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Abstract

Proposed on this work as a viable solution to sigg: low battery voltage into a high voltage d& lifhis
converter is suitable for non-isolated on-line Us}Stems with common neutral connection that impsdwgpass
circuit installation. Furthermore, smaller sizegtnér efficiency, and increased reliability are teas that spread the
transformer less products. This paper introducesvafamily of dc—dc converters based on the thtatswitching
cell and voltage multiplier cells. A brief literatureview is presented to demonstrate some adwestagl inherent
limitations of several topologies that are typigalbed in voltage step-up applications. The adoptedrol strategy
uses a hybrid control that implements both anafudydigital controllers, that implements the averageent mode
control. It presents characteristic of continuongut current through the batteries that improvelifetime, the
maximum voltage across the controlled switchesqisakto one fourth of the total output voltage, amdtage
equalization across the dc-link capacitors is msid. In order to verify the feasibility of thisgology, principle of
operation, theoretical analysis, and experimental’/eforms are shown for a 1.55 kW assembled prototyp
proposed on this work as a viable solution to ste@ low battery voltage into a high voltage d&lifhis converter
is suitable for non-isolated on-line UPS systemthvdommon neutral connection that improves bypassiit
installation. Furthermore, smaller size, highericéghcy, and increased reliability are featurest tharead the
transformer less products. The adopted contrdlegiyauses a hybrid control that implements bothagnand digital
controllers, that implements the average currerdermontrol. It presents characteristic of contimumput current
through the batteries that improve its lifetimeg thaximum voltage across the controlled switchesjisal to one
fourth of the total output voltage, and voltage apation across the dc-link capacitors is intinsihe analyzed
converter can be applied in uninterruptible powgupdies, fuel cell systems, and is also adequatptyate as a
high-gain boost stage with cascaded inverters inewable energy systems. Furthermore, it is suitébleases
where dc voltage step-up is demanded, such asietddork-lift, audio amplifiers, and many othguications.

Keywords: Boost converters, dc—dc converters, and higrageligain, voltage multiplier cells (VMCs).

Introduction

Uninterruptable power supply (UPS) systems
are employed to supply critical loads with continso
and high quality energy in facilities such as htadpj
data centers, and communication systems etc [1prgm
the different on-line UPS topologies, the transferiess
UPS presents higher efficiency due to the absehtseo
isolation transformer that increases consideraliig t
size/weight of the overall system [2]. The overall
advantages of modern transformer less UPS systeens o
those with isolation transformer (which are now
considered obsolete) can be summed up and sumuaharize
as input-output power quality enhancement, lower
operating and energy cost with high return on itmest
on the new technology UPS, and significantly enkdnc
reliability The conventional boost converter can be
advantageous for step-up applications that do not
demand very high voltage gain, mainly due to the
resulting low conduction loss and design simplicity

Theoretically, the boost converter static gain tetalbe
infinite when duty cycle also tends to unity. Howevin
practical terms, such gain is limited by the 12Bslan the
boost inductor due to its intrinsic resistancedieg to

the necessity of accurate and high-cost drive itiscéor

the active switch, mainly because great variationthe
duty cycle will affect the output voltage directly
Cascading one or more boost converters may be
considered to obtain high voltage gain. Even though
more than one power processing stage exists, the
operation in continuous conduction mode (CCM) may
still lead to high efficiency [9]. The main drawlbacin

this case are increased complexity and the neetivor
sets that include active switches, magnetic, and
controllers. Besides, the controllers must be
synchronized and stability is of great concern [IDje

to high power levels and high output voltage, thitelt
cascaded boost stage has severe reverse lossés, wit
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consequent low efficiency and high electromagnetic
interference (EMI) levels. Typical examples of such
topologies are the single-switch quadratic boost
converter and the two-switch three-level boost eoter
[11]. Converters with magnetically coupled inductan
such as fly back or the single-ended primary ingioce
converter (SEPIC) can easily achieve high voltagi& g
using switches with reduced on-resistance, evengtino
efficiency is compromised by the losses due to the
leakage inductance [12]. An active clamping cirdsit
able to regenerate the leakage energy, at the afost
increased complexity and some loss in the auxiliary
circuit [13]. A hybrid boost—fly back converter is
introduced in [14]. The efficiency of the convemia fly
back structure is typically low due to the parasiti
inductance. A possible solution lies in connectihg
output of the boost converter to that of the flycka
topology, with consequent increase of voltage ghie

to the existent coupling between the arrangemdnts.
this case, the boost convert behaves as an active
clamping circuit when the main switch of the flycka
stage is turned OFF.

Fig 1 (a) Voltage multiplier cell (b) Three-stateswithing
cell (c) Resulting cell

Principle of Operation

In order to explain the principle of operation of
this converter, it is analyzed in the continuous
conduction mode (CCM) operation, with a duty cycle
value of the switches higher than 0.5. For thisppee,
the semiconductors and magnetic elements
considered ideals. During one commutation periothef
converter operation, it presents four operatingrirdls
that are described as follows, and its main themet
operation waveforms are shown in Fig. 2.
A. First Interval (t0, t1): The switches S1 and S2 are
turned on. The energy is stored only in the indutio
and is not transferred to the load. All the reetifiliodes
are reverse biased in this interval. This intewigduit is
represented in Fig. 3.a.
B. Second Interval (t1, t2): In this interval the switch S2
remains turned on. The voltage across switch &fus
to the voltage across capacitor C2. The diodes[IHl,

are
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D5 and D8 are directly biased. The energy storethén
inductor in the first interval, as well as the anefrom
the voltage source are transferred to the filtgrac#ors
C1, C2, C3, and C4. The interval circuit is showrFig.
3.b.

