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Abstract: This paper proposes a closed loop control an implemented to an achieve a smooth speed control irrespective of the
variations in the load and input voltage fluctuations, using The space vector pulse width amplitude modulation (SVPWAM) is an
efficient control technique which increases the power density and increases the efficiency. When an inverter fed with proportional and
integral (P1) control technique is used for the control of dynamic load conditions, it gives a better speed and torque control. The control
study analysis includes the buck boost operation of the input DC of the inverter to have a control as per the load variations, Also an
attempt to reduce the THD has been made by using the closed loop control has examined by simulation/MATLAB
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1. Introduction

An adjustable speed drive (ASD) is a device used to provide
continuous range process speed control (as compared to
discrete speed control as in gearboxes or multi-speed
motors). An ASD is capable of adjusting both speed and
torque from an induction or synchronous motor. An electric
ASD is an electrical system used to control motor speed.
Adjustable speed drives are the most efficient types of drives
[8]-[10]. They are used to control the speeds of both AC and
DC motors. The most widely used PWM schemes for three-
phase voltage source inverters are carrier-based sinusoidal
PWM and space vector PWM (SVPWM). There is an
increasing trend of using space vector PWM (SVPWM)
because of their easier digital realization and better dc bus
utilization. Currently, two existing inverter boogies are used
for Hybrid electric vehicles the conventional three-phase
inverter with a high voltage battery and a three-phase pulse
width modulation (PWM) Inverter with a dc/dc boost front
end.

The conventional PWM Inverter imposes high stress on
switching devices and motor thus limits the motor’s constant
power speed range (CPSR), which can be alleviated through
the dc—dc boosted PWM inverter The conventional PWM
inverter imposes high stress on switching devices and motor
thus limits the motor’s constant power speed range (CPSR),
which can be alleviated through the dc—-dc boosted PWM
inverter [1]. The inverter is required to inject low. Harmonic
current to the motor, in order to reduce the winding loss and
core loss. For this purpose, the switching frequency of the
inverter is designed within a high range from 15 to 20 kHz,
resulting in the switching loss increase in switching device
and also the core loss increase in the motor stator.

The inverter switching action is being controlled by the basic
PWM techniques by which the performance of the inverter is
poor as THD content in its output is more accompanied by

the switching losses and reduced efficiency. In this paper,
space vector pulse width modulation was proposed to
overcome these defects. This improves the efficiency of the
inverter and when fed to a machine it gives better control of
speed and torque characteristics [8]. This paper proposes a
simple control method for buck-boot voltages using cascade
multilevel inverters for hybrid electric vehicles, a closed loop
control with a PI controller to further improve the efficiency
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Figure 1: Block diagram of Electric vehicles drive system

2.SVPWAM For VSI

2.1 Principle of SVPWAM Control in VSI
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Figure 2: SVPWAM for VSI.
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Figure 3: DC-link voltage of SVPWAM in VSI.

The principle of an SVPWAM control is to eliminate the
zero vector in each sector. The modulation principle of
SVPWAM is shown in Fig2. In each sector, only one phase
leg is doing PWM switching; thus, the switching frequency is
reduced by two-third. This imposes zero switching for one
phase leg in the adjacent two sectors [6][7]. For example, in
sector VI and |, phase leg A has no switching at all. The dc-
link voltage thus is directly generated from the output line-to-
line voltage. In sector I, no zero vector is selected. Therefore,
S1 and S2 keep constant ON, and S3 and S6 are doing PWM
switching. As a result, if the output voltage is kept at the
normal three-phase sinusoidal voltage, the dc-link voltage
should be equal to line-to-line voltage V. at this time.

Consequently, the dc-link voltage should present a6w varied
Feature to maintain a desired output voltage. The
corresponding waveform is shown in solid line in Fig3. A
dc—dc conversion is needed in the front stage to generate this
6w voltage.

The original equations for time period T,and T,are[1]

T1=\/§4msin(%—0j; T2=*/§4msin(¢9);.(1)

Where 0 €10, #/3] is relative angle from the output voltage

Vector to the first adjacent basic voltage vector like in Fig.2.
If the time period for each vector maintains the same, the
switching frequency will vary with angle, which results in a
variable inductor current ripple and multi frequency output
harmonics. Therefore, in order to keep the switching period
constant but still keep the same pulse width as the original
one, the new time periods can be calculated as[1]

B i T R ) 2)

2.2 Inverter Switching Loss Reduction for VSI

For unity power factor case, the inverter switching loss is
reduced by 86% because the voltage phase for PWM
switching is within [-60¢, 60°], at which the current is in the
Zero-crossing region.

