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ABSTRACT- : This paper proposes an improved topology asymmetrical full bridge DC-DC converter
fed Induction motor has got the volatility of wide range of speed control. Power electronic converters
can envisage dynamic speed control. The front end rectifier and dc to dc converter can be monitored to
facilitate requisite Input voltage to the inverter fed drive working at constant speed. Renewable energy
source is utilized, extended voltage and power output, less maintenance and higher fault tolerance, the
asymmetrical PWM full bridge converter are good, for utility interface of various renewable energy
sources. Consequently, the energy in the leakage inductance is transferred to the load without causing
reverse recovery losses in the output diodes. This allows higher switching frequencies and, therefore, an
increase in power density. This dissertation proposes a new PWM converter topology and control
scheme. Optimal component values are calculated to minimize losses in the complete operating range
and to assess which measure is best suited. The topologic is full bridge asymmetrical DC-DC converter
and Induction Motor drive system. The simulation results are presented by using Matlab/Simulink
software.

Index Terms—Asymmetrical pulse-width modulated (PWM), full-bridge converter, soft switching,
Induction Motor, PV System.

I. INTRODUCTION
Solar energy is the most low cost, competition
free, universal source of energy as sun shines
throughout. This energy can be converted into
useful electrical energy using photovoltaic
technology. The steady state reduction of price
per peak watt and simplicity with which the
installed power can be increased by adding
panels are attractive features of PV technology.
Among the many applications of PV energy,
pumping [1-2] is the most promising. In a PV
pump storage system, solar energy is stored,
when sunlight is available as potential energy in

water reservoir and consumed according to
demand. There are advantages in avoiding the
use of large banks of lead acid batteries, which
are heavy and expensive and have one fifth of
the lifetime of a PV panel. A number of
simulation DC motor driven PV pumps are
already in use in several parts of the world, but
they suffer from maintenance problems due to
the presence of the commutator and brushes.
Hence a pumping system based on an induction
motor can be an attractive proposal where
reliability and maintenance-free operations with

less cost are important. The effective operation
of Induction motor is based on the choice of
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suitable converter-inverter system that is fed to
Induction Motor. For PV applications like
pumping these converters could do a good job
as pumping is carried out at high power. Thus a
new push pull converter which is two switch
topology can do justice by giving a high power
throughout [3-4]. The Induction Motors are the
AC motors and hence from converter, an
inverter system is also required to obtain an AC
voltage. This inverter is chosen based on its
advantages [5] and it is fed to induction motor.
Photovoltaic technology is one of the most
promising for distributed low-power electrical
generation. The steady reduction of price per
peak watt over recent years and the simplicity
with which the installed power can be increased
by adding panels are some of its attractive
features [6-7]. Among the many applications of
photovoltaic energy, pumping is one of the most
promising. In a photovoltaic pump-storage
system, solar energy is stored, when sunlight is
available, as potential energy in a water
reservoir and then consumed according to
demand. Most of the industrial drives use ac
induction motor because these motors are
rugged, [8-10] reliable, and relatively
inexpensive. Induction motors are mainly used
for constant speed applications because of
unavailability of the variable frequency supply
voltage but many applications [11-12] need
variable  speed  operations.  Historically,
mechanical gear systems were used to obtain
variable speed. Recently, power electronics and
control systems have matured to allow these
components to be used for motor control in
place of mechanical gears. Present day drive
types are the Induction motor

