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The voltage source inverters (VSI) are ever required section in the AC motor
drive and power system interface. The electrical drive segment, the VSI
based drives are unavoidable and they are closely operated with induction
motor, permanent magnate synchronous motor and BLDC motor. These
drives are normally needed high torque-power characters. Hence, the input
DC-link side voltage is increased with help of increasing input AC in the
rectifier input. However, this causes the power quality disturbance in the AC
main and DC-link. In order to go for a increasing the AC voltage, the
rectifier out is connected with DC to DC boost converter and they are
increasing the DC voltage to meet out the drive DC-link voltage demand.
With this aim, the paper proposes the idea to connect high step non-isolated
high gain coupled DC to DC converter with three phase VSI for drives
applications. The proposed converter has an ability to increase the voltage
five times and the counter winding arrangement ratio of the converter is help
for the further increase of gain. Inn this interface the front end DC to DC
converters inductors are charged by making the short circuit with inverter
switching. The converter voltage gain is controlled by shoot through of the
VSI switch (converter gain directly proportional to inverter shoot through).
The proposed converter has a higher degree of freedom in their values of
winding and output voltage. Hence, the DC-link voltage of the inverter can
be extended in any level. The operation principle and modes of the proposed
DC to DC Source tied VSI is analyzed and simulated using MATLAB-
Simulink software simulation. The laboratory based small scale power
circuit is developed with help of control algorithm. The entire
implementation is done through PIC microcontroller platform. The deign
Investigation, system simulation and experimentation confirming the
proposed DC to DC converter tied VSI drive system.
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1. INTRODUCTION

The voltage source inverters (VSI) based electrical drives are the unavoidable segment/ device in the
industrial drives. Theses drives are normally deigned for induction motor, permanent magnet synchronous
motor, BLDC motor, and special machines category. These drives are normally needed high torque-power
characters. Hence, the input DC-link side voltage is increased with help of increasing input AC in the
rectifier input. However, this causes the power quality disturbance in the AC main and DC-link. In current
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era electrical vehicles (EVs) are taken high concertation to reduce the CO2 emissions [1]. These EVs are
using low and medium power electrical drives for their accelerations. In order to go for a increasing the AC
voltage, the rectifier out is connected with DC to DC boost converter and they are increasing the DC voltage
to meet out the drive DC-link voltage demand. These converter are basically classified into two group
(isolated and non-isolated). Isolated converters are using transformer and occupy more space. However, the
through the non-isolated converters deign is little difficult and they are well suitable for two stage power
conversion based drive systems. With this aim, the paper proposes the idea to connect high step non-isolated
high gain coupled DC to DC converter with three phase VSI for drives applications [3-11].

Recently numerous research papers published in DC to DC power converters. The applications of
the DC to DC converters are widely used in various application in low power to high power level. They are
mainly focused improvement of voltage gain and smooth current response in continues current signature. The
efficiency, power handling, stability is an additional characterization for converters design. The controller
arguments is related with the converters steady state performance improvement to alive continuous voltage
and current responses. In particularly for the two stage power conversion drive system, there DC to DC
converter looking for a high reliability and efficiency [5-18]. The VSI fed drive system efficiency aim to
have a variable DC- bus voltage for VSI is to get better the system controllability and efficiency by boosting
the DC-bus voltage for the period of flux-weakening in the motor drive. In flux-weakening operation state, a
restricted DC-bus voltage results in involving directly control the flux. To achieve this high voltage gain DC-
DC converter employed with inverter. As a result of the variable DC-bus voltage no d-axis current is
compulsory in the mid-range high speed. Thus, the copper losses get reduced which getting better system
efficiency. The High step voltage gain DC to DC converter is a principle follows Z-source network [6].

Few research attempt is made for using MLIs for PV connected stand alone and grid connected
applications as well [7-10]. There are many research has been reported in Z-source network, which are
mainly developed to offer an efficient power conversion with an extensive voltage gain [11], higher voltage
boosting through the coupled magnetic circuit, inductor arrangement and shoot-through time [12-14]. The
coupled magnetic circuit based DC to DC conversion, verity of converter is proposed [15-23]. The work is
also carried out for maintain the voltage stability for adding the battery across the capacitor. Through these
idea is improving the system stability, the cost and size does not comprehend [22]. The authors, Y. P.
Siwakoti et.al in [23] suggested the interesting high step voltage conversion DC to DC converter for
distributed power system which improves overall system reliability. For controlling inverter along with Z-
source network many PWM techniques are developed which are mainly giving interest to create a short
through (ST).These ST attempt has been done for both sine PWM (SPWM) and space vector PWM
(SVPWM) [24-25],[31-39]. The selective harmonics eliminations and thrid order harmonics elimination is a
next technique to deal the inverter performance with respect to harmonics cancelations [26-28].

