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ABSTRACT:This paper presents a small
film capacitor inverter based induction
motor control approach to enhance with
reliability and power density of three-phase
variable speed drive applications. A robust
hybrid motor controller is developed to
prevent performance degradation caused by
the electrolytic capacitor-less inverter fed by
front-end diode rectifiers. The structure of
the controller combines a model-based
controller (MBC) and a hexagon voltage
manipulating controller (HVC). The MBC
determines the command output voltage
with the intersection of the torque and rotor
flux linkage command. In the HVC mode,
the command voltage vector is determined
simply by the torque command and the
hexagon-shaped inverter voltage boundary.

Successful application of the control

approach is corroborated by a graphical and
analytical means that naturally lead to a
single voltage selection rule. This paper also
examines the operation sensitivity under
motor parameter drifts to determine how to
decouple its effect using a voltage
disturbance state-filter design.

I. INTRODUCTION

International is expanding at a high charge
because of the enormous reliance of the
transportation segment on oil because the
critical gasoline. Additionally because of
this cause, there may be a high-quality
ozone depleting substance discharge this is
corrupting the character of air and making
harm life and situation. This has excited a
enormous enthusiasm for the outline of the
cars with lesser or no reliance at the oil

property. Furthermore, hence the opposite
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impetus advancements had been step by step
well-liked by means of the car ventures and
this has induced the multiplied development
rate of the of the Electric Vehicle (EV)
innovation within the preceding two a long
time. By adding sustainable electricity
resources to these consists of extra preferred
standpoint. The utilization of sustainable
source in electric powered automobile will
not hurt the earth and are of high
importance. Most of the energy prerequisites
is fulfilled by petroleum derivatives but
through the utilization of photovoltaic
frameworks may want to assist in supplying
the power requests. The widespread
rectangular outline of the framework is
appeared in Fig 1. Fig 1: Block chart of the
framework Solar controlled EV comprises
of PV board, converter, inverter and engine.
While we recollect connect to 1/2 breed
electric car the batteries in PHEV may be
charged in a few approaches this is by
means of an out of doors electric powered
power source, by the inward burning motor
in any other case by way of regenerative
braking. Here it's far substituted with solar
powered cells. These automobiles require
less aid because of few shifting components.
As of now two topologies are applied as a
part of electric automobiles they're the

standard three degree inverter with high

voltage battery which forces high weight on
replacing gadgets that may be wiped out
with the aid of utilizing 3 level PWM
inverter with dc-dc assist on the front give
up. The replacing recurrence of the inverter
could be from 15 to 20 kHz which brings
approximately excessive exchanging
misfortunes. So as to decrease changing
misfortunes within the inverter one of a kind

systems had been presented

In ease three-stage variable velocity force
programs, for example, warming ventilating-
aerating and cooling (HVAC) frameworks,
diode rectifiers are typically applied because
the  the  front-cease  circuit  for
nonregenerative aci dc transformation due to
their decrease cost and higher unwavering
exceptional [1]. In these types of minimum
attempt air con pressure frameworks,
aluminum electrolytic capacitors are on the
whole used to modify the contrast between
the non permanent records and yield control
and further stifle the voltage spikes because
of spillage inductance and changing
operations, as appeared in Fig. 1 [2], [3].
Then once more, the dc-shipping capacitor
is cumbersome and considerable in addition
to one of the slightest reliable components
on one-of-a-kind  energy  electronic

topologies. Moreover, the parasitic lead
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inductance can purpose voltage spikes,
which can be a first-rate attention within the
unhappiness of strength digital devices. A
sadness evaluation of transfer mode
manipulate  materials announced that
electrolytic capacitors are in price of the
more part of the breakdowns of an inverter
[4]. Accordingly, there may be increasing
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Fig. 1. Three-phase diode rectifier and PWM
inverter for IM drive.

