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ABSTRACT

In this paper, new interleaved boost dc-dc convereproposed by combining the two phase
interleaved boost dc-dc converter with conventiobhabst dc-dc converter. The Output ripple
voltage and Input ripple current of proposed congeare analyzed and compared with two phase
interleaved boost dc-dc converter. The designsooferters were presented and parameters of the
converters were calculated. The converters arestbgtith constant input voltage and different duty
ratio. These converters are simulated using MATISkBUlink.

Key words: Interleaved Boost dc-dc converter, Design of Coievs, Input Ripple current and
Output Ripple voltage , Comparison.

INTRODUCTION

Nowadays, DC-DC converters are widely used in negyplications like Photovoltaic (PV) system,
Electric vehicles, Uninterruptable power supplie®§) and fuel cell system. Input current of the
converter can be shared among inductors by pargjlahe converters with same switching
frequency with phase shift, hence high efficienog eeliability in power electronic systems can be
obtained. Using interleaved converter we can ggiraved efficiency, reduced ripple voltage,
reduced inductor current ripple, fast switchingespeOverall size of the inductor, EMI Filter and
Switching loss will be reduced [1]-[2] by using higower factor regulator circuit in continuous
current mode of interleaved boost converter. Vatagpde soft switching pulse width modulation
method provides minimum redirection current andovecs the auxiliary circuit energy during
entire load range [3].N-ldentical boost converi@n be connected in parallel operation using binary
state transition diagram [4].Good Current sharihgracteristics at large duty cycle can be obtained
by consisting two interleaved and inter coupleddtamnverter cells. It also provides small input
current ripple and zero boost rectifier reverseovecy loss [5].For medium power application,
unity power factor boost converter can be operatephase shifted parallel mode[6].Interleaved
PFC Boost converter works on open loop controlontimuous conduction mode and discontinuous
conduction mode with master slave flip flop. Thealijy of the input current is determined by
switching frequency limit, phase shift error, valewitching and inductance [8].Optimal design is
used to select the number of phases, minimum nuoft@writches and parasitic components of the
converter for fuel cell application [9].DC-DC comtexrs are mostly used as power electronic
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interfaces in renewable energy sources such ascélisl and photovoltaic power systems. Most
renewable sources are having quite low output geltand they need booster in order to provide
required output voltage. Buck boost series resofhdinbridge and push pull converters are used to
boost the voltage but they are not used becaugetbduce more ripple content.

MATERIAL METHOD
DESIGN OF TWO PHASE INTERLEAVED BOOST DC-DC CONVERTER

Two phasdnterleaved Boost dc-dc converter is shown in Eiglt has two switches (M1, M2), two
diodes (D1, D2), one capacitor(C) angut voltage source (Vin).
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Figure. 1. Two phase Interleaved Boost dc-dc converter

Interleaving technique is achieved by interconmectdf multiple switching cells in series with
diode and parallel with inductors, hence it willciease the effective pulse frequency by
synchronizing several smaller sources and operdtiegn with relative phase shift. Energy can be
saved and power conversion can be increased witldfecting conversion efficiency by
interleaving technique. Continuous current mode Nit@nd Discontinuous current mode (DCM)
are the mode of operation used in interleaved boosverter. When switch M1 is turned ON,
Inductor current (IL1) linearly increases. Energystored in inductor L1, during this period. When
switch M1 is turned OFF, Diode D1 conducts anddhergy stored in the inductor L1 ramp down.
During this period, the stored inductor energy liggges and current is transferred to load via
diode. The parameters of the converter [8][11] marcalculated by following equations (1) to (11).

Output Voltage (Vol)
_ Win
Vo, =0 (1)

Where D is the duty cycle
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Vin=12V , 4, Vo, = 20 V.
Input Current (lin)

fin=—

Vin (2)
Where Pin is the Input power, Vin is the Input agk
Considering the Input power is 60 W,342V, lin=5A

Output Load current (1ol)

Vo,
lo, = —

R 3)
Where Iq is the Output load current, V& the output voltage, R is the Load resistance
Vol =20V, R=1Q lo; = 2A.

Output Power (Po)

Py =Vo; x Iog (4)

Input ripple current peak to peak magnitude (Alin)

AL = VinTD

En L (5)
Vin=12V, D=0.4, T=100uS L=100 mHAlin = 0.0016 A

The following equation (6) & (7) shows the peakpak magnitude of input ripple current, when
input voltage is known, at the certain period ofydatio [9].

