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Abstract:

This project improves the
quality and performance of the power
system by using four quadrant chopper
circuit in the dc link of the variable speed
drive systems. It also affects on reducing
the ripple factor for the current and voltage
in DC —link is illustrated .In this project we
also evaluate the performance of variable
speed drive systems is simulated and
designed with the proposed chopper circuit.
Further we observe the control system of
pulses for the transistors is determined.
And at last we discussed of the results
introduced. The simulated result shows the
advantages of proposed chopper circuit
with variable speed drive systems. Finally
the proposed method over the other newly
suggested techniques are analyzed by
several simulation scenarios.

We also analyzed the power quality
of input current for the proposed systems
and improved by reducing total Harmonic
distortion factor and increasing the power
factor, in addition to reduction both of
ripple factor and crest factor in dc-link to
acceptable values. Capacitor voltage is
reduced to an acceptable values does not
lead to the failure of capacitor besides of
cancelling the oscillations in dc link
voltage. Finally we recommend to
continuing by using SVPWM to generate
biases voltages with a 12-pulse rectifier
variable speed drive system to determine
the suitability and adaptability of this
chopper with different types of rectifier

schemes used in variable speed drive
systems.

KEYWORDS: Four- Quadrant
Chopper, Variable Speed Drive Systems
(VSDS), Power Quality, DC-LINK, Crest
Factor, Ripple Factor, Total Harmonic
Distortions factor, Active Filters, Passive
Filters, Pl Controller Tuning.

INTRODUCTION

Recently ,the amount of nonlinear
loads in electric grid has increased .these
loads cause the harmonics in the eletrical
grid and lead to non sinusoidal currents,as
well as it is the main causes of
electromagnetic compatibilty ,distortion of
voltage and current waves and reduce the
grid power nad their efficiency.The voltage
waves that feed industrial facilities are non
sinusoidal and have many undesirable
harmonics.One the main source of
compaatiblity in the industirail grids is the
oltage speed drive systems can be
simplified as non linear loads.This kind of
loads can be a source of problems with the
quality is provided power.the total
harmonic distortion factor (THD) of the
wave in these systems is about 60% and the
voltage wave is about 5.6%.the permissible
value of the total harmonic distortionis 5%
as per IEEE.

Several methods have been used to
improve the quality characteristics of
variable speed drive systems ,the most
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common method is using passive filters,but
they were limited spread because of of their
size,weight and potential of the capacitor
explosion.A buck converteris a step-
down DC to DC converter. Its design is
similar to the step-up boost converter, and
like the boost converter it is a switched-
mode power supply that uses two switches
(a transistor and a diode), an inductor and a
capacitor. The simplest way to reduce a DC
voltage is to use avoltage divider circuit,
but voltage dividers waste energy, since
they operate by bleeding off excess power
as heat; also, output voltage isn't regulated
(varies with input voltage). Buck
converters, on the other hand, can be
remarkably efficient (easily up to 95% for
integrated circuits) and self-regulating,
making them useful for tasks such as
converting the 12-24 V typical  battery
voltage in a laptop down to the few volts
needed by the processor Finally, filtering
pulses is not just about the pulse frequency
but about the duty cycle and how much
energy is in the pulse. The same filter will
do better on a low or high duty cycle pulse
compared to a 50% duty cycle pulse.
Because the wider pulse has more time to
integrate to a stable filter voltage and the
smaller pulse has less time to disturb it the
inspiration was a request to control the
speed of a large positive displacement fuel
pump. The pump was sized to allow full
power of a boosted engine in excess of 600
Hp.

At idle or highway cruise, this same
engine needs far less fuel yet the pump still
normally supplies the same amount of fuel.
As a result the fuel gets recycled back to
the fuel tank, unnecessarily heating the
fuel. This PWM controller circuit is
intended to run the pump at a low speed
setting during low power and allow full
pump speed when needed at high engine

power levels. A DC-to-DC converter is a device
that accepts a DC input voltage and produces a DC
output voltage. Typically the output produced is at a
different voltage level than the input. In addition,
DC-to-DC converters are used to provide noise
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isolation, power bus regulation, etc. This is a
summary of some of the popular DC-to-DC
converter topologies.

In this project a novel technique is
proposed to achieve a good performance of
the variable speed drive systems (VSDS) in
the industrial facilities by reducing the
THD % for the both voltage and current
waveforms and increasing the power
factor. THD% reduction of the voltage and
current waves is positively reflected on the
work in the voltage drop on the facility
inputs, leading to larger currents by loads.
This leads to a loss of this work is by
operations required for high performance
.small size and low weight of the drive and
control circuits with the chopper circuit are
very suitable for integration with variable
major changes in both power and control
circuits. Allowing it to be integrated with
any existing system by adding some simple
modifications .some of the main
contributions in this project as follows
1. Proposing a novel four chopper for

variable speed drive systems.
2. Introducing a new VSDS method able
to highly reducing THD.
PULSE WIDTH MODULATION

