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Three-Port High Step-Up and High Step-Down
DC-DC Converter With Zero Input Current Ripple

Zahra Saadatizadeh ¥, Ebrahim Babaei

and Carlo Cecati

Abstract—In this article, a nonisolated three-port de-dc con-
verter with high voltage conversion ratio is proposed. In the pro-
posed converter, by changing the place of input voltage source
between each of the three ports, three different single-input two-
output operation modes are achieved. The input current ripple of
the proposed converter is eliminated at the low voltage side for
the whole range of duty cycles. The voltage conversion ratios of the
proposed converter can be increased by increasing the turns ratio of
second winding of coupled inductors. Moreover, the proposed con-
verter has achieved proper output voltage regulations for all output
ports, simultaneously. The proposed converter can be utilized in
the renewable energy conversion systems such as in photovoltaic
and fuel cells. In this article, the voltage conversion ratios of the
output ports, the voltage stress on switches, the average currents of
switches and inductors, and the required condition for cancelling
input current ripple at low voltage side are calculated theoretically.
The theoretical results are verified and experimental results for
24 V input voltage and 304 V, 240 V output voltages with 400 W
power are extracted for two different operation modes.

Index Terms—Coupled-inductor based converter, dc—dc single-
input/two-output converter, high voltage gain, input current ripple
cancellation, three-port converter.

I. INTRODUCTION

OWADAYS, due to the wide use of different renewable
N energy sources, such as photovoltaic (PV), fuel cell (FC),
etc., and applying them as hybrid renewable energy sources, the
multiport dc—dc converters, have obtained more attention and
play a significant role in interfacing the generated powers [1]—
[4]. Multiport dc—dc converters have the capability of interfacing
different dc voltage levels and transfer high volume of power to
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the output loads, where this feature is more interesting in the
renewable energy systems [5], [6]. In the case of grid-connected
renewable energy sources, the different output dc voltage levels
of multi-output converter are connected to dc—ac inverters [7],
[8]. Utilizing coupled inductors in dc converters is an effective
approach to increase the conversion ratio of the converter. In the
coupled inductor-based converters, by increasing the turns ratio
of the secondary winding of the coupled inductors, the voltage
conversion ratios would be increased [9], [10]. Moreover, the
dc—dc converters with low or zero input current ripple would
be preferred for use in the PV or FC and generally renewable
energy sources [11].

The interleaved converters have the capability of reducing the
input current ripple [12], [13]. However, for example, in the inter-
leaved two-phase converters have complicated control systems
for output voltage regulation. On the other hand, in some cases,
by using coupled inductors, the input current ripple is decreased
or eliminated thoroughly [14], [15]. The main constraint of the
converters in [14] and [15] is their complicated control abilities.
The presented multiport dc—dc converters in [16] and [17] have
low input current ripples, but the presented converter in [18] has
higher input current ripple. In [19]-[23] single-input, two-output
dc—dc converters are presented, which have two stepped-up
voltages at their output ports. However, the disadvantage of the
converters in [19]-[22] is the low voltage gain. The presented
three-port dc—dc converter in [24] has low voltage gain and the
converter suffers from pulsating input current. Three-port dc—dc
converters with a battery as a storage in one port is presented
in [25]-[29]. In [26]-[28], three-port dc—dc converters based on
coupled inductors are presented. The conversion ratios of these
converters are high. In [29], a transformer-based three-port dc
converter is presented. This converter suffers from high voltage
stress on its semiconductor elements.

In this article, a new nonisolated three-port high voltage gain
dc—dc converter with zero input current ripple at low voltage side
is proposed. In the proposed converter, by changing the place
of input voltage source between each of the three ports, three
different operations with single-input and two-output structures
are achieved. The proposed converter is analyzed. Finally, the
analytical results are reconfirmed by using experimental results.

