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Abstract: In this project a soft-switched single switch iso
lated converter is proposed for step-up applications like fu
el cell systems and vehicle inverters. The proposed convert
er is able to offer low cost and high power density in step-
up application due to the following features zero-current s
witching (ZCS) turn-on and zero-voltage switching (ZVS) t
urn-off of switch and ZCS turn-off of diodes regardless of
voltage and load variation low rated lossless snubbed, red
uced transformer volume compared to fly back-based conv
erters due to low magnetizing current Improved features s
uch as fully soft-switched characteristics of switch and dio
de, low rated lossless snubber and reduced transformer v
olume make the proposed converter achieve lower cost an
d higher power density compared to the conventional fly b
ack based converter. The proposed concept is implemente
d by closed loop The simulation results are presented by u
sing Matlab/simulink software
Key words-DC-DC converter, soft switching, zero cu
rrent switching (ZCS), and zero voltage switching (Z
VS)

I INTRODUCTION
DC-DC converters have been of great importance in power
electronics because of its simple circuits and efficient cont
rol schemes. Using this, the output voltage can be varied sl
eeplessly by controlling the duty ratio of the semiconducto
r device used in chopper. The conventional boost converte
r is difficult to realize high step-up conversion ratio and vo
Itage stabilization. It leads to serious reverse recovery prob
lem of output diode and increases the voltage or current rat
ing of all components [1]. It can be simply achieved by usi
ng couple-inductor structure, cascade topology. [2]But the
leakage inductor of the couple-inductor creates the voltage
spike on the switching devices and reverse recovery probl
em on the output diode.
When compared with other dc-dc converter resonant conv
erter have high efficiency and small size. For small size, th

e switching frequency has to be high. Therefore componen
ts size will reduces. But high switching frequency causehi
gh stress on the switch. If soft switching techniques have b
een used these switching stress can be avoided [3]-[7].Res
onant converter can be classified into several converter typ
es. They are converter with more number of switchesand ¢
onverter with bulky transformer. The Leakage inductors of
the transformer and resonant capacitors help to achieveZC
S for rectifier diodes to overcome the reverse recovery pro
blem [8]. However, these transformers and switchesincreas
es losses in the circuit and reduce the efficiency of the con
verter. There are some topologies which reduces theseloss
es by reducing the number of switches [9]-[11] else by rem
oving the transformer.

A single-stage quasi-resonant converter is proposed in [12]
with the advantages of single switch and two diodeswitho
ut any output inductor and utilizing the transformer in for
ward mode. But, soft switching is not achieved at switchtu
rn OFF instant. In [13] the topology, it uses a smaller trans
former like forward converter and not require the bulkyout
put inductor of forward topologies. But this converter requ
ires trigger circuit to trigger the switch.

If the transformer is avoided, the overall size of the power
supply size can be reduced. Converter withHardSwitching
Auxiliary Circuit is introduced. In that, the converter has |
ow conduction loss, but the auxiliary switchhas hard turn-
off.A simple andeffective duty ratio control method is pro
posedto extend the ZVS operating range when input voltag
es vary widely. Soft-switching conditions over the full ope
rating range are achievable by adjusting the duty ratio of th
e voltage applied to the transformer winding in response to
the dc voltage variations at the port [2, 9]. Keeping the vol
t-second product (half-cycle voltage-time integral) equal f
or all the windings leads to ZVS conditions over the entire
operating range. The switching mode type dc-dc converter
s power supply is widely used because it uses a switch in t

Available online:https://edupediapublications.org/journals/index.php/IJR/

Page | 363



https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/

Lesernational Journal of Resesrch

2 International Journal of Research

Auvailable at https://edupediapublications.org/journals

p-ISSN: 2348-6848
e-1SSN: 2348-795X

=
<— R

&

Volume 04 Issue 02
February 2017

he form of transistor type and less loss components such a
s transformers, inductors and capacitors for controlling the
output voltage. The switched mode power supply contains
two different parts: control part and power part. The majo
rity of the work is carried out by the control part for gettin
g better control of output voltage. Generally the MOSFET
is used as a control switch in Switched mode power supply
for stabilizing the required output voltage. The MOSFET
switches are not to be conducted continuously and they op
erate only under specific frequency interval, hence these s
witches are useful for a long future and also provide less p
ower loss the converter circuit. The basic structure of Swit
ched mode power supply is used for stepping up or steppin
g down of input DC voltage. The SMPS circuit is basically
consisting of a filter at the output side for removing the ri
pples due to switching [14].