Pulse Width Modulation (PWM) is
the most effective means to achieve
constant voltage battery charging by
switching the solar system controller’s
power devices. When in PWM regulation,
the current from the solar array tapers
according to the battery’s condition and
recharging needs consider a waveform such
as this: it is a voltage switching between Ov
and 12v. It is fairly obvious that, since the
voltage is at 12v for exactly as long as it is
at Ov, then a 'suitable device' connected to
its output will see the average voltage and
think it is being fed 6v - exactly half of
12v. So by varying the width of the positive
pulse - we can vary the 'average' voltage is
shown in Fig: 7.1
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12v r
Ov
Fig.7.1. Positive Average Voltage
Similarly, if the switches keep the
voltage at 12 for 3 times as long as at Ov,
the average will be 3/4 of 12v - or 9v, as
shown in Fig.7.2Voltage and if the output

pulse of 12v lasts only 25% of the overall
time, then the average is

12v

oy —
Fig.7.2. Negative Average voltage
12v. —

Ov

Fig.7.3. Average voltage

By varying - or 'modulating’ - the
time that the output is at 12V (i.e. the width
of the positive pulse) we can alter the
average voltage. So we are doing 'pulse
width modulation'. | said earlier that the
output had to feed 'a suitable device'. A
radio would not work from this: the radio
would see 12V then 0V, and would
probably not work properly. However a
device such as a motor will respond to the
average, so PWM is a natural for motor
control as shown in Fig.7.3
7.1 PULSE WIDTH MODULATOR

So, how do we generate a PWM
waveform It's actually very easy; there are
circuits available in the TEC site. First you
generate a triangle waveform as shown in
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the diagram below. You compare this with
a dc voltage, which you adjust to control
the ratio of on to off time that you require.
When the triangle is above the 'demand'
voltage, the output goes high. When the
triangle is below the demand voltage, the

Fig.7.4. Average TEC voltage

When the demand speed it in the
middle (A) you get a 50:50 output, as in
black. Half the time the output is high and
half the time it is low. Fortunately, there is
an IC (Integrated circuit) called a
comparator: these come usually 4 sections
in a single package. One can be used as the
oscillator to produce the triangular
waveform and another to do the comparing,
so a complete oscillator and modulator can
be done with half an IC and maybe 7 other
bits.

The triangle waveform, which has
approximately equal rise and fall slopes, is
one of the commonest used, but you can
use a saw tooth (where the voltage falls
quickly and rinses slowly). You could use
other waveforms and the exact linearity
(how good the rise and fall are) is not too
important.  Traditional solenoid driver
electronics rely on linear control, which is
the application of a constant voltage across
a resistance to produce an output current
that is directly proportional to the voltage.
Feedback can be used to achieve an output
that matches exactly the control signal.
However, this scheme dissipates a lot of
power as heat, and it is therefore very
inefficient.

A more efficient technique employs
pulse width modulation (PWM) to produce
the constant current through the coil. A
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PWM signal is not constant. Rather, the
signal is on for part of its period, and off
for the rest. The duty cycle, D, refers to the
percentage of the period for which the
signal is on. The duty cycle can be
anywhere from 0; the signal is always off,
to 1, where the signal is constantly on. A
50% D results in a perfect square wave.

(Fig.7.3)
1o0onI.

50% Duty Cycle

75% D\JN‘CyCIQ ‘ ‘ ‘
Fig.7.3. Duty cycle waveforms.

A solenoid is a length of wire
wound in a coil. Because of this
configuration, the solenoid has, in addition
to its resistance, R, a certain inductance, L.
When a voltage, V, is applied across an
inductive element, the current, I, produced
in that element do not jump up to its
constant value, but gradually rises to its
maximum over a period of time called the
rise time (Fig7.4). Conversely, 1 do not
disappear instantaneously, even if V is
removed abruptly, but decreases back to
zero in the same amount of time ashen rise

A

>

time.
VA
P
! ‘ Curgnt Stadmy-stale value
\ 'T
3 e

Fig7.4 Instantaneously Wave Forms.

Therefore, when a low frequency
PWM voltage is applied across a solenoid,
the current through it will be increasing and
decreasing as V turns on and off. If D is
shorter than the rise time, | will never
achieve its maximum value, and will be
discontinuous since it will go back to zero
during V’s off period (Fig.7.3).* In
contrast, if D is larger than the rise time, |
will never fall back to zero, so it will be
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continuous, and have a DC average value.
The current will not be constant, however,
but will have a ripple (Fig7.4).

oo

M /N

Fig.7.5.Continouus wave forms ripple
Va = t

pt

Fig.7.6.Discontinouus wave forms ripple

At high frequencies, V turns on and
off very quickly, regardless of D, such that
the current does not have time to decrease
very far before the voltage is turned back
on. The resulting current through the
solenoid is therefore considered to be
constant. By adjusting the D, the amount of
output current can be controlled. With a
small D, the current will not have much
time to rise before the high frequency
PWM voltage takes effect and the current
stays constant. With a large D, the current
will be able to rise higher before it becomes
constant. (Fig7.7)

S
95% D (maximum)

75% D

50% 0

25% 0D

5% D (minimum)

Al

Fig.7.7 Minimum  and Maximum

waveforms.

7.2. PWM FREQUENCY

The PWM is a large amplitude
digital signal that swings from one voltage
extreme to the other. And, this wide voltage
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swing takes a lot of filtering to smooth out.
When the PWM frequency is close to the
frequency of the waveform that you are
generating, then any PWM filter will also
smooth out your generated waveform and
drastically reduce its amplitude. So, a good
rule of thumb is to keep the PWM
frequency much higher than the frequency
of any waveform you generate.

