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This paper presents a new Single input dual o§iltO) Quasi Z DC-DC converter for
interfacing with renewable energy systems. The dugput is obtained by employing
mutually coupled device in LC network and unlikeestDC-DC converters, the proposed
configuration features added boost capability. ddwpled devices are connected in series
aiding fashion and dual output is tapped acrosgtingary and secondary windings in the

DC-DC converter, Quas Z source , scheme. Mutual energy is effectively harnessetienctrcuit by controlling the switching

mutual energy, coupled device, Dual device. Theoretical analysis along with simulatonl validation with experimentation on

output, duty ratio a prototype model is presented. The static and rdynaerformance of the proposed
system is compared with conventional Z DADE converter to claim its advantage
The dual output from the converter could be used dsstributed source for multilevel
inverters.
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NOMENCLATURE:

Ly, L, Primary winding inductance of transformer 1,2
C,C Capacitance of impedance network

Vi1 Vio Voltage across primary winding of transformer 8 &n

Vi, Ve Voltage across secondary winding of transformed. 2

Mz Mutual Inductance

Lsy Ll Inductance of the secondary winding of Transfortngr
VbcC Supply voltage
TON On period of the switch

TOFF Off period of the switch

B Boost Value
Ve, Ve Voltage across the capacitor
INTRODUCTION electronic applications [ Ki-Soo 2014; M. Belloni

2008; D. Lu 2014; C.-S. Chae 2009]. This shares the

Pulse width modulated (PWM) DC-DC inductor current to the loads by different switchin
converters are voltage translators that generatgechniques. The charging and discharging of the
controlled variable DC from fixed DC voltage. The inductor current are controlled by non-overlapped
DC input shall be regulated or unregulated voltage phases of the switching cycles to obtain buck, boos
from battery, rectified AC source or voltage output and buck boost operation. This necessitates the
from renewable energy sources. The output from theintroduction of additional switches. This circuitry
PWM DC -DC converters are step up or step downgenerally holds good for low power applications.
voltage depending on the circuit configuration addp High power DC-DC converters are used as power
by the system. Various classifications of the conditioners for renewable energy sources and are
converters were devised based on the operation [RWapplied for DC drive applications [Karteek Gummi,
Erickson 1988; N. Mohaet al 1995]. The primitive ~ Mehdi Ferdowsi 2010; Dawidziuk J 2011]. Few
converters yield only single output and for special type of DC-DC converters used for high powe
applications with multiple source, the circuit bews applications are Cuk, fly back, sepic and Quasi Z
bulky. Hence Single Inductor multiple output DC-DC source DC-DC converter [Tseng KC, Liang Tl 2005;
converters were proposed in literature to obtain Mohammed H.Rashid 2011]. All these converters are
multiple output from a single circuit for various designed to give single output with the aid of gger
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storage elements. the theoretical findings, experimentation is catrie

An attempt is made to convert the aforesaid simulation and hardware and the results are predent
converter to produce dual output with a simple
modification in the circuitry. The converter of énést I. Z Source Dc-Dc Converter:
is Quasi Z source DC-DC converter [Vinnikov D, Z-Source DC-DC converter and inverters are
Roasto | 2011]. The advantage of this convertergaining importance in the field of renewable energy
includes high boost value with reduced stress en th systems as they could buck/boost the input with the
components. The new single input dual output (SIDO) assistance of impedance network. Circuit diagram of
Z DC-DC converter replaces the inductors with Conventional Z source DC-DC converter is given in
mutually coupled devices like transformer. Unlike Fig. 1. Quasi Z structure is used because of its
Trans Z source topology where the primary and advantage of additional boost value and less stness
secondary of the transformer forms the inductive the capacitor. Control of the switching devicesbdes
device in the circuit, here two transformers aredus the energy storage operation in the impedance nketwo
with their secondary connected in series aidingifes  and is delivered to the load.
in turn feeds the load. This forms one output. The The switching response of the converter during
other output is tapped from the load connected toON and OFF of the MOSFET switching device S1 is
primary of the transformer. The output is contrblbgy depicted in Fig. 2.
the switching device. Hence dual output is obtained
from the circuit with a reasonable boost. To vakda
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Fig. 1: Circuit diagram of Z Source DC-DC converter.
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Fig. 2: Switching response of Z Source DC-DC converter.

The interval between t1 to t2 specifies the ‘on’ output voltage from a single circuit. This is obtd
condition of s1. The device conducts and the soisrce by replacing the inductor by mutually coupled devic
shorted by the impedance network. Input currentin the impedance network. In the present study
(Inductor current 1) rises and energy is stored in transformer is employed for the purpose. Dual autpu
magnetic field. When device is turned off at t2 th is characterized by the switching of the MOSFET
source is connected to the load. The inductor ntirre switching device.
falls and energy stored in the inductor is delidet@ The voltage induced in the inductive elements is
load along with source. The voltage builds up i@ th given by [1],
load. The interval between t3 to t4 shows drooping =L1i and diy 1)
characteristics in the load voltage, this is dweetttal Pt " dt
energy discharge of the inductor and the current ~ Where g and g are the voltage induced in
attains a minimum value. Continuous current is primary and secondary of the transformerl; M the
present at the source and this is greatly deperatent mutual inductance between the two windings and i

Vi =M

the inductance parameter. the current in the primary circuit. The same refati
exists for transformer2. Fig. 3. gives the cirdajtout
Il. Proposed Quasi Z Dc-Dc Converter: of SIDO Quasi Z DC-DC converter.