In VSI, the device voltage stress is equal to dc-link voltage
V. and the current stress is equal to output current i,. Thus
the switching loss for each switch is[1]

—2 — \/§ M.ESR.fSW

7 Vreflref
Where ESR, Vref, Iref are the references

Psw-l =

0. :

—
=
=

=)
=
=

—
=
b

Switching Loss (pu)
PWAM/SPWM

1 0.5 0 0.5 s
Power factor

Figure 4: (SVPWAM power loss/SPWM power loss) versus
power factor in VSI.
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Figure 5: Conventional CSI and its corresponding
SVPWAM

Since the SVPWAM only has PWM switching in two
60-sections, the integration over 2z can be narrowed down
into
Integration within two 60,

PSW-I = (2v3)/x. (IMVDC/(Vref Iref) .ESR .fsw ......... 4)

The switching loss for a conventional SPWM method is[1]
PSW -I’= (2/z).(ImVDC/(Vref Iref ).ESR.fsw.............. (5)

In result, the switching loss of SVPWAM over SPWM is
f=13.4%.

However, when the power factor decreases, the switching
loss reduction amount decreases because the switching
current increases as Fig 4. shows. As indicated, the worst
case happens when power factor is equal to zero, where the
switching loss reduction still reaches 50%. In conclusion,
SVPWAM can bring the switching loss down by 50-87%.

3.SVPWAM for CSI
3.1 Principle of SVPWAM in CSI

The principle of SVPWAM in CSlI is also to eliminate the
zero vectors. As shown in Fig5. for each sector, only two
switches are doing PWM switching, since only one switch in
upper phase legs and one switch in lower phase legs are
conducting together at any moment[2].

Thus, for each switch, it only needs to do PWM switching in
two sectors, which is one-third of the switching period.
Compared to SVPWM with single zero vectors selected in
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each sector, this method brings down the switching frequency
by one-third.
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Figure 6: Switching voltage and current when pf = 1.
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Similarly, the dc-link current in this case is a 6w varied
current. It is the maximum envelope of six output currents:

la, Ib, Ic ,—la ,—Ib ,—Ic , as shown in Fig 6. For example, in
sector I, S1 always keeps ON, so the dc-link current is equal
to la . The difference between dc-link current in CSI and dc-
link voltage in VSI is dc-link current in CSI is overlapped
with the phase current, but dc-link voltage in VSI is
overlapped with the line voltage, not the phase voltage[2].
The time intervals for two adjacent vectors can be calculated
in the same way as equation (1) and (2).

3.2 Inverter Switching Loss Reduction for CSI

In CSI, the current stress on the switch is equal to the dc link
current, and the voltage stress is equal to output line-to-line
voltage, as shown the shadow area in Fig 6. Thus, the
switching loss for a single switch is determined by[1]
Psw-csi =(2 —\3)/m (idc™ « V1-lpeak)/Vref Iref .

Switching Loss
SVPWAM/DSVPWM
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Figure 7: (SVPWAM power loss/SPWM power loss) versus
power factor in VSI.

When compared to discontinuous SVPWM, if the half
switching frequency is utilized, then the switching loss of it
becomes half of the result in equation (6). The corresponding
switching loss ratio between SVPWAM and discontinuous
SVPWM is shown in Fig 7.

4.Topologies for SVPWAM

Basically, the topologies that can utilize SVPWAM have two
stages: dc—dc conversion which converts a dc voltage or
current into a 6e varied dc-link voltage or current; VSI or
CSlI for which SVPWAM is applied[8]. One typical example

of this structure is the boost converter inverter discussed
previously. However, the same function can also be
implemented in a single stage, such as Z/quasi-Z/trans-Z
source inverter [1].The front stage can also be integrated with
inverter to form a single stage. Take current-fed quasi-Z-
source inverter as an example. Instead of controlling the dc-
link current Ipn to have a constant average value, the open
zero state duty cycle Dop will be regulated instantaneously to
control Ipm to have a 6« fluctuate average value, resulting in
a pulse type 6w waveform at the real dc-link current Ipn,
since |, is related to the input dc current lin by a transfer
function [1]