VinTD (1-2D)
AL, = =

in = " Li1-p) {0=<D < 05) (6)
_ VinT(2D-1}
AL, = ——— (05<D=<1) (7)

Inductor ripplecurrent (Al,)

__ VinD

Al = Al = Al =— @)

Where&li1 is the current through inductos L

AlL; is the current through inductog land ~ f is the switching frequency
Vin=12V, D= 0.4, f=10 kHz , L= 100 mHAI_ =0.0048 A
Equation (8) shows inductor ripple current for tpltase interleaved boost converter.

Selection of Inductance (L)
VinD
s s ©)
Vin=12V, D= 0.4, f=10kHzAl_ =0.0048 A, L= 100 mH
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Output ripple voltage (AV0,)

__ WeDT

AVor == (10)
Vol =20V, R=1@, D = 0.4, T=100uS, C=1000 pFAVo;= 0.08V.

Selection of Capacitance(C)

_ Vo,DT
RAVo,

(11)
Vol =20V, R=1Q, D=0.4, T=100uSAVo;= 0.08V, C=1000 puF.
Selection of Number of Phases and Duty ratio

The ripple content will be reduced with the incee@s number of phases [7], [10].lt has limitation
of increasing number of phases because it increaheesze and cost of the converter. The selection
of duty ratio is based on the number of phasegtadpplecontent will be minimum at certain duty ratio.

Table 1.Theoretical Values of Two Phase Interleaved Boositl2 Converter

Outpu
Outpu t
Duty t L oad rlinpppL:te
Cycle Vol AlL Ripple Po1
current
(D) volt curre (Alin)
(AVo01) nt
(lo1)
0.1 13.33| 0.0012| 0.01 1.33 0.0011 17.78
0.2 15.00| 0.0024| 0.03 1.50 0.0018 22.50
0.3 17.14| 0.0036| 0.05 1.71 0.0021 29.39
0.4 20.00| 0.0048| 0.08 2.00 0.0016 40
0.5 24.00| 0.006 0.12 2.40 0 57
0.6 30.00 | 0.0072| 0.18 3.00 0.0024 90
0.7 40.00 | 0.0084| 0.28 4.00 0.0048 160
0.8 60.00 | 0.0096| 0.48 6.00 0.0072 360
0.9 120.00| 0.0108, 1.08 12.00 0.0096 1440

The theoretical values of two phase interleavedsbdo-dc converter given in the Table.l. The input
ripple current and Output ripple voltage will inased with respect to duty cycle [8].

DESIGN OF PROPOSED INTERLEAVED BOOST DC-DC CONVERTER

A new interleaved converter is proposed by conngcthe output of the two phase interleaved
boost dc-dc converter with conventional boost comveas shown in Fig.2. The parameters of the
converter [8],[11] can be calculated by followiaguations (11) to (18).
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Figure. 2. Proposed Interleaved Boost dc-dc converter

Output voltage of the two phase interleaved boosicconverter is denoted as Vol and proposed
converter output is Vo.

Output Voltage (Vo)

Vol

Vo= (1-2) (12)

Where D is the duty cycle,

Vo1l is the output voltage of two phase interleabedst dc-dc converter (Input for conventional
boost dc-dc converter)

Vol1=20V, D4, Vo = 33.33 V.
Input Current (lin)
Pin

fin = —

Vin (13)
Where Pin is the Input power, Vin is the Input agk
Considering Input power source Pin=1Q0AN =12V, Vo1=20V, lin= 8.33A

Output Load current (10)

Vo

R (14)

Where lo is the Output load current, Vo is the atitltage, R is the Load resistance

Io =
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Vo = 33.33V, R=10, lo = 3.33A.

