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Abstract: This paper proposes a topology of uninterruptaldergy supply
(UPS) by using a Z-source inverter, where a symioatr,C network is
employed to couple the main power Circuit of aremer to a battery bank. In
this project, we suggested a new topology of th& i#Pproposed by using a Z-
source inverter. With this new topology, the praab&JPS offers the following
advantages over the traditional UPSs: 1) The doddster and the inverter have
been combined into one single-stage power converg&pthe distortion of the
ac output-voltage waveform is reduced in the absefadead time in the PWM
signals; and 3) the system has achieved fast éainsesponse and good steady
state performance by adopting dual-loop control.

This inverter use a unique impedance network (Zemwetwork), coupled
between the power source and converter circuitdgige both voltage buck and
boost properties, which cannot be achieved withventional voltage-source
and current-source inverter. To overcome the probté traditional UPS V-

Source and |-Source Inverters we used impedanaessdor impedance fed)
power inverter (abbreviated as Z-Source InvertexJ #s control method for
implementing DC-to-AC, AC-to-DC, AC-to-AC and DC-@C power

conversion. The unique feature of the Z-source rieveis that the output ac
voltage can be any value between zero and infiretyardless of the input
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voltage. That is, the Z-source inverter is a baogtrter that has a wide range of
obtainable voltage With this new topology, the msgd UPS can maintain the
desired AC output voltage at the significant voltdgep of the battery bank with

high efficiency, low harmonics, fast response andody steady-state

performance. Simulation results are presented lidata the advantage of the
proposed Z-source based UPS by using MATLAB/SIMUKIModel.

Keywords: Dual loops shoot-through, uninterruptitgewer supply (UPS), Z-
source inverter.

INTRODUCTION

Uninterruptible power supplies (UPSs) are widelydigo supply critical loads, such as airline
computers and life-supply systems in hospitals iging protection against power failure or
anomalies of power-lineoltage.Due to the recent advancement in the fields ofgneonversion and
energy storage, a need has arisen to design invesieich can operate successful with variable
voltage sources such as fuel cells and ultra-cagraddC-to-AC converters are known as inverters.
The function of inverter is to change a DC inpultage to a symmetric AC output voltage of desired
magnitude and frequency. The output voltage cowdfiked or variable at a fixed or variable
frequency. A variable output voltage can be obthitey varying the input DC voltage and
maintaining the gain of the inverter constant. @mdther hand, if the DC input voltage is fixed @&d
not controllable, a variable output voltage carob&ined by varying the gain of the inverter, whigh
normally accomplished by Pulse Width Modulation (MY\control within the inverter

In general, there are two types of traditionaggrmphase UPSs. The first one couples a batterg ban
to a full-bridge inverter with a low-frequency tedarmer as shown in Fig. 1(a). In this type of UPSs
the ac out-put voltage is higher than that of thgdoy bank; thus, a step-up transformer is redue
boost voltage. Due to the presence of the stepamsformer, the inverter current is much highentha
the load current, causing high current stress ensthitches of the inverter. The transformer also
increases the weight, volume, and cost of the syste

The second one couples a battery bank to a doostér with a full-bridge inverter as shown in Fig.
1(b). In this type of UPSs, the additional boos$eneeded, leading to high cost and low efficiency.
The controlling of the switches in the booster alsmplicates the system. Furthermore, the dead time
in the pulse width-modulation (PWM) signals to prawthe upper and lower switches at the same
phase leg from shooting through has to be providete aforementioned two types of UPSs, and it
distorts the voltage waveform of the ac outputagpit

In this paper, a new topology of the UPS is pregoBy using a Z-source inverter. With this new
topology, the proposed UPS offers the followingatages over the traditional UPSs:

1) The dc/dc booster and the inverter have beatbted into one single-stage power conversion

2) The distortion of the ac output-voltage wavefamreduced in the absence of dead time in the
PWM signals

3) The system has achieved fast transient Respogood steady state performance by adopting
dual-loop control
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Fig.1: Topologies of UPS. (a) DC/AC inverter + transform{e) DC/DC booster + DC/AC inverter.
(c) Z-source inverter.

