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ABSTRACT

This paper is written with the objective of illustrating an effective method to calculate the single phase
induction drive equivalent circuit using a steady state tests. The induction drive coupled with photovoltaic
(PV) system, this system contains of PV array, inverter, and single phase induction drive. Using a simplified
equivalent circuit of a single phase induction drive can be previous directly the machine parameters'
calculated with the resistance of core loss is neglected. Especially for the power under the no load test, the
equivalent circuit values using the resultant parameter fails to match the input power measured at the drive
terminals. However the resistance of core loss included into the calculation framework of drive parameters
measurements, the method of Newton Raphson is used to improve calculates obtained by the pattern of direct
calculation. So the research has introduced the brief description of a mathematical analysis of this method on
the proposed drive. The laboratory experimental results of single phase induction drive demonstrate the
effectiveness of an iterative method based the calculation scheme of drive parameters. As using extinction
angle for a proposed induction drive model was successfully implemented and tested.

KEYWORDS: Single phase induction drive, parameter measurements, calculation method, PV inverter, and
extinction angle

INTRODUCTION

While the single phase induction drive for low power application used widely in domestic utility has never
been investigated [1]. During these last years, many research laboratories focused on the variable speed
drives, especially for the single phase induction drive, and important renovations have been achieved on this
theme [2-3]. Due to the widespread and large energy consumption of single phase induction drives, it is
important to improve the techniques of parameter calculation for single phase induction drives, either for
monitoring their health condition or to support the power systems operations during fault events [4].

In this paper the performance of a single phase induction drive is connected to a PV system through an
inverter is analyzed. Firstly, the mathematical model of the suggested structure is developed. The parameters
calculation of single phase induction drive is typically conducted based on measurements collected from the
steady state tests. By the direct calculation approach, Ghial et al. have neglected the core loss resistance,
which is significantly larger than the impedance of other parameters [5]. Nonetheless, it has been recognized
the importance of including the core loss resistance in induction drive modeling [6]. The calculation methods
of parameters therein require additional hardware deployment to measure the rotor speed or drive torgue. It is
more practical to develop advance numerical method that incorporates core loss resistance to fit the steady
state tests data at no additional hardware complexity.

Recently, it had developed a non-intrusive approach to calculate induction drive parameters using transient
stator current measurements collected during normal start ups by Huynh et al. [7]. Compared to existing test
based methods, this approach is more suitable for monitoring the drive capacitor, whose capacitance can
decrease gradually throughout the drive lifespan. Nonetheless, the method success in tracking the
capacitance value requires a good knowledge of other static drive parameters such as winding resistance,
leakage inductance, and magnetizing inductance. Because of the parameter identify ability issue; the time
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varying capacitance and the static parameters cannot be determined simultaneously using only transient
measurements especially the magnetizing (leakage) inductance. This again speaks for necessary to improving
the performance of test based the calculation techniques of induction drive parameters measurements.

Some authors proposed an online parameter calculation, for adaptive systems and self tuning controllers due
to the fact that the parameters of induction drive change with temperature, saturation, and frequency [8]. The
single phase induction drive is an asymmetrical and coupled machine; these features make the electrical
parameter calculation by classical methods difficult, and these characteristics complicate the use of high
performance techniques, such as vector and sensor less control. Other studies have also been reported in
literature describing the parameter calculation of single phase induction drive [9]. In addition, an equivalent
single phase induction drive behavior representation is obtained with the best methodology which has a
simple implementation in comparison with the single phase induction drive model obtained by classical tests
[10]. Towards this goal, this paper is viewed a calculation pattern of extinction angle of the proposed drive
equivalent circuit through developed a calculation methodology of parameters to better fit the power input
measurements under various steady state test conditions by incorporating the core loss resistance. With this
modification using the Newton Raphson iterative updates is improved the calculations. The objective of the
proposed two step method using direct calculations, and Newton Raphson iterations is to further tune up the
drive parameters of the equivalent circuit to match the power input measurements. The core loss resistance
varies with the slip; our parameters' calculates can potentially be used for modeling the induction drive.

