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Abstract- This paper presents an universal active power power electronic switching devices and more efficient aantr
filter for harmonic and reactive power compensation algorithms.
with UPS (Uninterrupted Power Supplies) features. The  The issue of reducing the cost has been attracting the
configurations does not use transformer in the series part. attentions of researchers. Generally, the largest cosictiesh
Transformerless modern UPS systems have been rapidly is achieved by reducing the number of switches employed in
replacing the old technology due to their performance and power converter or developing topologies that employ dveitc
size attributes. Reducing the numbers of passive elementswith lower voltage stresses. Cost reduction is also achigye
and/or switches in active power filters and UPS topologies eliminating passive components such as inductors, capacit
not only reduces the cost of the whole system but alsoand transformers. Reducing the numbers of switches and
provides some advantages, such as great compactnesgassive elements in Active Power Filters (APF) and Unin-
smaller weight, and higher reliability. However, the cost terrupted Power Supplies (UPS) topologies not only reduces
reduction requires the use of more complex control strate- the cost of the whole system but also provides some other
gies. The model of the proposed system is derived andadvantages such as great compactness, smaller weight, and
it is observed that the system can be reconfigurable to higher reliability [12], [13], [14], [15], [16], [17]. Howeer,
operate with four or three-leg depending on the issue. A the cost reduction requires the use of more complex control
complete control system, including the PWM (Pulse-Width strategies.
Modulation) techniques, is developed and a comparison Uninterrupted power supplies are widely used to supply
between the proposed filter and the standard one is done, critical loads and provide reliable and high quality enetgy
as well. Simulated and experimental results validate the the load [15], [18], [19], [20]. Static UPS systems are thestno
theoretical considerations. commonly used UPS systems. They have a broad variety of

applications from low-power personal computer and telecom

Keywords —universal active power filter, single-phase munication systems, to medium-power medical systems, and
structure, uninterrupted power supplies and PW M tech- to high-power utility systems. The main advantages are high
niques. efficiency, high reliability, and low THD (Total Harmonic
Distortion). The static UPS systems are classified intoio®;|
off-line and line-interactive.

This work will focus on the study of series-parallel line-
The requirements of quality at power grids and increasénteractive UPS topology, also known as delta converteth) wi
sensitivity of the loads has stimulated the use of poweeduced number of switches. The idea consists in developing
electronics in context of power line conditioning [1]. Gifent a reconfigurable structure where one of the converter-leg
equipments are used to improve the power quality, e.gan be used to charge the battery bank without having a

transient suppressors, line voltage regulators, unimpéed dedicated d.c./d.c. converter, e.g., buck-boost convese,
power supplies, active filters, and hybrid filters [1], [Z],[[4], the configuration composed by four-leg converter can opsrat
[5], [6]. The continuous proliferation of electronic eqoipnts  with three-leg leaving one leg to charge the battery bankeivh
either for home appliance or industrial use has the drawbdtie battery bank is charged, the system returns to its @ligin
of increasing the non-sinusoidal current into power gridorm. A mathematical modelling and complete control system
So, the need for economical power conditioners for singlaacluding the PIW M techniques, is presented. Simulated and
phase systems is growing rapidly [2], [7], [8], [9], [10],L experimental results validate the theoretical considmat
Different solutions are currently proposed and used intp@c

applications to work out the problems of harmonics in electr Il. SYSTEMSMODELLING

grids. In the last decades, the use of active filtering teqies ~ The proposed configuration shown in Fig. 1 (a) comprise
has became more attractive due to the technological pregresthe grid ¢, i), internal grid inductancel(y), load Z; (v, ),

I. INTRODUCTION
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Fig. 1. Single-phase universal active filter topologieshwitPS features. Proposed (a) and conventional (b).

convertersS, and.S;, with a capacitor bank at the d.c.-link and From Fig. 1(a), assuming that the switctfasand.S, are on
filters Z. (L., L, andC.) andZ;, (L, L}, andC},). Converter andSs and.S, are off, the following equations can be derived
S, is composed by switcheg, 7., ¢, andg,. ConverterS;, considering the system operating with four-leg:
is composed by switcheg,, 7,,, ¢;, andg;,. The conduction L oy
state of all switches is represented by an homonymous binary  , _ o (T be
variable, wherey=1 indicates a closed switch whilg=0 an Bid—o UQ+[ 2 + 2 y (2 + 2)p] fem (2 + 2p> ()
open one.

