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Analysis and Implementation of a New SEPIC-Based
Single-Switch Buck—Boost DC-DC Converter With
Continuous Input Current

Mohamad Reza Banaei

Abstract—In this paper, a novel buck-boost de-dc converter
with continuous input current is proposed. The voltage gain of the
presented converter is higher than conventional converters, such as
buck-boost, single-ended primary-inductance converter, Cuk, and
Zeta converters. This converter works only by one switch and volt-
age stress across the switch is low. Input current of the proposed
converter is continuous so a large filter at the input is not needed.
Furthermore, continuous input current has made this converter
suitable for renewable energy and fuel cell applications. In this
converter, noninverting output voltage is obtained and high gain of
voltage is achieved as well. So it can operate at wide output voltage
range only by changing the duty cycle of the power switch pulse.
The presented converter can easily controlled in continuous con-
duction mode operation, because of using only one power switch.
In the following, the principle of operation and the mathematical
analyses of the proposed converter are explained, finally, validity
of the proposed dc—dc converter is verified by the experimental
results.

Index Terms—Buck-boost dc—dc converter, high-gain dc-dc,
nonisolated converter, single-ended primary-inductance converter
(SEPIC).

1. INTRODUCTION

OWADAYS global energy consumption tends to grow
N endlessly. In order to fulfill the demand for electric power
against a background of the reduction of conventional fossil
resources, the renewable energy sources are becoming more
prevalent [1], [2]. Fuel cells represent one of the most efficient
and effective alternative renewable energy sources for many
applications, such as hybrid electric vehicles, uninterruptible
power supplies, telecom back-up facilities, and portable elec-
tronics. A number of energy sources, such as solar panel and
fuel cell, exhibit low terminal voltage, which calls for high-
gain step-up converter to interface with inverter for grid con-
nection. Also, photovoltaic (PV) and wind require an auxiliary
converter to have a maximum power extraction. For this rea-
son we will require some tools for using the output energy
of this resource. Owing to instabilities in the output voltage
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of this energy resource, an additional dc—dc buck—boost con-
verter is needed to regulate the output voltage [3]-[7]. But, the
traditional buck—boost converter is not suitable for fuel cells
sources, because of discontinuous input current. Even though,
efficiency of the traditional buck—boost converter is expected
high, however, it is limited by the effects of diodes, switches,
and equivalent series resistance (ESR) of capacitors and
inductors [8]. Therefore, in order to achieve the high effi-
ciency and high-voltage gain, numerous high step-up dc—dc
converters have been proposed [9]. Several converter types are
capable of providing both step-up and step-down voltage con-
version containing the conventional converters, such as invert-
ing buck-boost converter [10], the flyback converter, the Cuk
converter, and the single-ended primary-inductance converter
(SEPIC) [11]. However, these converters have a great stress
across the switches and also, the efficiency of the flyback con-
verter is low because of its high-leakage inductance [12]. In [13],
a single-switch isolated step-up converter is presented, which is
derived from the traditional flyback converter and charge pump
concept. In this converter the output current is nonpulsating. In
this converter, because of the use of flyback structure, the out-
put power is limited and the efficiency all over the load is low.
In [14], a configuration of switched-capacitor converters con-
nected in parallel with their inputs and outputs interleaved with
low EMI is proposed, but the high number of switches and dis-
continuous input current are some of the disadvantages of this
converter. A new scheme of a step-up converter with very high
voltage gain based on a natural combination of the switched-
coupled-inductor boost converter and the diode-capacitor
multiplier is proposed in [15]. Also, this paper analyzes both
steady-state and dynamic operation of the converter. In [16], a
high efficiency bidirectional dc—dc converter with zero-voltage
transition is realized. So, the switching losses of this converter
is very low but the use of high number of switches that need
more driver and also reduced range of output power controlling
can be the restrictions of this converter.