The rest of this research is organized as follows. Section | is illustrated the description of proposed system.
Section Il is introduced the steady state equivalent circuit model of single phase induction drives. Then the
effective method for parameters calculation is developed in Section Ill. The validation of the proposed
method using real measurements is presented, and the experimental results are discussed in Section IV.
Finally, the paper is wrapped up with the main conclusion and future scope of this study in Section V.

I. SYSTEM HARDWARE DEVELOPMENT DESCRIPTION

Since the DC/DC and DC/AC power conversion schemes are used, these systems are called dual stage
inverters. The DC/DC converter performs maximum power point tracking (MPPT) and inverter converts DC
generated by PV to AC. While using dual stage inverter simplifies the control, it decreases the total
efficiency of the system and increases the cost. PV systems' cost can be minimized by decreasing the number
of power conversion stages and the number of components involved in each stage. In these systems, DC/AC
conversion and MPPT processes are performed by same converters; meanwhile this causes an increase in
complexity. Furthermore single stage inverters are 4-10% more efficient than the dual stage configurations
[11]. In industrial applications, an inverter switching frequency usually varies with the speed of induction
drives and the associated error bands, and also it is quite low as compared to the sampling frequency of
system. But the variable switching frequency makes very complicate designing of inverter output filter [12].
In this work, the PV system is constituted by a PV arrays, a pulse width modulation (PWM) inverter, and a
controlled single phase induction drive to ensure the optimization of the whole system as displayed in Fig.1.
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Fig.1: Schematic diagram of the proposed PV system
The PV array is used to generate the DC power and then it is converted into single phase AC power at 50Hz
frequency with the help of inverter. The output of the inverter is fed into the single phase induction drive as a
load. The characteristic equations of a PV cell can be expressed as [13],

ISCZIL_IO{em[%J_]}_(%j (1)

Vop = n{ﬂj @

IO
The available values are provided on the PV module datasheet and followed by the parameters to be
calculated are tabulated in Table I.
Table 1. PV module parameters at STCs of temperature (25°C) and solar irradiation (1000W/m?)

Impp 3.595 A Ipv 3.82 A Isc 3.82 A
Vmpp 35.62 V lo 0.102 pA Voc 44,11V
Pmpp 128.1 W Rs 0.31Q Rpe 600 Q
-2.10 o
A 1.2 kv mV/cell/°C K 15 pAJcell/°C

The circuit structure of whole system for a full bridge single phase inverter as shown in Fig.2. It is an
electronic power converter that is necessary as an interface between the power input and the load. The full
bridge single phase inverter consists of the DC voltage source, four switching elements Q1, Q2, Q3 and Q4
and load. The used switching element is metal oxide semiconductor field effect transistor (MOSFET). The
control of the circuit is accomplished by varying the turn ON time of the upper and lower switch of each
inverter leg with the provision of never turning ON both at the same time, to avoid a short circuit of DC bus.
The control pulse to the switches is generated by (PIC16F877A) Microcontroller.
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Fig.2: The whole system of full bridge single phase inverter circuit topology
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A variable voltage is obtained by varying the input DC voltage and maintaining the gain of the inverter
constant. On the other hand, if the DC input voltage is fixed then variable output voltage is obtained by
varying the gain of the inverter. This is accomplished by PWM control within the inverter. PWM is mean the
width of the square pulse in positive and negative halves is adjusted according to the root main square
(RMS) of the required output. The inverter gain is defined as ratio of the RMS AC output voltage to DC
input voltage. As filter is played a key role in the inverter driven loads. It is eliminated the higher order
harmonics. The proposed system layout is allowed the improvement of the efficiency maximization as shown
in Fig.1. The need for this configuration is decreased the switching losses, to improve the reliability, and to
enhance the converter efficiency.

A prototype laboratory model for a single phase induction drive connected PV system is developed as shown
in Fig.3. Various system parameters like voltage and current are measured and conditioned using hall-effect
current sensor and isolation amplifier. The control algorithm is first developed in the MATLAB Simulink
environment and the MATLAB workshop generated the optimized C code for real time implementation [14].
The interface using Microcontroller is allowed the control algorithm to be run on the system hardware.

