlet, heater
and the aluminum housing temperatures were seen to be stable. This took half an hour
approximately. All of the wanted readings were achieved before the heat flux was re-set to the next
required value and the process iterated. During the exams to maintain the system pressure close the
atmospheric pressure, the vent valve above the condenser was periodically open and a balloon was
connected to it to block the vapor to elopement from the system. High speed videos were taken of
the boiling occurring on the test piece by a Kodak micro motion 1000 camera. The camera was set
to 240 frames /s at a resolution of 720 by 480 pixels.
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Fig(1). Schematic of flow loop[6].

Fig.(2) .the aluminum test section is shown. Liquid entered the inlet plenum of the test-section
through the two inlet ports, set at 90° to the direction of stream in the aluminum test piece. The
plenum chamber dimensions were set to reduce the liquid velocity to close to zero before it.

pressure tappings

B therm ocouples

flow outlet testpiece flow inlet

- Figsure 2c open view with intermal insulation
securing plate =

pressure tappings

Fizure 2b: bottom view-pre-insulation

Figure 2: test section

Fig(2). Test section construction .[7]

The parallel micro-channel test piece is shown in Fig. 3.The plain-channel was constructed from a
piece of copper, 50 mm wide by 50 mm long and 6 mm high. Three holes, 0.6 mm in diameter by
12.5 mm long, were drilled into the test piece at the inlet and outlet ends. The holes were located
2.5 mm from the top of the boiling surface and 11, 25 and 39 mm from an edge. These holes
allowed six sheathed K-type thermocouples, 0.5 mm in diameter, to be located below the boiling
surface. All thermocouples were calibrated in a water bath and were accurate to £0.15 K
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Fig(3): Test section top view showing thermocouples. [3]

3.Mathematical models

The design of the test section comprises two plates placed in between a ceramic heater and R113
fluid.one plate is made of copper and one is aluminum. Each is 50 mm width and 50 mm length and
5 mm in thickness.The average base heat flux, g,, was determined from the ratio of the increase in
sensible heat of the liquid to the base area of the test-piece, and was correlated by

qp=2.3 (Th-Tw)-09 . (1)
This permitted the local outlet and inlet heat-transfer coefficients to be got from a one-dimensional
heat balance through a small flow length (Az) at the base of the channel gave:

gp (Wch+Ww)Az =htp (Tw-Tsat) Az [Wch+2nHch] ... (2)

The size of the heights and widths in Equation ( 2 ) are given in Table ( 1 ). The fin efficiency was
determined by considering that the fins could be processed as rectangular fins with adiabatic tips, i.e

In which A was the fin parameter, given by

A=2akcWw (4)

An initial analysis revealed that the fin efficiency was always near to unity. It was subsequently got
as one. The copper test piece has three thermocouples 12.5 mm from the inlet was set inside and
also three thermocouples 12.5 mm from the outlet was set inside the copper test piece. In total, there
are six thermocouples in the copper test piece, hereafter indicated to as the inlet and outlet locations.
The alteration in the measured outlet and inlet wall temperatures was normally less than 0.6 °C, but
could, on occasion, be as large as 1.6 °C. The local wall temperature was therefore got by averaging
the data from the three relevant thermocouples to get Ttc , which was then corrected for depth from
the plate surface, Htc , through the one dimensional heat conduction equation, i.e.

Tw=Ttc-qp Htck L (5)
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The local of the single-phase heat transfer coefficients was obtained by separating the flow filed
into cells. A typical two-dimensional unit cell at the location of a thermocouple situated inside the
copper test piece for the parallel test pieces is seen in the table below.

Table(1): Dimension for channel heat transfer analysis[3]
Parallel channel test piece

Ww | Wch | Weell | Lcell | Hwl | Hw2 | Hw3 | Hch | Htc | Hcell

mm | mm | mm mm |mm |mm | mm | mm | mm | mm
1.0 |10 |20 20 |100 |50 |50 |10 |15 |21.0

The local pressure, p, was estimated from an assumed linear pressure distribution across the test
piece. This was determined from the measured inlet pressure, pin, and the measured
pressure drop, Ap. Thus,

p=pin-ApzL (6)
A specific heat capacity for a R113 working fluid with of ( Cp,f), the liquid temperature was found
from

Tl=Tin+WMCp,f0zqspdz ... (7)
Also the equation of the hydraulic diameter to the copper channel in the existence of the heat-
transfer procedures, calculated by

Dh=4 HchWch2(Wch+Hch) ... (8)

Where Prfand Ref are the liquid Prandtl number and Reynolds number relied on local flow, i.e

Prf=Cp,futkt 9)
9)
Ref=GDhpf (10)

4.Experimental Results and Discussion

Two-phase analyses and Single-phase analyses, heat transfer coefficients measurements which were
given are analyzed in this journal. For the parallel channel surface, several popular macro- and
micro-channel methods for the heat transfer coefficient were compared with the empirical data. The
data were compared to tube bundle standard correlations for the heat transfer coefficient.

1. Wall Temperature Distribution

Figure 7 . Shows variation of parallel channel distance from plate inlet with wall temperature for
mass fluxe.as it is shown, the wall temperature is decreased with increasing plate position from
plate inlet
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Fig(7): Variation of wall temperature with plate position.

2.Boiling Heat Transfer Coefficient Distribution

The heat flux at the inlet and outlet position of the channel are shown; the heat flux has small values
at the channel inlet till 27.6 kW/m:=2.755 kWm2 then jump up rapidly then decreasing slowly to the
channel outlet. The wall temperature distributions are shown in Figure 8; they have high values at
the channel inlet after that continues decreasing till the channel outlet.
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Fig(8): Variation of heat transfer coefficient with plate position.
5. Conclusion

To demonstrate the difference of heat flux, wall temperature and heat transfer coefficient with plate
status to know the relation between them. Heat-transfer data has been gained for a 25 parallel
channel copper test piece boiling R113 at atmospheric pressure. The channels were 1 mm square by
50 mm long and were heated from below by a constant heat flux. Heat-transfer coefficient data was
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gained for single-phase liquids and sub cooled and saturated boiling flows. The analysis in this
paper explains that the conventional depiction of boundary conditions as constant temperature or
constant wall heat flux is unsuitable when dealing with a flow in small scale channels under
conditions which lead to changing spatially heat transfer mechanisms. Deformation in the heat-flux
distribution has two causes. The first is due to end effects and the second is due to the variation in
heat transfer coefficient and liquid temperature. To explain the first cause, suppose the channel
contained a flow that was subjected to a uniform heat flux, Equations. (2) and (7) give
Twall=Tinlet +qpWw ZM Cp+qpA+hSP ... (12)