11=[(1-Dop)/(1L—2Dop)] lin....ccoeevvenannn.n. @)

5.Case Study: 1-Kw Boost-Converter Inverter
for EV Motor Drive Application

5.1 Basic Control Principle

The circuit schematic and control system for a 1-kW boost
converter inverter motor drive system is shown in Fig. 8. A
6w dc-link voltage is generated from a constant dc voltage by
a boost converter, using open-loop control. Inverter then
could be modulated by a SVPWAM method. The
specifications for t he system are input voltage is 100-200V;
the average dc-linkvoltage is 300 V; output line-to-line
voltage rms is 230 V; and frequency is from 60 Hz to 1 kHz.

230V, 1kW,
B60Hz-1kHz

555 555

Figure 8: SVPWAM-based boost converter-inverter motor
drive system

5.2 Voltage Constraint and Operation Region

The constraint is determined by the minimum point of the 6w
Dc-link voltage. Beyond this region, conventional SPWM
can be implemented. However, the dc-link voltage in this
case still varies with 6 because of the small film capacitor
we selected. Thus, a modified SPWM with varying dc-link
voltage will be adopted during the motor start up as shown in
Fig 8. Hence, the system will achieve optimum efficiency
when the motor is operating a little below or around nominal
voltage. When the motor demands a low voltage during start
up, efficiency is the same as the conventional SPWM-
controlled inverter.
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Figure 9: Operation region of boost-converter-inverter EV
traction drive.

Figure 10: Variable carrier SPWM control in buck mode

In SVPWAM control of boost mode, dc-link voltage varies
with the output voltage, in which the modulation index is
always kept maximum[2]. So, when dc-link voltage is above
the battery voltage, dc-link voltage level varies with the
output voltage. The voltage utilization increased and the total
power stress on the devices has been reduced[3]-[6].

6. Simultion Results
6.1 The Conventional Type Three Phase Inverter

The buck boost converter in the front end controls the DC
input to the inverter through a control circuitry. The
switching operation of inverter is controlled by the pulses
generated from the 6 pulse generator individually for each
switch. The inverter output can be fed to any kind of AC
load. The performance of the inverter is checked from the
waveforms obtained in the scope, also this control can be
used to regulate the speed of the motor connected to the
inverter. The THD in the output waveform of the inverter can
be compared with the other techniques.

1600

e TG

Figure 6.1: Speed of conventional inverter fed induction
motor

The THD in this case is in non-uniform range. Yet the speed
control can be obtained to some extent but with ripples in the
wave form. Hence other methods are opted for the better
control. Also the settling time is moderate.

6.2 The Sinusoidal PWM Three Phase Inverter

Sinusoidal PWM is used to give gate pulses to each of the
thyristors of the inverter.The THD and waveforms are
obtained from the display and scope respectively. Also the
speed of the induction motor is also observed.

1600

Figure 6.2: Speed of sinusoidal PWM inverter fed induction
motor

Here, the output speed of the motor has less ripples than the
Conventional inverter Also the THD in all the phases is
uniform. The voltage and current waveforms can be observed
from Fig 6.2.The settling time is 0.13 seconds only.

6.3 The space vector PWM Three Phase Inverter

A buck boost converter in the front end is used to provide
DC input at desire voltage levels. and we observed that, The
space vector PWM is the harmonic content of the inverter
output can be reduced using this technique, The output of the
inverter is fed to load. The motor performance is superior in
this case and it provides smooth speed control. Wave forms
can be observed from Fig 6.3.

VD 01 02 03 04 05 0§ 01 08 09 1
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Figure 6.3: Speed of SVPWM inverter fed induction motor

Volume 4 Issue 1, January 2015

Paper ID: SUB15311

Www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

880



http://creativecommons.org/licenses/by/4.0/�

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

The speed waveform is with very less ripples and speed
control is better when compared to the methods in 6.1 and
6.2. The voltage and current waveforms are analyzed in the

further section.