Switching signals obtained from the controller are given to the power MOSFETSs after proper isolation and
amplification. For the testing of the complete prototype, the PV array output is fed to a one level inverter
ments change.

rs
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Fig.3: Laboratory prototype model of PV system
Il. SINGLE PHASE INDUCTION DRIVE EQUIVALENT CIRCUIT
The commercial single phase induction drive commonly used in low power applications is been a two phase
induction machine with asymmetrical windings, whose equivalent circuit without the permanent split-
capacitor is represented as in Fig.4. This section is introduced the steady state equivalent circuit for single
phase induction drive, which is used in the proposed calculation method of drive parameters. The stator of
squirrel cage single phase induction drive had two windings, a main winding and an auxiliary winding, that
are placed 90° electrical degrees apart in space. The two windings had different turns number. The external
circuit typically is consisted of capacitors with/without a centrifugal switch, is connected in series with the
auxiliary winding to enhance the induction drive start-up torque characteristics. The induction drives can be
classified into three topology types depending on the external circuit [15].

This paper is focused on the capacitor-start topology because it is the most popular type for residential
applications. However, due to the winding arrangement and the single phase sinusoidal power supply, one
had to consider two magneto motive force (MMF) waves traveling in opposite directions for each of the
stator windings. If only the main winding is connected, the air gap MMF can be decomposed into two
traveling waves: one is traveled in the positive rotor angle direction, and the other one is traveled in the
negative direction. With sinusoidal current input, the fundamental component of MMF in the air gap Fag at
time t and angular position 6 can be written as:
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F,(t.0)= % F, cos(@,t — 6 +¢)+ % F, cos(@,t + 6+ ¢) (3)

where Fy is the peak of MMF at the fundamental harmonic in the air gap, ¢ is the phase angle of the main

winding current, and we is the electrical frequency (e.g., 1207 rad/s). The first summand with wet—6 is
traveled the MMF wave in the positive 6 direction with the angular speed, while the other one is traveled the
MMF wave in the negative direction at the same speed. Let s is the slip between the single phase induction
drive rotor’s mechanical speed and the MMF wave in the positive direction. It is shown that the slip between
the rotor and MMF wave in the negative direction would be (2-s). For each of the MMF waves, the
reflected effect of the single phase induction drive rotor on each stator winding. Hence the equivalent circuit
of one single phase induction drive winding is consisted of two equivalent circuits of three phase induction
drive connected in series with the equivalent parameters scaled by the ( %) factor as described in Fig.4. The

top part in the equivalent circuit is corresponded to the MMF wave in the positive rotor angle direction, and
thus is termed as the forward branch. Accordingly the bottom part for the MMF in the negative direction is
referred as the backward branch. The rest of the paper is displayed the calculation pattern of extinction angle
of the proposed drive equivalent circuit through developed the parameters calculation method by accounting
for the core loss resistance Ry term with improved performance in fitting the test measurement data.
Experimentally the equivalent circuit parameters of an induction drive are found as shown in Fig.4.

I11. CALCULATION TECHNIQUE OF PARAMETERS MEASURMENTS

This section is presented the calculation method of parameters using the tests with the main winding
connected while the auxiliary winding disconnected for the single phase induction drive equivalent circuit in
Fig.4. For the auxiliary winding circuit, one is first disconnected the external capacitor (with Cs and R
shorted). This way, the two equivalent circuits is become the same, and the method is presented for only the
main winding is directly adopted to calculate the drive parameters.

The effective method goal is found the circuit parameter values in order to match the power measurements of
the drive under various test conditions. Certain parameters are directly measured using the dc test such as the
main winding resistance R;. For some of other parameters, including the reactance terms X;, X', and the
magnetizing reactance Xp, as well as the rotor resistance R';, one is used additional test measurements to
directly calculate a rough estimate of their values. To improve the calculation accuracy, the Newton Raphson
method is adopted to fit all the test measurements by iteratively updating the calculations for all these
parameters together with the core loss resistance Ry,. It is conducted the induction drive tests for this purpose.