Finally we recommendation that the heat comes to the test piece by to type of heat transfer
there are conduction and convection heat transfer. Also can saying the heat transfer
coefficients inlet and outlet locations are not constant on the top test piece surface in this flow
boiling tests.
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Single-phase and two-phase Flow into In-Line pin—ﬁn micro-channel heat Sink
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ABSTRACT

Heat-transfer coefficients are reported for one surface, a pin-fin surface with 50 mm square
base area. The In Line pin-fin surface comprised of 1 mm square pin fins that were 1 mm
high and located on a 2 mm square pitch array it that covering the base. The channel was

1 mm high and had a glass top plate. The data were produced while boiling R113 at
atmospheric pressure. For this surface, the mass flux range was 50 - 250 kW/m?s and the heat
flux range was 5 - 140 kW/m?® The results obtained have been compared with standard
correlations for tube bundles. The measured heat-transfer coefficients for the pin-fin surface
are slightly higher any surface. It is dependent on heat flux and reasonably independent of
mass flux and vapor quality. Thus, heat transfer is probably dominated by nucleate boiling
and is increased by the pin fins due to increasing in area and heat-transfer coefficient, the pin-

fin pressure drops were typically larger than other values.
KEY WORDS: Single-phase; Two-phase; In-Line pin-fine.

1. INTROUCTION

Flow boiling in mini- and micro-flow passages can be used for cooling many high power density
devices such as Micro Electro Mechanical Systems (MEMS), microprocessors, laser diode arrays
and Light Emitting Diodes (LEDSs). This has led to an abundance of research into flow boiling in
small-scale flow passages. Many researchers have investigated flow boiling heat transfer
phenomena with the objective of developing reliable design models for

mini and micro-flow passages. Nevertheless, there is still a lack of understanding of the phenomena
involved. Hence there is some doubt about the reliability of the new models and when they should
be applied.

Boiling studies of complex geometries have been undertaken at the macro-scale, for example
Ishihara et al. [1] , Schrage et al. [2] , Dowlati et al. [3] , Dowlati et al. [4] and Feenstra et al. [5].
These studies have investigated flow patterns, heat transfer, pressure drop, and void fraction
characteristics for flow across a bank of conventional size tubes. A state-of-the-art review of
research on two-phase flow and flow boiling across conventional horizontal and small tube bundles
has been investigated by Ribatski and Thome [6] . Lie et al. [7] reported flow boiling of FC-72 on
plain and pin finned surfaces at atmospheric pressure. Two pin—fin surfaces were examined; one
with fins 200 pm square and 70 pm high on a square in-line configuration with a 400 um pitch, and
one with fins 100 pm square and 70 um high on a square in-line configuration with a 200 pm pitch.
The mass fluxes used were within the range 287-431 kg/m: s and the heat fluxes within 1-100
kW/m:. Single phase and flow boiling heat-transfer coefficients were investigated. The mass flux
was found to have only a slight effect on the boiling heat-transfer coefficient. The temperature at
the onset of nucleate boiling was found to increase with increasing mass flux and, for the same
wall-to-fluid temperature difference, the largest heat transfer occurred with the 100 pum fins.
Krishnamurthy and Peles reported water [8] and Krishnamurthy and Peles [9] investigated nitrogen-
ethanol flows across an array of circular pin fins, 10 um diameter and10 um high. The fins were
arranged in a staggered array with a longitudinal and transverse pitch of 150 pm on a surface of 1.5
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mm wide and 10 mm long. Surface tension effects were deduced by comparing the results of two
studies. Water has a similar density and viscosity to ethanol but a much higher surface tension. The
flow pattern transition boundaries were found to depend on surface tension. The pressure drop was
also affected because of its flow map dependence. Except for a small range of gas-mass fractions,
the void fraction was found to be reasonably independent of surface tension.

2. EXPERIMENTAL SETUP

In the Figure 1 Schematically, the flow loop is presented. Before to running each single phase flow

exam series, the working fluid was degassed by vigorous boiling for closely three hours to force any
dissolved gases to run away from the system to the ambient. During this interval the vent valve
above the condenser was periodically opened to permit dissolved gases goes to elopement to the
atmosphere. This furthermore set the test pressure to close atmospheric. After degassing the liquid,
as it was observed that no gas or air bubble coming out of the liquid inside the test piece before to
boiling, flow boiling exams were executed. Exams were conducted by setting the wanted liquid
mass flow rate and inlet temperature. Mass flow rate was adjusting by the by-pass valve and modify
by the throttling valve located before the filters. The pre-heater was linked to a controller. With
respect to the exam’s mass flow rate, the controller was adjusting to the wanted applied heat to the
fluid flow which was passing the pre-heater, to supply the required inlet temperature.
Simultaneously the test section heater was adjusting to the required heat flux to the test piece. The
liquid was distributed through the flow loop until the wanted entry temperature was obtained. This
took three hours approximately. Steady state conditions were obtained when the fluid outlet, heater
and the aluminum housing temperatures were seen to be stable. This took half an hour
approximately. All of the wanted readings were achieved before the heat flux was re-set to the next
required value and the process iterated. During the exams to maintain the system pressure close the
atmospheric pressure, the vent valve above the condenser was periodically open and a balloon was
connected to it to block the vapor to elopement from the system. High speed videos were taken of
the boiling occurring on the test piece by a Kodak micro motion 1000 camera. The camera was set
to 240 frames /s at a resolution of 720 by 480 pixels.
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Fig(1): Schematic of flow loop[10]

Fig(2 .the aluminum test section is shown. Liquid entered the inlet plenum of the test-section
through the two inlet ports, set at 90° to the direction of stream in the aluminum test piece. The
plenum chamber dimensions were set to reduce the liquid velocity to close to zero before it.
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Fig(2): Test section[10]