II. PROPOSED CONVERTER

The power circuit of the proposed converter and its equiv-
alent power circuit using a transformer model of the coupled
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Fig. 1. Proposed three-port converter and its equivalent power circuit. (a)
Converter Topology. (b) Equivalent power circuit.

inductors are shown in Fig. 1(a) and (b), respectively. In Fig. 1(a),
three-winding coupled inductor consists of the inductances Ly
as first winding, Ls; as second winding, Ly as third winding,
and the mutual inductances M,s1, M1, Mg as the coupling
inductances between two windings of coupled inductor. By using
a transformer model of the coupled inductors in Fig. 1(b) it
can be seen that the first coupled inductor is modeled with
the magnetizing inductor of L,,;, which is paralleled with the
transformer 7 and placed in series with the leakage inductance
of L1. The first, second, and third windings of transformer 7
has Nji, Ns and Ny turns, respectively. The turns ratio of
the second and third windings of transformer 77 is considered
as ng1 = Ng1/Np1 and ny; = Ny1/Np1. The capacitors Cy,
Cya, and C are assumed to be large enough, so, the voltages
across them are considered to be constant values as Viy1 = V4,
Ve = Vi, Voo, respectively. Fig. 2 illustrates the theoretical
waveforms of the proposed converter for duty cycle condition
of D1 > D,. Based on Fig. 2, the proposed converter has three
modes during a switching period. Note that in the analysis,
irp1 = g1 and 7o = igo. The proposed converter has three
different operations with single-input, two-output ports which
are named as boost, buck and buck-and-boost operations. The
equivalent power circuits of these operations during a switching
period for Dy > D5 are shown in Figs. 3, 4, 5 respectively. In
boost operation, the low voltage V/ is utilized as the input voltage
source. In buck operation, the voltage V71 is considered as input
voltage source. In buck and boost operation, the voltage Vo is
considered as input voltage source.

The illustrations of the second modes for all operations of the
proposed converter when Do > D; is shown in Fig. 6. Note that
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Fig. 2. Theoretical waveforms of the proposed converter during a switching
period for D1 > Dao.

the equivalent circuits for the first and third modes in Dy > D,
are same as the ones for D1 > D5 in all three boost, buck and
buck-and-boost operations of the converter. Also, itis considered
that Vi1 > Vo > V.

III. ANALYSIS OF THE PROPOSED CONVERTER
A. Analysis of First Stage Circuit

In this part, the analysis of proposed converter during a switch-
ing period at the both first and second stages of the proposed
converter in Fig. 1(b) is given. For simplifying the equations,
the required conditions of achieving zero input current ripple at
the low voltage side (i¢) (ni2 = ny = 1), which are explained
in details in Section III-D.
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Fig. 3. Equivalent power circuit of the boost operation during a switching period for D1 > D3. (a) Mode 1. (b) Mode 2. (¢c) Mode 3.

Fig. 4. Equivalent power circuits of buck operation during a switching period for D1 > D5. (a) Mode 1. (b) Mode 2. (c) Mode 3.
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Fig. 5. Equivalent power circuit of buck-and-boost operation during a switching period for D1 > D>. (a) Mode 1. (b) Mode 2. (¢c) Mode 3.
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Fig. 6. Equivalent power circuit of boost, buck, buck-and-boost operations during mode 2 for D> > D;. (a) Boost operation. (b) Buck operation. (c) Buck-and-
boost operation.
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Time Interval of 0 < t < D1T}: This state is shown in Fig. 3(a)
and (b). Therefore, based on ny; = 1, the voltage vy,,,,; is equal
to V. As a result, the inductor current can be as follows:

inm1 = (Vo/Lym1)(t — to) + irmi t=t, - (D

The current of 15,7 is calculated as isq,1 = i1m1-

Time Interval of D1Ts < t < Ts: This state is indicated in
Figs. 3(c) and 6(a). Therefore, the voltage vy,,,1 is calculated
as (Vo — V1) /(1 + ns1). Then, the inductor’s current can be
written as follows:

iLm1 = [(Ve — Vi) /(1+ns1)](t — t0)/ L1 +irmi li=p, . -
(2)

IV. STEADY STATE ANALYSIS OF FIRST STAGE

In steady state, the voltage balance law for the inductor L,;,;
can be written as follows:

Opm1 =D1Ve+ (1 —D1)(Vo = Va1)/(1+na)=0. (3)