The difference between the two systems, Fig. 1, relates to ) L .,
components reduction. The proposed configurations, Fig),1 (, o= Th  Th  (th by . Th  th
is transformerless and presents less power switches tlean ﬁ? B [ 2 * 2 * <2 N 2 )p] Zthvl+< 2 N p) o(8)
conventional, Fig. 1 (b). The idea of the proposed system is
to utilize one of the converter-leg to charge the batterykban ,
when d.c. voltage level at the battery bank is beyond thespres Vg —he = _(QJF
tolerance - avoiding the necessity to have a dedicatedid:c./ 2
buck-boost converter for it. The buck-boost converter @& th r,orh A4 _
conventional topology is composed by switchgs and g.. T [<§ + 7) T (5 + 5) p} to @
The filter inductancel... is common to both configurations.
The system description with the power converter operating
with four and three-leg is addressed.

Te e . T l .
Ve0 —Vho = Vg — U1 + (34-517) le— <7h+5hp>lh (8)

A. Four-leg converter operation mode

The converter pole voltages, v, vho and v}, depend €g — Vee — U1 =(rg + lgp) ig 9)
on the conduction states of the power switches, that is 0
PUce = F ('L + 'Le) (10)
Ve e
Voo = (2¢c — 1) — 1 1
0=(2¢ )2 @ pUp = C—( — i+ in + o) (11)

(2) wherep = d/dt, vy = ey —r4ig —lgpiy, vi = ver, AN 4
is calculated using the load model which can be linear or
nonlinear; and symbols like and! represent resistances and
©) inductances of the inductors,, L., L., L, and Lj. The

)
=(2¢. —1)=
e0 (qe )2

Ve
vho = (2qn — 1)+

2 circulating current,, is defined by
vho = (244 — 1) 5 (@) io = e + i, = —(in+iy) (12)
wherew, is the d.c.-link voltage. The resultant circulating voltage model is obtained by
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Ve

adding (5)-(8): veo = (24:—1) 5 (22)
Vo =Vhy + Ve — Upg — Vho ;
/ / l/ l/ ! — 2 /_1 _C 23
Uq+|:<%+%>+<5€+5h>p:|lo Vho ( qh )2 ( )
, Lo Assuming that the system operates with three-legs, consid-
+ [(T_e — E) + (_6__6) ] ie ering the switches5; and S; are on andS; and S, are off,
2 /2 2 ? can write the following equations:
Th T lh lh .
I\ 9 T o 5 9 13 e le . ! I .
[ U TS VA
The voltageuv, is used to compensate the circulating current
i,. The demonstration of this current can be seen in appendix oo ool
/ /o e e -/ h h -/
of [16]. Vo —Vpo =1+ <5+§p) ie— (74‘5?)% (25)

From the point of view of the controllers, the voltages=
veo — UL, (converterS,) is used to regulate and compensate I Loy
- ’ ;o Te [ le ). Th [\
the load voltagey;, v, = vho — vy, (converterSy) regulates Ve) —Upg = Vg + (5+§p) le— <7—|—5p>zh (26)
and controls the grid current in order to maintain the power
factor close to one and, = v, + veo — v}, — vno (CONverter

S. + Sy) is used to cancel or gather the circulating currgnt €g—Vee =1 = (rg + lgp)ig (27)
near to zero. 1
In the balanced case, fiIte_r inductors are equal € L. PUe = 5(z'g+z'e) (28)
andL; = L}) and the circulating voltage model become more ¢
simple, that is, 1
=——(ig—1 29)
r r 1 l ' by (Zg Zl) (
wovt[(E 2+ (52 a9 O
wherep = d/dt, vy = eg —rgig —lgpig, v = vep, @Nd 4
Thus, it can be noted that to minimize the circulating cutrreis calculated using the load model which can be linear or
i0, the voltagev, must be equal teg, i.e. nonlinear. For this case, it is noted by the equations thexieth
— (15) is no circulation current,.
When i, = 0 (i. = —i,, in = —i,) the system model Il. PW M STRATEGY
becomes: This section presents th&W M Strategy for different
Veo —Vhg = Vg + (Te+1ep)ic —vp (16) modes of operations. Firstly, the system starts as four-leg
converter and when is need to charge the bank of batteries
Vho — Vo = (Th+1np)in+ul (17) itis reconfigurable to operate as three-leg. The descriptad
these modes of operations are presented as following.
€g—Vee—V = (rg+1yp)iy (18)
) A. Four-leg converter operation mode
pvceZF(ig+ie) (19) Pulse-widths of gating signals can be directly calculated
N from the pole voltages}, v}, vy, andvy,.
1 Considering thatv; , v; and v; denote the reference
pur =~ (ig—ir+in) (20) voltages requested by the controllers (see Section IVrites
Ch
This model is quite similar to the model of the conventional Vi — Ui, =0k (30)
filter with an ideal transformer. Therefore, we can use=
veo — Vi (converterS.) to regulate the load voltage and Vo — Vho =V} (31)