The main objective of the project is to regulate three multi
ple output voltages with dc-dc zero-voltage switching (ZV
S) converter. The converter is consisting of three multiple
outputs voltages. With the help of two asymmetric half bri
dge converters, the first and second outputs are controlled.
Based on the phase shift between two and asymmetric half
bridge converter, the third output is controlled. ZVS is rea
lized for all the main switches. At high switching frequenc
y, these multipleoutput dc-dc converters can give higher ef
ficiency. The various stages of operation, soft switching co
ndition and controlling schemes are also proposed. A close
d loop and open loop control techniques of the three multi
ple output converter is explained.Soft switching technique
s can reduce the switching losses and Electromagnetic inte
rference by putting some stress on the devices. When eithe
r current or voltage is zero during the turn ON or turn OFF
period, then the product of the voltage and current becom
es zero, which leads to zero power loss. Hence the switchi
ng loss can be eliminated and the device can operate at hig
h switching frequency. Size and weight of the device is red
uced as the heat sink is not required.

A) Types of soft switching techniques are:

1)Zero voltage switching (ZVS)

2)Zero current switching (ZCS)

In this technique, the switching takes place at zero voltage
condition

voltage curve

\

amplituade

Fig. 1 Zero Voltage Switching (ZVS)

ZV/S is used during turn ON of the device. Initially the mai
n switch is OFF and the auxiliary switch is ON. So the cur
rent through the main switch is zero but the voltage is not
zero. During the turn ON, voltage is made zero and current
is given some time delay so that the current will begin to r
ise after the voltage is zero.

2) Zero current switching (ZCS)

In this technique, the switching takes place at zero current
condition.

Conventional ——
OFF ZCS Smtching

Current curve

amplitude

- / Voltage curve

N\

time

Fig.2. Zero Current Switching (ZCS)
It is used at turning OFF of the device. Initially the device
is conducting. So the current through the device is not zero
but the voltage across it is zero. In ZCS condition, the cur
rent is made to zero and the voltage is allowed to rise after
the current becomes zero.
B) Soft switching converter topology
1). Synchronous Buck Converter:

Fig.3. Synchronous Buck Converters.
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In this converter two synchronized switches are used. To r

educe the conduction losses a second switch is used in pla [ |

ce of diode. As there is no Auxiliary circuit hence switchin

g losses are not reduced. Hence this can be used only in lo 5 5 5

w switching frequency applications. ‘ | |

2). Proposed soft switching boost converter with Auxili

ary resonant circuit: ‘o—o o |o—o ' I p—b l' I
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Fig.4. Boost Converter with Auxiliary Resonant Circuit.

In the proposed Soft Switching DC-DC boost Co
nverter using an Auxiliary Resonant Circuit. The circuit co
nsists of a general Boost Converter with an additional Aux
iliary circuit which has a switch, inductor, capacitor and di
ode. By using an Auxiliary resonant circuit switching losse
s of a Boost Converter is reduced. In the proposed topolog
y the generations of switching losses are avoided by forcin
g voltage (ZVS) or current (ZCS) to zero during switching

I PROPOSED CONVERTER

Fig. 5 shows the circuit diagram of the proposed ¢
onverter.The proposed converter consists of input filter ind
uctor Li,switch S1, a lossless snubber which includes capa
citor Cs, inductor Ls, and diodes Ds1 and Ds2, and clamp
capacitor Cc atthe primary side and Lr —Cr series resonant
circuit and diodesD1 and D2 at the secondary side. The los
sless snubber makes itpossible to achieve ZVS turn-off of
switch as well as clamp thevoltage spikes of the switch by
leakage inductance. Also, theLr—Cr series resonant circuit
makes it possible to achieveZCS turn-off of diodes. Fig. 2
shows three resonance operations according to the variatio
ns of resonant frequency friwhich is expressed as in (.1): t
he above-resonance operation (DTs < 0.5Tr1), the resonan
ce operation (DTs = 0.5Tr1), and

Fig.5. Comparison of switch and diode current waveform according to va

riation of frl: (a) above-resonance operation (DTs <0.5Tr1), (b) resonanc

e operation (DTs = 0.5Tr1), and (c) below-resonance operation (DTs >0.
5Tr1).
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Fig.6. Key waveforms of the proposed converter in the below-resonance

operation.