Finally, filtering pulses is not just
about the pulse frequency but about the
duty cycle and how much energy is in the
pulse. The same filter will do better on a
low or high duty cycle pulse compared to a
50% duty cycle pulse. Because the wider
pulse has more time to integrate to a stable
filter voltage and the smaller pulse has less
time to disturb it the inspiration was a
request to control the speed of a large
positive displacement fuel pump. The pump
was sized to allow full power of a boosted
engine in excess of 600 Hp.

At idle or highway cruise, this same
engine needs far less fuel yet the pump still
normally supplies the same amount of fuel.
As a result the fuel gets recycled back to
the fuel tank, unnecessarily heating the
fuel. This PWM controller circuit is
intended to run the pump at a low speed
setting during low power and allow full
pump speed when needed at high engine
power levels.

7.3. Motor Speed Control
Control)

Typically when most of us think
about controlling the speed of a DC motor
we think of varying the voltage to the
motor. This is normally done with a
variable resistor and provides a limited
useful range of operation. The operational
range is limited for most applications
primarily because torque drops off faster
than the voltage drops. Most DC motors
cannot effectively operate with a very low
voltage. This method also causes
overheating of the coils and eventual failure
of the motor if operated too slowly. Of
course, DC motors have had speed

(Power
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controllers based on varying voltage for
years, but the range of low speed operation
had to stay above the failure zone described
above.

Additionally, the controlling
resistors are large and dissipate a large
percentage of energy in the form of heat.
With the advent of solid state electronics in
the 1950°s and 1960’s and this technology
becoming very affordable in the 1970°s &
80’s the use of pulse width modulation
(PWM) became much more practical. The
basic concept is to keep the voltage at the
full value and simply vary the amount of
time the voltage is applied to the motor
windings. Most PWM circuits use large
transistors to simply allow power On &
Off, like a very fast switch.

This sends a steady frequency of
pulses into the motor windings. When full
power is needed one pulse ends just as the
next pulse begins, 100% modulation. At
lower power settings the pulses are of
shorter duration. When the pulse is On as
long as it is Off, the motor is operating at
50% modulation. Several advantages of
PWM are efficiency, wider operational
range and longer lived motors. All of these
advantages result from keeping the voltage
at full scale resulting in current being
limited to a safe limit for the windings.

PWM allows a very linear response
in motor torque even down to low PWM%
without causing damage to the motor. Most
motor manufacturers recommend PWM
control rather than the older voltage control
method. PWM controllers can be operated
at a wide range of frequencies. In theory
very high frequencies (greater than 20 kHz)
will be less efficient than lower frequencies
(as low as 100 Hz) because of switching
losses.

The large transistors used for this
On/Off activity have resistance when
flowing current, a loss that exists at any
frequency. These transistors also have a
loss every time they “turn on” and every
time they “turn off”. So at very high
frequencies, the “turn on/off” losses
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become much more significant. For our
purposes the circuit as designed is running
at 526 Hz. Somewhat of an arbitrary
frequency, it works fine.

Depending on the motor used, there
can be a hum from the motor at lower
PWM©%. If objectionable the frequency can
be changed to a much higher frequency
above our normal hearing level
(>20,000H2).

7.4. PWM CONTROLLER FEATURES

This controller offers a basic “Hi
Speed” and “Low Speed” setting and has
the option to use a “Progressive” increase
between Low and Hi speed. Low Speed is
set with a trim pot inside the controller box.
Normally when installing the controller,
this speed will be set depending on the
minimum speed/load needed for the motor.
Normally the controller keeps the motor at
this Lo Speed except when Progressive is
used and when Hi Speed is commanded
(see below). Low Speed can vary anywhere
from 0% PWM to 100%.

Progressive control is commanded
by a 0-5 volt input signal. This starts to
increase PWM?% from the low speed setting
as the 0-5 volt signal climbs. This signal
can be generated from a throttle position
sensor, a Mass Air Flow sensor, a Manifold
Absolute Pressure sensor or any other way
the user wants to create a 0-5 volt signal.
This function could be set to increase fuel
pump power as turbo boost starts to climb
(MAP sensor). Or, if controlling a water
injection pump, Low Speed could be set at
zero PWM% and as the TPS signal climbs
it could increase PWM%, effectively
increasing water flow to the engine as
engine load increases. This controller could
even be used as a secondary injector driver
(several injectors could be driven in a batch
mode, hi impedance only), with
Progressive control (0-100%) you could
control their output for fuel or water with
the 0-5 volt signal.

Progressive control adds enormous
flexibility to the use of this controller. Hi
Speed is that same as hard wiring the motor
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to a steady 12 volt DC source. The
controller is providing 100% PWM, steady
12 volt DC power. Hi Speed is selected
three different ways on this controller:

1) Hi Speed is automatically
selected for about one second when power
goes on. This gives the motor full torque at
the start. If needed this time can be
increased ( the value of C1 would need to
be increased).

2) High Speed can also be selected
by applying 12 volts to the High Speed
signal wire. This gives Hi Speed regardless
of the Progressive signal.

When the Progressive signal gets to
approximately 4.5 wvolts, the circuit
achieves 100% PWM — Hi Speed.

7.5. SPACE VECTOR PWM

The Space Vector PWM generation
module  accepts  modulation  index
commands and generates the appropriate
gate drive waveforms for each PWM cycle.
This section describes the operation and
configuration of the SVPWM module.