SYSTEM CONFIGURATION AND OPERATING PRINCIPLE

Fig. 1(c) shows a new topology of the UPS with a Z-soureriter. In the normal operation, the
rectifier provides power to the inverter. In theseaof power outage, the battery bank supplies the
inverter, as shown in Fig. 2. It consists of adgrse (E C3, and D), a Z-source symmetrical network
(L1 = L2 and C1 = C2), an H-bridge inverter (S1-%4)d a filter (Isand &) . Table | shows a total

of nine switching states and their vector represénts, where the switching functiom & = 1, 2, 3,

or 4) is defined as 1 when switck tarns on and as 0 when switck t8rns off.

Thus, when two active vectors {1 0}, {0 1}) are &k the battery bank voltage is applied to the load
through two inductances (L1 and L2); when two redttors ({0 O}, {1 1}) are taken, the load
terminal is shorted by either the upper or lowers switches.

When the shoot-through zero vectors are takerliptukis shorted by the upper and lower switches at
the same phase leg. These zero vectors are allawélde Z-source inverter, whereas they are

forbidden in the voltage source inverter. Becaufsthis unique feature of the Z-source inverter, the

proposed UPS can generate the desired ac outpgageob, regardless of the battery bank voltage

uB, by using the shoot-through zero vectors.

Inductor and capacitor requirement: The inductor and capacitor requirement should ballem
compared than the traditional inverters. The twauators (l; and L) are small and approach zero, the
impedance source network reduces to two capad@rand G) in parallel and becomes traditional
voltage source, therefore, a traditional voltageeiters capacitor requirements and physical size is
worst case requirement for the impedance souretev

Considering additional filtering and energy storggevided by inductors, the impedance source
network should require less capacitance and snwilercompare with the traditional voltage inverter
Similarly, when the two capacitors (@nd G) are small and approach zero, the impedance source
network reduces to two inductors,(land L) in series and becomes a traditional current sourc
Therefore, a current source inverters inductor irements and physical size is a worst case
requirement for the impedance source inverter. Thwencapacitors are small; the impedance source
network reduces to two inductors in series and mesoa traditional current sources. Considering
additional filtering and energy storage by the cépes, the impedance source network should require
less inductance and smaller size compared witlralgitional current source inverter
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TABLE-1: SWITCHING STATES AND VECTOR
REPRESENTATIONS OF THE Z-SOURCE INVERTER

Switching States 5 52 Sa Sa
Active {1 0} | 0 0 |
Active {01} 1] 1 ] 1]
oull {00} 0 | 0 |
null {1 1} I 0 1 0
Shoot through 1 | 0 1

Shoot through I 1 1
Shoot through 0 1 1
Shoot through I 0 1 |
Shoot through | | 1

DC
Source

Jf

Z-Source H-Bridge Eilter
Network Inverter
L

Fig. 2: Z-source inverter for the proposed UPS

As shown in Fig. 2, the voltage equations of th&olrce inverter can be written as
U01:U02:UC :ULl:ULZZUL

When the Z-source inverter is working in nonshdwbtigh states during time intervgl, the diode D

is on, and the H-bridge inverter can be considased current sourég. Consequently, the equivalent
circuit of the Z-source inverter at nonshoot-thriowggates is shown in Fig. 3(a), and its voltage
equations are

Us=Up=Uc*+Up....oeoe... (2)
Uin=Ue-Upen, (3)
Substituting (2) into (3) yields,
Un=2Uc-Ug......ooeeevnnnn. (4)

When the Z-source inverter is working in shoot-tlgio states during time intervaé$, whereT, = Ts

- T,, andTs is the switching period, the diode D is off, ahd H-bridge inverter can be considered as
a short circuit. As a result, the equivalent citafi the Z-source inverter at shoot-through stages
shown in Fig. 3(b), and its voltage equations are
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Uc=U, U»=0... (5)