The In-Line pin-fin micro-channel test piece is shown in Fig. 3.The In-Line pin-fin micro-channel
was constructed from a piece of copper, 50 mm wide by 50 mm long and 6 mm high. The channels
were formed by cutting slots 1 mm wide and 1 mm deep in the longitudinal direction. The slots
were 1 mm apart. Three holes, 0.6 mm in diameter by 12.5 mm long, were drilled into the test piece
at the inlet and outlet ends. The holes were located 2.5 mm from the top of the boiling surface and
11, 25 and 39 mm from an edge. These holes allowed six sheathed K-type thermocouples, 0.5 mm
in diameter, to be located below the boiling surface. All thermocouples were calibrated in a water
bath and were accurate to £0.15 K.
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Fig(3).The test piece[10]

3. MATHEMATICAL MODELS

The heat flow from the heater to the test piece is proportional to the difference between the heater
temperature, T,, and the test piece surface temperature, T.. Data taken when the liquid outlet
temperature was below the saturation temperature, deduced from the outlet fluid pressure, were
used to establish this relationship. The effective heat flux, ., was determined from the ratio of
increase in sensible heat of the liquid to the base area of the test

Piece, and was correlated by
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qE1=2.9 (Th- Tw)-1.4 ......... (1)
The design of the test section comprises two plates placed in between a ceramic heater and R113
fluid. One plate is made from copper and one from aluminum. Each is 50 mm width and 50 mm
length and 5 mm in thickness. During single-phase flow the sensible heat gain by the liquid is given
by:

gsp=M CP(Tout-Tin) ............... 2
This permitted the local outlet and inlet single-phase heat-transfer coefficients to be got from a one-
dimensional heat balance through a small flow length (Az) at the base of the channel gave

gp (Wch+Ww)2AZ =asp ATLMTD AZ [(Wch+Ww)2+Ww2-4nWwHch] .....(3)

The log mean temperature difference (LMTD) represents the wall to fluid temperature
difference [11] and Dimensions of heat-transfer unit cell [4]:-

ATLMTD=Tout-Tinln.......... (4)

(Tw-TinTw-Tout)

The fins could be processed as rectangular fins with adiabatic tips, i.e.
n=tanhi{(A Hch)A Hch ...... (5)

In which A was the fin parameter, which is given by

A=4okcWw

Wall temperatures was normally less than 0.7 °C, but could, on occasion, be as large as 1.4 °C. The
local wall temperature was therefore got by averaging the data from the three relevant
thermocouples to get Ttc , which was then corrected for depth from the plate surface, Htc , through
the one dimensional heat conduction equation, i.e.

Tw=Ttc-qp Htck ....... (6)

The local outlet and inlet two-phase heat-transfer coefficients to be got from two —phase heat
transfer from:-

qp (Wch+Ww)2AZ =atp (TW-Tsat)AZ [(Wch+Ww)2+Ww2-4nWwHch] ....(7)

For a liquid with a specific heat capacity of cp, the liquid temperature was obtained from
TF=Tin+WMCPOzqp dz ....... (8)

Where T, is the liquid inlet temperature, M is the mass flow rate of fluid supplied and W is the
width of the test piece.

The assessment of the single-phase, heat-transfer coefficients assumed that each channel contained
a developing flow where the heat-transfer coefficient could be obtained from
NU-p=0.06(RePr)0.73 ...... 9)
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In the first instance, a uniform heat flux was assumed for g,. This allowed the local inlet and outlet
heat-transfer coefficients to be obtained from Eq. (3) for each heat and mass flux setting tested.
These heat-transfer coefficients were used in a least squares analysis to find values of 0.06 and 0.73
in Eq. (9). This heat-transfer coefficient was imposed on the wall conduction model and Eqg. (8) was
used to find the liquid temperature, which for these tests is the heat-transfer temperature. This
allowed the heat flux distribution to be found and hence an update to the inlet and outlet heat-
transfer coefficients. The process was repeated until 0.06 and 0.73 became reasonably constant.

Where Prfand Ref are the liquid Prandtl number and Reynolds number relied on local flow, i.e

Pri=Cp,fufkf...................... (10)

Ref=GDhpf ................... (11)
All Nusselt numbers were defined as

NU-m=«xDhKf ...... (12)

The equivalent diameter for a square pin was chosen to give the same circumference as an equivalent
circular tube

Dh=4 Wwm ............ (13)

A typical two-dimensional unit cell at the location of a thermocouple situated inside the copper test
piece for the parallel test pieces is seen in the table below.

Table(1): Dimension for channel heat transfer analysis[10]
Pin-fin channel test piece

Ww | Wch | Wecell | Lcell | Hwl | Hw2 | Hw3 | Hch | Htc | Hcell
mm mm mm mm mm mm mm mm mm [ mm

05 |10 |20 2.0 10.0 | 5.0 5.0 1.0 |15 | 21.0

the heat transfer unit cell for pin-fin micro-channel dimension in the secheme .
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Fig(4): the heat transfer unit cell [10]

4. EXPERIMENTAL RESULTS FOR SINGLE-PHASE AND TWO-PHASE FLOWS

Heat-transfer coefficients and pressure were obtained for single-phase liquid R113 near atmospheric
pressure and temperature. For the pin-fin surface, heat-transfer Coefficients were obtained for heat
loads in the range 25 - 140 W. The heat load was chosen to give a rise in fluid temperature of at
least 4 -5 K. This gave apparent heat fluxes in the range 5 - 50 kW/m2, based on the base area of the
test plates. Five equally spaced mass flow rates between 2.5 g/s and 12.5 g/s were used. This gave
mass fluxes in the range 50-250 kg/m:s, based on the unrestricted flow area in the test channels.
Pressure drops were obtained under isothermal conditions for the same mass fluxes.Single-phase
analysis, heat transfer coefficients measurements which were presented are analyzed in this paper.
For the parallel channel surfaces, several popular macro- and micro-channel correlations for the
empirical data were compared with the heat-transfer data. The variation of single phase heat transfer
with heat flux is shown for the In Line Pin-Fin Channel surface as shown in Figure 5 .Heat flux is
plotted in terms of Th , for all mass fluxes and the relevance was Linear relationship. The difference
between channel base wall temperature, Tw , and heater temperature ,Th .
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Fig(5): Variation of effective heat flux with ( Th- Tw) for In Line Pin-Fin Channel

The single-phase heat-transfer coefficients are shown for the range of mass fluxes in Fig. 6. The
estimated error in the heat transfer coefficient. The heat-transfer coefficients at the inlet and outlet
positions of the pin-fin are shown to be similar in magnitude and to increase with increasing mass
flux. The pin-fin inlet and outlet values are shown to be different in magnitude, with both following
a Linear function of the mass flux, inlet and outlet positions of the pin-fin are shown to be similar
in magnitude and to increase with increasing mass flux. The pin-fin inlet and outlet values are
shown to be different in magnitude, with both following a Linear function of the mass flux.