A three-phase 2-level inverter with
dc link configuration can have eight
possible switching states, which generates
output voltage of the inverter. Each inverter
switching state generates a voltage Space
Vector (V1 to V6 active vectors, V7 and
V8 zero voltage vectors) in the Space
Vector plane (Figure: space vector
diagram). The magnitude of each active
vector (V1to V6) is 2/3 Vdc (dc bus
voltage).The  Space  Vector PWM
(SVPWM) module inputs modulation index
commands (U_Alpha and U_Beta) which
are orthogonal signals (Alpha and Beta) as
shown in Figure. The gain characteristic of
the SVPWM module is given in Figure .
The vertical axis of Figure represents the
normalized peak motor phase voltage
(V/Vdc) and the horizontal axis represents
the normalized modulation index (M).

The inverter fundamental line-to-
line Rms output voltage (VIine) can be
approximated (linear range) by the
following equation:
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Viine = Umag * Mod _ Sel* Vde /6 /2%

.............. (7.1)

. - U-phase
V_Alpha

sector6 |

sector 5

2 zero vectors V7, V8

Fig.7.8.Space
Vector Diagram
This document is the property of
International Rectifier and may not be
copied or distributed without expressed
consent
SVPWM Gain

0.8

0.5

04

VN dc

0.3

0.2

1000 2000 3000 4000 5000 BOOD  FOOOD
M

Fig.7.9 Transfer Characteristics

The maximum achievable modulation

(Umag_L) in the linear operating range is

given by: o

Umag L=27*3/Mod _Scl

........... (7.2)

Over modulation occurs when
modulation Umag>Umag_L. This
corresponds to the condition where the
voltage vector in (Fig.7.8 voltage vector
rescaling) increases beyond the hexagon
boundary. Under such circumstance, the
Space Vector PWM algorithm will rescale
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the magnitude of the voltage vector to fit
within the Hexagon limit. The magnitude
of the voltage vector is restricted within the
Hexagon; however, the phase angle (0) is
always preserved. The transfer gain
(Fig.7.9 transfer characteristics) of the
PWM modulator reduces and becomes non-

linear in the over modulation region.
V3 1

Requested
Voltage Vector
. Generated

Y, Voltage Vector

sector 3

sector 1

\
h\\-‘rj U-phase
i/

sector 4 sector 6 |

V5 Ve
Fig.7.10.Voltage Vector Rescaling

This document is the property of
International Rectifier and may not be
copied or distributed without expressed
consent.
7.6. PWM Operation

Upon receiving the modulation
index commands (Uaipha and Ugeta) the sub-
module SVPWM T, starts its calculations
at the rising edge of the PWM Load signal.
The SVPWM T, module implements an
algorithm that selects (based on sector
determination) the active space vectors (V1
to V6) being used and calculates the
appropriate time duration (w.r.t. one PWM
cycle) for each active vector. The
appropriated zero vectors are also being
selected. The SVPWM _Tm module
consumes 11 clock cycles typically and 35
clock cycles (worst case T,) in over
modulation cases. At the falling edge of
Nsync, & New set of Space Vector times and
vectors are readily available for actual
PWM generation (Phase-U, Phase-V,
Phase-W) by sub module Pwm Generation.
It is crucial to trigger PwmLoad at least 35
clock cycles prior to the falling edge of
nsync Signal; otherwise new modulation
commands will not be implemented at the
earliest PWM cycle.

The above Figures voltage vector
rescaling illustrates the PWM waveforms
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for a voltage vector locates in sector | of
the Space Vector plane (shown in Fig7.11).
The gating pattern outputs (PWMUH ...
PWMWL) include dead time insertion

T
nSYNC il [T T
PwmLoad I |H
Phasel | |1 [
PhaseV ; i
PhaseW -
prmun < LT =
PwMUL  § | 1 e
PWMVH HnCE = ﬂ
PomL .
PWMWH 1 : 1 :
PYWMWL

Fig7.11PWM waveforms
3-PHASE SPACE VECTOR PWM

Ir

nSYNC il _ﬂ| E_ T
Pwmload Il I

Phasell # ‘,_I |
PhaseV ; : 1

Phasew

[T T—— I L

PWMUL — 1 [

PWMVH Td —fF— | I P
PWMVL : | R

PWMWH

PWMWL
-l

Fig.7.12.2-phase  (6-
step PWM) Space Vector PWM
7.8. PWM CARRIER PERIOD

Input variable PymCyal controls
the duration of a PWM cycle. It should be
populated by the system clock frequency
(Ci) and Py, frequency (PwmFreq) Selection.
The variable should be calculated as:
PwmCval = Clk /(2" PwmFreg)=1 (7.3)

The input resolution of the Space
Vector PWM modulator signals U_Alpha
and U Beta is 16-bit signed integer.
However, the actual PWM resolution
(PwmcCval) is limited by the system clock
frequency.

Dead time Insertion Logic

Dead time is inserted at the output
of the PWM Generation Module. The
resolution is 1 clock cycle or 30nsec at a
33.3 MHz clock and is the same as those of
the voltage command registers and the
PWM carrier frequency register.