vy, =vpo0— 0}, (converterSy) to control the power factor and
harmonics ofi, as in the conventional filter. UEL vl — Ufh — v = U 32)
B. Three-leg converter operation mode Such equations are sufficient to determine the four pole volt

- agesv’,, v¥, vi,, andv;l. Introducing an auxiliary variable
The system composed by three-leg works similar but, I ar:}éocrzjg%s:}r%*’ N ;}’;0 it can be w?itten y
this case, it has a shared-leg used by both convertersqserié 0 T

and parallel filter) and a free-leg which is used to charge the vy =v; + U, (33)
battery bank when needed. The converter pole voltaggs
vpo and vy, depend on the conduction states of the power Vi =k (34)
switches and may be expressed as
| i 1 A
Vep = (2QB 1) 2 (21) Vho 2 + 9 2 + Ug (35)
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vih = Ve U Yo ol (36) 1) Choose the converter side to be the THD optimized
2 2 2 and calculatev;, betweenv}, .., Vi i, OF Vs ave =
Two methods are presented in order to chogse (Vs max + Vhsmin)/2-
Method A: General approach 2) Calculate the limitsv}, .. and v . from (37) and
In this approach, the reference voltagigis calculated by (38).
taking into account the maximunyj /2 and minimum—uv; /2 3) Do vl = v ay 0 V5, > V50 and oy, = vk L if
value of the pole voltages, then: Ve < VX in-
Uz max = Ve /2~ Umax (37)  5) Determine the pole voltage and the gating signal as in
previous method.
’U; min — _vz/z_v;lin (38)
wherev! is the reference d.c.-link voltages, .., = max ¢ and B. Three-ley cowerter Operation @de ) _
vl = mind with 9 = {v7, 0,07 /2 + v} /2 — v} /2,07 /2 — The pulse-widths of the gating signals can be Q|rec_tly
vl /2 — vt /2). calculated from the voltage referred to the d.c.-bus midipoi

After v? is selected, all pole voltages are obtained frofyhich is given by the desired voltages for the grid and loads.
(33)-(36). Theny? can be chosen equal tg ., v* . oOf If the desired phase voltages are specifiedas v;; then the
V= (v +v*)/2. Note thatwhen, . orv* .. is Teference midpoint voltages can be expressed as

T max

selected, one of the converter-leg operates with zero Binic
frequency. On the other hand, operation wit,. generates
pulse voltage centered in the sampling period that can iwgro Vho =R 0y (44)
the THD of voltages. ) )
The maximum and minimum values can be alternativeljote that these equations cannot be solved uniggsis

vhy =il (43)

used. For example, during the time intervakchoosev’ = specified. Relations (43) and (44) can be formulated as
Vi ax @nd in the next choose; = v} _. . The interval véo*:v:Jrv; (45)
7 can be made equal to the sampling period (the smallest
value) or multiple of the sampling period to reduce the agera Vo =R 0 (46)
switching frequency. a

Once v} is chosen, pole voltages), v},, vy, and v}, Vi =, (47)

are defined from (33)-(36). Since the pole voltages have been

defined, pulse-widths,, /, 7, and 7, can be calculated by: The problem to be solved is to determing”, vj,,” and v,
from (45) - (47), once the desired voltaggandv;; have been

Te==4—v% (39) specified. In the following, two techniques will be presehte
2 e for generating thePW M gating signals for the converters.
Method A: General approach
o Z+£U*/ (40 The voltagev;, can be calculated taking into account the
cT2 . @ general apportioning factqr, that is
1
T T =FEp—= | —po —1)vr, 48
‘ where:v . = max(v},v},0) andvy,, = min(v}, v}, 0).
T T The apportioning factor: (0 < p < 1) is given by
I */
Th =151 —Uno (42) ,
2w p= (49)