25 T
y =0.0065x+0.3585
R?=0.9952
2

Heat Transfer Cofficient (kW/m2 .K)

Mass Flux{ Kg/m2.s)

Fig(6) : Variation of Heat Transfer Coefficient with Mass Flux for In Line Pin-Fin Channel

The two-phase tests were performed by supplying liquid R113 near atmospheric pressure to the test
section with 2-5 K of sub cooling. Heat-transfer and pressure drop data were obtained for heat loads
in the range 25 - 400W. These were applied to each mass flow rate in steps of 25 W, with the 375
W load avoided. This gave apparent heat fluxes in the range 10-160 kW/m: The heat-transfer
coefficients at the inlet and outlet positions of the pin-fin are shown to be similar in magnitude and
to increase with increasing effective heat flux. The pin-fin inlet and outlet values are shown to be
different in magnitude, with both following a Linear function of the mass flux. All of the saturated
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boiling data igentitied In the pin-fin data, F|gZ7). Are reasonably independent of location and mass
flux and follow the linear relationship
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Fig(7):Variation of Heat Transfer Coefficient with Effective Heat Flux

5. CONCLUSIONS

The experimental procedure for these tests led to the occurrence of three types of heat-transfer,
single-phase, sub cooled boiling and saturated boiling. Single-phase heat-transfer was taken to have
occurred when the fluid above the thermocouple was in a sub cooled State and the wall temperature
was below the local saturation value. Sub cooled boiling heat-transfer was taken to have occurred
when the fluid above the thermocouple was in a sub cooled state and the wall temperature was
above the local saturation value. Saturated boiling heat-transfer was taken to have occurred when
the fluid above the thermocouple was in a saturated state and the wall temperature was above the
local saturation value. Heat-transfer and pressure drop data have been obtained for pin fin channel
geometry. The two-phase heat-transfer coefficient for the pin-fin surface is had been investigated.
However, the pin-fin surface area is larger and the heat-transfer coefficient is slightly larger,
allowing a much lower surface temperature for the same heat flux compared with plate channel. The
following conclusions can be drawn from this study:-

1. The heat flux distributions have deformities obtained from two causes. The first cause is
because of end effects, and the second cause is because of the variation in liquid
temperature, and heat transfers coefficient. To demonstrate the first cause, assume the
channel contained a flow that was subjected to a uniform heat flux. To explain the

Importance of the second effect, the heat conduction model outlined was solved for single phase
flows.

2.The In-Line pin-Fine Channel had a bigger heat transfer area than plate surface when compared it
with a Literature Survey.

3.In-Line pin-fin surfaces improve the heat transfer by increasing the heat-transfer surface and the
heat-transfer coefficient.

These data were obtained for R113 and are therefore likely to be applicable to more readily
available fluids.

35



NOMENCLZTURE

Dy = hydraulic diameter (mm)
K.=copper thermal conductivity (W/m?.k)
K =fluid thermal conductivity (W/m?.k)
Q =heat transfer (Watts)
Nu-n= measure Nusselt number (-)
Nu-, = prediction Nusselt number (-)
Pr = Prandtl number (-)
Re= Reynods number (-)
T= temperature (°C)

GREEK LETTERS
a = heat transfer coefficient (W/m2.k)
p= dynamic viscosity (kg/m.s)
subsecript
c=copper
f=fluid
in =inside
out = outside
sat = saturated
sp = single-phase
tp =two-phase
w = micro-channel wall
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Abstract:

Recently, the demand on electrical energy is growing day by day as a result of rapid industrial
development so that it is making the transmission lines more exhausted and affected especially
the voltage stability. In order to overcome these problems, a FACTs device STATCOM of 12
pulse two levels is used to increase the capability of transmission lines and improving the
voltage profile of the system. In this work, a new technique of fuzzy self-tuning is used in
STATCOM's controller where the parameters of Pl controller tuned online that is lead to
improve the voltage profile when the power system exposed to the abnormal condition. The
simulation results of STATCOM with tuned fuzzy-Pl controller show an enhancement in
voltage profile under many disturbances as compared with the system used STATCOM
without this new technique. The results show a voltage profile using fuzzy-Pl less over shoot
and reach to steady state efficient than conventional Pl. The results of total harmonic
distortion (THD) show low values due to application of the Sinusoidal Pulse Width
Modulation (SPWM) technique and assuming the loads are linear.

Keywords: FACTs, STATCOM, Voltage profile, fuzzy self-tuning Pl
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1. Introduction

The Flexible AC Transmission Systems (FACTS) is static equipment used in ac transmission and
distribution systems. It introduces a new power electronic technology into conventional AC power
systems and improves the power system stability[1]. Power system stability is a significant
remarkable aspect, it is substantial to reduce the load losses and to acquire a remarkable output from
power system. As demand increased, the new power stations are increased and that rapid of
transient and steady-state stability problems in power system [2]. The one favorable FACTS device
for voltage profile enhancement is STATCOM. The most benefit of a STATCOM is to control and
regulate the voltages at any busbar used to connect of it in power system as shown in figure(1).

Transmission Line -LOAD
AC Side
—_—
DG J
Side |

POWER SOURCE

Static Synchronous Compensator (STATCOM)
Fig(1): STATCOM equipped into single line diagram

The PI controller is used in many industrial processes for control issue also featured by robustness
and simplicity so that it is used in STATCOM construction.

In previous research, numerous of them were dealt with STATCOM for voltage profile and
control strategy. In [3] Dhiya. Al-Nimma and Majed. Al-Hafid presented a STATCOM for voltage
profile improvements in Mosul ring. A conventional PI controller was used for voltage control so
that under some small disturbances, the results showed a good improve in voltage profile at weak
Bus. In [4] Tao Huang was used fuzzy logic control for multi objective to the STATCOM
controller. The utilized adaptation of fuzzy control multi objective enhanced the dynamic condition
much better than traditional PI control under small and large disturbances. In [5] V. Ponananthi and
B.R. Kumar presented STATCOM with PI controller and fuzzy logic controller for voltage
regulation. They show that terminal voltage kept constant under unbalance loads. In [6] N. Goel et
al used a genetic algorithm for tuning the parameters of PID controller in STATCOM. The results
show the performance of STATCOM with G.A tuned is the best and make a voltage profile closest
to 1pu under three kinds of disturbances.