It is recognized that the average voltage of inoluttl (or L2) over one switching period in steady-
state operation is zero

(uB — uC)T1 +uCTO = 0 (6)

Fig. 3: Equivalent circuit of the Z-source inverter. (ajrishoot-through state. (b) Shoot-through
state.
Tl

U = U 7
CT1_TOB 7

Substituting (7) and (4) gives

Where

B=—3s—>1 (9)

with B being the boost factor. If the voltage across tigictorLs is ignored, the output peak voltage is
Uy =U;,=mU, = mBUg------- (10)
Whereulm is the peak value of fundamental voltage ofHhkridge inverter anan is modulation indexng < 1).

Thus, the appropriate selection of the boosteofaanid the modulation index can obtain the desiedutput voltage
regardless of the battery bank voltage.
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Control Principle of the Proposed Ups with the Z-Sarce Inverter: Fig. 4 shows the dual-
loop control in the proposed UPS with the Z-soumserter, namely, the control of inductor current
iL in the inner loop and output voltage in the outer loop, wheldPWM/(sTs + 1) is the transfer
function of the H-bridge inverter akPWM is the average voltage gain viewed from dc livikich

can be expressed Ry = =

Due to high system switching frequerfeffs = 1Ts), the capacitor voltage of the Z-source invager
considered constant in one switching period, whéckqual to the average input voltage of the Z-
source networkid, and thus, the galkPWM is constant as well

Current Inner Loop: In Fig. 4, the output voltageio is regarded as a disturbance to the current
inner loop. To smooth the output voltage, a voltégel forward control is adopted
(1_d)uB

UoVVFu(S)-(l_Zd)(SPrl)— |y = 0--mmmmmv (12)

WhereWFu(s) is the transfer function of the voltage feed fardicontroller. As the bandwidth of the
inner loop f{i) is designed to be much lower than the systentctimg frequency, namelysTs|s=j wi
<< 1, WFu(s) can be found from eq (12) as

1-2d

W (9= oy —

On the other hand, the voltage across the indlist@an be written as

(1_d)uB
(1-2d)(sT.+1)

Us=U~ W= U, Y- (14)

Whereucom is the PWM vectors. According to (13) and (14, block diagram of the inner loop can
be reduced to Fig. 5, and its open-loop transfectfan is

(1_d)uB

e (9=WES S oa)sT+1) Le

(15)

WhereW(s) is the transfer function of the inner loop colio Wi(s) is chosen as the constant value
to makeWoi(s) as a type-1 system which has good tracking ctipabi

Controller Imyertar

Fig. 4: Control system of the Z-source inverter for thegased UPS
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i+ 1-d) 1
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i (1=24WsT, +1) 51

Fig. 5: Block diagram of the inner loop.

Table-3: Step Response of The Inner Loop

i & dylHz flms) o, f.(ms) 7,
00420 05 390 0.8 [6.3% 016 ALY

0029 06 1320 0.71 434, 0.2 LEKE

Output-Voltage Outer Loop: In Fig. 6, the control of the outer voltage loops haken the inner
current loop into account, whezgs) is equivalent output impedance.

Consider that the current feed forward control lvé inner loop has eliminated the load current
disturbance

iOWFi(S)Wi( $_ d = 0o (17)

Whereio is the load current\Fi(s) is the transfer function of the current feed fard controller,
Wei(s) is the closed-loop transfer function of the inlwap.

U+ + o0 i+ [T] %
o I, (s W, (s) C

Wi () 2 §)

Fig. 6: Block diagram of the outer loop.