From the above discussion the high gain DC to DC converter is a suitable solution for electrical
drive DC —link improvement. With the aim the high gain non-isolated DC to DC converter is connected with
three phase six switch VSI with suitable shoot through option based PWM method. The proposed converter
has an ability to increase the voltage five times and the counter winding arrangement ratio of the converter is
help for the further increase of gain. Inn this interface the front end DC to DC converters inductors are
charged by making the short circuit with inverter switching. The converter voltage gain is controlled by shoot
through of the VSI switch (converter gain directly proportional to inverter shoot through). The proposed
converter has a higher degree of freedom in their values of winding and output voltage. Hence, the DC-link
voltage of the inverter can be extended in any level. The operation principle and modes of the proposed DC
to DC Source tied VSI is analyzed and simulated using MATLAB-Simulink software simulation. The
laboratory based small scale power circuit is developed with help of control algorithm. The entire
implementation is done through PIC microcontroller platform. The deign Investigation, system simulation
and experimentation confirming the proposed DC to DC converter tied VSI drive system.The working
principle of the proposed transformer based DC to DC Source fed VSI is analysed and simulated using
MATLAB/Simulink system software.

2. PROPOSED DC TO DC TIED VSI FED DRIVE SYSTEM.

A classic electrical dive motor drive system consists of a three-phase voltage source inverter drive
as shown in Figure 1. Here, the input supply normally single phase AC supply and then rectifier connected
with DC link of VSI drive. It is typical a single stage power conversion (DC to AC), hence the output voltage
of the inverter is totally depends on rectifier output (DC-link of the inverter). The Figure 2 show the two
stage power conversions. Here, the DC to DC converter is connected between inverter and rectifier for the
improvement of DC —link voltage. This converter normally a buck-boost converter or boost converter. The
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dynamic load drive application these DC to DC converter demand only on boosting, hence the high gain
boost converter is widely used.

DC to AC conversion
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Figure 1. Electrical dive motor drive system

The Figure 2 show the two stage power conversions. Here, the DC to DC converter is connected
between inverter and rectifier for the improvement of DC —link voltage. This converter normally a buck-
boost converter or boost converter. The dynamic load drive application these DC to DC converter demand
only on boosting, hence the high gain boost converter is widely used.

The proposed power electronics interface is connect high gain non-isolated DC to DC converter
with six switch inverter drive. The selective shoot through PWM method is used in this inverter for handling
the DC to DC converter inductor storage and its boosting gain.
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Figure 2. Electrical dive motor drive system
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3. DCTO DC CONVERTER
3.1. Coupled DC to DC converter

A typical coupled DC to DC converter system as shown in Figure 3. The converter is consist of
three magnetic coupled with different winging and inductor range. The input diode is used to connect input
DC source and three coupled inductors. The capacitor is used to source the supply to output inductor in non-
ST states. The inverter bridge. Y-source network comprises of a passive diode, D, a winding coupled
inductor (N;:N2:N3) along with a capacitor, C. The effectiveness of the inverter depends on the magnetic
coupling tightness between the coupled inductors to keep away from any losses through leakage inductances.

The Y-source impedance can be elucidated by a simple single-switch converter as presented in the
Figure 3. Bearing in mind the network working operation in ideal operating circumstances the converter will
one or the other be in its ST state or non-ST state while discounting their leakage inductances. For the ST
state, switch S is turned ON to short terminals 1 and 2, which in-turn, sources diode, D does not conduct
(reverse bias). The converter is bring back to the non-ST state by turned ‘OFF’ the power switch ‘S’ with the
diode, D conducting. To Averaging voltage across the inductance L1, 12 and L3, peak DC-link voltage (V2=
Vbe) across terminals 1 and 2 in terms of input DC-link voltage to the VSI. However, this can be
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accomplished only with ideal operating condition, where the leakage inductances, L; of the network is
abolished or expressively reduced.