By simplifying the above equation, the first voltage conver-
sion ratio of G; = Vy1/V} is obtained as follows:

G1=Vu1/Ve = (1+naD1)/(1 — D). 4

The voltage stress on switches Sp; and S, are calculated as
follows:

Vs =11 Ve + V1 = V(1 4+ ns)/(1+naDy)  (5)

Vsa1 = Ve —vpm1 = Vo /(1 — D1) = Va1 /(1 + ng1Dq).
(6)

At the steady state, the current balance law for the capacitor
C'y1 can be written as follows:

ice1=D1(In1—ipm1)+(1—D1)[Ie1 —ipm1/(1 +ns1)] = 0.

)

By simplifying the above equation, the average inductor cur-
rent of i7,,1 can be obtained as follows:

Itmi = (1 +ne)(—Im1)/(1 = Dy). 3

Consequently, the average current of I,; would be obtained
as follows:

Iy = (1 +naDi)(—1m1)/(1 — Dy). )

A. Analysis of Second Stage Circuit

Interval time of 0 <t < D>Ty: This state is shown in
Figs. 3(a) and 6(a). Therefore, considering n.2 = 1, the inductor
current can be obtained as:

iLmZ - (‘/Z/LmQ)(t - tO) + Z.LmZ |t=t0 . (10)

Based on Fig. 1(b), the average currents of ig,o and ige2
in steady state are calculated as g2 = Iyo and Igeo = Ipgo,
respectively.

Interval time of D>Ts <t < Ts: This state is shown in
Figs. 3(b) and 3(c). As a result, the voltage vy, is obtained
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as (Vy — Vo) /(1 + ng2). Therefore, it can be written that

Z‘Lm2 - [(W*VCQ)/(1+n92)](t* tO)/LmQ + Z‘Lm2 |1E:D2TS .
(11)
The current of switch igp is calculated as igp =

—irm2/ (1 + ns2).

B. Steady-State Analysis of Second Stage

At steady state, the voltage balance law for the inductor L,
can be written as follows:

Ome = DoV 4+ (1 — D2) (Ve — Vo) /(1 + ng2) = 0. (12)

By simplifying the above equation the voltage V(- is obtained
as follows:

Voo = (L4 ngDs) Ve/(1 = Da). 13)

As a result, it can be written that Vo = Voo + ngoVp. Con-
sequently, the second voltage conversion ratio of Go = Vg2 /V)
is obtained as follows:

G = V2 /Vi = (1 +ns2)/(1 — D2). (14)

The voltage stress on switches Sy, Sy and S.o will be as
follows:

Vspo = ngaVe + Voo = Vi (15)
Vsa2 = Vi — Vime = Vo /(1 — Da) = Vo /(1 + ng) (16)
Vsea = Vira. (17)

The current balance law for the capacitor C'y is written as
follows:

ico = Da(Ia/D2) + (1 — Do)Ipma/(1 +ng) = 0. (18)

Consequently, the average inductor current of iy,,2 can be
obtained as follows:

Ijo = Imo = (1 + ngs2)(—Ig2)/(1 — D). (19)

All the equations in (1)—(19) are the same for boost, buck, and
buck-and-boost operations of the proposed converter.

C. Output Currents’ Calculations

1) Boost Operation: The output currents Irr and Irpo
areequal to Ipy1 = — I = VHl/RHl and Igryo = —Igyo =
Vira/Rie, respectively.

2) Buck Operation: The output currents are equal to Ip, =
—I; =Vy/Ry and Ipgo = —Ipo = Vo /Rpyo, respectively.

3) Buck-and Boost-Operation: The output currents Ir, and
Ir, are equal to [gp = —1; = W/R[ and Irg1 = —Ig1 =
Vi1 /R, respectively.