As used in this research, STATCOM is hold over of PI controller as well as an adaptation for
locating the gains of Integral controller online through any disturbance take place by using fuzzy
logic controller to enhance the process control and thereby the voltage stability.

2- Voltage Profile Improvements:

When reactive power support did not attain to the desired value the voltage goes towards collapse
and causing an effect of cascading on the near region [7]. Figure (2) shows the single line diagram
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system with an inductive load at bus 2 (V2). In absence of any compensation device and from
phasor diagram, the current (Ip) is concur with the vector of voltage (V2).

In compensation process, the reactive power is produced near to load by injecting/absorbing
reactive current (IC), and that is reducing the currents flowing in the lines from main source so that
lead to improve the voltage stability. The STATCOM also can provide the ultimate inductive and
capacitive reactive power at minimum and maximum value of system voltage as far as lower system

voltage as clarified in figure (3) [8].

v‘l x R VE
~ |~ — I
Source IL 6 Loadl
Vs
Ie 5
- > frd
Ic i 0/ Vz =]

a) Without Reactive compensation

V'x R

Source le Ic 1.6 Loadl

b) Compensation with a Current Source

Fig(2): Principles of Shunt Compensation in AC system [8]

STATCOM transient

rating
transient W
rating .

Wl

ICmax D Il._max

Fig(3): STATCOM V-I characteristics [1]
3- Mathematical Model of STATCOM

Generally, STATCOM is a shunt connected device with the power system through a coupling
transformer and interface reactor. STATCOM's equivalent circuit clarified in figure (4) which
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represents VSC that formed by self-commutated device such as GTO or IGBT, and a capacitor (C).
The symbols of va, vb and vc indicate the 3- phase system voltages at the point of common
coupling (PCC), ea, eb, and ec can be represented a 3- phase voltage at AC side of STATCOM's
converter. The symbols ia, ib and ic represents the flowing currents between STATCOM and power
system.

The resistance (Rp) connected in parallel with (C) represents both the switching and capacitor
losses. To connect the STATCOM into AC power system required a magnetic coupling that is
represented by leakage inductance (Ls) and resistance (Rs) [9].

ia Es Ls v,
¢ SO —
e s M S
Volage ip Vo
C = Source ."t’_‘_‘:_m\—u,:—'
[ Corowrerter ;
R Ll‘c__:_(m\ vlr Vel

Fig(4): Schematic for equivalent circuit of STATCOM

The First order differential equations of STATCOM in AC side as introduce in figure (4) can be
formed below:

Va - ea=Rs* ia+ Ls*diadt .. (D)
Vb - eb=Rs*ib + Ls* dibdt .. (2)
Vc- ec=Rs* ic+ Ls*dicdt ...(3)

It can be transformed to the per-unit system and converted from ABC to dq rotation
coordinate system as presented in equation (4).

ddt [id" iq' ]=[-Rs' wbLs' w - -Rs' wbLs' ][id" iq" ]+ wbLs'[ed'-Iv'l eq'] ... (4)
Also the DC-side can be analyzed mathematically as equation (5).

dvdc'dt = - wb C' (idc'+ vdc'Rp') .. (5
The final equation of STATCOM and after linearization, the decoupled term of iq" and id'
can be written as:

ddt [Aid" Aiq' ]=[-Rs wbLs' 0 0 -Rs wbLs' ] [Aid" Aiq' ]+ [C1 C2 ] ....(6)
Where C1 and C2 are defined the PI controller used in current regulator as written below:
[C1 C2]=[(Kp1+ Kils)(id' *-id") (Kp2+ Ki2s)(iq' *-iq') ] .. (D

Where id' * and iq' * are defined the reference value of dq currents drawn from power system.
The dg voltages are out from the controller and needed to introduce the parameters of
modulation  index (M) and angle (a). The symbol (M) means the
modulation index that is related by a magnitude ratio between AC and
DC side terminal voltage. The symbol (a) represents the angle of bus
voltage lagging or leading of inverter voltage. These parameters are converted into control signal
needed for PWM. The dg voltages can be introduced in the equations below.
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e'd=M .vdc'cosa
e'q=M .vdc'sina

... (8)
... (9)

The block diagram of single line diagram of power system with STATCOM has been
introduced as shown in figure (5).
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Fig(5): single line diagram with STATCOM's controller [10]

4- Power System and STATCOM Design
A simple power system proposed consisted of one Thevenin equivalent three-phase voltage
source with capacity about 100MVA and 132 KV nominal voltage. The transmission line of 21 km
connects the generation area with load area. A linear and constant load of (15MW, 8MVAR) has
been used as inductive load connected at the end of system. The voltage source converter (VSC) of
STATCOM is formed using two three-phase bridges (IGBT). The two sets of the triggering pulses
are used to achieve the 2-level converter with SPWM. All of these components with power system
proposed are simulated using MATLAB/SIMULINK /PSB as shown in figure (6).
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Fig(6): simple structure of power system modeled with STATCOM
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5- Controller Design of STATCOM

Many controller strategies have been used for STATCOM such as phase shifting control, PQ
theory and Synchronous Reference Frame (SRF) [11]. In this work, SRF has been used widely and
preferable using for carrier based PWM control. Fig.(7) shows the controller block that contains
three important regulators needed for finding the reference signals. A phase locked loop used to
synchronize on the positive sequence components of bus terminal voltage by extract a time varying
angle (wt).

|—> mag
Magy Igref—
o
AC voltage regulator
Idig e
e ! —< m_Ph ’
labc M - L —
easuremn
Unit Vdc1 vdvg Vvdvq m_Phi
vde idrefl——T . ——(D)
idiq_ref m Phi
2400 Vdc_ref X
dc voltage regulator current regulator

Fig(7): STATCOM's controller design using MATLAB/SIMULINK/PSB

6- AC Voltage Regulator
6.1 — Conventional PI Controller Design
The voltage magnitude resulting from equation (10) is comparing with reference voltage that
always being 1 pu then error signal has been proceeded by PI controller to get the reference signal
of reactive current as shown in fig.(8).