Some dc—dc buck-boost converters are recently presented
by using the i.e., 2D converters (KY) [17]. But, four power
switches have been used in these converters. In [18], trans-
formerless dc—dc converters to achieve high step-up voltage
gain without an extremely high duty ratio are presented. In [19],
a noninverting buck—boost converter for fuel-cell system using
three power switches and with a voltage gain 2D/1 — D is pro-
posed. However, the number of switches seems to be high. A
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hybrid nonisolated dc—dc commutation cell, which is generated
by the integration between conventional commutation cell and
ladder-type passive switched-capacitor cell, is presented in [20].
A buck-boost converter based on the KY converter is proposed
in [21]. However, the voltage gain of this converter is 2D and
two power switches are used. Also, in [22], a transformerless
buck—boost dc—dc converter with voltage gain 2D/1 — D is pro-
posed, which has a suitable voltage gain, but the input current
of this converter and the converter in [21] is discontinuous. In
[23], a transformerless high-gain buck—boost is proposed, the
gain of that converter is 3D/1 — D, but the discontinuous input
current and negative voltage polarity are obtained. A single-
switch quadratic buck—boost dc—dc converter is presented in
[24], which can obtain a wider range of the voltage conversion
ratio. A two-stage inverting buck—boost converter is proposed in
[25]. However, using two switches and discontinuous input cur-
rent are some of disadvantages of this converter. The presented
converter is constructed of two parallel conventional buck—boost
converters. Quality of input current is an important issue in re-
newable energy applications and also, if the input current of a
converter is not continuous, a large filter at its input should be
considered.

In this paper, a novel single-switch nonisolated buck—boost
dc—dc converter with high step-up voltage gain is proposed. This
proposed converter is a single-input single-output converter. It
is derived from conventional SEPIC converter at input to have
a continuous input current and to obtain both buck and boost
capabilities, and also a combination of inductors, capacitors,
and diodes are used to have a higher gain rather than an SEPIC
and obtain a high-gain buck—boost dc—dc converter. For the pro-
posed converter, the voltage stress on the power switch is low.
The voltage transfer gain of the proposed converter is 3D/1 —
D, which is higher than the typical buck—boost converter, CUK,
SEPIC, and ZETA converters. This converter contains only a
power switch, therefore the control of the converter will be
easy. The voltage stress across the diodes and power switch is
less than the output voltage. The input current of proposed con-
verter is continuous; hence, it can be used in renewable energy
applications and also can be utilized in many applications, such
as fuel-cell systems, PV maximum power point tracking (mppt),
and LED drivers.

The contents of the paper are divided to five sections as fol-
lows: introduction in Section I, operating principles of converter
in Section II, steady-state analysis in Section III, experimental
results in Section IV, and conclusion in Section V.

II. OPERATING PRINCIPLE OF THE PROPOSED CONVERTER

The proposed single-switch nonisolated converter is shown
in Fig. 1(a). This converter consists of a power switch S; three
diodes D1, Dy, and Djs; four inductors L, Lo, L3, and Ly;
six capacitors Cy, Cs, C3, Cy1, Cya, C,; and the load R. The
following assumptions are considered for the simplicity of the
analysis of the operating principles:

1) The capacitors of the presented converter are large enough,

therefore the voltage across the capacitors is assumed to
be constant.
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Fig. 1. (a) Equivalent circuit of the proposed converter, (b) Mode 1, and
(c) Mode 2.

2) The main switch is treated as ideal and so the parasitic

capacitor of the main switch can be neglected.

The proposed converter can be operated in two main condi-
tions, continuous conduction mode (CCM) and the discontinu-
ous conduction mode (DCM). Operation principles and analyses
of the converter in CCM contain two main modes that are ex-
plained as follows.

1) First mode [0 < T < DT]: During this mode, as shown

in Fig. 1(b), switch S is turned ON and the diodes Dy,
D», D3 are turned OFF. The inductors L1, Lo, L3, and Ly
are magnetized linearly. The capacitor ' is discharged,
and C'y and Cj are, respectively, charged by the capacitors
C,1 and C,y. Thus, the related equations can be written

as follows:
Vii=V; (D)
Vie= =Va==-Vi=-Vo-Viz+Vai (2
= —Veg = Via+ Voo
Vis=Va =V +Va =V, (3)
Ve =V = Vs + Vo2 =V, )
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2) Second mode [DT; < T < Ti]: The corresponding cir-
cuit is shown in Fig. 1(c). During this mode, the power
switch S is turned OFF and the diodes D, D,, D3 are
turned ON. The inductors Iy, Lo, L3, and L, are de-
magnetized linearly. The capacitor C} is charged by the
inductor L, capacitors C,; and C,5 are charged by Lo,
L3, respectively, and capacitors C, C5 are discharged.
The corresponding equations can be written as follows:

—-D
VL1=Vg—Vc1—VL2=ﬁV§ &)
D
Vi = — n2+V02:*V(;3+Vo:Vo1:mVi (6)
-D
Vis= —Veo=—=-V, 7
L3 2=71-p )
-D
Via =V = Vi3 = mvf,. 3)

III. STEADY-STATE ANALYSIS OF THE PROPOSED CONVERTER

A. Voltage Gain

By applying the voltage-second balance principle on the in-
ductors Ly, Lo, L3, and L, and using (1)—(8), it gives

1 DT, DT,
— </ ‘/Edt-f—/ (Vi =Va —VLQ)dt) =0 )
Ts 0 0
1 DT, T,
— / - c1dt+/ Vordt ) =0 (10)
T, \Jo DT,
1 DT, Ty
</ (Vélfvcz+Vo1)dt+/ Vc2dt> =0 (1D
Ts \Jo DT,
1 DT, T,
— (/ (V(:1—Vc3+VoQ)dt+/ (VCQ—Vcs)dt)ZO-
Ts \Jo DT,
(12)
By using (6) in (9) and solving (9)—(10), we have
1-D
Vo=V, = T‘/OL (13)
And by using (13) in (11), one obtains
Vea = Vor. (14)

By using V,» — V.o instead of V,,; in (10), V,,5 can be achieved
as follows:

Voo = 2Vo1. (15)
By using the results of V,; and V,» in (12), we have
Vez = 2V,1. (16)

By using V,» — V,, instead of V.o — V,3 in (12) and using
(13), V,, can be achieved as follows:

3D
Vo=3Vo1 = ——.
""1-D
Hence, the voltage transfer gain (Mccn) can be found as
follows:

A7)

V, 3D
Mcen = v 1D (18)
1
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Fig.3. Curves of voltage gain comparison of the proposed converter and other

converters at CCM operation.

Some of the key waveforms of the proposed converter in
CCM mode are shown in Fig. 2.

A comparison between voltage transfer gains of the proposed
converter with conventional boost, buck—boost dc—dc converter,
SEPIC, and converter proposed in [22], [23], and [24] is shown
in Fig. 3. It shows that the voltage transfer gain of the proposed
converter is higher than that of these converters. And it is shown
that the gain of the buck—boost dc—dc converter is the lowest in
a range of duty cycle from 0.1 to 0.9.

B. Calculation of Currents

During the on state of a switch, average current equations for
capacitors can be written as follows:

lel = —iL2 —le2 — i3 = —3lo (19)
leg = —lcol = iL3 =1 (20)
Ge3 = —leo2 = iL4 =l (21
ico = — o (22)



10320

And during the off state of a switch, we have

teg = I; =ip1 = —ip2 + 913 + leol — le2 — 13 (23)
3D
= 20
1-D
. . . . -1
fey =L —ipa —lco2 = T pylo (24)
-D
ic3 = iL4 - 7:co - Z.0 Z.o- (25)

T 1-D
By applying the current-second balance principle on capac-

itors C 2.3 and Cy1 2., the following equation is derived as
follows:

1 DT, Ts
= (/ ICl,Q,S,ol.oQ,o.ondt +/ ICI,?.B,OI,O?.O,UHdt> =0.
0

Te DT,
(26)
By substituting (19)—(25) into (26), and considering iy = I;,
the average current through the inductors and capacitors can be
described as follows:

. . 3D |

L1 = %n = 1 DZO (27)

. . . -1, . . . .

L2 =13 =4 = 3 2c1,on = %c2,0n = %c3,0on = tco,on = %o
Z'col.on = ico?,on = _io- (28)

According to Fig. 1(b), for the average current that flows

through the switch S (i), it can be written
3 .
1T-D 1.
(29)
For average currents of diodes, from (23) to (25) and Fig. 1(c)
it can be obtained that