D. Cancelling Input Current Ripple

In this part, the required conditions of achieving zero input
current ripple at the low voltage side (i,) are obtained during a
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switching period. According to the Fig. 1, it can be written that
Lyt = Ly + Lia
Lyt = ni* Lo
Lo =ng>Lyn
Mptl = Mtpl = g1 L
Mpsl = Mspl = N1 L1
Mys1 = Mg1 = ngansi Lina -

(20)

The voltages across the windings of the first coupled inductor
in Fig. 1(a) can be written as follows:

Vip1 = Lp1 (dippr/dt) + Mpsi(dipsi/dt) + My (dipe /dt)

21
vps1 = Mps1(dipp/dt) + L1 (dipst/dt) + Mg (dige /dt)

(22)
v = My (dippr /dt) + Mg (dipsi/dt) + L (dign /dt).

(23)

1) Canceling Input Current Ripple at First Stage (iy1): Time
Interval of 0 < t < D1T: According to Fig. 1(a), it is obtained
that

digp1/dt = Vi(Lyy — Mps1)/(Lir Lpy — Mpir?). (24)

Ly = Mp1 or ng1® Lyt = 11 Ly or  my =1
(25)

Myn? # LpnLin or Ly #0. (26)

Time Interval of D1Ts <t < Tg: In this state, based on
Fig. 1(a), it can be obtained that

digpi/dt = (Ve — Vi) D/(BD + AC). (27)
(D = Ltl + Mstl - Mpsl - Mptl = 0) or (nﬂ = 1) (28)
(C = Lpl + Mpsl - Mptl — Mgy 7& 0) or (Lkl 7é O) (29)

Interval time of 0 <t < DoTs: Considering Fig. 1(a) the
following equations can be obtained:

(30)
(€19

ULt2 + VLs2 = Vrs2 + vppe = Vi + Vi — Voo
dirp2/dt = (Vo + Vo — Vo) D/(BD + AC).

Therefore, the required conditions for achieving zero input
current ripple, is obtained as follows:

(D=0) or (ngg=1) and (C #0) or (Lg2 #0). (32)

2) Cancelling Input Current Ripple at Second Stage (ig2):
Interval time of D2Ts < t < Ts: During this time interval, the
following equations can be obtained:

ULt2 + VLs2 = Urns2 + Vip2 = Voo — Vo = Vi — Voo
(33)
dippe/dt = (V; — Vo) D/(BD + AC). (34)

As a result, the required conditions for achieving zero input
current ripple would be the same as (32).
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TABLE I
MINIMUM ESTIMATED VALUES OF CAPACITORS

n. (=1
Cot in D\(=n) (=1 ,,)/ |:0~01V041 —Ten (\;(_41;:)1)}(\
Criin 1, (<) 1{[0.01V =y (=1,  [A=Dy)D,TIf |
Cy in =1y, {001V, =1y (1 ,,,) / [D, (A= D], }

CHLESR =D/, /{[O'OIV(‘HI =1l /(1_D1)]f.»}
Cortomin 1

CHLTHT :W s Gyt =MAx (CHLESR’ CHLTHT)
C = (1 _Dz) IHZ
C et [O'OIVCIIZ T (71112) / Dz]f.x
H2-min
1
CH 2-THT =m 5 CHz—mm =max (CHZ‘ESR’CHZ‘THT)

E. Design Considerations

In continuous conduction mode (CCM) operation of the pro-
posed converter, the following inequalities has to be verified:

Ly > Di(ng Dy + 1)Ve/[2(1 4+ ne1) I fs] (35)
Lz > (VeDoT5)/[2(Ie2)] = (D2/2fs)(Ve/1r2).  (36)
According to (20), it can be written that
Lyt = Ly + Ly = Ly /K32
Ls1 =ns1°Lim1 , Lin = Ly
Myy = Mypy = Lyp1, Mps1 = Mgy
= Mst1 = Mis1 = ns1 Ly (37)
Lp> = L2 + L2 = L2/ Ko?
Lo =ng°Lma , Lia = Lma
My = Mipo = Lz, Mpsa = Mgy
= Mst2 = Misa = nsa Lo (38)

where K; and K> are coupling coefficients of the coupled
inductors.