drives with voltage source inverters. Also the
voltage waveforms of traditional two level
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inverter fed Induction motor shows that the
voltage across the motor contains not only the
required “fundamental” sinusoidal components,
but also pulses of voltage i.e. “ripple “voltage
[13]. The recent advancement in power
electronics has initiated to improve the level of
inverter instead increasing the size of filter. The
total harmonic distortion of the classical inverter
is very high [14]. The performance of the
multilevel inverter is better than classical
inverter. In other words the total harmonic
distortion for multilevel inverter is low. The
total harmonic distortion is analyzed between
multilevel inverter and other classical inverter.
To get the speed control of induction motor, we
need vary both voltage and current. This
technique is called as constant V/F [15] method.
By choosing the suitable inverter we can vary
both voltage and frequency of the induction
motor to get the required speed control.
II ANALYSIS OF A PWM FULL-BRIDGE
CONVERTER
A. Circuit Configuration and Operation
Principle
A circuit configuration of the highly efficient
APWM full bridge converter for low input
voltage range 1is shown in Fig.2. The
configuration of the proposed converter is
basically similar to that of the conventional full-
bridge converter except for the dc blocking
capacitor and the secondary side of the
transformer. The primary side of the transformer
consists of the primary winding turns N, the
four switches, and the dc blocking capacitor Cj.
The secondary side has the secondary winding
N, the output diode D,, and the output capacitor
Co.
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Fig.2.Circuit diagram of the proposed APWM
full-bridge converter
To analyze the steady-state operation of the
proposed APWM full-bridge converter, the
following assumptions are made.

1) The transformer is modeled as an ideal
transformer with the primary winding
turns N, the secondary winding turns Nj,
the magnetizing inductance L,,, and the
leakage inductance Ly

2) All switches S;—S; are considered as
ideal switches except for their body
diodes and output capacitors
(Cs1=Cs2=Cs3=Cs4= Coss).

3) The dc blocking capacitor C, and the
output capacitor C, are large enough to
neglect the voltage ripple on it, so the
voltages across Cj, and C, are constant.

While the switch §; (S4) operates with a duty
ratio D, depending on the input voltage and load
condition, the switch S, (S3) operates with a
duty ratio 1-D. In other words, the switches S;
(S4) and S, (S3) are operated asymmetrically.
Therefore, the circulating current loss of the
primary side can be eliminated because the
proposed converter has no freewheeling period.
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Fig. 3 represents the operating modes, and Fig.4
represents the theoretical waveforms of the
proposed converter under a steady-state
condition. The operation of the proposed
converter can be divided into six modes during a
switching period Ts.

Mode 1 [ty, t;]: At ty, the switches S, and S; are
turned off. The primary current i, discharges the
output capacitances Cs; and Csy of the switches
S; and S4 and charges the output capacitances
Cs, and Cg; of switches S, and S3. The interval
of this mode is very short and negligible
because the output capacitances C,s; of the
switches are very small. Thus, the primary
current i, and the magnetizing current i, are
regarded as constant value.

Mode 2 [t, t;]: At t;, when the voltages vg; and
vs4 across the switches S; and S; become zero,
the negative current flows through their body
diodes Dg; and Dg before the switches S; and S,
are turned on. Then, ZVS operation is achieved
with the turn-on of the switches S; and S, and
the resonance occurs between the dc blocking
capacitor C, and the primary inductor L,, + Ly
of the transformer, but resonance effect does not
appear because the resonant period is much
longer than one switching period 7. Thus, by
the difference between the voltages of the input
and the dc blocking capacitor Cj, the direction
of the primary current i, is changed and kept
almost linearly as follows:

Vi= Y

() =1 (t) + ——(t -
i(] ;(1) L'rJr+LFk I) "

Where V; is the input voltage and V) is the
average voltage across the dc blocking capacitor
Cp.

Vol 06 Issue 01, ]Jan 2018

ISSN 2456 - 5083

Page 313



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

. BEE IR ¥} L. 1.
4 Eecgww] o 105
|1T+ . |}E A ercte F
) EEY SEES I zi
r e e = ;ﬂ*“_l— i e —'[ =
e MLEE S
. e =¥t Lo S
T T : = .
| ]ﬂ = I‘I_FF S ek
. CES BH
it Eecgme
s I £4 —
. | I + 1 ) "Jgj I T—j::- -
T e e =
EE LES: e
B |;.' §1 |-':I £ :-=, o e
el e S HOR S * & E—
N B EE, T

Fig.3. Operating modes of the proposed
converter

Mode 3 [¢,, t;3]: At 1, the switches S;and Sy are
turned off. The primary current ip charges the
output capacitances Cs;, Csy of S;, Ss and
discharges the output capacitances Cs, Cs; of
S>, S4. Similar to Mode 1, the primary current i,
and the magnetizing current i,, are regarded as
constant value.