The below-resonance operation (DTs > 0.5Tr1)
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It can be seen from Fig. 6 that the total switching losses ar
esmaller for the below-resonance operation since both swit
chturn-off current and diode di/dt of the below-resonance
operation are smaller than them of the above-resonance op
eration.Therefore, the below-resonance operation is chose
n for the proposed converter.
A) Operating Principles

Figs.7 and 8 show key waveforms and operation s
tates ofthe proposed converter in the below-resonance oper
ation, respectively. In order to simplify the analysis of the
steady-stateoperation, it is assumed that the input filter and
magnetizing inductances are large enough so that they can
be treated as constantcurrent sources during a switching p
eriod. It is also assumed thatclamp and output capacitances
are large enough so that they canbe treated as constant vol
tage sources during a switching period.The voltage VC ¢ a
cross the clamp capacitor is the same as theinput voltage V
i. In the below-resonance operation, nine modesexist withi
nTs.
Mode 1 (t0-t1): This mode begins when switch S1 is turn
edON. Equivalent circuit of this mode is shown in Fig. 8(a
). Ls andCsstart resonating and resonant current iLs flows
through Ls, Ds1, Cs, and S1. The voltage and current of re
sonant components are determined, respectively, as follow
s:

bt @
testt] = vl costatalt - fy)). & <t<hs
®)
Where or2 = 1/VLsCs. Since induced voltage VC r, min—n
VC ¢-Vo across Lr makes time interval from t0 to t1 very
short,current iLr appears to decrease almost linearly. Curre
nt throughS1 increases with the slope of iLr, resulting in Z
CS turn-on ofS1. The turn-on loss of switch associated wit
h energy storedin MOSFET’s output capacitance is negligi
ble in this low inputvoltage application. This mode ends w
hen current iLrreaches 0 A. It is noted that diode D1 is tur
ned OFF under ZCScondition.
Mode 2 (t1-t2): This mode begins when current iLr chang
esits direction. Equivalent circuit of this mode is shown in
Fig. 8(b). Lr and Cr start resonating and resonant current i
Lrflows through Lr, Cr, and D2. The voltage and current o
f resonant components are determined, respectively, as foll
OWSs:

.*JL‘.;Z;”-.’I,‘.

Il K

igelt) = :‘:’r:.:i; = "'l;" \

fct,
<t <ty @

tes(t) = nVee = (Voo = Vormin) cos(wr (t= 1)),

f‘<!‘<|l, (5)

Wherewr] = 1/VLrCr. When voltage across snubber capaci
torCsequals —VC ¢, Ls—Cs resonance ends.

Mode 3 (t2-t3): This mode begins when diode Ds2 is turn
edON. Current iLs is determined by following equation, a
nd thismode ends when current iLs reaches Oa

¥

L, (6)
It is noted that diodes Ds1 and Ds2 are turned OFF under
ZCScondition.
Mode 4 (t3-t4): The Lr —Cr resonance keeps on during thi
smode and ends when current iLr reaches 0 A. Note that di
odeD2 is turned OFF under ZCS condition.
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Fig.7. Operation states of the proposed converter in the below-resonanceo
peration.
L,

.I
ll,.\(’) +
C\ ] 'u(’) nV

(a)

(0) (d)

Fig.8.Equivalent resonant circuits. (a) Mode 1-2 (t0 —t2). (b) Mode 2-4
(t1 —t4). (c) Mode 7 (t6 —t7). (d) Mode 8 (t7 —t8)

Mode 5 (t4-t5): During this mode, a constant current flow
sthrough S1 whose value is the sum of the input current li
andthe magnetizing current ILm.

Mode 6 (t5-t6): The mode begins when S1 is turned OFF.
Then, li + ILm flows through Cs, Ds2, and Cc. Voltage acr
osssnubber capacitor Cs which is determined by the follow

ingequation increases linearly with the slope of (li + ILm)/
Cs,resulting in ZVS turn-off of S1

I, T IL.'I.‘ ,
voslt) = ———(t—1t;) = Voo, 15 <t<ts
C,
)
This mode ends when VCs becomes equal to (Vo —VVCr, m

ax)/n.

Mode 7 (t6-t7): This mode begins when diode D1 is turne
dON. Equivalent circuit of this mode is shown in Fig.8(c).
Lr andCsstart resonating and resonant current iLr flows thr
ough Cs,Ds2, Lr, D1, and Cr. Assuming that Cs <<n2Cr, v
Cr canbe considered constant, and resonance frequency or
3 can bedetermined by Cs and Lr. Therefore, the voltage a
nd current ofresonant components are determined, respecti
vely, as follows:

igelt)= (54 I L - cosluglt-45))], 5 <t<ty

®)
Li+1m Ly
ves(t) = ',—IL" C—'5111(w,.;;(l—t¢;))
V, — Vormax
('r,max s gtet
n )

Where or3 = n/VLrCs. This mode ends when current iLr b
ecomes equal to (li + ILm)/n.