Alternatively, the gating signals can be generated by cempa o .tO _
ing the pole voltage with a high frequency triangular carrigand indicates the distribution of the general free-wheglin
signal. period ¢, (period in which voltages),, vno and vy are
Method B: Local approach equals) between the beginning,; = ut,) and the end
In this case, the voltage:, is calculated by taking into (foy = (1 — ) t,) of the switching period. The apportioning
account its maximum and minimum values in the series ctor can be changed as a function of the modulation index
shunt side. For example, if the series side is consideredd) (1) to reduce thel’H D of both converter voltages.

then v*, .. = maxd, andv’, . = mind, with 9, = In this case, the proposed algorithm is:
{vz,0} and if the shunt sidex(= h) is considered*, = 1) Choose the general apportioning factoand calculate
max ¥, andv’, . = mindy, with 9, = {v/2 + v} /2 — vy, from (48).

v /2,0 /2 — v /2 — v /2}. Besides these voltages, voltage 2) Determinev.,”, vj," andvy, from (45) - (47).
v must also obey the other converter sidaen, these limits ~ 3) Finally, once the midpoint voltage have been determined,

can be obtained directly fromt .. andv? . from (37) and calculate pulse-widths,, 7, and .
(38). ToT
The algorithm for this case is given by: Te=7 + Fvo (50)
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, T T,.

="+ =l (51) four-leg. In three-leg mode, presented at Fig 2(b), the-free
2 K leg denoted byh is not in use. At Fig. 2(c), the system is
T T still operating in three-leg mode and the free-leg is used to

T = 7 + EU;LO* (52) charge the battery bank, operating as buck converter. Ifinal

assuming the battery charged, the Fig. 2(d) presents the
Method B: Local approach o condition in which the energy is transferred from the bgtter
The voltagev; can be calculated taking into account thgany tg the load via inverter, considering the failure atate
local apportioning factoy.s: input. At this mode, the legp works as boost converter.
1) for the gridus = pe, dividing (splitting) the period,.,
in which the voltages’, andu,( are equal, at the begin-

NiNg (toie = tetoe) and at the endt,re = (1 — pe) toe)
of the switching period. —
2) for the loadus = ppn, splitting the period,, in which OC
the voltagesv;,, and v,y are equal, at the beginning n
(toin = Mhtoh) and at the enojtofh =(1- /Lh) toh) of v
the switching period. f
Thus, the reference voltage, can be expressed by: t
€
U;S:E (MS_%) _MSU:maX—i_(MS_l)v:min (53) ——
where v} .. = maxV, and v} ;, = minV, if s = e or
V¥ hax = max Vy andvl . =minV}, if s = h, wherel, =
{v¥,0} andV}, = {v};,0}. Besides (53), the voltage,; must Fig. 3. Control block diagram of the proposed configuration.
also obey the other converter side. Then, from (45) and (46)
the limits for vy, can be calculated The proposed system control is shown in 3. The mode of
fors=ce: operation of the converter is determined by the state ofcéwit
E Se. If S, is in position 1, the converter operates according
v;ismax:5—v2 (54) to the four-leg mode. IfS. is in position 2, the selected

mode is three-leg. The disconnection of the circulatingemir
. control block makes possible to use the shared-leg to charge
Uh (55)  the battery bank.
fors—h: For the system operating with four-leg, switchfs, S
and .S, in position 1, the capacitor d.c.-link voltage (v, =
-} (56) FE) is adjusted to a reference value by using the controller
R, which is a standard’I type controller. This controller
provides the amplitude of the reference currépt For the
—vg (57) power factor and harmonic control the instantaneous reéere
In this case, it is possible to control how the harmonigorent &g Must be synchronized with voltage,. This is
. LT rformed by the block:EN-g, from a PLL scheme. From
distortion is divided by both converters. So, the propos%)ﬁe hronizati it dth litudg™ . th
algorithm is: ihe sync ronization witlk, and the amplitudé, the current
L ) iy is generated. The current controller is implemented bygisin