—P

D

| Ve

Nuy
DA =InoA

Figure 3. Magnetically coupled DC to DC converter [23]

3.2. Modes of operation

An intermediate equivalent circuit is introduced when the impedance source transits from non-ST
state to ST state as shown in Figure 3(a). During non-ST state inductances are all discharging energies as
well as current is therefore decreasing. The shunt switch S in the fig.3 is next shorted, which ideally, will lead
to the ST circuit shown in Figure 3(c)

N2
open

N3

(2)

Figure 4 At Non-ST, D forward Biased, (b) At ST, D forward Biased, (c) At ST, D reversed Biased

Nevertheless, for the non-ideal case, an intermediate circuit shown Figure 3 (b) will be inserted for a
short time interval, sourced by the rapid fall of the current through leakage inductance, L, in Nj, and rapid
increases of currents during leakage inductances N>and N3. The intermediate state ends only as the leakage
current through Njand diode D reduced to zero. For ST to non-ST transition, the network is in its ST state,
when the switch, S is turned OFF, the network attached the source to the load and transits to non-ST state.
Unlike the forward conduction, there is no intermediate state and the network enters its non-ST state directly
with diode, D conducting, though its current may rises rapidly in excess of a short duration slightly than step-
increased. No reduction of the ST duration is therefore introduced by the reverse transition.

The current strained via this capacitive load be able to adapt to leakage current at instantaneous
commutation, therefore neither voltage spikes nor limitations are practiced with capacitive loads. At less
inductive nature, during the commutation from ST state to non-ST state, leakage currents caused by leakage
inductance in N3 will be draped down to current directly, ensuing in high voltage in the circuit. Beside this
momentary is not mitigated, it may affect N; and N the leakage currents. Therefore a capacitive-snubber
may be additional in order to transport downward between the load current and leakage current.

At the ST state interval Dsr, while the switch S is “ON” and diode, D is reverse-biased, the
expression as,

Vv
Vo Ve (1)

Cl
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Where, ki3 = N1/N3, ki>=Ni/N», as well as V¢ is given as,

V, =V, _Kiski @)
k12 - k13

At non-ST state, the interval (1 -Dsr), diode, D is conducting is conducting source to the load, the KVL
expression for

V
vi=V, +V, + =V, ; V, = [\/DC -V, Ky 3)
K, 1+k,,

The, V¢ can be derived as,

vc{kw"‘knj<dST>+{[ch —vc#}a—dgko

k12 - k13 k12 +1

)
From the Eq.(5), finally V¢ is derived as,
Vc — VDC(l_dST) )
[l— nlzdST(1+nl3)i|
(n12 _n13)
At the non-ST states,
Vi N, +N
Vie_tink Zﬁ s F = (—3 : (6)
— Plgr N3 -N,
Ni+2No>N3; N3s— N2> 0; No < N3 3 N3 > 1
0<l-Fdg; <£150<dg <dg ... =1/K
BF = (1-dg )/0.896 (7

The proposed coupled DC to DC converter voltage gain diverges with respect to different winding
factors, on the inductor. The ST duty cycles Dsris matched based on the gain requirement. The desired DC to
DC converter gain with various arrangements of F and Dsr. Table 1. Shows K and Dsr for selection of
converter voltage gain. The table shows the clear combination of F, Dgr, voltage gain, N;: Na: N3

The goal is to maximize coupling, and hence minimize leakage, which if not ensured, will lead to
higher switching voltage in addition to a reduction in gain.

Table 1. Converter parameter F, dst, voltage gain, Ni: Np: N3

K 0<ds<dstmax Voltage Gain,Gv Ni:Na:N3

2 0<dsr<1/2 0.5M(1-2dst )’ 1:1:3, 2:1:4, 1:2:5, 3:1:5
3 0<dsr<1/3 0.5M(1-2dst)! 1:1:2, 3:1:3, 2:2:4, 1:3:5
4 0<dsr<1/4 0.5M(1-2dst)! 2:1:2,1:2:3,5:1:3, 4:2:4
5 0<dsr<1/5 0.5M(1-2dst)! 3:1:2,2:2:3,1:3:4,7:1:3

