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ABSTRACT

Implementation of three leg online UPS proposed. The UPS is composed of a three-leg-type converter which
operates as a battery charger and an inverter. The first leg is controlled to charge the battery and the third leg is
controlled to make the output voltage. The second leg is used for charger and inverter. The three-leg-type converter
reduces the number of switching devices. As a result, the system has less power loss and a low-cost structure. In the
determining the charger voltage, the nominal voltage is derived using the feedback linearization concept and then a
perturbed voltage is determined for the reactive power control. The disturbance of input voltage is detected using a
fast sensing technique of the input voltage. The simulation of proposed converter is obtained using MATLAB.
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1. INTRODUCTION

The primary focus of present days is to have a high-quality and high-reliability electric power.
Uninterruptible power supplies (UPSs) are used to supply clean and uninterrupted power to critical loads, such as
computers, communication systems, and medical support systems, etc. As such sensitive equipment is used
worldwide; their interruption due to a power failure may lead to critical accidents. The UPS system is indispensible
for this reason. The recent increase in the use of nonlinear loads caused serious concern for power quality and,
consequently, on the disturbances tolerated by sensitive electronic loads. So power factor can be tolerated for over
0.8 in an effort to meet these requirements, voltage regulation and power-factor correction (PFC) have become very
important.

The conventional converter is shown in fig.1. The conventional converter has 4 legs. The leg 1 and leg 2 are
used as a battery charger and leg 3 and leg 4 are used as an inverter. To improve this a three-leg-type converter shown
in Fig.1 is proposed. The most surpassing feature is that power losses can be decreased by using a common leg for
both the pulse width-modulation (PWM) rectifier and PWM inverter. In addition, the system can have excellent input
and output characteristics. The disturbance of the input voltage, such as overvoltage and under voltage, can cause a
system trip and hardware equipment failure. To overcome these, fast detection of input voltage disturbances and a
fast output voltage compensation technique are necessary to achieve good output voltage regulation. Here, we
propose a fast output voltage controller by utilizing a fast input voltage detection method and a feed forward
controller. The proposed system has such characteristics as high efficiency, high power factor, and fast response to
input and output disturbances. The main advantages of the proposed approach are: a) the rectifier works as an active
filter and thus eliminate harmonics created by nonlinear loads; b) the inverter regulates output voltage under any
disturbance; c) it possesses high efficiency and high power factor; and d) there is current-limiting capability for
impulsive loads.

2. PROPOSED CONVERTER

The Fig.2 shows the configuration of the single-phase UPS using a three-leg-type converter. The proposed
UPS uses leakage transformers to reduce cost. The leakage inductance of the leakage transformer is utilized as an
inductor of the LC filter without using additional inductors. The leakage inductance of the leakage transformer should
be designed to have reasonable value; otherwise, an additional inductance must be added in series with the
transformer. The leakage inductance can be handled by controlling the separation degree of the primary winding and
secondary winding of the transformer. Tight coupling of the primary winding and the secondary winding reduces the
leakage inductance of the transformer. The input and output capacitors are simultaneously utilized as a capacitor of
the LC filters for the charger and inverter. Thus the UPS has universal filtering capabilities to act as a line-voltage
filter, an output-voltage stabilizer, a backup voltage filter, and an active filter compensating for the reactive current.
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Fig.1. Conventional converter with four legs Fig.2. Three-leg-type-converter
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In the three-leg circuit of Fig.2, the rectifier leg and the common leg operate as a PWM rectifier (boost
converter) and, at the same time, the common leg and the inverter leg operate as a PWM inverter (buck converter).
By using the common leg, the system can reduce one switching leg compared with the conventional four-leg variety.
Due to reduced devices and a simpler structure, it can provide low cost and small size.
Operation of Proposed Converter: The operation of proposed converter is divided into 8 modes. For normal input
voltage the operation is divided into 4 modes and for abnormal condition the operation is divided into another 4
modes. The mode of operation is shown in fig.3. Mode 1 and Mode 2 show the current flows and switching states
during the positive half cycle of the input voltage, and Mode 3 and Mode 4 vice versa. Since the common leg is
switched by the polarity of the input voltage, the switch S, is consistently turned on during the positive cycle, while

the switch S,is turned on during the negative cycle. In Mode 1, the lower switches S, and S, are turned on. Then,
the inductor current i, increases in a positive direction and the magnetic energy is stored in L, . Mode 1a and Mode
1b are determined by the switching state of the unipolar PWM strategy in the inverter leg. If S is turned on in Mode
1a, the dc-link voltage V, is applied to the load and i, flows toward the load. Since the switch S is turned on in
Mode 1b, a zero voltage is applied to the load, and the output current is freewheeling through S;and S, In Mode 2,
the switch S, is offand S, is on. Next, the energy stored L, inis transferred to the dc- link stage. Since the positive
voltage V, is applied to the load in Mode 2a, the dc link is discharged by the amount of the output current. Therefore,

it can be seen that the current charges the dc link during the Mode 2a. In Mode 2b, zero voltage is applied to the load
and the output current is freewheeling, as in Mode 1b. Similarly, Mode 3 and Mode 4 show the operation modes
during the negative half cycle of the input voltage. Obviously, Fig.2 shows that only the amount of current flows
through the common leg in each mode, where is battery charging current. The on-loss of the common leg switches
is further reduced. The other modes are inverter modes. If the input voltage is lost, only the inverter is operating
without charging the battery. .
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Fig.3. Three Leg Converter using Leakage Fig.4. Operation Modes of Proposed Three-Leg