1) Choose the local apportioning factor so that grid or he controller indicated by block;. The controllerR; is a

load cor\ver:[ei IS Ioetlmlzed, calculatg;, from (48).  gouple sequence digital current controller employed ir.[21

2) Determinev, , vh and vz, from (45) - (47) using 15 current controller defines the input reference voligge

Y = Ups- The instantaneous reference load voltagecan be deter-

3) Use Step 3 of Method A. mined by using the rated optimized load angleplus the in-
formationd, from block SY N and the defined load amplitude
IV. OVERALL CONTROL STRATEGY V;*. The blockGEN-I uses the input information to generate

As mentioned in the previous sections, the modes of opéte desired reference load voltage The homopolar current
ation of the converter is defined by the system functionality, is controlled by controllel,, that determines voltage’
The system can operate with four or three-leg depend on tiesponsible to minimize the effect of the circulating cuatrg,
need; or in case of grid voltage fault, the battery bank islusenaintaining this current near to zero. All these voltages ar
to supply energy to the d.c.-bus capacitor voltage and ieverapplied toPW M block to determine the conduction states of
in order to maintain the desirable voltage to the load. the converter’s switches.

The description of the operation mode of the proposedWhen the switchS. is in position 2, three-leg mode of
circuit can be observed at Fig. 2. The image in gray represenperation occurs. The d.c./d.c. buck converter is useddoyeh
the section of the circuit that is not in use. Four operatidhe battery bank. The free-leg makes the d.c.-bus volkag®
modes are presented. In Fig. 2(a), the system operates vhithstepped down in its average value to supply the d.c.fhatte

* p—
s min

v _E_
2

Upsmin = —
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bank according toV,,; = DV... The battery voltage/y,;
is directly proportional to duty ratid. In the stored-energy

D Battery bank

(d)

TABLE |

Description of modes of operations: a) Four-leg mdg)&hree-leg mode; c) Three-leg mode charging the battank;bd) Failure at the a.c. input.

PARAMETERS OF THE SIMULATED SYSTEM

mode of operation, when the a.c. input voltage is beyond the| Parameter Value
permissible tolerance range, the switshdisconnects the a.c. 5 ?tc'b‘és Vf'ta?te ?ZLOSO‘Y
input, transferring the energy from the battery bank to taal| B}ng[;ycta?]ge \f'ﬁte?ge 5.0mH

via inverter. Since the battery voltage is low, it is first ueggs Capacitor filter T0uF

to be boosted to high d.c. voltage for the proper operation of Grid - voltage/frequencyef;) 110V/60H =
the d.c./a.c. inverter, now responsible to supply the |Gdu Harmonic ComegnefE - amplitude/frequengy 0.2ei; {3‘8/01{2

. . oad voltage
low battery voltageV,,; is boosted to high d.c. voltagg.. powe? 2 1.9kV A
according toV,.. = Vpa: /(1 — D). _ _ RL load 15Q/2.0mH
When both switches,, and S, are in position 2, situation Diode bridge rectifier connected to RLC| 15Q/2.0mH/2.0mF

in what the a.c. input voltage failure, the load is suppligd b
battery bank and inverter. At this point, the converigrwho

was responsible for regulating the grid current and theltlis. |. This configurations does not use transformer in the series
voltage is now responsible for maintaining the voltage @obl connection and consist of four-leg converter. The converte
to the load. can be reconfigured to work with three-leg in order to use
the free-leg to charge the battery bank when needed. The
free-leg is used to compose the buck converter controlling
the duty ratio of the upper switch while the lower is idle.
The proposed configuration was simulated using PSIBome simulation results are now presented in Figs. 4, 5, 6
software with the following parameters described in TABLENd 7. In the simulation results, the capacitors were sedect

V. SIMULATION RESULTS
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as C' = 2200uF and the switching frequency employed was ‘

15k H z. In each figures, there are four subfigures that describé(‘j T T

i

I
1 12 14 1.6 1.8 2 22 24 26

~
I t

< lIHHIHHlHIHIHHIHHIHIHIHIlIHHIHIIlHIIlIIlHlllHlHIlllHlHllHlllHlHllH

L Gyt OO - i i i
%200 : [ ":\\ 10\A]\A/AW I 10 N
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‘ Too oo
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=, 109 , <. 100 i i ; ‘ :
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%@-100 e i 100 (a) (b)
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t

lg(A)a i, (4)
§§§
i (W andiy (4)
S o 3
%é/

200 200
I N
= 10 . 100
3 0 232 234 236 238 24 248 25 252 254 256
< o ST ! (éﬁ)
o™ 50 c
200 v v v ¥ 200} : : ©
232 234 236 238 24 248 25 252 254 256 ! . . . )
t t Fig. 5. Simulation results of the proposed system: gridenir(;y) and load
(c) (d) current ¢;).