By considering the hold-up time required for step-load re-
sponse, voltage ripple across each of the output capacitors
(AV¢,) and voltage ripple caused by the equivalent series resis-
tance of the output capacitors AV, = AVpo1 + AVey ESr =
AVie1 + roo1 Alcer - As aresult, the minimum value of capac-
itors can be calculated as given in Table L.

FE. Small Signal Analysis and Controlling System for Boost
Operation of the Proposed Converter

According to Fig. 3, it is assumed that the inductor currents
1Lkl *Lm1s L L2, and 212, CApacitor voltages vee1 , Ver2, VOH 1,
ve2, and vopo are the state variables. The output voltages are
vem1 and vo e which should be regulated. Accordingly, the
state matrixes as follows:

sX = AX + Body + Bidy + Bads. (39)
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As aresult, the transfer functions of the output voltages ve g1
vo e are obtained as follows:

G1(s) = vom/dy . Guoi—di(s)/Gp(s)
= C1By(sI — A)7! (42)

Ga(s) = Tomz/ds o Goonn—d2(8)/Gp(s)
= OyBy(sI — A)7! (43)
Ci=1[000100000] (44)
C,=1[000000001]. (45)

Therefore, by adjusting the PI parameters K, and K;; of the
voltage loop controllers, the closed-loop system which is shown
in Fig. 7, can achieve a better stability performance

Gur = Kp1 + Kir/s = 0.00001 + 0.012/s
Geo = Kpg + Klg/s = 0.00001 + 0.016/8.

(40)
47)
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Fig.7. Closed-loop controller of the output voltages for the proposed converter
in boost operation.

V. COMPARISON RESULTS

For comparing the proposed converter and the conventional
dc—dc single-input, dual-output converters, the dc character-
istics including voltage conversion ratio of first output port
(Gport—1), second output port (Gporg—2), total voltage gain
(Gr), the total normalized maximum voltage stresses on the
switches and diodes [Z(Vs + Vp)max/ Vo max), number of
switches (Ng), diodes (Np), inductors (N;), capacitors (N¢),
coupled-inductors (N¢p) the total components number (N7 ),

_ELkl 1 [1/Ly1 | [ 0 1
Z.Lml 0 (nsl ‘/Z + VHl)/(l + nsl)/Lml
'DCEI 0 7ILm,1 [nsl/(]- + nsl)]/cél
UcH1 0 —Im1/(1+n6)/Cm
X =i |, Bo=|1/Lia | ,B1 = 0 (40)
Z.LmZ 0 0
ez 0 0
Ve 0 0
L Vo H?2 | L 0 L 0 i
- 0 _
0
0
0
B, — 0
—
(ns2Ve + Vo) /(1 + ns2) /L2
— I monss nsa(Vora—Vea—nsaVe)
(1+nIsz)sz rcCrz
iy +(Vona—Vor—ne2Ve) /ro
Cy
L(—=Ver2 + Voo +ns2 Vi) /re /Cra
[0 0 —1/Lpa 0 0 0 0 0 0 1
14ne1 Dy —(1-D1)
0 (1+O DY) (147ns1) L1 (1+n51)llzm1 0 0 0 0 0
1 = Ns
Tn (Fne)Co +1n_s 1D)1 0[11 0 _01 0 0 0 0 0
0 (1+’nsl)ICH1 0 Ri1CH1 0 0 0 0 0
A= 0 0 0 0 0 0 *1/Lk2 0 0 41)
14+nsoD —(1-Ds)
0 0 0 0 0 0 (1+771522)L72n2 (1+ns2)L2m2 0
0 0 0 0 1 —(A4neD2)  —ng?Ds —ngsa Do nso Do
Cra (1+1n512))c'£2 TchDz rcClra rcCloa
—Dsy —ns2Ds —Ds 2
0 0 0 0 0 (I+ns2)C2 rcCa roCy rcCa
nso Do Do _ ([ D2 1 1
L 0 0 0 0 0 0 rcCu2 rcCu2 re + RHz) ChH2 |
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TABLE II
COMPARISON OF HIGH VOLTAGE GAIN SINGLE-INPUT/DUAL-OUTPUT CONVERTERS
DC-DC
Convsener G 1 =V 1V, G 2=V0a IV, G; 25 +V 5 e Vo Noof Mo Mool Neof N Al J?_ Size
2] 1/(1-D) 1/D [1/(1=D)]+1/D 3 3 - 2 4 2 11 | Low Yes Medium
[3-A] 1/(1-D) -1/(1-D) 2/(1-D) 4 1 3 1 3 - 8 Low Small
[3-B] 1/(1-D) 2/(1-D) 3/(1-D) 512 1 3 1 3 - 8 Low Yes Small
[3-C] 1/(1-D) 2-D)/(1-D) (3-D)/(1-D) 4/(1-D) 1 3 1 3 - [ High Small
[6] 2N /(1-D) D/(1-D) (2n+D)/(1-D) 2+(2/n) 4 3 - 3 2 12 High No Big
[16] D/(1-D) [ID/(1-D) 2D /(1-D) 3/D 2 1 3 3 - 9 Low Yes Medium
[17] [11/(2D) ['1/(2D) 101/D 6 2 2 1 2 - 7 Low No Medium
[18] 01/D 1/D 2/D.0<D<05 3 3 3 1 3 - 10 | High Yes Big
_ _ _ _ _ Equa
[19] 1/(2-2D) (=D)/(2=2D) (2-D)/(2-2D) 3 4 2 2 3 - 11 lto No Medium
0.5<D <1 0.5<D <1 0.5<D <1 zero
[23] 1/1-D) 1/1-D) 2/(1-D) 4 2 2 - 2 1 7 low No Medium
Equa Dependin
Proposed | (n D+1)/(A-D) | (n_ +1/1-p)y | CFRDPFDIA=DY 5,0 143 s -] -6 | 2| 1] 10| &onthe | vegium
converter 52 s Ze10 applicati
on
70 @r 5 =
Proposod Converter mm ¥ £
e ‘, Proposod Converter mmm S 08
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£ E /6 - ! 3 :4 ———————— .L.r - S 400,000 W Capacitors
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Fig. 9. Comparison results. (a) Estimated power density per [W/cm3].