4. SIMULATION STUDY

The coupled DC to DC converter with six switch three phase VSI for EV drive. The inductor motor
has chosen for EV motor. The Table 2, illustrations the software simulation parameter for proposed converter
fed VSI drive. The three winding inductor transfer is designed by variable number of inductance winding
values. The converter is designed with 565V DC-link voltage. The input inverter voltage is considered as

Non isolated coupled converter tied voltage source inverter drive (A.Suresh Kumar)
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100V to 200V range. The winding ratios N;:N2:N3 = 1:4:8 at a higher modulation index, M= 1; while ST
maximum duty ratio at Dgt = 0.236.

Table 2. Simulation parameters

Parameters Parameters values
Drive rating, Transformer Turns, N1,N2,N3 330v to 440V, 1.5KW, 1:4:8
Line to Line voltage (Vi) 300-440 V
Ve, Frequency (f), Switching frequency(fs) 565V,50Hz, SkHz
Stator resistance (Rs) 0.7 Q
Stator inductance (Ls) 0.0047 H
Rotor resistance (Rr) 1.35Q
Speed 1300 to 1400 rpm
IIT\’IS SA
Vims 400V
Torque(T) 6 to8 Nm

The Figure 5, displays the proposed DC to DC coupled inductor converter output voltage, when the
input voltage is maintain as 120V. During the time winding factor of the converter is fixed as 4. From the
figure, it could see that the converter side capable to maintain the inverter Dc link voltage as 450 (Vpc , DC-
link for VSI). Figure 6 shows the VSI voltage line-voltage and its maintaining the drive characteristics with
maximum DC-link boosting utilization. From the results it seen that the VSI is able to give a stator voltage
for the drive and giving the suitable voltage for the desired torque —speed. The voltage percentage THD is
shown for the line-voltage. From the THD result is it could understand that, the proposed 3™ harmonics is
reduced the THD well below.

(a) (b)

Figure 5. Simulation results of converter; (a). Output voltage (Vpc) (b). Input of converter
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Figure 6. Simulation results of VSI drive — voltage for all line to line voltage

5. EXPERIMENTAL RESULTS AND DISCUSSIONS

The Figure 7 shows the laboratory scale experimental setup of the coupled inductor DC to DC
converter fed three-phase VSI connected R load. For the investigation of the experimental verification for the
proposed magnetic coupled DC to DC converter with six switches three-phase VSI, the 100W show six-
switch VSI is designed and collaborated with dsPIC microcontroller digital implementation platform. The
TLP250 gate driver circuit is used for six MOSFETs. The VSI pulse width modulation is use SPWM and
deployed in dsPIC for controlling inverter, the modulation index is fixed maximum as 0.1. The dead time of
inverter switch is fixed as 5.5 mircosec dead time. The inverter switching frequency is fixed as 5 kHz.
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Figure 7 (a) Experimental setup, (b) Input voltage (Vin), output voltage (Vpc), (c) Experimental Line voltage

The Figure 7(b) and Figure 7(c) show the Experimental results of converter output side and inverter
load side. Here the experimentation is shown for fixed variable number of winding and inductance values to
provide a F=4 with inverter modulation index 0.9 and Dst = 0.23. From the Figure 7(b) it can see that the
converter is increasing the voltage from 10 V to 42 V (4.2 voltage gain). Hence as shown in this Figure 7(c),
the inverter line to line voltage is DC-link voltage of 42V and the inverter deliver 38V RMS voltage for the
0.86 modulation index. The results are confirming the simulation results. From the converter and inverter
results, the proposed coupled inverter tied VSI drive is able to maintain the drive characteristics with higher
degree of freedom.

6. CONCLUSION

The presented high gain DC to DC coupled converter tied inverter drive able to provide very high
voltage gain while operating at a higher ST duty and higher modulation index combinations. The different
impedance combination voltage gain derivation and coupling networks analysis is clearly discussed and
compared. The working principle of the proposed high gain DC to DC coupled converter tied inverter is
investigated and studied through MATLAB/Simulink software simulated. The laboratory experimentation set
up is developed via dsPIC controller and the results are carried out for entire operating conditions. The Study,
simulation and experimentation validating the suggested high gain, high control degree for freedom converter
fed VSI drive applications.
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