Fig. 4. Simulation results of the proposed system: gridagsite,) and grid
current ¢g).

=) il

the behavior of the system at certain intervals described 4 as il Lt

(a) converter mode of operation of four-leg to three-legitfbo - i 12 14 16 R 22 24 28
switchesS; andS; will be open) - the shared-leg is denoted by
e and the free-leg i%, (b) storing-mode of operation (switch - 200 & Y 200Gy

Ss3 will be close), (¢) converter mode of operation of three-

100 X

v, (V) and € )
v, (V)and e, W)

o 1
mo./\/\/\/\/\/\

leg to four-leg (both switche$> and S5 will be close) and 105 10(?

(d) the fault at a.c. input grid voltage with its disconnatio 200 -200

from switch S;. In Fig 4 is presented the grid voltage, with a 112 114 446 118 12 158 16 162 164
disturbance of 2% of third harmonic, and current with power (@) (b)

factor control near to unity. The THD of grid current is 3%91 200 oGy 200 EA

and the load current and voltage THD are equal to 3%,88d
2,54%. During the storing-mode of operation, when the d.c. .
voltage level at the battery bank is beyond the preset tobera = 200

V) V
v,(V) /eg()
8 o8
pudiiiis
V/(V)un(lég(V)
8 o8
% o

-200
it is observed a certain increase at the grid current anggitu 232 234 236 238 24 248 25 252 254 256
ig, it happens because at this mode of operation the system () ()

needs to drain more current to maintain the voltage at dis. b
capacitors and to charge the d.c.-battery bank (Figs. 4 and\%lt
During this stage, the grid current THD increases a little to
4.36%. The load and grid voltages are also shown in Fig 6. In
all subfigures labeled as (d) are described the moment When

6. Simulation results of the proposed system: gridagstey) and load
age ¢1).

the fault at a.c. grid voltage occurs and the load is supfiied ~ S 300

boost converter via free-leg and inverter maintaining theed| ﬁ 250 , « , ,4/ | [ |

voltage at desired value. T S R R T R
The d.c.-bus voltage is shown in Fig. 7. At tintg it is /

depicted converter mode of operation of four to three-leg. @)

Duringt, - t3, it observed the interval the battery bank is being: 40- 1

charged. The change in the mode of operating of three-leg i - .

four-leg occurs at4. The battery charging voltage is 48, as o o 1{4 5 5 L 2 2 o

observed in Fig. 7 (b). The presented result illustratey tird !

interval the battery bank is being charged taking as retaren (b)

the coupling point connectionB, see Fig. 1(a). Finally, at, Fig. 7. Simulation results of the proposed system: a) dis.Amltage. b)
where the a.c. grid voltage failure, it is show the instamt tHpattery-bank voltage - storing-mode of operation (from toeipling point
system is supplied by battery bank and inverter which keep

the voltage to the load at the desired value.
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TABLE Il VL
PARAMETERS OF THE TEST BENCH
[4ovzdiv
Parameter Value v
DC-bus voltage 250V 7
Battery bank voltage 48V -
Inductance filter 7.0mH POOV/le
Capacitor filter T0ul
Grid - voltage/frequencyef,) 110V/60H z e
Harmonic component - amplitude/frequend¢y 0.2e,/180H =
Load voltage ;) 110V
Power 1.2kVA
RL load 150/2.0mH . . .
- - = Fig. 9. Experimental results of the proposed system: grillage €4)
Diode bridge rectifier connected to RLC| 150/2.0mH/2.0mF and grid currenti) [top]; load voltage ¢;) and load currentif) [bottom].

Vertical: 100 V/div and 5A/div.