A. Single Phase Induction Drive Tests

The following three tests are performed from the collected measurements:

1) DC Stator Resistance Test

The DC stator resistance is directly measured by applying DC current to the main winding terminals and the

voltage and current values are taken and are determined the DC and AC resistance as follows, respectively:
VDC

Roc =—= ) R =115 Ry (4,5)

I DC
2) Blocked Rotor Test
When the rotor is locked from rotation, s,=s;=1. An appropriate voltage source is applied to the stator
winding such that the proposed drive terminal current is close to its rated value. The secondary impedances
become much less than the magnetizing branches and the corresponding equivalent circuit of Fig.5(a).
These test measurements are obtained: blocked rotor power Pg,, blocked rotor voltage Vg, and blocked rotor
current lg.. Then, equivalent stator resistance Rseq, equivalent stator impedance Zseq, and equivalent stator
reactance Xseq are obtained using the following equations:
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Z = \i R = PBL = + R‘ _ 2 2
Seq I ) Seq I 2 Rl 2 ) XSeq = \/(ZSeq) - (RSeq) (6, 7, 8)
BL ( BL)
Separation of X3, X' 2, Ry, and R" ; can be done as follows:
X, = Xewg = X4 , R, =R~ R , Xseq =1/ (Zswg) —(Reee)® (9,10, 11)

3) No Load Test

When the induction drive is allowed to run freely at no load, the forward slip s; is approached zero, (s =S)
and the backward slip s, is approached 2, (s,=2-s). The secondary forward impedance is become very large
with respect to the magnetizing branch, while the secondary backward impedance is become very small if
compared with the magnetizing branch. Accordingly the equivalent circuit corresponding to these operating
conditions are approximated by that of Fig.5(b). The rotor is rotated at the synchronous speed with the
assistance of an external mechanical source. The applied voltage source to the stator had at the rated level.
As like the blocked rotor test, same measurements are collected, and are denoted by no load power Py, no
load voltage Vi, and no load current Iy.. Then, core loss resistance Ry, is obtained as fallows;

R
I:)core+mech::1nical = I:)NL - (I NL)2£R1 + TZJ (12)
= - R. . X. - 0=cost
E. =V, -y R1+72 +j x1+72 ~ Note: ('w=lws=0, Vil ) (13)

E.|f
ro—a E" (14)
{ PcoreerechanicaJ
and where Ef is electromotive force, the magnetizing reactance X, is obtained as fallows;
Eel _ | [Eel Ee|
IW:R_W:2|:R_ ! Im: (INL)Z_(IW)2 ) Xm:2 I_ (15’ 16, 17)
2 w m
or the magnetizing reactance X, is estimated by;
Z,, = Iw 2 R\ x =2 x, - x [ X2 18, 19, 20
Oeq INL ) XOeq = ZOeq — Rl +7 ) m Oeq 1 7 ( ) ) )

wwy

L™
& X 1 R, Forward = 4
: =y o -

. | (a) At standstill (blocked rotor)

;L 1R - Backward
T2 22-5

_JVV\, Y'Y Y YL % ’i‘ |-
A4 JES . . e !
Fig.4:_ The generalized equivalent circuit of single : _ (b) At no loa
phase induction drive Fig.5: Approximate proposed drive equivalent circuit

One is simplified the equivalent circuits in Fig.5 under the blocked rotor and no load test conditions. The
simplified circuits are made it possible to directly approximate some parameters such as Ry, X, X'z, X, and
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R',. The parameters calculated by this approach are used as the initial guess for the Newton Raphson updates
later on. The following assumptions are made to simplify the induction drive equivalent circuits:

» The core loss resistance Ry is significantly larger than the magnetizing reactance Xn. Both of them are
much larger than the rotor leakage reactance X'; and the rotor resistance R',.

* The stator leakage inductance and rotor leakage inductance are the same; i.e., X3 = X',

* There is no coupling between the two stator windings.