Enthusiasm for the gazing life of electrolytic
capacitors for reliable and safe operation
[4]7[7]. Then once more, disconnected
checking strategies [4], [5] require greater
estimations and in addition from the sooner
facts for the reference display, which makes
gazing procedure muddled and tough. A
previously introduced online technique [6]
for comparing the capacitance can not be
connected to inverters recommended by
means of diode rectifiers. In such manner, a
scope of regenerative converters and control

techniques have been proposed with a

particular stop intention to restriction or
reduce those aloof segments on a dc
delivery. The attention of maximum
investigations has been on the most talented
technique to lower the dc-shipping capacitor
of three-stage beat width tweak (PWM)
rectifiers and unmarried-degree diode
rectifiers [7]1 [11]. All beyond examinations
were geared up with a normal shut circle
cutting-edge controller to direct the air-
crevice torque and flux linkage of air
conditioning engines. In any case, set off
modern manipulate in a bit dc-delivery
capacitor inverter with the diode rectifier the
front-give up isn't direct in light of the
reality that the dc-join voltage and vyield
strength to the engine decrease occasionally
because of the nonappearance of vitality
stockpiling. This quick dc voltage lessening
drives the engine to be worked as frequently
as feasible in the discipline-debilitating
location underneath a based totally pace.
Along those strains, the prevailing control
technique seems to be extra muddled below
voltage-confined situations in mild of the
reality that numerous goal subcontrollers,
for instance, area-debilitating, antiwindup
manage, and overmodulation conspire,

should be composed deliberately
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in mild of the thoughts boggling tradeoff
between the subcontrol activities and present
factors [12],
acknowledgment of the most intense voltage

day control Furthermore,
utilization comes up brief on the grounds
that a roundabout voltage limit is viewed as
an operation restrict as opposed to a
hexagonal utmost [8]. This paper introduces
a function sensorless vector-managed
acceptance engine (IM) power framework
incorporated into HVAC applications. The
engine control is furnished by means of a bit
dc-interface  movie capacitor inverter
sustained with the aid of a 3-level diode the
front-give up rectifier. A Pl engine cutting-
edge-controller free manipulate system is
proposed to address the previously stated
problems by consolidating a model-based
totally controller (MBC) and a hexagon
voltage controlling controller (HVC). The
MBC finds the order yield voltage with the
convergence of the torque and rotor flux
linkage summon. In the HVC mode, the fee
voltage vector can be resolved basically by
the torque order and the hexagon voltage
TheMBCis

nonlimited situations and engine manipulate

limit. performed  beneath
is given evidently finished to the proposed
HVC in the voltage lack place. These
voltage choice tenets take into consideration

the decision of a goal voltage vector with

out Pl manipulate  will increase,

subcontrollers, and spectators for close
circle manipulate. The manage technique

become actualized on a 1.5-kW IM power

that became outfitted with a 20-¢ F fi

capacitor to confirm its attainability.
II BLOCK DIAGRAM AND
EXPLANATION

ITS

1.System overview

The block diagram of the proposed Design
of Dc link filter and Inverter output filter for

induction motor drive system is shown in fig
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Figl. Block desgram of the proposed sysiem

It It has Inverter, Rectifier, channels, Gate drive
unit, Control unit. It has 3phase finish connect
rectifier, DC hyperlink sift through, 3phase full
scaffold inverter, LCR get out, oversee circuit. In
the proposed work, the 3phase full scaffold
6-6A-100L. Every leg

having diode units (upper and lower).Each set has

rectifier incorporates

diodes connected in parallel to blast/twofold
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present day score. The yield of Design of dc the center of the control include, which rearranges

connect get out and inverter yield get out for the equipment setup.

enlistment engine compel framework. The
rectifier is sifted by utilizing DC interface clear
through of 1000pF inductor and 450V capacitors.
A DC hyperlink channel is required to simple out
the swell at the DC transport that enables you to
run the inverter connect. The 3phase finish
6-FGA25N120ANTD-

IGBT's switches. The inverter is trailed by method

connect inverter has
for Gate control unit and a control unit. The main
normal for the entryway compel circuit is to
change practical insight degree control signals
into the reasonable voltage and present day for
proficient, trustworthy, exchanging of the IGBT
module. In this canvases an opto-coupler TLP250
is utilized to seclude the entryway control circuit
and the IGBT based absolutely inverter circuit.
The opto-coupler incorporates an infrared gentle
emanating Diode and a silicon phototransistor.
The info sign is connected to the IRLED and the
yield is taken from the phototransistor. After the
inverter portion there's another LCR channel
being situated all together that the keep going
sounds on the inverter perspective likewise can be
reduce and the inexact sinusoidal waveform might
be gotten on the output.The yield of 3phase finish
connect rectifier with DC interface channel,
3phase finish connect inverter is actualized to the
3 segment enlistment engine. A computerized sign
controller (dsPIC30F4011) is utilized to actualize