6.4The space vector PWM Closed loop control Inverter

The speed regulation can be obtained using a closed loop
inverter fed machine with Pl control
technique. The output of the inverter which regulates the
speed of the machine, From the Fig 6.4 we can observe that
Voltage and Current of SVPWM inverter. In Fig 6.5 shows
the simulation diagram of the proposed method for speed
regulation. In Fig 6.6 shows the Simulation circuit of closed
loop PI controller. From the Fig 6.7 we can observed that this
proposed method is an efficiently speed regulated respective
THD shown in Fig 6.8. And validated results discussed in
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this paper.
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Figure 6.6: Simulation circuit of closed loop PI controller.
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Figure 6.7: waveform of the closed loop control of speed
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Figure 6.8: closed loop control of speed respective THD

Table 1: Comparison of THD for various PWM techniques

S. No PWM- methods THD (%) | Settling
Time (sec)
1 Conventional Variable 0.13
2 Sinusoidal PWM 1.09 0.12
3 SVPWM 0.8 0.42
4 | Closed loop PI - speed regulation|  0.29 0.04

Table 2: Case study-I : the buck boost operation for a
reference speed of 1500 rpm

S.NO. |Input Voltage to [Output Voltage | THD | Reference
Inverter (Volts) | Of Inverter (%) |Speed(rpm)
(Volts)
1. 300 417 3.0 1500
2. 400 417 2.29 1500
3. 417 417 2.29 1500
4. 500 417 2.29 1500

Table 3: Case study-I1: of the buck boost operation for a
reference speed of 1000 rpm

S.NO.| Input Voltage to | Output Voltage Of | THD| Reference
Inverter (Volts) Inverter(Volts) | (%) |Speed (rpm)

3. 200 285 0.376 1000
4. 285 285 0.376 1000
5. 300 285 0.376 1000
6. 350 285 0.380, 1000

Configuration Parameters Advanced
Stator phase resistance Rs {ohm):

El

Stator phase inductance Ls {H)
10e-3

Specify: |Flux linkage established by magnets {V.s) -

Flux linkage established by magnets (v.s):
0.175

Violtage Constant {v_peak LL / krpm):

Torque Constant (M.m / A_peak):

Back EMF flat area (degrees):
120

Inertia, fricton factor and pole pairs [ J(kg.m~2) F{M.m.s) p]:
[1.25e-3, 1e-3, 4]

Initial conditions [wmiradfs) thetam{deg) ia,b{a)]:
[0,0, 0,0]

Figure 6.9: Load parameters
6.5 Analysis of Case Studies

In This paper the main purpose of the case study is to
observe the speed regulation obtained by implementing
SVPWM along with PI controller closed loop for the Buck-
Boost circuit. In the case study-I, the reference speed is set to
1500 rpm. The input voltage to the converter is varied and
the speed regulation is an examined.

Observed from the tables 2&3.0f the case studies are

following by:

1)Whenever the input voltage of the converter is less than
that voltage required to maintain the speed, then the
control circuit performs the Boost action to obtain the
actual voltage at the inverter to maintain the required
speed.

2)Whenever the input voltage of the converter is more than
that voltage required to maintain the speed, then the
control circuit performs the Buck action to obtain the
actual voltage at the inverter input to maintain the required
speed.

3)Whenever the input voltage of the converter is same as the
voltage required to maintain the speed, then the control
circuit just isolates the actual DC input and the inverter
input to maintain the required speed.

7.Conclusion

In this paper Space-Vector-Pulse-Width Modulation
(SVPWM) method has been proposed for buck-boost voltage
source inverter. By using this method, the switching loss is
reduced with a less output harmonic distortion than normal
SPWM method.

Comparison has been made to observe the THD in the
inverter output with respect to different PWM techniques
applied. The space vector PWM technique was found to give
a better performance with less THD compared to other
techniques.
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Instead of using a constant DC input to the inverter, a buck
boost converter has been connected at the front end of the
inverter. Therefore the same circuit can be employed for
different AC loads connected to the inverter. The inverter
output voltage can be varied according to the load
requirements by varying the input to the inverter.

The PWM technique along with the closed loop control using
the PI controller has lead to the reduction of the THD. By
implementing this technique to the inverter which feed the
AC machines so as to control the speed and torque. The
ripples in the speed waveform are very less and also in this
compared to open loop PWM techniques. This paper
validated results are an examined with less settling time and
less harmonics in the output.

8. Future Scope

The proposed SVPWAM modulation method has only been
verified on the voltage source inverter, thus the future work
should be done with the buck-boost current source inverter
for multilevel, such as current-fed quasi-Z-source inverter
topology. The discontinuous operation mode needs to be
explored further to see if it can be utilized in order to bring
some good features for the inverter.
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