The dead time insertion logic chops
off the high side commanded volt*seconds
by the amount of dead time and adds the

T Tpwm
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same amount of volt*seconds to the low
side signal. Thus, it eliminates the complete
high side turn on pulse if the commanded
volt*seconds is less than the programmed
dead time.

Phasel

PWMUH

PWMUL

Ceadtime o]
.l - -
- L %

Fig.7.13.2-phase (6-step PWM) Space
Vector PWM
Dead time Insertion

The dead time insertion logic inserts
the programmed dead time between two
high and low side of the gate signals within
a phase. The dead time register is also
double buffered to allow “on the fly” dead
time change and control while PWM logic
IS inactive.

7.8. SYMMETRICAL AND
ASYMMETRICAL MODE
OPERATION

There are two modes of operation
available for PWM waveform generation,
namely the Center Aligned Symmetrical
PWM (Fig7.13) and the Center Aligned
Asymmetrical PWM (Fig7.13)The volt-sec
can be changed every half a PWM cycle
(Tpwm) since Pym Load occurs every half a
PWM cycle (compare Fig7.14 :symmetrical
pwm and Figure :asymmetrical PWM). With
Symmetrical PWM mode, the inverter
voltage Configuration = 0), the inverter
voltage can be changed at two times the
rate of the switching frequency. This will
provide an increase in voltage control
bandwidth, however, at the expense of
increased current harmonic
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Fig7.15.Asymmetrical PWM Mode
7.9. THREE-PHASE AND TWO-
PHASE MODULATION

Three-phase and two-phase Space
Vector PWM modulation options are
provided for the IRMCx203. The Volt-sec
generated by the two PWM strategies are
identical; however with 2-phase modulation
the switching losses can be reduced
significantly,  especially when  high
switching ~ frequency  (>10Khz) is
employed. Fig7.15: three-phase and two
phase modulation shows the switching
pattern for one PWM cycle when the
voltage vector is inside sector 1

phass moauiation

PPPPPP 4 l_
S |
sssss w 1 1
......
B

sector 3

# sector 1 |\
- éﬂu phase
|

\ sector 4 sector 6

[
2 zero vectors V7, V8

Fig7.16 Space Vector diagram Mode
7.10. Three Phase and Two Phase
Modulation

The field Two Phase PWM of the
PWM Config write register group provides
selection of three-phase or two-phase
modulation. The default setting is three-
phase modulation. Successful operation of
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two-phase modulation in the entire speed
operating range will depend on hardware
configuration. If the gate driver employs a
bootstrap ~ power  supply  strategy,
disoperation will occur at low motor
fundamental frequencies (< 2Hz) under
two-phase modulation control.

7.11. Sinusoidal Pulse Width Modulation

In many industrial applications,
Sinusoidal  Pulse  Width  Modulation
(SPWM), also called Sine coded Pulse
Width Modulation, is used to control the
inverter output voltage. SPWM maintains
good performance of the drive in the entire
range of operation between zero and 78
percent of the value that would be reached
by square-wave operation. If the
modulation index exceeds this value, linear
relationship between modulation index and
output voltage is not maintained and the
over-modulation methods are required
7.12. Space Vector Pulse Width
Modulation

A different approach to SPWM is
based on the space vector representation of
voltages in the d, g plane. The d, q
components are found by Park transform,
where the total power, as well as the
impedance, remains unchanged.

Fig: space vector shows Fig.7.17
space vectors in according tofig.7.16
switching positions of inverter, V* is the
phase-to-center voltage which is obtained
by proper selection of adjacent vectors V;
and V.

W00y W10y

T

va(o11) Vi[100)

WT(T11)

VE(001) VE(101)

Fig.7.17.Inverter output voltage space
vector
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¥ TTzt W1(100)

Fig.7.18.Determination of Switching times
The reference space vector V* is
given by Equation (7.1), where T,, T, are
the intervals of application of vector V; and
V, respectively, and zero vectors Vo and V7
are selected for Tp.
V* Tz =V *Ty + V, *T, + Vo *(To/2) +
V7 *(To/2).......... (7.4)
7.13. Space Vector Pulse
Modulation (continued)
Fig.7.19. below shows that the
inverter switching state for the period T,
for vector V; and for vector V,, resulting
switching patterns of each phase of inverter
are shown in Fig. pulse pattern of space
vector PWM.

| -AL«’JL‘\#._
L

Width

L]
s - R I‘*-\
——
e | =S SN —
| 1
[ =]

Fig.7.19 Inverter switching state for (a)V1,
(b) V2
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Fig.7.20. Pulse pattern of Space vector
PWM
Comparison
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In Fig: 7.20 comparisons, U is the
phase to- center voltage containing the
triple order harmonics that are generated by
space vector PWM and U is the sinusoidal
reference voltage. But the triple order
harmonics are not appeared in the phase-to-
phase voltage as well. This leads to the
higher modulation index compared to the
SPWM.
7.14.Comparison of SPWM and Space
Vector PWM

As mentioned above, SPWM only
reaches to 78 percent of square wave
operation, but the amplitude of maximum
possible voltage is 90 percent of square-
wave in the case of space vector PWM. The
maximum phase-to-center voltage by
sinusoidal and space vector
PWM are respectively

Vmax = Vao/2 , Sinusoidal PWM
Vmax = Vdc/\/3 : Space Vector PWM
Where, V. is DC-Link voltage.
This means that Space Vector
PWM can produce about 15 percent higher
than Sinusoidal PWM in output voltage.