1S,on = i1 — %1 = i1 +ira + i3 +ipg =

D1 :]z + 179 +202.0ff +zC3,0ff =—=

30
1-D eo
. > ] IO
tD2 = U3 T ke2off T T o
. y ) IU
D3 = lLa ~lesoff T T >

The current ripple of inductor L1 and current ripple of induc-
tors L2, L3, and L4 can be calculated as follows:

bV, (1D,
Al = = 33
w Llfs 3L1fs ( )
DV, 1-D)V,
Alpg 34 = | ) (34

Losafs  3Logafs

C. Discontinuous Conduction Mode

In this mode, the proposed converter operation can be divided
into three modes. Mode 1 and mode 2 are same as that of CCM,
and in mode 3, the current of the main switch and currents of
diodes D, D5y, D3 are zero. Also, the currents of inductors
Ly, Ly, L3, and L, are zero. Hence the voltage across the
inductors are zero. The equivalent circuit and typical waveforms
of the converter are shown in Figs. 4 and 5.
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Fig. 4. Equivalent circuits of the proposed converter in third mode at DCM
operation.
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Fig.5. Some demonstrated key waveforms of the presented converter at DCM
operation.

According to (30)—(32) and considering iz.; = %4, sum of the
diodes Dy, Do, D3 currents and the average currents of diodes
(Ip1.aves ID2.aves ID3.ave ), can be written as follows:

ip1 +ip2 +ip3 =ip1 +ir2 +ir3 +ira (35)

Vo
IDl,avg = IDZ,avg - ID&,avg - Io = 5=

n 30

By observing Fig. 4 it can be defined that sum of the diodes
Dy, Ds, Ds currents during a period of switching can be ob-
tained as follows:

3

1
§ IDi,avg = 5 X D2m X IDfpcak (37)
i=1

where D5, is the duty cycle of the second mode in DCM and
Ip_peak 1s sum of the peak currents for inductors L, Lo, L3,
and Ly. In Fig. 5, Ip _peax can be calculated as follows:

Ip_peak = 11 Peak + 112, Peak + I3 Peak + I14,Peak

(38)

i DTV, DTV,
Ln B Leq
n=1
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where

(39)

For calculating DCM voltage transfer gain, voltage-second
balance principle should apply on the inductors L, Ly, L3, and
L, in the second mode of DCM operation. Hence, duty cycle
(D3,,) in second mode can be earned as follows:

3DV;

D?m = V;) .

Now, voltage transfer gain can be calculated using (35)—(40)

(40)

as follows:
D
Mpcew = \/77_7 41
where 77, is expressed as follows:
2L¢q
= ) 42
L= R (42)

D. Boundary Conduction Mode (BCM)

In this mode, normalized inductor time constant (73) is ob-
tained. In BCM, the voltage transfer gain of the CCM is equal
to the voltage transfer gain of the DCM. Hence, from (18)—(41),
7, can be obtained as

(1-D)’
T

For the proposed converter in operating point, if 77, is larger
than 7, the converter operates in CCM and if 7, is larger than
71, the converter operates in DCM. The curves for 7, is shown
in Fig. 6. It shows that the proposed converter works in CCM
for a large range of operation.

The curves of normalized inductor time constant of the pro-
posed converter, converter in [22] and [23], and conventional
SEPIC are shown in Fig. 7.

From Fig. 7, one obtains that the boundary normalized induc-
tor time constant for the proposed converter is same as that of
the conventional SEPIC.

(43)

Ty =

E. Averaged Switch Modeling

The averaged switch model of the proposed converter, by
using and replacing the general switch and diode model in
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[26], is obtained. So, in order to show the dynamic charac-
teristics of the proposed converter in CCM, the averaged switch
model of the converter is provided and is shown in Fig. 8.
In this model, the symbol (A) shows the dynamic changes of
the parameter. So, in a period of switching (7), the duty cy-
cle is (d(t)) = D + d(t), input voltage (V;(t)) = V; + Vi (t),
capacitors voltage (Vi (1)) = Vi + Ve (t), and inductors cur-
rent is (I (t)) = I, + I1(t). In Fig. 8, vs1, il, i2, and i3 are,
respectively, d(t)V;/DD', d(t)Ip,/DD’, d(t)Ipy/DD', and
d(t)Ips/DD'.

In this model, 7}, is transformer primary and also, 7§, Tio,
and T3 are transformer secondary windings.

F. Efficiency Analysis

The efficiency of the proposed converter is analyzed by the
following assumptions. The parasitic resistances are defined as
follows: r4 is switch on-state resistances, Ry, Rpo, Rp3 are
forward resistances of diodes D, , Ds, D3, respectively. Forward
voltages Vr1, Vpo, and Vrs, are the forward bias voltages of
diodes Dy, D5, and Ds, respectively.

