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ABSTRACT-In this paper a double two-level
inverter is exhibited which decreases the size and
weight of the framework for an open end winding
enlistment engine drive application. This paper
displays a double three stage open end winding
enlistment engine drive. The drive comprises of a
three stage enlistment machine with open stator
stage windings and double scaffold inverter provided
from a solitary DC voltage source. The point of this
topology is to wipe out the necessity for a massive
confinement transformer while accomplishing multi-
level yield voltage waveforms. To accomplish multi-
level yield voltage waveforms a drifting capacitor
bank is utilized for the second of the double
extensions. The capacitor voltage is managed
utilizing excess exchanging states at half of the
primary dc connect voltage. This specific voltage
proportion (2:1) is utilized to make a multi-level
yield voltage waveform with three levels. The fluffy
controller is the most appropriate for the human
basic leadership instrument, giving the activity of an
electronic framework with choices of specialists. A
changed balance plot is utilized to enhance the
waveform nature of this double inverter. This paper
additionally analyzes the misfortunes in double
inverter framework conversely with single sided
threelevel NPC converter. By utilizing the fluffy
controller for a nonlinear framework takes into
consideration a decrease of indeterminate impacts in
the framework control and enhance the productivity.
By utilizing the reenactment comes about we can
break down the proposed strategy.

Index Terms—Field-oriented control (FOC),
floating bridge, open-end winding induction
machine, fuzzy logic controller, space vector. L.

INTRODUCTION

Multilevel inverters can create a yield voltage
waveform having an extensive number of steps with
low symphonious bending [1]. They can likewise
decrease the weight on the exchanging gadgets as
higher levels are incorporated from voltage sources
with bring down levels. Multi-level converters have
bring down dv/dt what's more, diminished
symphonious bending alongside lower
semiconductor exchanging gadget blocking voltage
prerequisites, along these lines multi-level converters
are worthwhile in medium voltage, high power or
low voltage, high recurrence applications [2]. Among
the course converters, double two-level inverter
topology has gotten consideration because of the
effortlessness of the control organize and the plan's
blame tolerant limit [3]. Conventional double two-
level inverter topologies utilize two standard three-
stage inverters to accomplish a multi-level voltage
yield. This topology does not have the unbiased point
vacillations found in NPC converters, utilizes less
capacitors than the flying capacitor topology and
requires less disconnected supplies than H-connect
converters. Double inverters are more dependable, on
the grounds that if there should arise an occurrence
of a disappointment in one converter the yields of the
converter can be shortcircuited what's more, the
framework would then be able to work as a standard
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single sided three stage inverter[14]. A Dual inverter
conspire with awry DC connect voltages for the
open-end winding enlistment engine is fit for
delivering a 4-level PWM waveform with diminished
exchanging swell for the engine stage voltage. The
conventional double inverter topologies (utilizing
two detached dc sources) has been dissected [4], with
various space vector tweak plans used to create the
multi-level yield voltage waveforms.
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Fig. 1. Conventional open end winding IM drive
topology.

A piece chart of a conventional open stage load and
converters is appeared in Fig. 1. It is conceivable to
utilize a solitary supply for the double inverters with
a normal mode disposal system. These topologies
utilize particular exchanging mixes that create
approach basic mode voltages which scratch off at
stack terminals. A decrease in the quantity of voltage
levels and lower dc transport voltage use are the
primary impediments of this variety of the topology.
A regulation system to adjust the control stream
between the two inverters in a double inverter
framework has additionally been proposed. The
skimming capacitor connect topology alongside a
reasonable control plan to permit the supply of
receptive power was presented. The upsides of
double extension inverter with regard to single
finished inverters include:

* Improved accessibility since adaptation to non-
critical failure can be presented.

* Reduced voltage blocking prerequisites for some of
the power semiconductors

* Inverters can share changing occasions prompting
bring down individual gadget recompense
frequencies.