Output Power (Po)

Py,=Vo XlIo (15)
I nput ripple current peak to peak magnitude (41in)

Al =Vinl"D

in (L4133 (16)
Vin=12V, D=0.4, T=100uS L=100 mHAlin = 0.0024 A

Inductor ripple current (41,)

Vin D
Al =
L fire13) (17)

Whered:3 s the current through inductog land f is the switching frequency
Vin=12 V, Vo1=20V, D= 0.4, f=10kHz , L= 100 mHAJ_ =0.0024 A

Selection of Inductance (L3)
Vo, D

al 1 (18)

Vin=12 V, Vo1=20V, D= 0.4, f=10kHzAl, = 0.0024 A, L1=L2=100 mH, L3=100 mH , (L+L3)=
200 mH

Ly

Equation (18) shows Inductance value (L3) for psmubinterleaved boost converter

Output ripple voltage (4Vo)

__ VeDT

CR (19)
Vo =33.33V, R=10,D=0.4, T=100uS, C=1000 uBAVo = 0.13V.
Selection of Capacitance(C1)

__ VeDT

€= o (20)
Vo =33.33V, R=10,D=0.4, T=100uSAVo= 0.13V, G=1000 pF.

AV,

The theoretical values of proposed interleavedsbdo-dc converter is given in the Table.ll.
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Table 2. Theoretical Values of Proposed Interleaved BoostDacConverter

Output Output I nput
Cy?:luet )(ID) Vol Vo Alc R\I/F())Ftle CLII rorae(:It crul:) rpel:t Po
(AVo) (o) (Alin)
0.1 13.33 22.22 0.0006 0.02 2.22 0.0003 | 49.38
0.2 15 25 0.0012 0.05 2.50 0.0009 | 62.50
0.3 17.14 28.57 0.0018 0.09 2.86 0.0010 | 81.63
1111
0.4 20 33.33 0.0024 0.13 3.33 0.0008 1
0.5 24 40 0.003 0.20 4 0 160
0.6 30 50 0.0036 0.30 5 0.0012 250
0.7 40 66.66 0.0042 0.47 6.67 0.0024 444
0.8 60 100 0.0048 0.80 10 0.0036 | 1000
0.9 120 200 0.0054 1.80 20 0.0048 | 4000

These are calculated by using the above equati@)sq (20). The input ripple current and Output
ripple voltage will increase [8] with respect totglaycle [11].

RESULTSAND DISCUSSION

SIMULATION MODEL AND RESULTSOF TWO PHASE INTERLEAVED BOOST DC-DC
CONVERTER

!
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Figure. 3 Simulation model of two phase Interleaved Boosddaonverter
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Fig.3 shows simulation model of two phase interdhvboost dc-dc converter using
MATLAB/simulink. From the simulation model, two indtance value are considered equalL,
=L and equal duty cycles are#D,=D (phase shifted by 180°) as shown in Fig.4. Tiductor
currents(IL1,IL2) is shown in Fig.5.

Figure. 4 Switching pulses of two phase Interleaved Boostdd@onverter at duty
cycle=0.62

Figure. 5 Inductor currents of two phase Interleaved Boastld converter at duty
cycle=0.62

The input currents of two phase Interleaved Boastid converter is shown in Fig.6. The input
ripple current of two phase Interleaved Boost dcalverter is shown in Fig.7.

Figure. 6 Input current of two phase Interleaved Boost dazdnverter at duty cycle=0.62
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Figure.7 Input ripple current of two phase Interleaved Boadstdc converter at duty
cycle=0.62

The Output ripple voltage of two phase InterleaBsbst dc-dc converter at 0.62 duty cycle are
shown in Fig.8.

Figure.8 Output ripple voltage of two phase Interleaved8todc-dc converter at duty
cycle=0.62

The Output ripple voltage of two phase InterleaBmbst dc-dc converter at 0.4 duty cycle is
shown in Fig.9

Figure. 9 Output ripple voltage of two phase Interleaved 8odc-dc converter at duty
cycle=0.4
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The Output ripple voltage of two phase Interlea®mbst dc-dc converter at 0.8 duty cycle are
shown in Fig.10.
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Figure.10 Output ripple voltage of two phase Interleaved 8oac-dc converter at duty
cycle=0.8

SIMULATION MODEL AND RESULTS OF PROPOSED INTERLEAVED BOOST
DC-DC CONVERTER
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Figure 11 Simulation model of Proposed Interleaved Boostldazzonverter
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Simulation model of new interleaved converter ispmsed by connecting the output of the two
phase interleaved boost dc-dc converter with cotmweal single phase boost converter as shown in
Fig.11.