0.00
3 | |

T SIN-PWM 7

0.00 SPACE VECTOR
1 T / T PWI

0 02 04 06 08 10 1145
m

Fig.7.21 (a) space vector harmonics
T 018 T T —
SIN-PWM

K,___

0.04 SPACE VEGTOR |
PWM

0 02 0& 0F 08 101145

0.12

o008

m
Fig.7.22. (b) Torque Harmonics
7.15.SVM PWM Technique
The Pulse Width modulation
technique permits to obtain three phase
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system voltages, which can be applied to
the controlled output. Space Vector
Modulation (SVM) principle differs from
other PWM processes in the fact that all
three drive signals for the inverter will be
created simultaneously. The
implementation of SVM process in digital
systems necessitates less operation time
and also less program memory.

The SVM algorithm is based on the
principle of the space vector u*, which
describes all three output voltages u,, Up
and u :

u*=2/3.(us+a.u, +a.

Ug) vvvnnnn. (7.5)

Where a =-1/2 +j . V3/2 We can
distinguish six sectors limited by eight
discrete vectors u0...u7 (fig:-7.21 inverter
output voltage space vector), which
correspond to the 23 = 8 possible switching
states of the power switches of the inverter.

}

Jm

G+ Us Uz (+U4,4U4,-Uq)

C++) Ug

Fig:-7.21 inverter output voltage space
vector
7.16. Space vector Modulation
The amplitude of ug and u7 equals 0.

The other vectors u;...ug have the same
amplitude and are 60 degrees shifted.By
varying the relative on-switching time Tc
of the different vectors, the space vector u*
and also the output voltages u,, Uy and U
can be varied and is defined as:

U =Re (u*)

up =Re (u*.a-1)

U = Re ( u* . a2

During a switching period Tc and
considering for example the first sector, the
vectors u0, ul and u2 will be switched on
alternatively.
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Fig:-7.22 inverter output voltage space
vector diagram.

Definition of the Space vector

Depending on the switching times
to, t1 and t, the space vector u* is defined
as:
U*:l/TC.(to.Uo+t1.U1+t2.U2)
U*=t0.u0+t;.up+t.uy
U=t .Uup+t.Up .oooeeeen..... (7.7)
Where
to+t; +t, =T, and
b+t +tb=1
to, t1 and t, are the relative values of the on
switching times.
They are defined as: t; =m . cos (a + p/6)
t,=m.sina
to =1- tl - tz
Their values are implemented in a table for
a modulation factor m = 1. Then it will be
easy to calculate the space vector u* and
the output voltages ua, ub and uc. The
voltage vector u* can be provided directly
by the optimal vector control laws wi, Ve
and Vg, In order to generate the phase
voltages u,, Uy and u. corresponding to the
desired voltage vector u* the following
SVM strategy is proposed.

PROPOSED
COMPONENTS
Variable speed drive systems consist of
three basic components: electrical motor,
direct and indirect power converter, and
control system. Fig. 2, shows the basic
structure of the variable speed system with
an indirect power converter. Converter
schemes for medium-power industrial
driving are located in two basic plans direct
and indirect. Speed control methods used
in the industry are classified into three
main  sections:  electric, electrolytic,

SPEED SYSTEM
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mechanical (ﬁ)‘*’i W -1
feeding grid Rectifier- delink- inverter . Lpe = 0.41, = 2f
P . where, Vi, Vo, Vc, IL and fs are three
f - : CO | - - .
§ _xk/._;_b.I : phase diode bridge output voltage, inverter

The following

advantages of
VSDS have given it significant
importance in industrial facilities:

Smooth regulation of motor speed.

To use VSDS in industrial facilities, a
choice must be made between designing
nonlinear devices that provide low levels

of THD% ,or installing substation
compensation  equipment at  the
substations. Recently, buck-boost
chopper has been used in DC-LINK for

variable-speed drive systems.

PARAMETERS OF THE

EQUIVALENT CIRCUIT

To perform the simulated process, we must

choose the parameters of this system:

1. Input line impedance:

Input line impedance depends on various
factors such as distribution connected
transformer in line or other equipment
connected at point of common coupling
(PCC). Grid inductance varies from few
hundreds of pH to some mH, depending
on the numbers of transformers
connected in  transmission  and
distribution system and their leakage
inductances.

2. The capacitor output:

Outputcapacitorof1OpFisobtainedbyputtingt
wo film capacitor of SuF in parallel;
these capacitors are purposed to operate
at 800V 70 ° C and 700 ° Fat 80 °C.

3. The inductor of four-quadrants
chopper circuit: Required value for
the inductance value of four-
quadrant chopper is found by the
following equation:

voltage, chopper capacitor voltage, load
current, and cutting off frequency
respectively. The average value of duty
cycle is 0.5. Therefore, the current ripples
on active switches and diodes equal to half
of the rated current. For output power 4
KW, dc inductor is chosen to be 40 pH,
depended on20% ripple current is allowed.
4. Capacitor of four-quadrant chopper
circuit: Chopper capacitor C stores energy
corresponding to changes of output voltage
of diode bridge output voltage which has a
sixteen ripple of mains frequency. In three
levels operation, rms value of capacitor
current depends on the ratio of peak value
rectified voltage to chopper capacitor
voltage.