Under these assumptions, the simplified equivalent circuit for the blocked rotor test is constructed using the
fact that the slip (s=1), as shown by Fig.5(a). The core loss resistance Ry, and the main winding magnetizing
reactance X, are eliminated from the simplified circuit. The resultant circuit is consisted of three resistance
and three inductance terms, all connected in series. Similarly for the no load test, one is set the slip (s=0) and
is constructed the simplified equivalent circuit as illustrated in Fig.5(b). As the rotor effective resistance in
the forward branch is been inversely proportional to the slip s and is gone to infinity in this case, the
magnetizing reactance Xy, part needs to be kept with all other terms are eliminated.

The simplification of the backward branch is followed similarly from the blocked rotor one. The resultant
circuit is consisted of two resistance and two inductance terms, all connected in series. Having the simplified
equivalent circuits for different tests, the induction drive parameters can be calculated using the direct
calculation approach. Although the simplified equivalent circuits are greatly facilitated calculating several of
the key parameters, the accuracy of the calculated values is limited by the underlying assumptions [16]. It is
observed that the calculations obtained by the direct calculation approach are failed to satisfactorily match
the power input measured by all the steady state tests. These calculated values are used as the initial guess
for the ensuing Newton Raphson method which can be further tuned up the calculation of parameters.

B. Newton Raphson Method

Specifically, the calculation technique of Newton Raphson method is used to find the parameter values to fit
the power measurements collected by the steady state tests. First, the power inputs are represented for
blocked rotor and no load tests as a function of all the single phase induction drive parameters. The
equivalent circuit in Fig.4 is represented by a single equivalent resistance connected in series with a single
equivalent reactance. The equivalent resistance and reactance values under the blocked rotor test and those
under the no load test are given in Egns. (21-24), respectively.

1

_ X1 +R2 X +R2
ReLeg =R+ . XL = ( )Z ( )z (21, 22)
X7 +R2 X X7 +R2 T X1+Rz X X1+R2
2 8, 2 4%
2 Ry ' 4x24R7 2 Xn  4XZ+R2
— w 1T - /[ \ 177
RNL,eq - Rl + /4 4 \+ , y XNL,eq - Xl t X 4 4 + . (23, 24)
Rl ta) (2425 Jyley e Tre) (24 ]2 e
mo N W T axZR2) TR T axR? mO Ry xRS K aXERS

Upon defining these equivalent resistance and reactance terms in Eqns.(21-24), the functional form for
power input for each of the tests are become;

Po = (I BL )2 RBL,eq ' Pu = (I NL)2 RNL,eq (25, 26)

Accordingly, the function values for the power inputs in the above two equations in (25, 26), the Newton
Raphson method is adopted to iteratively update the four unknown variables contained by the vector

- [Rszxle]T. Different from the direct calculation approach, the Newton Raphson method is included
the core loss resistance Ry, as a parameter value to improve the fitting performance. The algorithm of Newton
Raphson method is observed typically converges within a dozen of iterations.
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C. Extinction Angle Calculation

The fundamental component of input current in extinction angle (8) controlled rectifiers is led the input
voltage. Therefore, the displacement factor is led and consequently the power factor is led in extinction angle
technique. The extinction angle technique had some improvement over input power factor and the input
current total harmonic distortion. This technique is been suitable for most industrial application where speed
control of induction drive is required. The used technique to control the extinction angle by use forced
commutation nature of the switches while introducing a freewheeling path in parallel with the load terminals.
The principle of extinction angle is to start the conduction at the zero crossing of the supply voltage and
forced commutated at certain angle before the next zero crossing occurs. The conduction began when switch
Q1 is turned on at [1t=0 and is turned off at [1t=[1-B by force commutation. The freewheeling path for the
load current must be provided from [1t=[1-8 to [t=[] by the switch Q2 to discharge the stored energy in
the inductance. Thus the fundamental component of input current is led the input voltage and the power
factor is led [17]. The output voltage is controlled by the extinction angle . The average output voltage and
the RMS voltage are given by, respectively:

\Y \Y sin 2(7z — ,B)}
Vo= _—m — 1 V =_m -p)-—== 7
o == (cos(z - 4)+1) , = N{(n A)-—— (27, 28)
The extinction angle is calculated from the following equation;
i(at) = %{sin(a)t — @)+ sin(¢)e_‘a”¢J . where ¢=tan"(at) = tan‘l(%l‘j (29)
T

Starting from wt=17, as wt increases, the current would keep decreasing. For some value of wt, say 8, the

current would be zero. The value of extinction angle 8 is obtained by substituting i(0t) =00y :

P
i(ﬂ)z\%[sin(ﬂ—qﬁ)win(@e ¢] =0 (30)

IV. EXPERIMENTAL RESULTS OF SINGLE PHASE INDUCTION DRIVE

The measurements from steady state tests are used to calculate the parameters in the single phase induction
drive equivalent circuit. The effectiveness of the used calculation method of parameters is verified using real
measurement data collected from an induction drive in our laboratory. The proposed technique
improvements over the direct calculation method are verified from the measurements at different operating
conditions. The tested induction drive information on its name plate is listed in Table II.

All measurements under each of tests with main or auxiliary winding connected are recorded in Table II1.
For each test, the applied voltage and winding current are kept at a rated value. Parameters values are first
calculated using the direct calculation approach, and improved using the Newton Raphson method later on.

To validate the accuracy of each set of parameters calculates, their corresponding parameters are computed,
as tabulated in Table IVV. Compared with the direct calculation results; the Newton Raphson based calculates
are more significantly different in the rotor resistance R', and the stator winding inductance Xn. The
calculated core loss resistance values by the Newton Raphson method are indeed quite large compared to
other parameters. As Table V views the Newton Raphson calculates result in perfect match in terms of input
power with the actual measurements, significantly outperforming the results obtained by the direct
calculation approach. The latter had experienced much larger mismatch with the power measurement under
the no load test. Although it is been reasonable to neglect the core loss resistance as corroborated by its large
value, it is truly necessary to include this term for better fitting the drive terminal power measurements under
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various steady state tests conditions. The error performance of Newton Raphson method is illustrated in
Fig.6, which is plotted the residual norm versus the iteration. Residual norm of the initial guess is plotted at
iteration zero. The algorithm is achieved satisfactory error norm within just 3-4 iterations of Newton
Raphson updates. As the actual inverter output voltage is seen to track the reference faithfully from a time of
about 20 m second. The import of this reference tracking is shown in Fig.7.

Table 1. Details of single phase induction drive

Table V. The tested drive parameters with winding

name plate

TIME CON
PHASE | SINGLE | LWVIE 0
POWE | 1534p |vOLTAGE 230
R N,
CURR
ol 28A | FREQUENCY |50 Hz
SPEED | 3450 RPM | CAPACITOR | 20 uF

NEMA | AMBIENT )

TYPE | bESIGN | TEMP. 40°C

INSULATION
CODE L v B

Table I11. Blocked rotor and No load test
measurements

Parameter
Calculation ' '
Technique Ri | Ra | Ru | Am | X0 | Xo
Direct 17 (17| 123. 1 6.0 | 6.0
| Calculations | 05 | 84 16 | 16 | 16
= FL\'ae‘“éts"O”n 1.7 | 1.9 g% 122.1 6.0 | 6.0
~aph: 05 | 65 | ©2 | 43 | 87 | 87
iteration 6
Direct 6032 ]220.(72]|72
. Calculations | 98 | 79 91 | 87 | 87
2| Newton 1o l35]68 1516 (7272
Raphson | g | 14 | 41| 95 | 58 | 58
iteration 8

Table V. The input power with steady state tests

Blocked Rotor
Test No Load Test
Main | Auxiliar | Main .
Para o .| Auxiliary
windin y windin L
meter L0 winding
g winding g
VIV] | 314 53.5 118.7 118.4
I [A] 5.5 4.9 4.5 2.6
P[wW] | 105.1 227.1 85.8 78.2