Mode 8 (t7-t8): This mode begins when diode Ds1 is turn
edON. Equivalent circuit of this mode is shown in Fig. 8(d
). Ls,Cs, Lr, and Cr start resonating and resonant current i
Lr flowsthroughLs, Ds1, Cs, Cc, Lr, D1, andCr. Assuming
thatCs <<n2Cr and Ls >> Lr/n?, the voltage and current of
resonantcomponents are determined using the superpositi
on principle,respectively, as follows:

-

SR .-, ‘: ' 2 ‘ "f,'".:u.\t\"
;L)[fl‘—‘ l('fﬁ——— ‘[‘..“__ﬂw"

N [

L

IC,
X | —sinlwealt—1;)), t7 <<ty
L (10)
. N [ Vorms \]
"’”l = 1"'» T ( l|”.~_‘_.-:}2 T — ]
o\ no/|
(1= cos{unalt— )] + Voomar: 1 <E<ts
| (11)

Assuming thatiLr =~ (Ii + ILm)/n during this mode, voltage
vCr is determined by the following equation:
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1, (12)
This mode ends when current iLs reaches 0 A.

Mode 9 (t8-t9): Switch S1 is in the turn-off state, and the
sumof the input current and magnetizing current is being tr
ansferredto the secondary. Current iD1 is equal to (li + IL
m)/n. Thismode ends when switch S1 is turned ON.

The average current of magnetizing inductor Lm is equal t
oaverage current of snubber inductor Ls since ILs,avg = |
Ds2, avgand 1Ds2, avg = ILm,avg. Therefore, it should be
noted thattransformer core volume of the proposed convert
er is muchsmaller compared to that of the flyback-based c
onverter sincelLs,avg (= ILm,avg) can be designed to be s
mall.

The closed loop operation carried out by the voltage contr
oller (PI controller) processes the error signal and produce
s appropriate current signal (1S). The current signal (IS) is
multiplied with unit sinusoidal template which is produced
by using phase locked loop (PLL), to produce IS sinwt. T
he load current iL subtracted from the IS sin wt to produce
the reference current signal iS*. As the boost inductor curr
ent can’t be alternating, the absolute circuit gives the absol
ute value of the reference current signal iS* that is iC*. Th
e actual signal (iC) and the required reference signal (iC*)
are given to the current controller to produce the proper ga
ting signal. The current controller adopted is a hysteresis ¢
urrent controller. Upper and lower hysteresis band is creat
ed by adding and subtracting a band ‘h’ with the reference
signal iC* respectively shown in the Fig. 8. The inductor ¢
urrent is forced to fall within the hysteresis band. When th
e current goes above the upper hysteresis band, i.e. iC *+h,
the pulse is removed resulting the current forced to fall as
the current will flow through the load. When the current g
oes below the lower hysteresis band i.e. iC *-h, the pulse i
s given to the switch, so the current increases linearly.

':
L

na 11—
L("v‘ll|"-

Fig 9 Adopted control scheme for the Closed Loop operatio
n
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Fig 11 simulation wave form of buck converter output voltage

Fig 12 simulation wave form of capacitor voltage
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Fig 13 simulation wave form of switching current

7 -

v

Fig 14 Matlab/simulation circuit of Synchronous Buck Converters with cl
osed loop

i

Fig 15 simulation wave form of buck converter output voltage with close
d loop

IV CONCLUSION
These papers explain a Closed Loop Control of Fully
Soft-Switched Isolated DC-DC Converter.A DC-DC
converter for high step up and high power applicatio
ns is proposed. From the simulation results it is obser
ved that ZVS turn on and ZCS turn off of all the swit
ches is obtained. The voltage stress across the switch

es is much lesser. Compared with other topologies, it
requires less number of switches and no need of bulk
y transformers. This topology is simpler and cheaper.
The single switch resonant converter offer advantag
es of soft switching techniques thus reduce switching
losses and voltage stabilization. The zero voltage sw
itching for switch and zero current switching for ener
gy blocking diode is attained. And voltage regulation
for the load changes also attained for the proposed to

pology.
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