| V| =vd2+vq2 ... (10)

Pz () \

Discrete Pl Controller

mag

Fig(8): AC voltage regulator modeled by MATLAB/SIMULINK

6.2 — Self-tuned PI Controller Design

Pl controllers with fixed parameters in the industrial working environments are robust but
voluntary. Therefore, tuning of the PID-parameters has been performed. Fuzzy logic is a way for
decision action utilized for expert systems and process control. In this work, fuzzy-PI technique has
been used to achieve tuning parameters. The outputs of PI controller are actions of proportional and
integral summed together. These actions are controlled by gains parameter for each one when
taking into account that outputs of controller which are limited to the range set for control output.
Two inputs are presented; the first is error resulting from comparison between magnitude of

43



terminal voltage and its reference while the second is change of error. These values are mapping
through a member ship function. The output is chosen to be a variation of integral gain (AKi) as

shown in fig.(9).

FUZZIFICATION

Error ——=|

RULE

Change __ins | Inference Engine |H BASE

Error

| DEFUZZIFICATION ‘

|Kp| Ki

L v

PI- CONTROLLER

ay

CONTROLLER O/P

Fig(9): inputs and output formed by fuzzy logic [12]

Error

This output is based on two inputs; error (¢) and change of error (Ae). The variation value of
integral gain (AKi) can be summed to a reference value of integral gain (Ki*) that came from
conventional tuning like trial and error method as introduced in equation (11). Finally, the value of
integral gain can be ready to use in the I-controller with fixed value of P-controller to form finally a
P1 controller as shown in fig(10).

Ki = Ki*+ AKi .. (11)

For more comprehension about the control process, two cases are introduced below to show the
action of fuzzy during disturbances:

a.When the error resulting from voltages comparison is out of range towards positive more than
+0.024 and in negative less than -0.024, the output of fuzzy can be large value of "change of
integral gain (AKi)" in order to make an enhancement in voltage profile under disturbances.

b.When the error is located in the range of (+0.024 and -0.024), the action of fuzzy must zero and
led to get zero value of "change of integral gain (AKi)" so that the value of Ki is equal to the

reference value (Ki").

Ot

- T b =]
1 - o] s -

™ ] R
1 1
.
L AKi . .
I—’ W\ |—> Add Discrete PID Controller
Ae
“Fozzy Coge I?‘
Fuzzy Logic

Scopes
Controller

Derrvative

Fig(10): Model of Self-tuned PI Controller using Fuzzy Technique
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Triangular membership function ﬁrlmﬂ can be used for this process. FIVE SEts of membership have
been chosen for inputs categorized as error and change of error as shown in figure (11) and figure
(12) and two sets of membership have been chosen for output. Every membership introduced must
be named in the fuzzy logic toolbox and categorized by a Linguistic variable as presented in Table

(1).

Table (1): Linguistic variable for input and output M.S function

Linguistic variable symbol | Linguistic variable
PB Positive Big

PS Positive Small

V4 ZERO

NS Negative Small

N B Negative Big
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Membership function plots
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nb ns z ps pb

input variable "e*

Fig(11): Error membership function

Membership function plots
T
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b ns z ps pb

[ [ I I 1 I 1 1 1

Fig(12): Change of error membership function

The rule base using for tuning of the integral parameters are listed in the table (2), and the surface
viewer for these rules can be designed as shown in figure (13).

Table (2): adjusting fuzzy rules of (AKi
Ae |[NB|NS|Z |PS|PB

NB |PB |PB |[PB|PB|PB

NS |PB |PB |[PB|PB|PB

PS PB|PB|PB|PB|PB

PB |PB |PB|PB|PB|PB
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de = 0.1

Fig(13): Surface viewer for the rule base

7- Simulation Results
Three cases are presented in this work to show the enhancement in voltage profile when
accomplished the conventional PI controller or self-tuned controller.

Casel: The inductive load of (9 MW, 4 MVA) is entered at bus 2 to increase the loading and test
the system with STATCOM for how to deal with this case. Figure (14) shows an enhancement in
voltage profile with disturbance due to load entered at 0.4second and outage at 0.6 second.

H
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Voltage at Bus 2 (pu)

/|

o
w
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08 | | | |
0 0.1 0.2 03 04 0.5 0.6 0.7 08
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The modulation index has been increased from 0.75 to 0.98 and that is required to increase
voltage magnitude to the value in stable state.
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The percentage of THD for phase voltage and current by using Fast Fourier Transform (FFT) at
receiving end is presented as shown in figure (15). The results where is 0.4% for voltage and 0.54%
for current waveform while at sending end the results where is 0.45 for voltage and 0.34 for current
waveform as shown in figure (16).These values are acceptable in IEEE standards [13].
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Fig.(16) the percentage of THD at sending end for; a) phase voltage, b) line current

Case 2: When the three phase voltage source is raised or reduce and voltage fluctuated take place at
load bus for any reason suddenly, the STATCOM must deal with this changing and enhancing the
voltage profile as shown in fig.(17).

Al-Kitab Journal for Pure Scriences \ol.: 1 Issue: 1 Dec: 2017

48 Kivs@uoalkitab.edu.iq



=
8

— without Statcom

L .
2 B
E__ 2

8
N
>

Voltage at Bus 2 ( pu
o
82 -
—
=

o

8
o
8

b3
=
b3

=
©
S

092 ' :
01 02 03 04 0.5 0.6 0.7 08 09 01 02 03 04 05 06 07 08 09

Time ( Sec) Time ( Sec )

(a) (b)

Fig(17): voltage profile at load bus for source voltage level disturbance

Case 3: When the technique of self-tuned for Pl controller is used, the voltage profile will get
enhanced and making the system voltage more stable. In this case, the disturbance accomplished in
case 2 will be used as same in case 3 to analyze the difference between conventional and adaptive
controller. Fig.(18) shows the voltage magnitude under source disturbance with self-tuned

technique in STATCOM.
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Fig(18): voltage profile enhancement in two control method

Figure (19) shows a zoom in for voltage signal. Obviously, the voltage profile can be enhanced
by reducing the over shoot percentage when the magnitude of disturbance has been reduced by 0.005
pu and steady state achieved in less time than conventional Pl controller. Figure (20) shows the same
instantaneous voltage waveform at disturbance moment take place for phase (a).
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Fig(20): Instantaneous voltage waveform enhancement in two control methods for phase a