Figure. 12 Switching pulses of proposed Interleaved Boostid@onverter at duty
cycle=0.4

Switching pulses of three switches is shown inFgPulsel and Pulse2 are shifted by 180 degree
having same duty cycle of 0.4. Pulse 3 having aytle of 0.4. Inductor currents (IL1, IL2, IL3)
are shown in the figs.13,14.

Figure. 13 Inductor currents (L1,L2) of proposed Interlea\Babst dc-dc converter at duty
cycle=0.4
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Figure.14 Inductor current (L3) of proposed Interleaved Biods-dc converter at duty
cycle=0.4

Figure. 15 Input ripple current of proposed Interleaved Bodstdc converter at duty
cycle=0.4

Input ripple current of proposed interleaved batistdc converter is shown in fig.15.Output ripple
voltage of first stage of proposed converter isrghon fig.16.

Figure. 16 Output ripple voltage of proposed Interleaved Babsdc converter at first stage
(two phase) at duty cycle=0.4
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Output Ripple voltage of proposed interleaved boastic converter is shown in fig.17.

Figure.17 Output ripple voltage of proposed Interleaved Batxsdc converter at duty
cycle=0.4

The two phase interleaved boost dc-dc converterdemted by simulation at three stages of duty
cycle as shown in Table lll. These duty cycles sefected based on the output voltage (Vo). For

duty cycle=0.62, the two phase interleaved convepteduces 30.14 volts. Simulated values of
proposed converter as shown in the Table IV.

Table 3 Simulated Values Of Two Phase Interleaved BoostDR@d=onverter

Outpu
Outpu t
Duty t L oad rl Pppplfte
Cycle Vo Al Ripple Pol
current
(D) volt curre (Alin)
(AVO0) nt
(Io)
0.0007 36.48
0.4 19.1 | 0.163 3 1.91 0.0056 1
0.62 30.14 | 0.006 | 0.0016| 3.014 0.0026 90.84
290.6
0.8 53.35| 0.290 | 0.0029| 5.391 0.0115 2

25



A.Thiyagarajan

J. of Eng. & Techn. Res., 2016, 4(4):13:28

Table 4 Simulated Values Of Proposed Boost Dc-Dc Converter

Outpu Outpu
t I nput
Output t .
Duty Rioole | Ripol Load | ripple
Cycl Vo Vo, PP PP Al curre Po
e (D) volt e volt curre nt
(AVo) (A\)/Ol nt | (Alin)
(Io)
30.3| 18.9| 0.0039 0.00 92.0
0.4 4 5 5 0.033 4 3.034 | 0.0016 5

The purpose of using interleaved converter is taimmze output ripple voltage and input ripple
current and also minimum duty cycle. To producdgag# (30.14 volts), the two phase interleaved
boost dc-dc converter needs 0.62 duty cycle, baitpftoposed interleaved boost dc-dc converter
needs only 0.4 duty cycle and produces the outpltage of 30.34 volts. Output ripple voltage of
proposed converter is high (0.395%) when compaoetivb phase interleaved boost converter
(0.07%) at 0.4 duty cycle. It is a drawback of threposed converter. Input ripple current of the
proposed converter is low when compared to two @haterleaved boost converter is shown in
Table IV. The comparative chart of output rippldtage when duty cycle is 0.4 is shown in Fig.18.

Output ripple voltage

0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005

B Outputripple voltage

Two phase Interleaved
hoost dc-dc converter

Proposed boost
dec-dc converter

Figure.18 Comparison chart of Output ripple voltage whenydeycle is 0.4
The comparative chart of output voltage when duytgie is 0.4 is shown in Fig.19.
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Figure.19 Comparison chart for Output voltage when duty eyisl 0.4

The comparative chart of input ripple current wileity cycle is 0.4 is shown in Fig.20

Input ripple current(lin)
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0.002 -
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0.001 - B Input ripple current(lin)

0.0005 -
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Figure.20 Comparison chart for Input Ripple Current whenydeycle is 0.4

CONCLUSION
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The analysis of two phase and proposed interlebwedt dc-dc converter has been conducted with
the help of MATLAB/Simulink. The dc-dc converterseie designed and parameters were
calculated. The calculated values are used for lation. The proposed dc-dc converter provides
reduced input ripple current and high output vadtagy minimum duty cycle .The drawback of the

proposed converter is increased output ripple geltaehen compared to two phase interleaved
boost dc-dc converter at a duty cycle 0.4.
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