Mode 4 (13, t4]: At 13, similar to Mode 2, ZVS
turn-on of the switches S, and S; is achieved.
The energy stored in the magnetizing inductance
is delivered to the secondary side of
transformer, and the voltage across the
magnetizing inductance L,, is clamped by the
reflected output voltage as

: dig(t) %

i T )
Where n=Ny¢/N,. Because the difference between
the primary current i, and the magnetizing
current i,, is reflected in the output current i,, the

magnetizing current i,, is decreased as
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1r' rrr

i (t) = (23) = (t — t3)

(¥ . (3)
The resonance occurs between the dc
blocking capacitor C, and the leakage
inductance Ly of the transformer. The voltage
across the leakage inductance Lj of primary
side is the difference between V; + V), and the
reflected output voltage V,/n from the secondary
side. Thus, the state equations can be written as
follows:

I df—p{” _ V Vi "’-r)

k=g — = —Vd b+ A )
. df'h{” o
Co—gg— = ir(®) (5)

Solving (4) and (5), the primary current i, is
in(t) = in(t3) coswy(t — t3)
+ Vo/n _, V= Vo sinw,.(t —t3)
<on 6)
Where the resonant angular frequency w, and
the impedance Z, of the resonant circuit are

_z — '!E fud,, = —l
"N G 77T VEuGs %

Mode 5 [t4 t5]: At t4, the primary current i,
becomes zero and changes its direction. Also,
the magnetizing current im changes its direction
during this interval. The output current i,
approaches zero at the end of this mode with
resonant characteristics. When the output
current i, becomes zero, this mode ends.

Mode 6 [ts5, ts]: At s, because the resonance
launched in Mode 4 is ended, the output current
i, becomes zero. However, the output diode D,
is maintained to on-state until the switches S,
and S; are turned off. During this mode, the
primary current i, is equal to the magnetizing
current i,. Thus, ZCS turn-off of the output
diode D, is achieved.
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B. Steady-State Analysis

While the switches S; and S, operate with a duty
ratio D, the difference between the input voltage
V4 and the average voltage V), of the dc blocking
capacitor Cj is applied on the inductor of the
transformer primary side. While the switches S
and S; operate with a duty ratio /—D, the
reflected output voltage V,/n is applied on the
inductor of the transformer primary side and the
output diode D, is turned-on. Since the resonant
period of the resonant network is much longer
than the dead-time duration, equations of the
primary current i, from (1) and (2) are derived

as follows:
; ; Vi— W i
in(ts) = ip(t1) + #LE;;;DL -
i : Ve e
f;:':‘ilj:'r'pr:i'.'i:l_'_ L {J'_FD}-'L-..
m (9)

From the resonance of the primary side
in Modes 4 and 5, since the leakage inductance
Ly is much smaller than the magnetizing
inductance L, the leakage inductance Lj is
negligible. Therefore, the following equation
can be obtained:

Va+ Vp = Yo

Tl (10)
From (8) to (10), the voltage gain between the
input voltage V,; and output voltage V, is
expressed as follows:

i'r.:l Lm
2™ onD o~ 20D
i-'rl' Lm + LH; (11)

It

Because the leakage inductance Ly is negligible,
the average voltage V, of the dc blocking
capacitor Cp is expressed from (10) and (11) as
shown in

Vs = Vy(2D = 1) 12
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Due to the charge balance of the dc blocking
capacitor Cp, the average value of the primary
current /, is zero in the steady state. Thus, the
relation between the average values of the
magnetizing current /[,and average output
current /, can be determined as follows:

B
Irar_jp:jm_t{_,/ l'.p'[fjfﬂ :J'H'ﬂ.