Fig. 8. Comparison results versus duty cycle (D). (a) Total voltage gain. (b)
Total voltage gain over the total component number. (c) Total voltage gain over
the number of switches. (d) Total normalized voltage stress on switches and
diodes.

input current ripple (A%;), the common ground of the ports and
size of compared converters are given in Table II.

Please, note that depending on the application of the proposed
converter whether the port 3 is going to supply an inverter, there
would be no polarity consideration but in the case of dc loads,
the polarity of the third port is reverse from other two ports.
Considering Table II and turn ratio of coupled inductors n = 4,
Fig. 8(a)—(d) is plotted. Fig. 8(b) shows the ratio of total voltage
gain over the total components number (G /Nr) versus duty
cycle. G in the SIDO converters is defined as G = V1 /V; +
Vo2 /V;. Fig. 8(c) shows that the ratio of G/ Ng in the proposed
converter is higher than the compared converters. Fig. 8(d) shows
the ratio of (Vs max + Vb_max)/Vo_ max-

From Fig. 9(a), the proposed converter is third from the aspect
of power density and the power extracted from every cm? unit
of the converter. Note that to achieve the results of Fig. 9, the
converters are considered to be operated in the power of 250 W.
Also, Fig. 9(b) shows the volume of the compared converters.

(b) Estimated volume per [mm?].

Moreover, considering Table II the input current ripple is equal
to zero in the proposed converter, which is not the same for other
compared converters.

VI. EXPERIMENTAL RESULTS

In this part, the theoretical analysis is reconfirmed by using ex-
perimental results for two operations of the proposed converter.
The values of used parameters in the experimental prototype are
given in Table III.

A. Boost Operation of the Proposed Converter

In the practical prototype of proposed converter for this op-
eration, two output loads of Ry = 370 Q and Ryo = 380 €,
a low input voltage of V, = 24 V as source are used.