VI. EXPERIMENTAL RESULTS

In this section, experimental results of the proposed Hysté'jlt
are presented. The system operates at four-legs mode w
is reconfigurable to operate with three-legs in order to ghar
the battery bank performing voltage and current compené'g\h
tion. The proposed topology, Fig. 1(a), has been tested
using a microcomputer-based system which is equipped with

Vit

grid; the grid current and the load voltage present the
eform characteristic close to sinusoidal and with power
actor control close to one. The grid current THD is 4.36%,
ile the load current presents THD equal to 29.94%. The load
B?)tage THD, for this case, is equal to 2.98%. The voltage

dedicated boards, in order to generate the control signals.
The system have twelve sensors (six current and six voltage I"OV/“'""

sensors), interface card and data acquisition boards,vamd t V.
static converters each one with three-leg, see Fig. 8. In the

 “—

[1 00V/div

.l‘

;
Il

Timer

T

Timer and A/D
Boards

kL

o3
| —
S|
| —
%
|
o
&
L

Fig. 10. Experimental results of the proposed system: tyaliank voltage
(vpqt) @nd d.c.-bus voltagev{.). Horizontal: 5ms/div.
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Fig. 11. Experimental results of the proposed system: |adthge ¢;) and
load current ). Vertical: 100 V/div and 5A/div.

(b)

of both d.c.-bus voltage and battery bank during the storing
- mode of operation are indicated in Fig. 10. For the d.c.-
bus voltage and battery bank control it was cho28aV,.
and48V,., respectively. After the fault at a.c. grid voltage the
inverter via boost converter keeps the desired voltage ¢o th
load, as shown in Fig. 11.

Fig. 8. Experimental platform in laboratory:(a) Schematiagram of the
converter via PC-based control, (b) Picture of the topalogy

experimental tests, the capacitors were selected”as=
2200uF" and the switching frequency employed wHs: H .

The system parameters are presented in TABLE Il
VII. CONCLUSIONS

An universal active power filter for harmonic and reac-
In Fig. 9 are shown the grid curreni§, the grid voltage tive power compensation with UPS features for single-phase
(eg), the load currentif) and the load voltagev(). The grid system has been presented. The proposed configuration is
voltage has been obtained from a disturbance voltage souacéransformerless delta converter with reduced number of
and even in the presence 6% of third harmonic voltage components that that emulates the buck-boost convertar fro
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the shared-leg. The system modelling of the proposed systgm L. Limongi, L. da Silva Filho, L. Genu, F. Bradaschia,daM. Caval-

shows that the circulating current can be controlled to

level near to zero. The control of the circulating current is

accomplished by the voltage, = v., + veo — v}y — Vho

(convertersS, +S3) in order to control thé, close to zero. In
the three-legs mode of operation, the circulating curremsd
not exist. A suitable control strategy for the proposedesyst

including PW M techniques has also been presented. The
system can be reconfigurable to operate with four or thrge—l@o]

leaving the free-leg to charge the battery bank without igvi
a dedicated d.c./d.c. buck-boost converter. The configurat
produces satisfactory results. The proposed solution lnas

advantage of reducing volume and cost in comparison to the
conventional UAPF. Simulated and experimental resultehav

canti, “Transformerless hybrid power filter based on a siiteh two-leg
inverter for improved harmonic compensation performadntedustrial
Electronics, |IEEE Transactions on, vol. 62, no. 1, pp. 40-51, Jan 2015.
[18] W. Nie and Z. Wang, “A research on circuit topology of nsingle-phase
dual inverters ups,” inComputer Science and Service System (CSSS),
2011 International Conference on, june 2011, pp. 1971 -1974.

E. R. da Silva, W. R. dos Santos, C. B. Jacobina, and A. i¥eita,
“Single-phase uninterruptible power system topology epts: Appli-
cation to an universal active filter,” inergy Conversion Congress and
Exposition (ECCE), 2011 |EEE, sept. 2011, pp. 3179 —3185.

S. da Silva, R. Barriviera, R. Modesto, M. Kaster, and Goedtel,
“Single-phase power quality conditioners with seriesafial filtering
capabilities,” inIndustrial Electronics (ISE), 2011 IEEE International
Symposium on, june 2011, pp. 1124 —1130.

C. B. Jacobina, M. B. R. Correa, T. M. Oliveira, A. M. N.rha, and
E. R. C. da Silva, “Current control of unbalanced electregtems,” in
Conf. Rec. |IEEE-IAS Annu. Meeting, 1999, pp. 1011-1017.

a

[19]

b1]

been presented and validates the operation of the proposed

system.
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