C. Third Interval (t2, t3): This interval is similar to the
first one, where switches S1 and S2 are turneeéruah,

the energy is only stored in the inductor Lb. Titeiival
circuit is shown in Fig. 3.c.

D. Fourth Interval (t3, t4): During this interval, the
switch S1 remains turned on. The voltage acrostckwi
S2 is equal to the voltage across the capacitorTh2.
diodes D2, D4, D6 and D7 are directly biased. The
energy stored in the inductor during the third iméd as
well as the energy from the voltage source aresfesired
to the filter capacitors C1, C2, C3, and C4. Therial
circuit is shown in Fig. 3.d.
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Fig 2.0 a) first Interval
~_ b) second interval

Srh PR
1 o

w5 =k ' R

C) third interval
d) fourth interval

Theoretical Analysis
A. Static Gain

The output-input voltage ratio, named as static
gain of the converter, is given by (1). In ordegtd the
equal voltage
Values across output capacitors C3 and C4, the
transformer turns ratio must respect the relation
n2=nl+2np.

v, 1 [, » m
Gy =—2= 1 : (1)

- I+ =
G, DN 28, 2

Where Vo is the output voltage, Vbat is the battaput
voltage,npis the primary number of turnsl is the
secondary

1 number of turnx;2 is the secondary 2 number of turns
andD is the duty cycle.

B. Inductor Design
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The current ripple on the storage inductor can be
determined using

2D-1)(1-D)F,
Alp, = ( t-D) 3 (2)

n By |
’3,1 _"'.- lLb
2-m, 2-my

In (2), AlLb is the current ripple on the inductor Lb, and
fs is the switching frequency of the converter.
Rearranging the terms in (4), the normalized curren
ripple on the inductor is given by

?Tl ?fj |

T, 7.
2-n, 2-m,|

EMLbLbfji 1+
: -=(2D-1)(1-D) (3)

Alp, = =
I-GI
Fig. 4, which was obtained from (3), shows the
normalized current ripple on the inductor as a fiamcof
the duty cycle. the current ripple, it is possitde
calculate the inductor value using

L= b @)

161, |1+

1
A
TR
2-n, 2-n,

C. Transformer Design
The high frequency transformer must be designed
accordingly to the amount of power processed gbsen

T H05 Ty, T,

p-—— 2 dp ©

SRR/

where Pp is the power processed by the transformer,
VC1, VC2 and VC4 are the voltages across the
capacitors C1, C2 and C4, respectively, and, Beis
output power of the converter.
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Experimental Results
A. Specifications

In order to verify the operation and evaluate the
performance of the proposed boost converter, aymoe
with the specifications shown in Table | was asdenhb
and tested.

TABLEI
Specifications of the Non-Tsolated DC-DC Converter usme TSSC
Input Voltage Range P 3-8 Vil
Output Power i:A 153 kW]
COutput Voltage I TI0[V]
Switching Frequency i 40 [kHz]
current ripple max 0.30b batAl =1, the voltage across

capacitor C2 2 20QV =V, the maximum fixed duty
cycle of the switcheBmax= 0.689for the minimum
input voltage, and the output voltage ripple
AV0=0.02Vo.

B. Simplified Design Example

The boost inductor is obtained according to (4),
substituting values in it is equal to

I = _ 700 . =312uH .
(18 £
16-40000-| 1+—+——|.8.46
L 212 212

The transformer was built using the push-pull DC-DC
converter guidelines for the power rating obtaibgd5).
Thus,

p _(1525+05-2025+355)
27 (1525+202.5+355)

C. Experimental Waveforms and Curves

Figures 5 and 6 shows the battery bank volidgat and
Mcurrent through the boost inductbb under nominal
load and minimum input voltage conditions. As ¢en
seen, the current drawn by the proposed converter
presents a low current ripple, suitable for battery
powered applications. Figure 7 shows the drainetaree
voltages across the controlled switches S1 andAS2.
can be seen, it is clamped in almost the outpterfil
capacitor C2 voltage, as expected in the theotetica
analysis.

1550 =1328.91" .

Fig 4.0 Battery voltage and current through the indictor
Lb.
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capacitors
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P
Coniroiled
Switches

Fig 4.1 Picture of the assembled protocol

Conclusions

This paper proposes a new non-isolated boost
converter with a high voltage gain for non-isolatat
line UPS with Common neutral point. Also, the pregd
converter can be used for the development of stk
systems, and grid connected systems for renewable
energies applications. As shown in the experimental
results shown in Figs. 5 to 9, it has the following
features: a non-pulsated input current that impsabe
battery lifetime, the voltage across the controlled
switches is one fourth of the total output voltage the
voltage across the dc-link filter capacitors are
Naturally balanced even if unbalanced Iloads is
connected. The efficiency curve shown in Fig. 9
confirms such proposal viability for its desired
application or others.
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