Transformers Converter
Circuit Analysis: In Active Power Filter Mode of Charger the control loop Fig.4 is act to compensate for the reactive
current required by the load connected on the output side. In model the switchesS, and S, are turned on. The

inductor current increases and the magnetic energy is stored in the inductor. Similarly in the negative cycle, the
switch S, and S, are turned to increase the inductor current in opposite direction. Thus the following voltage equation

is satisfied.
di
V.-L,.,.—=0 1
i @

S

Where V; and i are the source voltage and current, respectively and L, , is the inductance of the leakage
transformer. In the positive cycle, if the switches S, and S, are turned on (Mode 3), the energy stored in the inductor
is transferred to the dc link. In the same manner, in negative cycle, the switches S, and S, are turned on (Mode 4)
to release the energy to the dc-link capacitor. Then

V.- Lu(l%*anSg”(is) =0 )
Where V, is the dc-link voltage.
Depending on the duty ratio D, of the switch S, and D, of the switch S, , the average inductor voltage over
one switching period T, gives the following source current variation Ai,

V. D1+[\/S+anK1— D.)- LM_AI_IS forV.>0 (3)

V. D2+[\/S—nvdkl— D.)- lel% for V, <0 (4)
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The duty ratio D,and D, are consider as D; Then the duty ratio D is represented by
D=D,+AD (5)
Where D, is called as nominal duty ratio and AD is called as perturbed duty ratio.

[
T

Fig.5. Power factor controller of the Active Power
The AD and Dn are represented as

D, :1—\\/#:|Sin cot| (6)
AD I I_lklAlisl (7)
Vo T .

The nominal duty ratio D, generates voltage for a feedback linearization of the original nonlinear system.

The perturbed duty ratio AD is used to control the current required by the inverter. From the control circuit the battery
voltage is compared with the reference battery voltage and the error voltage is send to the voltage controller. The
voltage controller may be a P1 or PID controller. The output of controller is a reference current. Then the reference
is compared with actual input current. The error voltage is given to current controller. The current controller is
utilized as

a0 =G, li:-i.) ®)
Where G. is the current controller gain.
_ LisonGi) 9)
VT,

The total real power of the system is composed of the charging power and output power. Then the Po is
given by

10, -
POZ?IVolodt (10)
0
The average input current becomes.
V2V s+ Po) (11)
V s
Then reference currenti; for the input current of the charger is computed as
i:: dei\c}rg_'_ PO)Sin wt (12)

The current component 2N/, i I ) is required for charging the battery and the component for

compensating reactive currentis 2P, sinat /V, with loss of the input power, the inverter operates in backup mode
and supplies power to load using battery.

Fig.6. Propos"éél'bpen loop three leg Online UPS Fig.7. Proposed closed loop Three leg online UPS

3. SIMULATION RESULTS

This proposed converter is simulated using Matlab Simulink. Fig.5 shows the simulation diagram of
proposed three-leg-online UPS. The overall system is divided into two parts controller and power circuit. The
controller parts includes peak voltage detector, Pl controller and phase locked loop, the power circuit consist of
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power Mosfet. The overall control block diagram of the single phase online UPS is implemented using Matlab
Simulink. The proposed up is designed with 230 V nominal input/output voltages. To handle this power rating
MOSFETSs are selected as power semiconductor switch. The experimental waveforms of input and output signals are
shown in fig.6. This voltage detector gives a fast response to the voltage sag due to line voltage disturbance.
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Table.1. Designed Parameters of the proposed UPS

Parameters | Values | Parameters | Values | Parameters | Values | Parameters | VValues
V. 230V L 2mH V, 230V C. 15 pF

As the inverter operates independently of the line status, the UPS transfers seamless power to the load from
the battery in line fault state. Upon the return of the input power, the UPS transfers back to the active filter mode
while charging the battery. In this transition, a fast transfer time is not required. The output voltage is slowly adjusted
to be in phase with the line voltage using a phase-locked loop. Once synchronism is achieved and the magnitude of
the input voltage is in the working range, the In this case, the input current of the UPS is the sum of the charging
current for the battery and the load current. The line current is exactly in phase with the input line voltage and nearly

sinusoidal. Thus, the input power factor approaches unity.

" Voage

T Viltose

Fig.11. Closed loop output voltage and Output

Fig.10. Closed loop input voltage and current for
Current for R=10Q

R=10Q

Fig.12. Closed loop input voltage and current for Fig.13. Closed loop output voltage and Output
R=10Q2 & L=1mH Current for R=10Q & L=1mH

Fig.14. Circuit Model of Inverter

Fig.17. Maximum Duty Cycle

Fig.16. Output (50% Duty Cycle)
Software Programming:
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Int a;
Void main ()

{

Pwm1_Init (1000);

Pwml_Start ();

A=125;

While (1)
{
If (PORTD.F0==0)
{
A=a+25;
}
Else

If (PORTD.F1==0)
{
A=a-10;
}
Pwml_Change_Duty (a);
}
}

Fig.18. Hardware Model of PIC IC

4. CONCLUSION

The proposed single-phase online UPS which gives improved performance compared to conventional
system. The proposed UPS Combines low cost with excellent performance. The inverter generates output
independently on line voltage from the battery, and the UPS transfers uninterrupted power to the load. The simulation
results of open loop and closed loop suggests that the proposed UPS gives good dynamic and steady-state
performance. The hardware results of open loop voltage source inverter gives steady-state performance.
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