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I. INTRODUC~ION 

To add an external UPS is the traditional 
approach used to provide "upt ible  power 
for applications such as personal computers, 
medical equipment, telecommunication 
systems, control systems, etc. On the other 
hand, it is desirable to inelude power fhctor 
correction (PFC) because of the well known 
advantages that this improvement repraamts. 
However, in order to get this capacity, it is 
necessary to add an extra power stage as it c8n 
be observed in Fig, I. 
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Fig 1. Traditional unintaruptlble power suppiy system 
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Besides, the power in- stage is done 
based on the full bridge buck inverter (FB-BI). 
In tbis case the output voltage is always lower 
than the DC input voltage, therefire it is 
necessary to add an extra stage to adequaw its 
input voltage. There are two alternatives to 
achieve this objective 

The first possibility is to build the inverter 

function by using a heavy and bm low 
fresuemcy transformer (Fig 2a). The second 
possibility is to use a DC-W boost converter 
in order to adequate the inverter input voltage 
(Fig 2b). 
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Fig. 3. Unintertuptible powe supply system with active power factcn correction and high hquency DC link. 

2/" "IN INVERTER 

The last option is more suitable due to 
benefits such as reduced s h :  and low weight. 
The UPS using a two sage PFC-battery 
charger and a two-stage hi:$ fiequency DC 
link-inverter is shown in Fig 1 . 

As it can be observed in Fig. 3, the UPS 
scheme consists of four jower conversion 
stages resulting in poor efIi;iency, high cost 
and low reliability. In this paper, a novel 
scheme of an uninterptible power supply 
system based on two power :6nVersiOn stages 
is presented. The proposed mfiguration has 
high efficiency and low c.ost. Besides, it 
exhibits a close unity power E ictor. 

PROPOSED SYSTEM 

The proposed UPS basell on two power 
conversion stages is shown in Fig. 4 (this 
approach was previouSly presented at 
PESC'97 by the authors 111) The UPS offers 
excellent festures, such as: simple structure, 
high power hctor, low total harmonic 
distortion, fast dynamic respnse at the output 
voltage, high efficiency and low cost. These 
features make it a better solution than the 
classical approach. 

The first stage of the proposed UPS 
consists of an integrated battery charger which 
was presented in [2]. This topology uses a 
discontinuous conduction mode (DCM) flyback 
converter in ordg to provide high power fictor, 
battery charging, and high fiequency isolation 
between both the main input and the battery set 
to the load. This structure does the functions of 
battery charging and power factor correction 
using just one magnetic structure, reducing the 
cost and accomplishing high reliability and 
simplicity of the converter. However, due to the 
use of the DCM flyback converter, it is 
suitable for low power applications (1 500 
Watts). 

The second stage is an integrated inverter 
topology with both boosting and mvertiug 
function. This topology was previously 

converter, refmed to as boost inverter, has an 
excellent property: it naturally generates an 
output AC voltage lower or larger than the DC 
input voltage, depending on its duty cycle [3- 
51. This property is not found in the classical 
voltage source inverter which produces an 
instantaneous AC output voltage always lower 
than the input DC voltage. In the next 
paragraphs the operation principles of each 
stage of the proposed UPS structure will be 
deSCribed. 

introduced in [3]. The boost DC - AC 

III. BATTERY CHARGER-PFC STAGE 

The bask C ~ C &  Of the ba- ~harger-PFC is 
shown in Fig. 5. As it caube seen m this figure, 

through the AC line and the other thoughthe 
the converter acceQt two input powers: one 
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Fig 5 Integrated battery chargex ts polo@ as input stage 
of the proposed 1 IPS. 

la normal and charging operation modes, 
the equivalent circuit of the integrated battery 
charger topology is 8 ilyback converter 
operating in DCM. Therefoie, it behaves in a 
natural way as a linear km 3 to the utility line 

I 

Fig. 6. @ut voItage and current * vavehrms in normal 
operation mod : 

[6]. In backup operation mode the equivalent 
circuit is a well know DC-DC flyback 
converter. However, as the battery voltage is 
low, the peak and average curreat are higher 
than these ones in normal and charging 
operation mode. Therefore, we must be careful 
during the selection of the battery voltage bus. 

A. Experimental results 

In order to veri@ the battery charger-PFC 
stage¶ an experimental prototype was designed 
and built. The specifications were the 
following: output power = 250 Watts, input 
voltage - 120 volts, VMT = 48 volts, and 
output voltage = 48 volts. The converter was 
implemented in DCM using a mixed device as 
power switch in order to increase the 
efficiency. 

The experimental input voltage and current 
waveforms in n d  ojeration mode are 
shown in Fig. 6. As it cau be seen, the voltage 
and current waveforms are in phase. Therefore, 
a close to one power factor and low THD are 
obtained. 