The proposed converter is a new version of  The operation is similar to that of the
Z-source DC-DC converter which produces dual conventional circuit with the additional secondary
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voltage tapped across the mutually coupled device.capacitor assist in the energy storage operaticdheof
The secondary connections are so given to getiaeldit inductor by charging and discharging during the off
sum of two secondary voltages. Voltage tappings areand on of the switch. The switching response of the
taken at the main circuit and across the seconofary SIDO Quasi Z DC-DC converter shown in Fig . 4.
the transformer. Hence dual output is produced. Thethat explains the operation of the circuit.

(o]
N
g

Matually coupled
Mutually conpled device
device

b )

(YY) \ YYY ]_

Dl

DG Susply —

| % | MosrEr
ST | switch

RlLoad
(Voutl)

4 C1

Fig. 3: Schematic of proposed SIDO Quasi Z DC-DC converter
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Fig. 4: Switching response of Proposed SIDO Quasi Z DCebi@verter.

A. Operating Modes: during this period and the current is maintained in
The operation of the converter is explained under continuous mode.
various modes:
Mode 1(t1-t2): On period of the switching device Ill. Circuit Analysis.
sl. The source is shorted by the impedance network.  The analysis of Quasi Z Source Converter with
Voltage builds up in the primary of the transformer dual output is performed under ‘on’ state and ‘off
and current rises. The rate of change of currehtdes  state of the MOSFET switch. Basic Kirchhoff's
voltage in the secondary due to mutual inductance a Voltage Law (KVL) equations are used for the
voltage appears across the load connected to thanalysis.
secondary. The capacitor discharges during this tim
interval .Gdischarges to the primary winding of TR2 3.1 On State!
and C2 discharges to the primary winding of TR1. During this state capacitor, @ill be in parallel to
Mode 2(t2-t3): The switch is turned off during V., and G will be presented parallel to,¥ The diode
this mode. The transformer primaries are connetcted is reverse biased and does not conduct. The ‘ate st
the load during this mode and current flows toltfael.  circuit diagram is given in Fig. 5.
The supply voltage and the energy in the induater a The governing equations are given by [2] to [5].

delivered to the load which results in boostedagst V, =V, +V., =0 2)
As the inductor dissipates energy, its current pisoo d, d, 3)
out. Hence the voltage induced in the secondatiieof ~ Vi =M g+ Lo p”

transformer V., decreases. The capacitor charges

Vde

Fig. 5: On State equivalent circuit diagram of the progasenverter.
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(4)
()

Vi, +Ve, =0

Mu% +M12%+ le% +L52%3 “Meed 2

3.20ff State:

During the ‘off state of the switch, the current
flows to the load and the governing equations are
given by [6] to [8]. Fig. 6. gives the equivaleiircait
of the proposed converter during the off state.

Fig. 6: Off State equivalent circuit diagram of the pragmbsonverter.

Applying KVL in the circuit for the different

B specifies the boost value of the voltage in the

loops given in Fig. 6. The resultant equations areprimary load.

given by [6] to [9],

V, -V, -V, =0 (6)

V2 Vi Vo1 =0 @)
VitV =0 (8)

Vs tViz tVieas2 =0 9)

The average voltage across the transformer 2 i
given by [10],
Ton (VCI) +T0ff (VLZ) _
T, +T, -
On simplification, we get the expression of
capacitor voltage given by [11]-[13]

0 (10)

T. 11
\ :ﬁvm ( )
T
V,, = T%Vdc (12)
off on
- T 13
ch - TfTVdc ( )
off on

Substituting the above relation in equation [ an
rearranging gives [14]-[16]

RESULTS AND DISCUSSION

The simulation of the proposed SIDO Quasi Z
converter is performed in MATLAB Simulink with

Theefollovsfo paemetessy Mistagetiyelizge fatifduty cycle ands
System is 18V. The primary and the secondary

inductance of the transformer is 105mH, 650mH and
mutual inductance is 47mH. Fig. 3. is experimerited
laboratory as a prototype model. The hardware
requirements are given in Table I.

The input voltage fed to the SIDO Z converter is
18V. Fig. 7. shows the simulated and hardware
waveforms of the input voltage. In hardware, camsta
DC source is generated using regulator ICs andofed
the system.

The hardware setup of the proposed SIDO quasi
Z DC-DC converter is given in Fig. 8.