* Reduced exchanging misfortunes for a given yield
waveform quality

To make up for supply voltage hang in request to
keep the drive operational in steady power mode.
This topology utilizes a gliding capacitor connect to
balance the voltage hang in rapid machines. To expel
the detachment transformer and accomplish
multilevel yield voltage waveforms, a double inverter
with a coasting capacitor connect is thought about
[5]. A circuit topology is broke down which is
utilized as a threelevel open end winding acceptance
engine drive. This topology utilizes double inverters
with just a single DC voltage source at the essential
side of the converter. The voltage over the drifting
capacitor bank is controlled utilizing the excess
exchanging vectors alongside a changed SVM plot
which maintains a strategic distance from
undesirable voltage levels in the stage voltage
waveforms amid the dead-time interims, in this way
enhancing the general waveform quality

II. PROPOSED SYSTEM
A. Floating capacitor bridge inverter

The coasting span capacitor double inverter based
topology has been broke down for various
applications. The topology can be utilized to supply
receptive energy to a machine and to adjust for any
supply voltage hang, yet the likelihood of multilevel
yield voltage waveforms were not considered. A
control plan to charge the gliding capacitor connect
alongside multi-level yield voltage waveforms has
been displayed.
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Fig. 2. Block diagram of proposed floating bridge
topology

Fig. 2 demonstrates a piece chart of the double
inverter with a drifting extension and related
capacitor. In this strategy the principle converter
works in six stage mode and the drifting converter is
called molding inverter as it is enhancing the
waveform quality. The work depicted in this paper is
to control the voltage over the skimming inverter
connect capacitor utilizing the repetitive exchanging
states, thusly evacuating the requirement for any
segregation transformer and enabling the converter to
accomplish multi-level yield voltage waveforms. The
utilization of a dc connect voltage proportion of 2:1
enables the double extension inverter to deliver up to
a three levels in the yield voltage waveform. The
control phase of the proposed topology is appeared in
Fig.3.

Sumpuw pua uadpy

Fig. 3. Power stage of the floating bridge topology
(the floating capacitor is charged to half of the main
DC link voltage).

B. Principles of operation

Keeping in mind the end goal to demonstrate how the
gliding capacitor can be charged and released the
conceivable exchanging states are examined. The
space vector outline for the topology is appeared in
Fig.4, which is determined by expecting that the two
converters as being provided from separated DC
sources with a voltage proportion of 2:1.

Fig. 4. Space vector of dual two-level inverter
(source ratio 2:1).

In Fig.4 the red numbered exchanging mixes release
the skimming capacitor, while the green numbered
exchanging mixes charge the coasting capacitor. The
blue numbered exchanging blends hold the last
condition of capacitor and are accordingly impartial
as far as the condition of charge of the coasting
capacitor. For instance state (74) appeared in Fig.5
gives the exchanging arrangements for both
converter's best switches 7 (1) speaks to the best
three switches for principle inverter and 4 (0 1)
speaks to the exchanging states for top three switches
of the coasting converter.
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Fig. 5. Current flow for different switching state

It can be seen from the Fig. 5 that mixes (11) and
(16) will coordinate the current through the positive
to negative terminal of the coasting capacitor hence
will act to charge the capacitor. It is apparent from
Fig. 4 that if the reference voltage is in external
hexagon at that point there are just two exchanging
mixes in every segment to charge the drifting
capacitor. Amid inductive load activity capacitor
release rate will be slower and will cause cheating if
the reference voltage lies in external hexagon.
Additionally, because of absence of charging states,
the skimming capacitor will release if the machine is
drawing dynamic power. To maintain a strategic
distance from these two wonder a limitation must be
forced on balance list. Thus the greatest useable
number voltage levels over the heap will be
decreased to nine (thirteen for secluded sources)
alongside a somewhat lower than perfect DC
transport voltage usage. Along these lines the gliding
capacitor can charge to half of the fundamental DC
interface capacitor voltage just if the tweak record
(m) is restricted as appeared in condition

m = (.66 (1

The double inverter with a zero arrangement end
strategy additionally utilizes single supply with 15%
diminishment in DC transport use and can
accomplish five-level voltage over the heap