In any disturbance occur in this case, the value of AKi has been changed frequently depending on
the error value as shown in figure (21).
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F|9221): the changing of AK1 during disturbances occur as given In flgi18)

8. List of Symbols:

Symbol Signification of Symbol SI
unit
C Capacitor uF
ea, eb,ec three phase line to neutral \
output voltage of the STATCOM 's converter
ed,eq Fundamental component of direct and quadrature axis voltage \/
respectively
ia, ib, ic Instantaneous line currents A
id,iq Fundamental component of direct and quadrature axis current A
respectively
Ki,Kp Integral and Proportional gain respectively
Ls inductance of the transformer H
M Modulation Index
Rs Resistance of the transformer Q
Rp Resistance defined the Overall losses in VSC
Q
V'l Magnitude value of the voltage \/
va,vb,vc Instantaneous line to neutral system voltage \Y
vd,vq Direct and quadrature axis voltage \
Vdc Voltage at DC side inverter \Y
a Firing angle of Converter °
) Angle between instantaneous system voltage vector (d-axis) and a- °
phase axis of abc coordinate
W Angular velocity rad/s

9. Conclusion

FACTS device represented by STATCOM with self-tuned method is very important for improving
of voltage profile. The contribution and conclusions can be summarized as follows:

1. The voltage level in the power system proposed at load busbar is improved and made it more

stable when STATCOM with conventional Pl equipped to the bus 2 under load and source
disturbances.
2. The technique of sinusoidal pulse width modulation (SPWM) has been used to drive the
STATCOM. The total harmonic distorsion percent (THD %) achevied at reciveing end for
phase voltage and current are 0.4% and 0.54% respectively, while it can be achevied at sending
end a values of 0.45% and 0.34% for voltage and current waveforms respectively. These values
are within the acceptable IEEE standards.

3.The STATCOM used in this work can be modified and improved to enhance the compensation

process. In AC voltage regulator, the conventional P1 controller can locate its integral gain (Ki) by

using self-tuned method that uses fuzzy logic controller to detect the appropriate gain of integral
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term. The results achieved a good response of STATCOM, minimizing over shoot and steady state
reached faster than traditional P1 controller.
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Appendix — A
Parameters ) :Base —5MVA ), 5 MVAR STATCOM .

Converter parameters: two brides of IGBT — 12-pulse two level; nominal AC voltage =132 KV; DC
link voltage = 2.4 KV; Capacitors (C) =0.02 F.
Carrier frequency of SPWM= 1400 Hz.

Converter Transformer :Each one of 3-winding Transformer Rating: (5/3) MVA, 50Hz, 132
KV/1.25 KV, 3% (X(

Pl-controller Gains: AC Voltage Controller: Kp; = 0.5, Kj; = 2500. DC Voltage Balancer: Kp, =
0.001, Kj; = 0.15. Decoupled Current Controller: d-axis controller: Kpz = 0.8, K;3 = 1; g-axis
controller: Kps = 0.8, Kig = 1.

Thevenin's Equivalent VVoltage Source: Nominal Voltage: 11kV; Source Resistance and inductance:
R=0.121Q), L=3.85mH, frequency: 50Hz; Short circuit level: 100 MVA

Step —up power transformer rating: Nominal power: 100MVA, 11KV/132KV,
50Hz, R,=0.002 pu, Xp,= 0.008 pu.
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Abstract: A new control strategy for active power filters is proposed, modeled and
implemented in order to improve the power quality of a line commutated converter High
voltage DC link. The ability of reactive power and harmonics reductions are generally met by
using passive and active power filters. In this paper, modified active power filter with a
modified harmonics pulse width modulation algorithm is used to minimize the source
harmonics and force the AC supply current to be in the same phase with AC voltage source at
both sending and receiving sides of a line commutated converter high voltage DC link.
Therefore, it is considered as power factor corrector and harmonics eliminator with random
variations in the load current. The modified harmonics pulse width modulation algorithm is
applicable for active power filter based on a three-phase five-level and seven-level cascaded
H-bridge voltage source inverter. Simulation results show that the suggested modified
multilevel active power filters improve total harmonics distortion of both voltage and current
with almost unity effective power factor at both AC sides of high voltage DC link. Therefore,
modified active power filter is an effective tool for power quality improvement and preferable

for line commutated converter high voltage DC link at different load conditions.
Keywords- Six-pulse line commutated converter HVDC, Power quality improvement, modified shunt active power filter, modified
harmonics pulse width modulation, multilevel inverter.

1. INTRODUCTION

AC to DC converters, depending on thyristors, provide controllable active power in the rectification
and inversion modes. But they consume reactive power and distort the supply current which affect
on the power quality of the AC system. This effect can be treated by using passive and/or active
power filters to reduce harmonics distortion of AC supply currents. High-voltage DC (HVDC)
transmission system transmits a large amount of power over long distances [1]. HVDC converters
produce harmonics in the AC power systems, which should be minimized by using power filters.
Passive power filter can be used to reduce known harmonic components. While for unknown
harmonic components, Active power filter (APF) is better in filtering performance than passive
power filter [2].

The shunt APF (SAPF) is used to compensate harmonics current due to nonlinear system
elements, improve effective input power factor and stabilize the three phase currents [3]. So, it acts
as a controlled voltage source which forces the system line currents to become almost sinusoidal.
This needs a complex regulation and control system [4]. The most control algorithms of three-phase
shunt active power filters are based on instantaneous PQ theory, synchronous detection method and
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using multilevel inverters. In [5, 6], the 1;.cos(®) algorithm forces the supply current to be equal to
the magnitude of the real component of fundamental load current, which is in same phase with the
main sinusoidal supply voltage. This technique is applicable for three-phase voltage source
inverters. In [7], the Ty.cos(® ) algorithm is used with a 7-level shunt active filter as a controller
based on multicarrier phase disposition pulse width modulation technique.