IWERTER MOTCR
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TAA L PYE AT 4T oo
I~ ()R
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Fig. 4. VSDs with four — quadrant chopper

in DC- LINK
]
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Fig. 5. The proposed control Scheme for
variable speed drive system
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In order to improve the performance
grid, we used the four-quadrant chopper in
the DC-LINK instead of buck-boost
chopper, as shown in Fig. 4.In this scheme,
current iL doesn't pass through the active
elements of the chopper, four-quadrant
chopper works as a hybrid filter passes
only high-frequency currents. Charging
and discharging of capacitor C1 is
determined by chopper current signal
ICHOPP, so it is necessary to control the
bi-directional chopper current iCHOPP =
iL — lo, where io is the inverter current.
Three level voltage modulations vg2 — vel
, Vc2 Ve + Ve available on the inverter
input. The current L increases atvo = v¢2 —
vc], decreases at Vo = Vg2 + Vcl.

Besides,
thecurrenthasanindividualpassregarding the
capacitor C. The current lo which passing
to the positive side of inverter shows in Fig.
15, thus the current passing to the chopper,
iCHOPP, different from inverter current ig
and inductor current iL_ as shown in Fig.15.

When Inverter operates without chopper
circuit, the inverter input voltage Vo is
equal to Vc2. In the case of chopper is
bypassed, Vo is always equal to Vc2, When
only one of T1 and T4 is on, then chopper
capacitor is bypassed. As well as, one of T2
and T3 will be on during this
time.ThecontrolschemeillustratinginFig.5si
milartobuck- boost chopper control adding
some modifications, SPWM block has to
generate four signals.

Four- quadrant chopper has to deliver the
required high frequency current to the
inverter, the current lo flowing from
positive rail of DC-LINK to inverter wont
flow through the chopper circuit, also
current flowing in chopper is bidirectional.
Therefore, the duty-cycle of the switch is
determined by an inner current control loop
and the constant dc output voltagevc2. The
inductor current IL is controlled to have a
constant value by four transistors operation
T1, T2, T3 and T4.
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Both (T1,T2) and (T3,T4) operate
by complementary signals for gates,
also Operate by complementary gate
signals.

1. In the turn-on period of both T1 and
T4, inverter voltage Vo is Vc2
—Vcl.

2. WhenbothT2andT3areturnedoninve
rtervoltage Vo is Vc2+Vcl.

Low-pass filter LPF1 is used to reduce
the high- frequency components in pulse
load currents. The proportional control P
is used to control reshape of the current
IL, where high P-value produces a current
with ripples lower by six times from the
main frequency in the DC- LINK.

The high pass filter, HPF, is used to
detect the resonant currents and block the
low frequency components of e rectified
current.  To reduce the equivalent
switching ripple, a low pass filter LPF2
should be employed in the main control
loop. The cut-off frequency is selected
around500Hz,
whichshouldbehigherthanthesixtimes than
the main frequency and enough to reduce
the equivalent switching frequency ripple
to a sufficient level.

For controlling DC-LINK voltage V¢, a
Pl-type controller is used and connected in
parallel to the main control loop. This
allows offset adjusting of control signal.
This scheme has many advantages over
buck- boost chopper, but the controlling of
four-quadrant chopper is much more
complex and has many problems.

RESULTS

The input currents of the VSDS suffer
from a THD% factor 45% and for voltage
wave up to 5.6%, ripple factor (RF) of the
output rectified current 3.2, crest factor
(CF) 1.74 and power factor (PF) 0.951. In
VSDS improving the power quality
characteristics. The main goal of this paper
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is reducing both ripple factor and crest
factor of DC-LINK current. This will affect
positively on the input current total
harmonic distortion factor of input currents
in the VSDS.

source current

10
< §
g 0
§ 5 —buck boost chopper

== four quadrant chopper
-10 '
002 003 004 005 006
Time [sec]

Grid currents of VSDS with buck-boost
chopper and with four quadrant chopper
circuit show in Fig. 6, we note that grid
currents distortions are clearly reduced.
The total harmonic distortion factor of grid
currents VSDS has decreased from 28.81%
to 25.53% as shown in Fig.6.Fig. 8, shows
the maximum and effective value of this
current and the amount of distortion in
each harmonic in this wave. Fig. 9, shows
the phase — phase input voltage of studied
variable speed drive system with buck-
boost chopper and with four quadrant
chopper circuit. Fig. 10, shows that total
harmonic distortion of output voltage
decreased from 2.72% to 2.53% that reflex
advantages of wusing four - quadrant
chopper in DC-LINK.

FPTanalysis - Eyndamental (50Hz) = 8.001 , THD= 25.58%

OD 1000

(=]

Mag (% orfu ndamental
Q

Fig. 7. Total harmonic distortion factor of VSDS

phase - phase source voltage

= buck-boost chopper
500 ~—four quadrant chopper

voltage [v]
=

0 001 002 003 004 005 006
Time [sec)

Fig, 9. Phase to phase for input voltage ofproposed VSDS
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FFT analyssundamental (50Hz)= 5626 , THD= 2.53%

Fig. 10, FFT analysis of phase - phase grid voltage for proposed VSDS
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DC-LINK CURRENT
15 T
— buck-boost chopper
< 10 ~—— four quadrant chopper
E
p
g 5
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Fig.11. DC-LINK Current
20. chopper qapacitor voltage
—— buck-boost chopper

—four quadrant chopper

voltage [v]

0 001 002 003 004 005 006
Time [sec]
Fig. 12. Chopper capacitor voltage

Fig. 11, shows DC-LINK current in
both cases mentioned previously, ripple
factor has been reduced from the value
1.95 to 1.105 when using the four-
guadrant section. The conventional VSDS

has a ripple factor of the continuous
vehicle current about 4.9.Crest Factor
calculation is intended to give an idea
about the effect of the wave form. Crest
factor is defined as the ratio of peak value
to effective one. Crest factor of grid
current is reduced from 1.4when use buck
— boost chopper to 1.30 with four
quadrant chopper.