C. Modulation strategy

A decoupled space vector regulation procedure has
been utilized for this double inverter skimming
connect topology. Exchanging mixes are chosen such
that the normal produced voltage for each of the
converters is 180 degree stage moved from the other
[Fig.6 (a)]. These voltages will at that point include
at stack terminal to coordinate general voltage
reference [Fig.6 (b)]. The double inverter with
unequal voltage sources will demonstrate an alternate
trademark, rather than clipping the yield voltage to
one of the voltage levels previously or after the dead-
time interim voltage levels, it clasps the yield voltage
to a few other voltage levels. This is valid for
concurrent exchanging for each stage legs of the
converters.
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Fig. 6. (a) Space vector diagram of individual
converter (not in scale). (b) Space vector diagram of
the dual inverter system with sourece ratio of 2:1
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For an illustration, consider stage legs inside green
specked line in Fig. 3 for positive load current
(current spilling out of primary to drifting converter).
On the off chance that the best switches of the legs
(Sm1 and Sfl ) are on at that point the heap current
will experience switch Smland diode D fl.
Presently, if the two legs go to its dead time at the
same time the heap current will alter course and will
experience diode D ' m1 and diode D f1 . At last at
the point when both the converter legs base switches
(S'ml and S ' f1 ) turned on current will experience
diode D ' ml and switch S ' f1 . Obviously amid
deadtime interim, voltage level is diverse to the
voltage levels when the dead-time interim. A
summed up arrangement is appeared in Fig. 7 for
positive stack current.
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Fig. 7. Delayed dead-time intervals in both
converters when current direction is positive.

It can be seen from the Fig. 7 that the beats are
postponed relying upon the exchanging states
advances. Table I demonstrates the summed up

answer for positive also, negative load streams to
keep away from the undesirable voltage levels.

TABLE I DELAY TIME DEPENDING ON
CURRENT DIRECTION

Because of the adjusted exchanging successions, the
present course does not change amid the dead-time.
The condition of the skimming capacitor will rely
upon the current just before the event of dead-time
interim. For instance, if the capacitor was charging
then it will continue charging when the converter is
in dead-day and age. The estimation of deadtime is
too little for the any cheat or release to change the
capacitor voltage radically.

ITI. FUZZY LOGIC CONTROLLER

In FLC, fundamental control activity is resolved by
an arrangement of etymological tenets. These
principles are dictated by the framework. Since the
numerical factors are changed over into semantic
factors, numerical demonstrating of the framework
isn't required in FC.
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Fig.7.Fuzzy logic controller

The FLC contains three sections: fuzzification,
obstruction motor and defuzzification. The FC is
portrayed as 1. seven fluffy sets for each information
and yield. ii. Triangular enrollment capacities for
straightforwardness. iii. Fuzzification utilizing
persistent universe of talk. iv. Suggestion utilizing
Mamdani's, 'min' administrator. v. Defuzzification
utilizing the tallness technique.

TABLE I: Fuzzy Rules

IChange Emror

inenor [NB [NM |NS | Z |PS |PM |PB
NB FB |PFB PB |PM |PM (PS Z

NM PB (FB (PM (PM [P5 |Z Z
NS PB [PM (PS5 |(PS (Z |NM |NB
Z PE |PM (P |Z |NS |NM |NB
Ps PM |PS |Z (NS |NM |NB [NB
PM P5s |Z |N5 [NM |[NM (NE ([NB
PB Z NS |[NM |[NM |[NB |NB |NB

Fuzzification: Participation work esteems are
appointed to the etymological factors, utilizing seven
fluffy subsets: NB (Negative Big), NM (Negative
Medium), NS (Negative Small), ZE (Zero), PS
(Positive Small), PM (Positive Medium), and PB
(Positive Big). The Segment of fluffy subsets and the
state of participation CE(k) E(k) work adjust the take
care of business to suitable framework. The
estimation of info mistake and change in blunder are
standardized by an info scaling factor.In this
framework the information scaling factor has been
outlined with the end goal that info esteems are
between - 1 and +1. The triangular state of the
participation work of this game plan presumes that
for a specific E(k) contribution there is just a single
overwhelming fluffy subset. The information mistake
for the FLC is given as

E{l\.':l = Pphik) P phik-1) (2)
Vphik)—¥phik-1)
CE(k)=E(k)-E(k-1) (3)

Inference Method: Several organization strategies
for example, Max— Min and Max-Dot have been
proposed in the writing. In this paper Min strategy is
utilized. The yield enrollment capacity of each lead is
given by the base administrator and most extreme
administrator. Table 1 indicates govern base of the
FLC.