0
13)
From Fig.4, the average magnetizing current /,,
can also be obtained by

:"-p “1} + jp “:ii}
2 (14)

Ir.'l: —

V51 Vs

V2, Vi3

5

DT,

Fig.4.Theoretical waveforms of the proposed
converter
From (1), (13), and (14), the currents i, (¢;) and
ip (t3) are given by

(1-DT.,,

in(t1) =nl, —
i (f) =" L, (15)
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1 —-D)T, .
";_i.l “,’%} . ”Iu + ;L.G
H.Lm (16)

Using (13)—(16), the resonant current (6) can be

represented by
= T

1
i, (1) = (n}", - ( = lo) cosw, (t — t3)

sinw, (t —it3).
.”mer gt & [ .‘}]

(17)
ITI. SOFT-SWITCHING CONDITIONS
A. ZVS Condition of the Power Switches
For ZVS turn-on of S; and S, the
primary current i, (z;) should be negative before
S; and S, are turned on. Thus, from (15), ZVS
condition can be expressed as follows:
nil, — ﬁl'}, < 0.
H‘f_.m (18)
Equation (18) is arranged by the min—max
theorem as

J'JEL,,J,,_“,.,[:,C rf"}f_.,,, .
v =5 . < (1 — Dypax )T
o o.min (19)
Where 1., is the maximum output
current, R, in = Vo/ly max 18 the minimum output
resistance, and D, 1s the maximum duty ratio
of the switches S; and S,under the minimum
input voltage V,in. From (3.11), Dy, can be
described as
Va

Dy o ——.
2n ":d.min

(20)

According to the variations of the input

voltage V,; and turn ratio, the duty ratio of the

switches S; and Sy. Thus, from (19) and (20), the

magnetizing inductance L,, should be designed
to satisfy ZVS condition as follows:

i 1 1’0 T Ho.miu
s 2Vimn /) = N2 1)
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Where T is a switching period. According to
the variation of the duty ratio D, the critical
magnetizing inductance value L, to satisfy the
ZVS turn-on condition of the switches The ZVS
turn-on condition of the switches S, and S; can
be expressed with the same manner of ZVS
condition of the switches S;and S;. Thus, ZVS
operation of S; and S; can be achieved when the
primary current i, (#3) is positive. From (16),
ZVS condition of S, and S; is expressed as
follows:

U=D)Ty .
HLm (22)
The left side terms of (22) are always
positive regardless of load variations. Therefore,
ZVS operation of the switches S, and S; can
always is satisfied.

nds +

Another ZVS turn-on operation requires
a sufficient dead time between two switch pairs
to absolutely discharge the voltage across the
output capacitance C,, of the switches. Because
ip (t7) = in (¢7) 1s regarded as constant value
during the dead time, the minimum dead time
Atg.qaq can be calculated as

dVy
mind [in(t1)|, [ip(ts)|} 2 4Coss—
(23)
From (15) and (16), the primary current
ip (23) 1s always larger than the absolute value of
the primary current i, (¢;). Therefore, (23) can
be simplified as
C. o5 a]- d

‘j! Eld —
e lis(t)l/4° (24

The primary current i, (¢;) should be negative
for ZVS operation. Thus, (24) can be expressed
as shown in
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4CossV,
.ﬁr‘{frﬂif :3 I:'].—D]Tﬂ” -
= l"” B ”j,:'_p

T!Lm (25)
The minimum dead time At;,; should be

considered in the practical design of the
magnetizing inductance because 44,44 s always
smaller than (/—D,ux) T.
B. ZCS Condition of the Output Diode