Because the bandwidth of the outer loop is designdx® much lower than that of the inner loop, the
inner loop has faster tracking capability thanahéer loop. As a result, the current gslibi(s) of the
inner loop Can be approximately equal to one

WEI(S) = 1. (18)
Substituting (18) into (17) and solving (17)
WFI(S) = L (19

From (18) and (19)

The block diagram of the outer voltage loop carsimeplified to Fig. 7, and its open-loop transfer
function is

Wou(s) = Wu(s)Wei(s)1/sCs......... (20)
WhereWu(s) is the transfer function of the outer loop

controller. The proportional—integral (Pl) conteslis adopted to control the outer loop.

JECET; June — August 2013; Vol.2.No.3, 798-808.




Simulation... Anil Kuan and Laxminarayana.

Table-4: Step Response of The Outer Loop

|lll r': |_I

003 oo 08 M S

) 1 L[
i 6, s

hoi (48

Table-5: Specifications Of A 3kw Ups With Z-Source Inverter

g | U | G(C) G | L)L |C

S S

270 | 300| 1500y 1000 | 2.5M | 1. |8
F H |5

170 | 300| 1500y 1400 | 2MH | 3 | 12
F

Shoot-Through Zero-Vector Control: The shoot-through zero vectors are allowed in trsource
inverter. These zero vectors can be controllecotwsbthe capacitor voltage in the Z-source network,
maintaining the desired level of the average inmltage of the Z-source inverter. As shown in Fig.
2, when the battery bank voltage drops signifigantider heavy load, the capacitor voltage of the Z-
source inverter drops significantly as well thie voltage difference between the referamc€ and

the actual capacitor voltageC is sent to the Pl controller which generates gheot-through zero
vectors. The PWM signals with the synthesis ofgheot-through zero vectotst's and the PWM
vectorsucom’s control the Z-source inverter to achievedhsired ac output voltag®.

SIMULATION AND EXPERIMENTAL RESULTS

The simulation model and the experimental setup 8tkW UPS with the Z-source inverter have
been developed to confirm its validity. The techhigpecifications of the proposed UPS are shown in
Table 5.

Simulation Results: Fig. 8(a) and (b)shows the output voltages and currents, respégtioé the
proposed UPS with the Z-source inverter when batle pesistive and nonlinear loads.

It should be noted that the capacitor voltage ef Zhsource inverter can be much higher than the
battery bank voltage by controlling the shoot-tlgiozero vectors.

The proposed UPS with the Z-source inverter wheth lpure resistive and nonlinear loads are
suddenly applied. In the steady state, the totahbaic distortion (THD) of the output voltage is¢e
than 1% under the pure resistive load, whereaJ i@ of the output voltage is less than 3% under
the nonlinear load
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Simulation results of the Proposed UPS

(a) Pure resistive load:

Voltage & current
-
:
Sl
=
o’
i
s
T

'“{ 1 1 i i 1 i 1
it} 413 L] i LA i3 L) L+

Time in sec Fig (a)

(b) Non Linear load

. W W W m M
YT

Voltage & current

MW W W W
g R

| |
bl i - | 1] LI}

Time in sec Fig (b)

EXPERIMENTAL RESULTS

Fig. 9(a) and (b)shows the output voltages for both the propose8 Wkh the Z-source inverter for
different input voltages 170v and 250v respectiveliien the battery bank voltage declines by 20%
of its normal voltage. The waveform distortion danobserved for the traditional UPS, whereas the
sinusoidal waveform can be kept for the propose8.UP

When UB = Uin = 170v

When UB = Uin = 270v
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CONCLUSION

In this Project, a new topology of the UPS with thesource inverter has been presented. The
Proposed UPS System placing a Z-source invertdrarcircuit. It is a unique impedance network to
couple the inverter to the dc source. Here propasie8 system simulation is done by taking two
different input voltages i.e. 170V and 270V. Hewegput voltage ‘Vo’ is achieved desired constant
voltage 300V.The proposed UPS shows the strong regulation dégaioi maintain the desired ac
output voltage at voltage sag of the battery baitk Wigh efficiency, low harmonics and reduces
cost. All these advantages were verified by sinnoain MATLAB.
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