1, L2, 713, and 74 are the ESR of inductors L1, L2, and
L3, respectively. r¢1, 7c2, Te3s Teol» Tco2, and 7., are the ESR of
capacitors C1, C2, C3, Col, Co2, and Co, respectively, and the
voltage ripple across the capacitors and the inductors is ignored.

The conduction power loss through the main switch S (P, 45)
can be earned as follows:

S12.

PTdS = rdSIz.rms = (44)
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Switching loss of the switch S (P ) can be achieved as
follows:

V2
(1-D)*

The total losses of the switch S (Piyitch,tot) can be earned as
follows:

-Psw - fs(jsv‘;;2 - fscs (45)

P@witch,tot = R’ds + -P@vv (46)

The diodes Dy, D,, and D3 forward resistance losses
(PrF), ps ps) and forward voltage losses (Pyr,, ,, 5 ) Can
be achieved as follows:

2

IO (47)

PRFL)I.UQ.U3 =R X I%rms = RFLZSW

_ 2 _
PVFDl,DQ.D3 = VFp1 paps X IDI'IHSDLDQ.D:; = Vri1,230.
(48)

The power losses of capacitors, CI, C2, C3, Col, Co2, and
Co, (P.c1) and (P.c2.3,01,02,0) due to the ESR, respectively,
can be obtained as follows:

9D

2 2
R’(:l =Te1 X Icl,l‘nls - Rcl 1— DI() (49)
P =Teo: x I*
r¢2,3,01,02,0 = T¢2,3,01,02,0 ¢2,3,01,02,0,rms
D
. (50)

=T¢2,3,01,02,0 1_Do

The conduction losses of inductors, L1, L2, L3, and L4, P,
and P, 19 3 4 can be calculated as follows:

3D

Prpy =701 X 17 s =711 <> I (51

1-D

2 2
PrL2,3,4 =7rr1 X ILl,rms = TLIIO- (52)

The total power dissipation of the converter is the sum of
(44)—(52) and can be obtained as follows:

3 4
PLOSS - PSwitch + Z (PD7 + Prmﬁ) + Z (RLL)

i=1 =1
2

+ R’CO + Z (R(‘m)
i=1

(33)

The efficiency (n) of the converter can be obtained as follows:
. r 1
P Loss + Po 1+ 1;317;0; :

7 (54)

G. Voltage Stress and Number of Elements Comparison

In the proposed converter, the voltage stress of switch and
diodes Dp, Ds, and D3 during switch off state and diodes off
state (Vs rev, Vb rev), T€spectively, can be expressed as follows:

Vi
1-D°

A comparison of normalized stress of switch Vg oy /Vi
between the proposed converter and the conventional boost,
buck—boost dc—dc converter, SEPIC, and converter proposed in
[22]-[24] is shown in Fig. 9. Table I shows an elements number

VS,I‘ev = VD,rev = (55)
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TABLE I
COMPARISON BETWEEN PROPOSED CONVERTER AND OTHER STRUCTURES

Case Proposed Converter Converter SEPIC Converter
in [23] in [22] in [24]
Numbers of switches 1 1 1 1 1
Numbers of diodes 3 3 2 1 5
Numbers of capacitors 6 5 3 2 3
Numbers of inductors 4 3 2 2 3
Total device count 14 12 8 6 12
Voltage gain % _f ?D‘/"' 2112? % (ID jDV ;2
Switch Voltage Stress g/ 5 % QVB % g—‘.’z
Continuous Input YES NO NO YES Yes

current

comparison between the proposed converter and some other con-
verters. According to Table I, the voltage stress across switch, in
comparison with the converters in [22]-[24], and the traditional
SEPIC is less and suitable. Also, the continuous input current
of the proposed converter with positive output voltage, is the
advantage of this converter rather than the converter in [23] and
the conventional buck—boost dc—dc converter. Even though the
number of elements in the proposed converter is higher than
other converters, but small voltage stress of elements, contin-
uous input current, high gain of voltage, positive output, and
the use of a single switch are the advantages of the proposed
converter.