In this paper, for comparison of SAPF, five and seven level cascade H-bridge pulse width
modulation voltage source inverters are investigated. The aim is to use modified SAPF (MSAPF) as
harmonics injector and power factor corrector based on modified harmonics pulse width modulation
(MHPWM) algorithm and therefore improving the power quality of 6-pulse line-commutated
converter HVDC (LCC-HVDC) link as illustrated in Figure 1.
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Fig(1): Three-phase 6-pulse LCC-HVDC link with the MSAPF circuit

2. HVDC LINK MODEL
2.1. HVDC Converter

In this paper, the 6-pulse LCC-HVDC link is used as shown in Figure 1. Converters of the LCC-
HVDC link produce harmonics current at the AC sides and consume reactive power. In order to
reduce the AC line current harmonics and correct effective input power factor, a MSAPF is used to
improve the power quality at both sending and receiving sides. As a result, the shape of line current
becomes almost sinusoidal which improves the performance of AC mains with keeping the DC link
current smooth.

2.2.Filtering Principle

The principle operation of the MSAPF is to supply distortion current and reactive power
components to the HVDC system to make the AC grid supplying only real power. Thus, the power
distribution system on each side sees the nonlinear load with the MSAPF as a dynamic resistor. The
power circuit of the MSAPF shown in Figure 2 is built depending on 5-level cascaded H-bridge
voltage source inverter (5LCHBVSI) and 7-level cascaded H-bridge voltage source inverter
(7TLCHBVSI), respectively.
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The MHPWM algorithm, which is suggested and used by [8, 9], computes the desired reference
three phase AC currents (isa-ref, Isb-ref, Isc-ref) from the product of the real part of the fundamental load
currents (I ai(real), lbi(real) lLci(realy) iN-phase with the corresponding AC voltages as shown in Figure
3. The compensation reference currents are formed as the difference between the actual load
currents (iLa, i, ic) and the desired reference AC supply currents. The compensation reference
currents are compared with the MSAPF currents (imsapr-a, Imsapr-b, Imsapr-c). The result signals,
harmonics error signal (HES), are used as modulated reference signals which are compared with
phase shifted multi-carrier signals to produce PWM signals and drive the IGBT's of the MSAPF.
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Fig(2): MSAPF configuration based on 5-level or 7-level cascaded H-bridge inverter per phase.
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Fig(3): Control circuit of the MSAPF.

3. SIMULATION RESULTS

The 6-pulse LCC-HVDC link is modeled by MATLAB/SIMULINK/PSB as a 500kVV-1000MW DC
link to connect two AC systems, 500KV and 345kV, as shown in Figure 4. The DC sides of the
HVDC converters have been modeled with 300Km transmission line and 0.5H smoothing reactor.
The MSAPF is connected to AC system through coupling reactor (SmH). A DC capacitor (200uF
per cell) is connected at the DC side of the MSAPF to store energy at the DC bus. The designed
MSAPF is simulated to show its steady state and dynamic capability with the HVDC system.

Figure 5, Figure 6 and Figure 7 show the waveforms of the supply phase voltage (vsa) and current
(isa) at secondary side of the transformers at DC power flow (Pq4c) equal to 0.7pu (700MW) without
and with 5LCHBVSI and 7LCHBVSI MSAPF, respectively. The phase voltage and current at both
sending and receiving sides are in phase with each other after connecting the MSAPF circuits.
These figures show that the MSAPF gives acceptable THD and PF which makes the supply voltage
and current in phase and almost free of harmonics. The distortion in the voltage and current
waveforms is due to switching frequency of the inverter which can be eliminated simply by using a
simple high pass filter as shown in Figure 8. The THD of the supply current waveform after
connecting high pass filter with the 5LCHBVSI MSAPF is reduced from 1.27% to 0.8%. Figure 9,
Figure 10 and Figure 11 illustrate the waveform of power factor, THD, and power utilization factor
without and with the MSAPF at sending and receiving sides respectively. These results confirm that
power factor stay at unity and THD improved at both sending and receiving sides. The MSAPF
draws a small amount of the real power depending on the phase angle between the AC voltage and
the MSAPF voltage which affect on the utilization factor of the system.
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Fig(4): System overview of the 6-pulse LCC-HVDC system with the MSAPF at both sending and
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Fig(5): Phase voltage and current of the 6-pulse LCC-HVDC link without filters (P4.=0.7pu) at (a)
sending and (b) receiving sides
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Fig(6): Phase voltage and current of the 6-pulse LCC-HVDC link with the 5-LCHBVSI MSAPF
(P4c=0.7pu) at (a) sending and (b) receiving sides
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Fig(7): Phase voltage and current of the 6-pulse LCC-HVDC link with the 7-LCGBVSI MSAPF
(P4c=0.7pu) at (a) sending and (b) receiving side
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Fig(9): THD of the AC supply current of the 6-pulse LCC-HVDC system without and with MSAPF
at (a) sending and (b) receiving sides.
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Fig(10): Simulation results of the effective input PF without and with the MSAPF at (a) sending
and (b) receiving sides.
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4.CONCLUSIONS

The 6-pulse LCC-HVDC link model with five and seven level cascaded H-bridge
inverters as a MSAPF at both sending and receiving sides have been analyzed,
implemented and simulated. The MHPWM algorithm has been suggested to drive the
suggested MSAPF. The simulation results proved that the designed active filter is
applicable, reliable and effective for different operating conditions of the 6-pulse LCC-
HVDC link. The designed filter with 5-level and 7-level give almost same results. These
indicate that 5-level can be considered as a suitable type if the building cost and less
complexity is taken into account. While for higher ratings power switching requirement
7-level is more convenient to be used. In both cases reliable power quality improvements
have been achieved
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Abstract:

This paper incorporates the utilization of the wind energy system as an alternative source for
Traditional source of energy, where it has been studied convert the kinetic energy in the wind
to electric energy and the impact of environmental condition like, temperature humidity and
wind speed on turbines performance and analysis using MATLAB simulation. In addition the
results were compared with the results obtained from the operation of the experimental
turbine in the department and it turned out higher congruence results.

Key words: wind turbine, kinetic energy, wind speed, environmental condition, turbine performance.
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Mathematical Modeling Using Fuzzy Equations

Abstract:

This research deals with the solutions of first order fuzzy differential and difference
equations with constant confections with fuzzy initial conditions. We start with the differential
equation and explain their solution when their membership functions are triangular,
trapezoidal and Gaussian. Then we explain the solution of fuzzy difference equation in similar
way. The obtained results are then applied on the problem of modeling of the population of
Iraqg. The practical application indicated that differential and difference equations with fuzzy
initial conditions are superior in prediction than ordinary once.
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