1.Power circuit design

The power circuit designed carries complete
bridge rectifier with DC Link clear out, full
bridge inverter meeting and LCR filter
meeting. At the begin of the motor it reports
a totally excessive modern and the motor
won't run at the rated speed. An
electromagnetic relay is used inside the
proposed scheme. Starting modern of the
induction motor is six instances that of the
rated present day for a period of four
Seconds. To limit this heavy contemporary
go with the flow, cord wound resistances of
50Y, 10W every

enter supply. A single pole trade over relay

ar e

is used to insert those cord wound resistors
for a duration of 4secs after which the relay
bypasses these resistors for the rest of the
operation. Three phase 415V, 50Hz AC
deliver is carried out to the total bridge
rectifier thru starter meeting. This complete
bridge rectifier converts 3 segment AC enter
into DC that is then surpassed to the DC link
filter by using electrolytic capacitors and an
inductor. The natural DC deliver is carried
out to the overall bridge inverter which is
made from six IGBT switches. This DC

output is been given as enter to every other
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filter out unit. The 3-segment induction
motor is connected to full bridge rectifier
with DC hyperlink filter, complete bridge
inverter, RCL clear out and manage circuit.
The DC Link filter out and the RCL clear
out is shown in parent 2.1 & 2.2. The DC
hyperlink filter out is used to clean out the
ripple on the DC bus that allows you to run
the inverter bridge. Primarily, the DC link
filter includes a large capacitor financial
institution. Often an inductor and capacitor
is used. The inductor while used, facilitates
buffer the capacitor financial institution
from the AC line and serves to lessen the
higher order harmonics. Even after the DC
hyperlink clear out is been used the output
of the inverter unit is of non-sinusoidal. The
RCL clear out is the traditional technique
used to filter the output from inverters. In
this present paintings, a passive filter out is
used at the inverter output aspect
additionally to reduce the effect of the
harmonics. Design of dc link filter out and
inverter output filter for induction motor

power machine..
3 .Control circuit

The control circuit of the proposed scheme
consists of a Digital signal Controller
dsPIC30F2010.A Digital Signal Controller
(DSC) is a single-chip, embedded controller

that seamlessly
attributes of a Microcontroller (MCU) with

integrates the control

the computation and throughput capabilities
of a Digital Signal Processor (DSP) in a
singl e The
of a 16-bit MCU with robust peripherals and

cor e.

fast interrupt handling capability and the
DSP

computation activities, creating the optimum

Afbrai no of a

single-chip solution for embedded system
designs. The dsPIC30F devices contain
extensive Digital Signal Processor (DSP)
functionality within high-performance 16-bit

microcontroller (MCU) architecture.
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II. MOTOR CONTROLLER DESIGN
WITH SMALL DC-LINK CAPACITOR
INVERTER

A. Design and Analysis of a Motor
Controller

The DC motor modeling is done summing
the torques acting on the rotor inertia and
integrating the acceleration to the velocity

SO Kirchhoff

E
B h
i L
a Lin

Figure 3 Dynamic motor model

and al

circuit.

The mathematical model of DC motor can be
constructed by suing four basic equations of
motor.

iy

Val(t) = Raio(0) + Ly —F + £5(1) (1)
e, () = Kyw(t) 2)
Tolt) = Koig(t) (3)

Tu() = J 22+ Bu(t) + T,(6) + Ty (4)

Assuming physical parameters of the motor

J: moment of inertia of the rotor 0.068
kg/m2

B:motor viscousfriction constant
0.03475NM/rad.sec

Kb: electromotive force constant
3.475V/rad/sec

S

Kt: motor torque constant 3.475 N.m/Amp

Ra: electric resistance 7.56 Ohm La: Motor
Inductance 0.055 H

Tf : Friction Torque 0.212N-m
T = Time constant 40msec

Fig. 2 shows a block diagram of the
proposed control strategy for an IMusing a
complex yector representation. Here,  abcs,
and vedgs are the stator voltage commands
in the abc-reference frame and the
synchronous reference frame, respectively,
and Vdc denotes the measured dc-link
voltage. When starting (Mode 1), the scalar
Volts/Hz or VI/f open-loop control is
introduced to avoid the lack of observability
of the motor back-EMF voltage at low
speeds. This feature permits the drive
system to satisfy the starting speed
requirement of the back-EMF tracking-
based position sensorless operation, of
which the threshold begins in the vicinity of
10% of the

authority is then handed over to model-

rated speed. The control

based control (MBC, Mode II) or hexagon
voltage manipulating control (HVC, Mode
[11), depending on the amount of available
dc-link voltage.