Defuzzification: As a plant normally requires a
nonfuzzy estimation of control, a defuzzification
arrange is required. To register the yield of the FLC,
Hheight strategy is utilized and the FLC yield
changes the control yield. Further, the yield of FLC
controls the switch in the inverter. In UPQC, the
dynamic power, responsive power, terminal voltage
of the line and capacitor voltage are required to be
kept up. In request to control these parameters, they
are detected and contrasted and the reference
esteems. To accomplish this, the enrollment elements
of FC are: blunder, change in blunder and yield The
arrangement of FC rules are gotten from

u==|u E + (L= )*C] (4)
f\ f.ﬁ A /\
)( KI J
A \
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Mo e P e — ——— Induction motor
Stator resstance Rs 1.4 Ohm
Rotor resstance Rr 1,02 Ohm
Stator leakage inductance Lis 00115 H
Rotor leakape inductane Lir 0.009258 H
Magnetizing inductance Lm 02258 H

Fig. 10 output variable Membership functions

Where a is self-flexible factor which can direct the
entire task. E is the blunder of the framework, C is
the adjustment in mistake and u is the control
variable.

Unit DeleyT

Fig 11.fuzzy logic controller in simulation

1. SIMULATION RESULTS

Results from the converter operating as an open loop
v/f motor drive are presented to show the converter
operation.
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Fig.12. Power stage of the two-level converter.

A power stage diagram of the experimental two-level
converter is shown in Fig.9. The parameters of the
converter and machine are provided in Table II1.

TABLE III LOAD AND POWER CONVERTERS
PARAMETERS

Power converter

Main DC lnk Vi S0V
Floating D link Vi B0V
Main DC link capacitance (m 1250 uF
Floating DC link capacitance 3230 uF
(Jating pulses propagation delay 0.1=02 ps
Onboard Deadtime I] {4l
Snubber capacitance (s ol
Output common mode inductance Lo 3 M

A. Loss comparison

The misfortunes of the proposed double inverter
framework are looked at in this segment. Three
converter types were chosen, a solitary sided three-
level NPC, a double two-level inverter with measure
up to DC connect voltage proportion and the
proposed double inverter topology. The gadget
misfortunes were ascertained utilizing semiconductor
gadget qualities chose by required blocking voltage
and current prerequisites of the topology as displayed
in table II.

TABLE II DEVICE VOLTAGE RATING

Fumbar Fumikban Faumi Capacior
i By III el il el i dlicilos Walmga
I'\.|.||.I||R|- A wuiBlagee 1
sk Ttk [T T
P amibiage
||||| gk
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il
........ i il iz
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Ridlawn -y ..\
Eual TO W AT W 70 WY @70 W
Flamatin
g fra - o i
AHE W AHE W) AHE W

Available online: https://edupediapublications.org/journals/index.php/lJR/

Page | 581




® International Journal of Research

Available at https://edupediapublications.org/journals

e-ISSN: 2348-6848
p-ISSN: 2348-795X

A4

Volume 05 Issue 04
February 2018

The misfortune estimations were as far as
exchanging and conduction misfortunes for the
influence converters and in this examination all other
circuit misfortunes were overlooked. Fig. 10
demonstrates the effectiveness at full load (12 KW)
with changing exchanging recurrence. It can be seen
from the assume that, for this specific stack, double
inverter with approach dc connect voltage proportion
has preferred proficiency over alternate topologies.
The three-level NPC has six additional bracing
diodes, hence the misfortunes are higher

| e 111

e o Thosting Briadgs Iraarsy

Fig. 13. Loss com [.j‘.El.r.L.glﬁ;.-i.I:l-tjj.i}]:rtnt power

The proposed coasting span double inverter has
marginally preferable effectiveness over three-level
NPC yet is less productive than double inverter with
break even with dc connect voltage. The proposed
gliding span converter has two unmistakable
exchanging designs, one is for charging also, the
other is for releasing, along these lines it is hard to
keep up the base switch inclusion for exchanging
changes.

B. Open loop v/f controlled IM drive

The outcomes for open circle v/f controlled drive are
introduced from Fig. 11 to Fig. 12. Fig. 11
demonstrates the no heap voltage, present and
drifting DC connect voltage, it can be seen that the
drive charges the skimming capacitor to required
esteem and the converter accomplishes a multi-level
yield voltage waveform. To approve the open circle
execution of an IM drive a step stack was connected
to the machine, appeared in Fig. 12.