To achieve the ZCS turn-off condition of
the output diode p, the resonant angular
frequency wr should be larger than the critical
angular frequency w,.. Because the critical
condition is ip (Ts) = i,,(Ts) at 4T, =0 and D =
D,nax, the critical angular frequency w,. can be
described considering the negligible dead-time
duration of the power switches as follows:

n’L,,
+ 159 1min | COSWyel$2 min

F {o.mi.n

_ n?Ln,
—— Sll'lu..',-,.! 52.min =

Wre R, min (26)

Where t5min 1s the minimum turn-on
duration of the switches S, and S;. The
magnetizing inductance L, is generally
designed for the magnetizing current i,, (¢;) to be
a small negative value to minimize the
conduction loss of the converter. By this

i‘.‘!?'E’.rnii: =0

assumption, (26) can be obtained as follows:

2L
T-ml“"‘rr'f."j'?.nlin = ‘I'*'IT'ER__ '*"rf:fHQ.m'm-
0, 1min (27)
From (21), (27) is expressed as shown in
i ] 4 . l.'J. 1 - .
huh‘-'rf.']l.‘:\i.nun < ““”T'I'.ff'l'-}-mlﬂ
(28)

Thus, the critical angular frequency w,. can be
calculated using a numerical method as shown
in
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7+ 1.462 T+ 1.462
Wy /S — =
[ 52 min “ o Unm}-{ﬁ
(29)
From (29), the dc blocking capacitance C, must
satisfy the following relation:

1
Cp € ——
C""1_rr.‘LE.i.'

(30)
According to the variation of the duty
ratio D, the critical resonant capacitance Cj, to
satisfy the ZCS turn-off condition of the output
diode D,,.
IV.INDUCTION MOTOR
An asynchronous motor type of an induction
motor is an AC electric motor in which the
electric current in the rotor needed to produce
torque is obtained by electromagnetic induction
from the magnetic field of the stator winding.
An induction motor can therefore be made
without electrical connections to the rotor as are
found in universal, DC and synchronous motors.
An asynchronous motor's rotor can be either
wound type or squirrel-cage type.Three-phase
squirrel-cage asynchronous motors are widely
used in industrial drives because they are
rugged, reliable and economical. Single-phase
induction motors are used extensively for
smaller loads, such as household appliances like
fans. Although traditionally used in fixed-speed
service, induction motors are increasingly being
used with variable-frequency drives (VFDs) in
variable-speed service. VFDs offer especially
important energy savings opportunities for
existing and prospective induction motors in
variable-torque centrifugal fan, pump and
compressor load applications. Squirrel cage
induction motors are very widely used in both
fixed-speed and variable-frequency drive (VFD)
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applications. Variable voltage and variable
frequency drives are also used in variable-speed
service.In both induction and synchronous
motors, the AC power supplied to the motor's
stator creates a magnetic field that rotates in
time with the AC oscillations. Whereas a
synchronous motor's rotor turns at the same rate
as the stator field, an induction motor's rotor
rotates at a slower speed than the stator field.
The induction motor stator's magnetic field is
therefore changing or rotating relative to the
rotor. This induces an opposing current in the
induction motor's rotor, in effect the motor's
secondary winding, when the latter is short-
circuited or closed through external impedance.
The rotating magnetic flux induces currents in
the windings of the rotor; in a manner similar to
currents induced in a transformer's secondary
winding(s). The currents in the rotor windings in
turn create magnetic fields in the rotor that react
against the stator field. Due to Lenz's Law, the
direction of the magnetic field created will be
such as to oppose the change in current through
the rotor windings. The cause of induced current
in the rotor windings is the rotating stator
magnetic field, so to oppose the change in rotor-
winding currents the rotor will start to rotate in
the direction of the rotating stator magnetic
field. The rotor accelerates until the magnitude
of induced rotor current and torque balances the
applied load. Since rotation at synchronous
speed would result in no induced rotor current,
an induction motor always operates slower than
synchronous speed. The difference, or "slip,"
between actual and synchronous speed varies
from about 0.5 to 5.0% for standard Design B
torque curve induction motors. The induction
machine's essential character is that it is created
solely by induction instead of being separately
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excited as in synchronous or DC machines or
being self-magnetized as in permanent magnet
motors.For rotor currents to be induced the
speed of the physical rotor must be lower than
that of the stator's rotating magnetic field (n;);
otherwise the magnetic field would not be
moving relative to the rotor conductors and no
currents would be induced. As the speed of the
rotor drops below synchronous speed, the
rotation rate of the magnetic field in the rotor
increases, inducing more current in the windings
and creating more torque. The ratio between the
rotation rate of the magnetic field induced in the
rotor and the rotation rate of the stator's rotating
field is called slip. Under load, the speed drops
and the slip increases enough to create sufficient
torque to turn the load. For this reason,
induction motors are sometimes referred to as
asynchronous motors. An induction motor can
be used as an induction generator, or it can be
unrolled to form a linear induction motor which
can directly generate linear motion.
Synchronous Speed:

The rotational speed of the rotating
magnetic field is called as synchronous speed.

Ns = 120 x £ (RPM)

P (31)

Where, f = frequency of the supply

P = number of poles
Slip:
Rotor tries to catch up the synchronous speed of
the stator field, and hence it rotates. But in
practice, rotor never succeeds in catching up. If
rotor catches up the stator speed, there won’t be
any relative speed between the stator flux and
the rotor, hence no induced rotor current and no
torque production to maintain the rotation.
However, this won't stop the motor, the rotor
will slow down due to lost of torque, and the
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torque will again be exerted due to relative
speed. That is why the rotor rotates at speed
which is always less the synchronous speed.

The difference between the synchronous speed
(Ns) and actual speed (N) of the rotor is called

as slip.
%slip s= Ns-N 100
Ns (32)
V. MATLAB/SIMULATION RESULTS (b)

Fig.6. Simulation waveforms for ZVS turn-on of
the switches S1 and S2 at Vd =40 V and Po =

400 W. (a) vS1 and iS1. (b) vS2 and 1S2.

Fig.7.Simulation results for proposed converter
Fig.5.Matlab/Simulation model of proposed output Voltage.

APWM Full Bridge Converter

Fig.8 Simulation waveform of PV output

voltage
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Fig.9. Simulation waveforms for ZVS turn-on of

the switches S1 and S2 at Vd =80 V and Po =
400 W. (a) vS1 and iS1. (b) vS2 and iS2.

Fig.10.Simulation results for proposed converter

output Voltage.

Fig.11.Matlab/Simulation model of PV with
proposed APWM Full Bridge Converter fed
induction motor drive

WWWw.ijiemr.org

Fig.12 Simulation waveform of PV output
voltage

Fig.13.Simulation waveform of induction motor
current

Fig.14 Simulation waveform of induction motor

speed
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Fig.15 Simulation waveform of induction motor

torque
VI. CONCLUSION

Renewable system using asymmetrical full
bridge converter with induction motor
controlling is designed and analyzed. The
Induction Motor can be effectively driven by
single photovoltaic panel. Pulse Width
Modulation Techniques usually increases the
output voltage of the inverter and decreases the
ripples. Finally the system performance is
increased by the application of PWM
Technique. All power switches operate under
ZNS and output diode operates under ZCS
without extra components. Also, all power
switches are clamped to the input voltage. Thus,
the proposed converter has the structure to
minimize power losses. These advantages make
the proposed converter suitable for fluctuating
input voltage on renewable energy conversion
systems. Matlab based model is developed and
simulation results are showed for Isolated DC-
DC converter fed induction motor. The
proposed drive has demonstrated good speed
control with energy efficient operation .The
drive system is used for ac compressor unit in
the wide range of speed and input AC voltage.
The additional advantage of the present
proposed application eliminates the AC unit
switching and further consequent disturbances
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in the distribution system.
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