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ABSTRACT

This paper proposes a closed loop control an implemented to an achieve a smooth speedycontrol irrespective
of the variations in the load and input voltage fluctuations, using The space veetor pulse widthhamplitude
modulation (SVPWAM) is an efficient control technique whichyincreases the power density and increases the
efficiency. When an inverter fed with proportional and integral (PI) control techniguedis used forgthe control of
dynamic load conditions, it gives a better speed and‘torque controliLhe 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 contral hasiexamined by simulation/MATLAB

Keywords- Buck Bust Voltages, Hybrid Electric Vehicles, RI-Control, THD, Space Vector Pulse
Width Amplitude Modulation.

I. INTERODCTI@N

An adjustable speed drivei (ASD) is a device_used to provide continuous range process speed control (as
comparéd to discrete speed control as,in gearboxes or multi-speed motors). An ASD is capable of adjusting both
speéd and torgue from an induction on synchronous motor. An electric ASD is an electrical system used to
control motor.speed. Adjustable speedidrives 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
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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.

Transmission

Il. SVPWAM FOR VSI

2.1 Principle of SVPWAM Control i

OA61
Fig2.SVPWAM For VSI.

515355
ﬂ.DC-Link Voltage Of SVPWAM In VSI.

ontrol is to eliminate the zero vector in each sector. The modulation principle of

The principle of an SV
SVPWAM is shown in Eig2. 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 I, 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 |, 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 Tare[1]
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T1=‘/3_gmsin{§—9} Tzz‘/ggmsin(a); ........................................ (1)

Where 6 €[0, /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]

TU/Ts =TV (TIHT2) e, 2)

2.2 Inverter Switching Loss Reduction for VSI

For unity power factor case, the inverter switching loss is reduced by 86%gdbecause the voltage phase for PWM

switching is within [-60°, 60¢], at which the current is in the zero-cr@Ssing region. In WSlI, the device voltage
stress is equal to dc-link voltage V., and the current stress is equ i itching loss

for each switch is[1]

2_\/?: ImVdc

I:)sw-l =

T V ref Iref

-~ -
-~ -

PWAM/SPWM

Switching Loss (pu)
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Sus Fig5.Conventional CSI And Its Corresponding

SVPWAM

itching in two 60-sections, the integration over 2z can be narrowed

PSW-I = (2V3)/n. (ImVDC/(Vref Iref ) .ESR .fsw ......... (4) The
SPWM method is[1] PSW -I'= (2/n).(ImVDC/(Vref Iref

switching  loss
).ESR.fsw..............

In result, the switching loss’of SVPWAM over SPWM is f = 13.4%. However, when the power factor decreases,
the switchingloss 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%.

I11. SVPWAM FOR CSI

3.1 Principle of SVPWAM in CSI
The principle of SVPWAM in CSl 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
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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 each sector, this method brings down the switching frequency by one-third.
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Fig6.Switching Voltage And Current When Pf = 1.

and (2).

3.2 Inverter Switching
In CSlI, the current stre t, and the voltage stress is equal to output

line-to-line voltage us, the switching loss for a single switch is

Basically, the topologie can utilize SVPWAM have two stages: dc—dc conversion which converts a dc
o varied dc-link voltage or current; VSI or CSI for which SVPWAM is applied[8].

One typical example of this structure is the boost converter inverter discussed previously. However, the same

voltage or current into

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 6w fluctuate average value, resulting in a
pulse type 6w waveform at the real dc-link current Ipn, since I, is related to the input dc current lin by a transfer
function[1]

11=[(1-Dop)/ (1 —2Dop)] lin..........ccoevvvenen. (7
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V. CASE STUDY: 1-KWBOOST-CONVERTER INVERTER FOR EV MOTOR DRIVE
APPLICATION

1. Basic Control Principle

2. 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 100-200 V; 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.
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Fig 10. Variable Carrier SPWM Control In
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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].
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6.1 Space Vector Pulse Width Modulation
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Fig 12. Simulation Circuit For SVPWM Inverter
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age and current waveforms are analysed in the further
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Fig 12.1. Voltage And Current Of
SVPWM Inverter
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6.3 Closed Loop Control For Regulation Of Speed

o e

e the error signal to a Pl controller. The

f the chopper. This controls the output of the

omparison Table

THD | SETTLING
(%) | TIME
(sec)
Sinusoidal | 1.09 0.12
PWM
SVPWM 0.8 0.42
3. | Closed 0.5 0.84
loop
control (PI)
4. | Closed 0.29 0.04
loop for
speed
regulation
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The speed regulation obtained by implementing SVPWM along with P1 controller closed loop for the switching
of Buck-Boost chopper. The purpose of Buck-Boost chopper at the front end of the inverter is to change the
inverter input voltage as per the load variations or voltage variations, so as to maintain speed of the machine
which is fed by this inverter to be maintained constant at a value set by the reference speed. By an implementing
Pl-closed loop control technique, this can improved the settling time (0.04 sec) than the normal svpwm method
(0.42 sec) and also it has less total harmonics distortion 0.29% only.

Whenever the input voltage of the chopper is less than that voltage required to maintain the speed, then the
chopper performs the Boost action to obtain the actual voltage at the inverter input to maintain the required
speed.

Whenever the input voltage of the chopper is more than that voltage requireddo maintain the speed, then the
chopper performs the Buck action to obtain the actual voltage at the inyerter input to maintain the required
speed.

3) Whenever the input voltage of the chopper is same as the voltage“required to maintain‘the speed, then the

chopper just isolates the actual DC input and the inverter input,to maintain the reguired speed.

[0,0, 0,0])

| Configuration ‘ Parametors Advanced |
Gtator phase resistance e (ohm) ‘
a
Stator phase inductance Le (M) ‘
10e-3 ‘
tpecify) il lux inkage established by magnets (V.e) - | |
Plux inkage established by magnrets (V.u)! ‘
0,174
Voltage Constant (V_pealk L4 / krpm)i ‘
|
Torgue Congtant (N.m / A_pealk))
Back EMP flat area (degrees): ‘
120
Inertia, friction factor and pole pairs [ Jg m=2) FN.m.8) pO 1 ‘
[1,25e-3, 1n-3, 4)
Initisl conditions [ wmrad/u) thetam(deg) 1a,b(A) 11 ‘
|

Fig.14. Synchronous Machine Parameters

XI1. CONCLEUSION

Comparison has been‘made,to observe the THD in the inverter output with respect to different PWM techniques
applied. The space vectoriPWM technique was found to give a better performance with less THD compared to
other techniques. 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. This is done by varying the duty cycle of the chopper circuit in proportion to
the load ratings. The PWM technique along with the closed loop control using the PI controller has lead to the
reduction of the THD. Hence, such efficient PWM techniques are employed 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 in this technique

compared to open loop PWM techniques. Also the closed loop control using the speed feedback has been
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implemented for the SVPWM inverter fed by chopper. The performance is better with less settling time and less

harmonics in the output.

XIl. 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 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, like higher boost ratio. For the circuit proposed, the chopper
control circuitry can be provided with a closed loop control so as to maintain the inverter input constant

irrespective of the load variations.
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