1) Calculation of the Voltage Ripple of the Capacitors:
During the operation of the proposed converter, capacitors
voltage has a dc and an ac component. The ac component
determines the ripple of capacitor voltage and is not suit-
able for the converter. The ripple of each capacitor is the
sum of the capacitor and it‘'s ESR resistance. The amount
of the ripple of the capacitors CI, C2, C3, Col, Co2, and
Co (AVCl,cap, AVCQ,cam A‘/C'?),cap, AVCol,cap, A‘/Col,capa
AVCo,cap) with their ESR ripple (AVCI,ESRv AVCZ,ESRs
AVespsr, AVeor,Esr, AVeo2,Esr, AVoo Esr) are ex-
pressed as follows:

3DI, 3DT.V,

AVVC cap — - 56
e =G F T TOR ©0)
AVe gsr = ESRe1AIct ~ ESRe1(Iot,on — Lot,or)
3ESR.1,
“Ti-p o7
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> AV, ESR

Le1,c01,c02,c0
VCLCD!.CUZ.CB

Fig. 10.  Current and voltage of the capacitors C'1, C,1, Cy2, and Cp.
3= DI, (1-D)T.
t
Fig. 11.  Current and voltage of the capacitors C'y and C's.

Fig. 12.

Prototype of the proposed converter.

For other capacitors, we have

DI, DTV,
A‘/02,3,01702,0&&1) = 023 2 f = RCQg 2 (58)
I, x ESR
A%Q,B,ol,o?,o = (c2,8,01,02,0) . (59)

1-D

Now, the total voltage ripples of capacitors can be written as
follows:

3D, I,ESR .4
AV, — 0 0 c
Yo=e YD (©0)
DT 1, I XESR02301020>
A‘/c 01,02,0) — = - e :
(2:3,01,02,0) C’(2,3,01.,02,0) 1-D
(61)

The current and voltage of the capacitors CI, C2, C3, Col,
Co2, Co are shown in Figs. 10 and 11. The dimension of wave-
forms can varies by changing capacitor or ESR amounts and
waveforms only shows how currents and voltage varies.

IV. EXPERIMENTAL RESULTS

In order to validate theoretical calculations of the proposed
converter, a prototype of the converter is built as shown in
Fig. 12. A Xilinx sprtan3 FPGA is used to generate pulses
for the converter. In Table II, the proposed converter’s compo-
nents specifications, input voltages, and output loads of buck
and boost states, under the test condition are presented.

The experimental results are presented at 33 kHz switching
frequency with 22% duty cycle in buck state and with 60% in
boost state operation.

TABLE II

10323

PROPOSED CONVERTER COMPONENTS SPECIFICATIONS AND INPUT VOLTAGES

AT TEST CONDITION

Input voltage-buck 22V
Output voltage-buck 18V
Output power-buck 33.48 W
Input voltage-boost 25V
Output voltage-boost 110V
Output power-boost 110 W
Switch IRFP260 n
Diodes D1, D2, D3 MURS860
Inductor Ly 260 nH
Inductor Lo, L3, Ly 510 uH
Capacitors C, C2,C3,Coq 100 uF
Capacitors Coy, C, 470 uF

-Oum; ut Voltag; e(SEV/c_li:\;/f-E-"T © P T ” - _ ]

Fig. 13.

VWS SO
HInductor L1 current (0.3A/div) <. . - . - :

Output voltage and switch S voltage.

et deciatdeieat i,

Diode D1 voltage (10V/div)

ooce DL Ko et s s
B N

Inductor L2 current (1A/div) - = -

Tt

Fig. 14.  Inductor L1 current, diode D1 voltage, and inductor L2 current.

The waveforms of the converter while operating in CCM
and step-down state operation are shown in Figs. 13 and 14.
According to (18), with the input voltage V; = 22, the output
voltage at ideal condition can be obtained as follows:

3 % 0.22
- 1—DVZ'_ 1-0.22

which closely agrees with the output voltage in Fig. 13. It shows
that the output voltage in step-down state is 18 V. Also, accord-
ing to (27), the average current values of Ly, Lo, L3, and Ly
are about 1.57, 1.86, 1.86, 1.86 A, respectively, and the current
ripple of inductors L1 and L2, L3, and L4 by using (33) and (34)
can be calculated as follows:

x 22 = 18.61 (62)

DV; 0.22 x 22
Al — - ~056A (63
UL, T 260 x 107° x 33000 (63)
DV; 0.22 % 22
L2347 793 4f, ~ 510 x 106 x 33000
(64)
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Fig. 15.  Output voltage and switch S voltage.