25—

10-¢

Residual norm

ol

5L:-

—&— Main winding
—e— Auxiliary winding

20,, ,,,,,,,,,,,E,,,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0

1

2 3
Iteration index

a

Fig.6: Iterative residual error norm for the drive

Blocked Rotor No Load Test
Test
. Main Auxili Main Auxili
Calculation L ary o ary
- windi 2| windi L7
Technique windi windi
ng ng
ng ng
Measured | 1001 | 2071 | 858 | 78.2
value
Direct 100.07 | 222.01 | 41.97 | 45.69
calculations
Newton
Raphson 105.03 | 227.14 | 85.72 | 77.91
iterations
N /N | iy g v |

100

1 X

N\

/

RAVAN Y AARR
=N /TN
FNN NN
VAN AERNEAVAY,
-150 \ \x

N

Fig.7: Main and auxiliary winding voltages in two
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winding tests Periods

The value of 8 can be obtained from the equation (30) by substituting for i(8)=0. Then by using the simple
iteration method, the different values of 8 are substituted in the region <@ <217 till the minimum value of
delta is got at corresponding value of B is the required value, [ A = 20.9361sin( —0.53288)+10.63587¢ %%
]

According to this formula, 8 is found to be (1.1699317) rad which is equivalent to (210.7)°. The functional

relationship between the extinction angle and the output voltage is obtained using MATLAB programming
tool as displayed in Fig.8.

Microcontroller is used to trigger the switch to obtain the extinction angle waveform. The extinction time
should be larger than the switch turn OFF time. The switch model and the variations of current and voltage
are shown in Fig.9. Regarding switching losses, the turning ON and OFF of the switch should be taken into
account, as in both cases voltages and currents appear at the same time, resulting into losses. The most
important problem to be considered is the dead time control. Dead time period must be suitable to avoid the
switch damaging and harmonic problem. Finally, Extinction angle has better total harmonic distortion (THD)
of load current than firing angle because of the continuous load current for inductive load circuit. As Figures
10, 11 are illustrated the switching pulses synchronized with the supply voltage and the output voltage is
controlled by varying the extinction angle 8, respectively.

bl Vs Va
0.9 —l Ve
0.8 | - 7 Vs
2 o7 LA e Vs P
% 0.6 VGS
To Vo / B fowe
8 / i N
g0 WL ) B N
5 04 .
g 0.3 Ip I
0.2 ¥ e ID
0.1 Vs B
o c : : : . c / Vas
o 0.5 1 1.5 2 25 3 3.5 fof oot
Extinction Angle in Radians. h oo o b
Fig.8: Output voltage vs. extinction angle Fig.9: The switch model and waveforms of turning ON and
characteristic OFF
- -
oA :l;r:;mgg-.r ] _
Dead Time
: ——y —— — =9
Q4
[ SOT100MMZ]. TH1 2.00W 2 00ms. [ SOT100MZ]. CHT 2 00V 8 .0us
[MSOT 100M2]. CH2 2. .00 2 00ms [P SOT100MZ] CH2 2 0w 8.00us
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V. CONCLUSION AND FUTURE SCOPE

The aim of this paper is examined the possibility of utilizing a PV array to supply a single phase induction
drive through a full wave bridge inverter. We can be concluded that a contribution to the PV system analysis
with an effective method to calculate the extinction angle from the single phase induction drive parameters
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measurements. However an extinction angle had been developed that the speed control of single phase
induction drives. As consequence it is possible to design a high performance single phase induction drive
controllers. Here, the single phase induction drive behavior representation is obtained with calculation
methodology in comparison with the used drive model parameters measurements obtained by steady state
tests. The calculated values had been used by the direct calculation approach. The parameter calculation
problem without neglect the core loss resistance is solved using the Newton Raphson calculation method.

The experimental validation in order to checking the analytical results obtained. A laboratory results are
demonstrated that the effective calculation method is improved the power measurements fit upon the direct
calculation ones at loading change. The single phase induction drive performance during start-up time may
be investigated as the future work. With possibility the system hardware setup and its circuit topology
analysis may be considered.
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