Fig. 14, Open loop v/f control IM drive Top to
bottom : floating capacitor

The results presented in Fig. 15 were achieved using
the modified switching pulses to avoid unwanted
voltage level during the dead-time interval.

Fig. 15.0pen loop +/f control IM drive Top to bottom
: DC hnk voltages

An amplification of the leg voltages and the stage
voltage of the converters are appeared in Fig. 16 with
no adjustment to the gating beats. The leg voltages
furthermore, stage voltage is plotted in Fig.17 after
the presentation of the adjusted exchanging beats,
demonstrating that the leg voltages are changing state
at the same time and spike term is shorter.
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Fig. 16. Current harmome distortion.
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Fig. 17. Voltage harmonic distortion,

A simplified block diagram of the field oriented
control system is presented in Fig. 18.
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Fig_ 18. Block diagram of vector control dnve.

The calculation additionally secures the framework
after the speed charge is set. The controller will close
down the framework if the capacitor voltage
deviation is more than +-15% of the request esteem.
A stream graph for this calculation is appeared in
Fig. 19.
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Fig. 19. Floating capacitor charging and protection
algorithm

Beginning charging of the capacitor is exhibited in
Fig.20. The adequacy of the polarizing current
reference * d I may not be the evaluated esteem.
After polarization process was done, a stage
reference voltage was connected to demonstrate the

charging flow of gliding capacitor. It can be seen
from Fig.20 that capacitor tracks the reference
esteem and reaches consistent state inside 1.5
seconds.

Fig 20. Imitial charging of floating capacitor after
machmne 15 magnetized.

Start to finish: gliding capacitor voltage and
reference, fundamental dc interface voltage, d-hub
current and d-pivot current reference. The capacitor
voltage achieves consistent express, a stage request
speed reference of 700 RPM was connected. The
reaction of the controller is appeared in Fig. 21.

Fig. 21. FOC response of no load speed to a step
reference speed command,

Top to bottom:rotor speed with reference, drifting
capacitor and principle dc connect capacitor voltage ,
g-hub current and referece qaxis current
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Fig. 22. FOC response to a step load apphed
after the speed reaches steady state,

Top to bottom: coasting capacitor voltage, rotor
speed, electromagnetic torque, q-hub current and
reference g-hub current. The reference torque current
ig* is created from the speed circle ventures up
instantly to counter the heap torque, as appeared in
Fig. 23.

bl T T L, AL 0 e A 0

A

Fig. 23 Phase voltage and cuwrrent under FOC
when machine 15 loaded.

Top to bottom: floating dc link voltage, phase
voltage Vaa’, and phase current la.

IV. CONCLUSIONS

This paper exhibits a double three stage open end
winding acceptance engine drive. The drive
comprises of a three stage acceptance machine with
open stator stage windings and double extension
inverter provided from a solitary DC voltage source.
The fluffy controller is the most appropriate for the
human basic leadership instrument, giving the
activity of an electronic framework with choices of
specialists. The proposed framework charges the
coasting span capacitor to a proportion of 2:1 as for
fundamental scaffold DC interface voltage
plentifulness. This specific DC interface voltage

proportion enables the converter to accomplish
multi-level yield voltage waveform. The coasting DC
interface voltage is kept at a steady voltage by the
methods for charging and releasing the skimming
span capacitor. This is accomplished by choosing
between the charging and releasing repetitive
conditions of the converter. An open circle v/f
control drive was executed to approve the execution
of the capacitor control. The dynamic execution of
the proposed framework was assessed utilizing a
nearby circle field situated controlled engine drive,
the outcomes demonstrated that the proposed
topology accomplishes multilevel yield voltage
waveforms. The point of this topology is to wipe out
the necessity for a massive detachment transformer
while accomplishing multi-level yield voltage
waveforms. By utilizing the fluffy controller for a
nonlinear framework takes into consideration a
diminishment of unverifiable impacts in the
framework control what's more, enhance the
productivity. By utilizing the recreation comes about
we can show that this topology has potential for
applications where measure, weight, misfortunes
what's more, repetition are imperative, for instance in
aviation, EV or HEV engine drives.
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