B. Compensation parameter drift effects
sIn practice, the rotor flux level is not

maintained properly in the MBC and HVC
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modes because the machine parameters of In

practical applications, an online
compensation for model errors is believed to
be more effective in achieving accurate
motor control. This paper proposes a voltage
disturbance statefilter to decouple the
parameter dependence of MBC and HVC
modes. voltage estimation strategy using a
complex vector representation in the
synchronous reference frame. A familiar PI-
type Luenberger-style model-current
observer controller was adopted to estimate
the voltage disturbance resulting from
parameter variations, where the estimated
output currentEei dgs follows the stator
current ie dgs . Because the command
voltage vector vez dgs is fed-forward to the
observer, the voltage disturbance error o &
dgs D can be estimated at the output of the
observer controller. Here, the stator current
has a certain amount of harmonics with six
times the synchronous and grid frequency
due to the manipulated voltage on the
hexagon boundary and fluctuating dc-bus
voltage. A resonant-type filter is introduced
to reject these ripple components of ie dgs ,
which achieves enormously high gains at
resonant frequencies of concern. This
structure can estimate and compensate for
deviation

voltage resulting from

disturbances and uncertainties

I11. SIMULATION AND
EXPERIMENTAL RESULTS

Validation of the theoretical developments
presented earlier was performed on a 1.5-
KW IMdrive with a 20-¢F film capacitor fed
by a three-phase diode rectifier through a
simulation and real test. A 4096 pulses-per-
revolution encoder was mounted to one end
of the IM to monitor the rotor speed. The
other end of the shaft was coupled to a 1.5-
KW dc generator to control the external load.
The algorithm was implemented in the
inverter with a constant PWM switching
frequency of 5 kHz. The nominal input line-
to-line voltage was set to 210 V and the
advent of flux weakening occurs at
approximately 1500 r/min. The online
disturbance state-filter was performed every
100 es and thebandwidth of the state-filter
and PI speed controller was set to

600 rad/s. The gain (Kr ) of the resonant
controller and 3-dB cut-off frequency (¥cut
) are fixed to 3 and 50 Hz, respectively. In
all experimental tests, the running conditions
were identical to those in the simulation.
where the dc-link voltage, flag signal, air-
gap torque, and rotor flux linkage are
illustrated from top to bottom. The
Amode HVCO i s 1 [
activates and 0 otherwise (MBC mode). In

this test, the IM drive was operated with
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90% of the base speed while the rated load
torque was applied. The dc-link voltage
fluctuates with six times the input grid
voltage frequency. The waveform of the flag
signal and air-gap torque show a smooth and
rapid transition occurs between the MBC
and HVC operation. This is because the
proposed MBC and HVC were designed
without integrators for current control and
with the same voltage selection rule. This
structure leads to a single control law in the
entire operating region, which avoids
secondary upsets by the control mode
switching and complexity of having an
additional control function or gain to be
adjusted. air-gap torque, and estimated rotor
flux linkage are, respectively, illustrated
from top to bottom. The desired torque was
well regulated with the average value
because the proposed state-filter provides a
concurrent compensation.  Although a
sufficient control voltage margin is essential
to the current regulator-based strategy for
feedback corrections, the proposed method
is immune to a lack of available voltage
because it manipulates

the output voltage instead of controlling the
motor current. A close match was observed
between simulation and test result. The xiy
locus shows that the resulting controller can

achieve the maximum voltage utilization at

the periodic voltage dropping region.
Particular attention should be paid to the
field-weakening operation of the proposed
HVC mode because a sudden grid voltage
drop forces the drive to enter the field-
weakening region. three-phase source
voltage suddenly drops by 15% of its
nominal value at 90% of the rated speed.
The line-to-line grid voltage, measured

IV. CONCLUSION

This paper addresses the controller design of
a position sensorless vector-controlled
IMdrive system supplied from a small dc-
link film capacitor inverter fed by a three-
phase diode frontend

rectifier. The proposed approach focuses on
the controller performance when entering or
leaving the infeasible voltage domain. The
Pl motor-current-regulator-free  control
structure presents a smooth transition from
the MBC under the unconstrained voltage
region to the HVC when the voltage limit is
encountered. The analytical solution leads to
the dynamic voltage modification at each
time step with respect to the available dc-
bus voltage. The algorithm can provide
adequate results over a number of potential
secondary upsets found in the current
regulator-based control  structure. The
operation sensitivity under motor parameter

drifts is also examined to decouple its
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influence using a voltage disturbance state
filter. The test results clearly show that the
proposed method can improve the inverter
reliability without sacrificing the motor

control performance.
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