The converter was tested in charging 
operation mode too. The experimental input 
voltage and current waveforms during this 
operation mode are shown in Fig. 7. As it can 
be seen in this figure, the input current 
waveform has a dead time crossing during 
zero. This effect is due to the rebrtively high 
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Fig. 7. Input voltage and current w a v e h  in charging 
operationmode. 
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battery voltage bus [7], causing a reduction of 
the power factor and highs "HD than those in 
normal operation mode. H8)wever, a higher 
V, voltage means a higher efficiency in 
backup operation mode. 

The boost inverter acheves DC - AC 
conversion as follows: the pa wer stage consists 
of two current bi-directional boost converter 
and the load is connected differentially across 
them (see Fig. 8). These corwrters produce a 
DC - biased sinusoidal waveform, so that each 
converter produces an unipplar voltage. The 
modulation of each con vat^ is 180 dew= 
out of phase with respect tc the other, which 
maximizes the voltage excwion over the load 
(Fig. 9). 

For the purpose of optimizing the boost 
inverter dynamics, while ensuring correct 
opea-ittion in any working wrdition, the sliding 
mode controfler is one of ihe most suitable 
approaches f8,9]. The maim advantage, over 
the classical cohtral schemes is its robustness 
fbr plant parameter variaticns and inwuiant 
steady state respowes in the ideal case. 

+ vo - 

t;; i c  
Fig. 8. Boost inverter with slid ng mode coatrol 

A. Sliding mode controller. 

Two controllers are used, one for each 
boost converter, as a result of this an easier 
model of the system is obtained since one of 
them is modeled as an ideal source. The design 

i) Propose a sliding surface 
ii) Verify the existence of sliding mode 
iii) VerifL stability into the sliding swface. 

These points are explained in 1121. 
There€ore only some definitions are mentioned. 
The propwed sliding surface is: 

s = sx - sxr = sex 
Where: 

s = [SI 
X = state variables 
X, 5 reference variables 
ex= [ex, 

steps [ 10-1 21 can be Summanzsd - as follow: 

(1) 

sz], controller parameters 

The proposed control law is: 
U=%+* 

Where: uoq = equivalent control, 
UN=-SgilG 

B. Simulation results. 

The system has been simuiated with the 
following parameters: L== 360 pH, C=28pF, 
R=32,4Q, Vin = 50 Volts, Vo = 180 Vac, 
e 6 0  Hz. In figure 10 and 11 is shown the 
capacitor voltage under resistive load and load 
variation respectively. 

Fig 9. Output voltage fbr each I: C-DC converter. Fig. 10 .Simuletions with resistive load 
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Fig. 11. Simulation with load NU iation SI 50.8 y spl .  

C. Etperitnental results. 

In order to validate the proposed idea, 81 
300W prototype of the bast inverter was 
implemented, The followiq parametas were 
adopted: L = 360 CrH, C =: 2 8  pF, Vin = 48 V, 
Vo = 120 Vac, fo = 60 Hz, j s  mB( = 30 IsHz 

The invezter was testec undy no load, 
linear, nonlineat artd load va riation conditions. 
The output voltage under to load condition 
with a THD = 0.7% is show in figure 12. 

The converter d e r  resb jve load is shown 
in figures 13 and 14. The c utput voltage and 
curreflt is shown in figure 13 and the capacitor 
voltage is shown in figure 4 4 

Fig. 13. Output voltage and CUI rent, P62OoW. 

Fig. 14. C+ta voltage, Pe200W. 

In order to show the system mp&, it was 
tested under non linear load and load variation. 
The output voltage and cunent under aonljneaf 
load that demands 133 VA (C=220pF, 
R=240S2) is shown in figure 15. The THD 
obtained in this case is 3.61%. 

In figure 16 is shown the output voltage 
tMd cuttent under load variation, the settling 
time when the load decreases and after 
increases is 760pS and 98OpS respectively. 

In figures 17 and 18 are shown the 
efficiency and the THD versus the output 
power. 

Fig. 15 Output vd@p and "liner load 

.. ,...,I. I .... I...,.. ..'. 
Fig. 16. Output voltage and mat, load variation. 
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v. CONCLUS14 INS 

Nowadays, it is very imilortant to achieve 
high efficiency, low cost and high reliability in 
UPS design, and at the same time to fblfill the 
power quality standard (coicerning PF atnd 
THD characteristics). This paper presents a 
novel approach in order to meet these 
objectives which is based or the reduction of 
the power conversion stages i n  both the battery 
charger and the inverter stage 1. 

’ 

A boost inverter torology used in 
applications such as UPS is analyzed. This 
converter is different f i -0~1 the traditional 
inverter because it is able to lwst and invert a 
signal at the same time. This :onverter requires 
a k t  response, robustnes and stability 
properties in order to reduce the distortion of 
the output voltage. 

In order to show the peiformance of the 
designed controller, some simulations and 
experhmts have been mde. It can be 
observed a good dynarmc resoonse, robustness 
and stability properties when the control based 
on sliding mode has been appl id. 
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