The total output power of the boost operation is equal
to P,7 = Py1 + Py = 401 W. Measured results shown in
Figs. 10 and 11 for this operation of the converter. Both two
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TABLE III
EXPERIMENTAL PARAMETERS

Voltages VIV, 1V, =24V 1304V /240V

For boost operation: B, / P, =250W /151 W

Output Powers
For buck operation: P, / Py, =250 /1500

D,=0.7, D,=0.6, f, =50kHz
C, =220uF , C,, =C, =100uF
For boost operation: C ;) =C ;5 =100uF
For buck operation: C, =C ;) =100uF

Duty cycles/Frequency

Capacitors

Output capacitors
For buck and boost operation: C, =C ;; =100
Ly =L, =150 uH . Ly, =Ly, =10uH

Inductors
ng, =4, ng, =3, Type: Toroid TDK PC40-T72
Switches Diodes 8,108,028,28,,.5., : IPW6OR017CT
Reverse parallel diodes: DSEI 120
R, =370Q, R,,, =380 Q for boost operation
Loads
R, =23Q,R,, =380 forbuck operation
Stop ] 0w 09
i, [5Aldi
i 1100V / div al !
(a) (b)
st s Py-) : > 2
V. 1100V / div]
I o 5 S i H {81
‘VSb [’7 OV../.di :]
o +
iglainiaisialsialshinininininisinin
i OLA iy R DY
i [10- A/ div] Lepi 1< _ iv]
(© (d)
Fig. 10.  Voltages and currents of first stage for boost operation.
ston o ) e e
Vi, [100V /d i,,[SATdiv]
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(1] step o
V.

lj‘ﬁ
o 2] YRR

i [10A7 s X
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Fig. 11.  Voltages and currents of second stage for boost operation.

output voltages can be controlled simultaneously to an accept-
able extent, as shown in Fig. 12.

B. Buck Operation of the Proposed Converter

In the practical prototype of proposed converter for this op-
eration, two output loads of Ry = 380 Q and Ry = 2.3 Q are

1811
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G T8t W
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G5 457
M posrize0s

(b)

Fig. 12.  Output voltages regulation and dynamic response under the input
voltage variation for boost operation. (a) V1. (b) Vira.
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Fig. 13. Experimental results for buck operation.
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(a) (b) (©

Fig. 14.  Power loss distribution for P, = 400 W. (a) Boost operation. (b)
Buck operation. (¢) Buck-and-boost operation.

supplied by using the high input voltage source of V1 = 304 V.
In this operation, the voltage stress on switches, Vs, Vo,
are same as in boost operation. The output power is equal to
P,r = Py + Pgo =401 W.

C. Efficiency of the Proposed Converter

In boost operation, the power loss calculation is done for the
output power equal to P,y =400 W. where, Py = 250 W
and Pro = 150 W. Therefore, the total power loss is obtained as
Pross = 24.8444 W . In the buck operation, the power loss calcu-
lation is done for the output power equal to P, = 400 W where
P, =250 W and Pgo = 150 W. In buck-and-boost operation,
the power loss calculation is done for the output power equal
to P,y = 400 W. where, P, = 250 W and Pgyo = 150 W. As
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Fig. 15. Experimental and theoretical efficiency and implemented prototype
of the proposed converter: (a) efficiency; (b) implemented prototype.

a result, the power loss distribution among the different com-
ponents for three operations is shown in Fig. 14. The efficiency
curves of proposed converter versus output power are plotted as
illustrated in Fig. 15(a) for three operations.

VII. CONCLUSION

In this article, a three-port dc—dc converter with three func-
tions and high voltage conversion ratios was proposed. The
proposed converter can be applied for supplying loads such as
batteries, automobile headlamps, uninterruptible power supplies
(UPS), dc motor drives, green houses, etc. Also, it can be an
interface of inverters to supply ac loads. The proposed converter
has the merit of achieving the zero-input current ripple at the low
voltage side for the whole range of operating duty cycles. The
ratio of total voltage gain over the total component number in the
proposed converter is higher than the other recently presented
converters. In this article, the converter is analyzed theoreti-
cally for a switching period and the analysis are confirmed by
the experimental results for a prototype with specifications of
24 V/304 V, 240 V and 400 W.
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