In addition crest factor for dc-link
current is reduced from 1.12 to 1.05 with

Page | 288



p-ISSN: 2348-795X
= Volume 07 Issue 07

- ® International Journal of Research e-ISSN: 2348-6848
gr—un July 2020

four quadrant chopper. Grid currents of
conventional VSDS have crest factor1.74
and DC-LINK current 1.40.Power factor
is increased from 0.951 in conventional
drive system to 0.953 when using buck-
boost chopper in DC-LINK, and to 0.956 et ot
when using four-quadrant chopper in this - : : - - :

. 001 002 003 004 005 006
paper. Fig. 12 shows that chopper Time [sec]
capacitor voltage is reduced to 6 V when
using the four-quadrant chopper. Also
this figures shows that the voltage of the DC-LINK CURRENT
capacitor is a varying pulse. The peak of
these pulses is reached to24V, while its
effective value is 12V.The output voltage
has lower oscillations as shown in Fig.
13. Therefore, the use of the four-
quadrant chopper in dc-link gives lower
oscillations in output voltage. Constant
dc-link voltage is achieved after using io current
four- quadrant chopper in DC-LINK, but 10
the effective value
ofthevoltageinbothcasesremained540Vass
hownin  Fig.14.The  aforementioned
results validate the proposed method for T N
implementing it in the reality. It is clear Time [sec] x10°
that the proposed method has the ability (b)
of diminishing the voltage oscillations
and ensure of constant voltage in the DC- ___ Chopper current

DC-LINK VOLTAGE

- — buck-boost chopper

voltage [v]
o288 8

Fig. 14. DC-LINK voltage

- b i

oo o N

curremt [A]

5 10 15
Time [sec] x10°

(a)

(=}

curremt [A]

S o 4
LINK. Likewise, the THD is highly ”
reduced using the proposed method. %0
Furthermore, the ripple factor is highly g2
reduced by implementing the proposed e
variable speed drive system. s 1 2 3 P
Time [sec] x10°
output voltage
800 (c)
= 600
]
2400 !
s —— buck-boost chopper
> 200 — four quadrant chopper|
% 001 002 003 004 005 006

Time [sac]

Fig. 13. Output voltage
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Fig. 15. Currents of the different
components: b) DC-LINK current, and
c)chopper current

CONCLUSION

In this project a novel technique is
proposed to achieve a good performance of
the variable speed drive systems (VSDS) in
the industrial facilities by reducing the
THD % for the both voltage and current
waveforms and increasing the power
factor. THD% reduction of the voltage and
current waves is positively reflected on the
work in the voltage drop on the facility
inputs, leading to larger currents by loads.
This leads to a loss of this work is by
operations required for high performance
.small size and low weight of the drive and
control circuits with the chopper circuit are
very suitable for integration with variable
major changes in both power and control
circuits. Allowing it to be integrated with
any existing system by adding some simple
modifications .some of the main
contributions in this project as follows
1. Proposing a novel four chopper for

variable speed drive systems.
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2. Introducing a new VSDS method able
to highly reducing THD

3. The ripple effects on the current and
voltage of DC-link are diminished.

4. 4-A new method for determine the
control signals is proposed.

Modeling variable speed drive
system with four — quadrant chopper added
to DC-LINK using MATLAB /
SIMULINK. Evaluating the performance
of the variable speed drive system by
comparing the results of the total harmonic
distortion factor THD% for both voltage
and current waves with and without using
the controlled chopper circuit. Comparing
the results with the standard values IEC
standard by comparing the results before
and after using proposed chopper and
comparing results with international
standard limits found in IEEE 519-1992.

From the practical study, we can
concludes that the power quality of input
current for these systems was improved by
reducing total harmonic distortion factor
(THDs) and increasing the power
factor(PF), in addition to reduction both of
ripple factor and crest factor in dc-link to
acceptable values. Capacitor voltage is
reduced to an acceptable value doesn't lead
to the failure of capacitor besides of
canceling the oscillations in dc-link
voltage. Finally, we recommend to
continuing this work by using SVPWM to
generate biases voltages for chopper
transistors, and using this chopper with a
12-pulse rectifier variable speed drive
system to determine the suitability and
adaptability of this chopper with different
types of rectifier schemes used in variable
speed drive systems.

FUTURE SCOPE

As a future work, the
proposed method can be
investigated for different types of
industrial systems. Likewise, the
intelligent  methods might be
combined with the proposed method
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and presenting a comprehensive 10. A. Hussein, D. Kazem, and T.
assessment results. Alizadaeani  Harmonic  Mitigation
Techniques  Applied to  Power
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