R N N I s@MsS
F-Inductor L1 current (2A/div)
L : :

ko

Diode D1 vi

+

- . e 'h'\.r‘/;' gt B
=1 Inductor L2 current (1A/div)

Fig. 16.  Inductor L1 current, diode D1 voltage, and inductor L2 current.

which closely agree with the experimental results in Fig. 14.
Also, the theoretical voltage stress of power switch (S) and
diode (D1, D2, D3) by using (55) can be obtained as

v, 22
1—-D 1-0.22

=282V

(65)
results

Virev = VD1,D2,D3rev =
which closely approves with
Figs. 13 and 14.

The key waveforms of the proposed converter while op-
erating in CCM and step-up state operation, is shown in
Figs. 15 and 16. According to (18) the output voltage in step-up
state at 60% duty cycle and input voltage 25 V,is 112.5 V. Also,
the output voltage at Fig. 15 is 110 V and by using a 1102
output load, the output power is obtained 110 W. The average
current values of Ly, Ly, L3, and Ly according to (27) are about
4.6, 1, 1, and 1 A, respectively, which closely agree with the
experimental results. Also, by using (33) and (34) and using
parameters listed in Table II, the current ripple of the inductors
L1 and inductors L2, L3, and L4 can be calculated as follows:

the experimental

DV; 0.6 x 25
UL 260 x 1078 x 33000 (66)
DV; 0.6 x 25
Ao, — — ~ 0.89A.
L2347 193 4f, ~ 510 x 106 x 33000 ’
(67)

So, calculated current ripples closely agree with the exper-
imental results shown in Fig. 16. However, by using (55) the
theoretical voltage stress of power switch (S) and diode (D1,
D2, D3) in CCM condition and in step-up mode of operation,
can be obtained as:

Vi 25
1-D 1-06

Virev = VD1,D2.D3 rev = =62.5V (68)

which closely approves with the experimental results shown in
Figs. 15 and 16.
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Proposed converter efficiency versus output power.
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Fig. 18.  Proposed converter efficiency versus load current.
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Fig. 19. Proposed converter theoretical voltage gain versus experimental.

For the proposed converter, Figs. 17 and 18 show the curve of
efficiency versus output power and the curve of efficiency versus
load current, respectively. The efficiency curves are obtained at
fixed duty cycle and in CCM state operation with d = 60%,
Vi, = 25 V for boost and with d = 22% and Vi, =22V for
buck state and CCM state operation. Also, at both buck and
boost conditions, because of CCM state of operation, the output
voltage has been maintained constant and output voltage is not
varied by changing output load. However, by using the results
of Fig. 17, it can be understood that the maximum efficiency
of the converter is in boost state and it is 97%. However, the
efficiency of the converter in 110 W is 93.3%.

In order to show the effect of varying duty cycle from 0.2
to 0.8 on the voltage gain of the converter at CCM state of
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operation and showing the variations of the experimental volt-
age gain versus theoretical voltage gain curves, Fig. 19 is
provided. During the test, output load and input voltage are con-
sidered as R, = 110 Qand V; = 11 V, respectively. The output
power of the proposed converter at D = (0.2 is about 0.35 W
with efficiency 7 = 51% and at D = 0.8 is about 146.6 W with
efficiency n = 94%.

From Fig. 19, itis observed that the experimental voltage gain
is lower than theoretical, but it is nearly followed by theoretical
results.

V. CONCLUSION

In this paper, a novel SEPIC-based structure for step-up and
step-down dc—dc converter has been proposed. Continuous input
current, using a single-switch, noninverting output and high gain
of voltage are the advantages of the proposed converter. Steady-
state analysis of the converter under CCM condition has been
discussed. The voltage gain, voltage stress of the main switch,
number of elements, and other specification of the proposed
converter have been compared with some other step-up step-
down converters and the privilege of the proposed converter
has been justified. The maximum efficiency of the converter is
about 97% and it occurs at about 18 W in boost state. Finally,
the proposed converter has been implemented under the output
power of 110 W with the efficiency of 93.3% and its feasibility
has been verified by the experimental results.
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