PIC microcontroller is used to produce the high
frequency switching pulse to the converter. Thesgul
produced at a frequency of 1.2 kHz is shown in gig.
The duty ratio of the pulse is 0.65.

On applying the gate pulse to the switching

_[ T ]Vd .y d1+[ T ]Vd (14)  device, the output voltage is obtained across thad
T ~To) 0 T =T ) ™ and load2. The voltage across the loadl is bodsted
v =T W (15) 42V for a duty ratio of 30%. The boost factor iS 3
ot T\ T =T ) and the results obtained in simulation and hardvgare
Vews . T _ (16) given in Fig. 10.
Vdc Toﬂ _Ton
Table I: Hardware Specifications.
Component Specification
Primary turns-40
E cored Transformer Secondary turns- 80
18V, 15A
MOSFET switch IRF480
PIC microcontroller 16F877A
Switching Frequency 1.2 kHz
Capacitance A7uF
Driver IC IC7667 IC6N135
Load 102 and 5mH
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Fig. 7: Input voltage waveform in (a) Simulation (b) Haate.

Fig. 8: Hardware setup of the proposed Converter.
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Fig. 10: Output Voltage across loadl (a)Simulation, (b) kamcb.
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Fig. 11: Output Voltage across load2 (a) Simulation, (bjdhare.

i ]l

-I INEN NN




247 T.Meenakshi and N. Suthanthira Vanitha, 2015
Australian Journal of Basic and Applied Sciences,(33) October 2015, Pages: 242-248

The voltage across thg,)\,is obtained as 32V in  obtained across the load for different duty raso i
simulation and 28V in hardwareThe turns ratio is 2  given in Fig. 12. It is observed that for incregsttuty
and the input voltage of 18V is transformed to 32V ratio, the output voltage increases in both thd.ld&e
(peak). The resulting waveforms are givenin Fig. 1~ voltage across loadl is comparably higher tharagelt

Sequence of simulation was conducted to studyacross load2. This is because thggdYdepends upon
the effect of duty ratio on the output voltage asro the voltage rise and fall of the inductor current.
loadl and load2. The converter exhibits the featafe
boost converter for increasing duty ratio. The agdt

80

70 >
s Vicad1 //
B ‘_,,ﬂ\sf'/v
40
30 /
20 A
10 Vioad26V)

0

025 0.35 0.45 0.55
Duty Ratio

Fig. 12: Effect of duty ratio on output voltage

Comparative evaluation on the steady stateboost value but capable of producing only single
analysis is made between the boost converteroutput. The proposed SIDO is capable of producing
conventional Z DC-DC converter and SIDO Quasi Z dual output but the boost value is less compared to
DC-DC converter to study the voltage variations for DC-DC converter. It is also noted that voltage is
different switching intervals. Sequence of simuolas shared in SIDO Quasi Z DC-DC converter by the
is carried and the results are tabulated in Tdbl&he primary and secondary circuit of the transformeétse
primitive boost converter produces boosted outputQuasi structure reduces the stress on the capacitor
voltage but the boost value is less compared teroth which is an added advantage.
boost converters. The Z DC-DC converter has high

Table |l: Comparative evaluation of different boost converter

. Boost Converter Z DC-DC converter SIDO Z DC-DC converter
Duty Ratio
Vloadl (V) Vload?2 (V) Vloadl (V) Vload?2 (V) Vload@/) Vload?2 (V)
25% 24V - 38V -- 36V 22V
30% 27V - 56V -- 42V 30V
35% 32.7V - 74V - 50V 38V
40% 40 - 115V - 74V 46V

On performing simulations for different duty ratio, this is due to the increase in the boostiezals
ratios, the stress on the capacitor is recorded andhe duty ratio increases, the turn on time of thigch
plotted in Fig. 13. to view the effect of duty matlt is increases. The energy build up in the inductordsem
observed that the stress increases for increasityg d and capacitor is subjected to a high voltage.

100

80 + 79

(apacitor 60 65

Voltage
W 40 44

20

0.25 035 0.45 0.55 0.65
Duty Ratio

Fig. 13: Effect of duty ratio on capacitor voltage.

Thus the new SIDO Z DC-DC converter has the including the current relations are to be studied i
capability to produce dual voltage from a single detail in the future research.
voltage source by replacing inductor by mutually
coupled device. Voltage is shared between the two CONCLUSIONS
coils with considerable boost. Continuous current i The current work ventures to propose the new
maintained on the source side. The effect of mutualsingle input dual output Z DC-DC converter for
inductance and the analysis of the secondary tircuirenewable energy systems. The proposed theoretical
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analysis of the converter is validated in simulatio
and experimentation. It is learnt from the studhe t
input is shared between the coupled devices with a
considerable boost. Continuous current is featbsed
the converter and the ripple in the input current i
reduced. Comparative analysis forecast the
advantage of the SIDO Z converter over other boost
converters met with a small increase in cost of the
circuit. Experimentation approximates the simulatio
results and this converter serves as a distributed
source for multilevel inverters.
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