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Abstract: The field of telecommunication is booming up in a rapid manner and is always consorted with the growth of
affirming equipments like power supplies. Efficient converters have to be used wherein the power quality is not
deteriorated because of the interruption in the load. Here a three phase, single stage power factor correction converter is
presented which has got distinguished features such as less distorted input current without deadband region and high
power factor, less stress on switches and continuous output current for a wide range of load variation. Also this
efficient converter is controlled using the conventional proportional-integral (PI) controller and fuzzy logic controller
(FLC). The performance parameters are compared and found that FLC is more robust to parameter variations. The
features, performance indices, simulation results obtained with the help of MatLab software are also presented.
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I. INTRODUCTION

Telecommunications is one of the rapidly expanding fields in today’s world. This fast emersion in telecommunications
field is always affiliated with development in supporting equipment like power supplies. Telecom power system is in
the centre stage of how to provide authentic and cost effective power solution. The integral constituent of these
infrastructures is the power electronics which is needed to provide the desirable design demands such as high reliability,
efficient with less consumption of power and low cost [1]-[4].

The ac-dc converters have been used in almost all the fields but the conventional converters mounts way for highly
distorted input current, resulting in a large amount of harmonics with a low power factor [5]. Due to the strict harmonic
standards [6] such as IEC 61000-3-2, ANSI/IEEE-519 which was laid down, it was mandatory to prevent the rise of
harmonics. In order to stick on to the harmonic regulations, a converter which is simpler in terms of topology with very
less distortion, unity power factor and greater flexibility in the input current waveforms is also important. At higher
power levels, three phase ac to dc switch mode rectifiers are normally used.

The ac-dc converters needed to be more efficient with low cost due to its use in many off-line power supplies. For this,
power factor correction (PFC) stages were added in front of the dc-dc converter. But this resulted in a two stage
approach which allowed PFC stage to minimize the current distortion, followed by a dc-dc conversion stage, by which
output voltage regulation can be performed. This seemed to be efficient but resulted complexity in control and
efficiency was reduced. Then descended the single stage PFC circuits to annihilate the effects of the previous
mentioned topology by which the PFC unit and dc-dc stage were made to share the same switch resulting in the
elimination of controller and PFC switch. Electromagnetic interference (EMI) noise and stress across switches due to
hard switching was a drawback again.

Optimizing the design of the EMI filter was difficult in variable frequency control. Then a soft switching method was
adapted to the dc-dc converter stage. Though zero voltage switching (ZVS) is achieved, increase in conduction loss led
to the sacrifice of power factor. Lots of active and passive components were also needed [7]-[11]. These are the factors
which contributed to the growth of high quality rectifiers. But in the existing rectifiers, input current distortion, high
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ripple current in output current, high stress on switches, sophisticated control techniques, complex design and high cost
were some of the drawbacks.

The growing number of loads that disturb the utility line, the resulting deterioration in power quality and the increasing
consensus to consider power quality an important factor in the overall quality of life, lead to the recognition and
development of an efficient converter with outstanding features. Owing to the above mentioned drawbacks in the
previous topologies, a three phase, single stage power factor corrected multilevel type full bridge ac-dc converter [12]
would be the best option for the telecom power supplies.

1. CONVERTER DESCRIPTION

The converter shown in Fig.1 consists of a three phase ac input section with an uncontrolled diode rectifier followed by
the auxiliary windings taken from the converter main transformer. Then a multilevel type full bridge inverter is placed
followed by the output transformer and the load. The basic principle behind the multilevel type full bridge converter is
based on the combination of input inductors and auxiliary windings which carry out an action of PFC. The auxiliary
windings which are the tertiary windings from the main converter transformer is used to cancel the voltage of the dc
bus capacitors thereby working like a boost switch to produce a discontinuous input inductor current. This current can
be further filtered to obtain a less distorted sinusoidal current with high power factor, devoid of deadband region [13].
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Fig.1 Circuit Diagram

Initially the rectifier which consists of six diodes is supplied by a balanced three phase voltage system. In each point
two diodes of the diode bridge conduct resulting in an input current as shown in Fig.2 for discontinuous conduction
mode (DCM) and continuous conduction mode (CCM) operation. The input current is zero in the time interval when
the phase voltage is neither maximal nor minimal introducing deadband regions thereby making it non-sinusoidal and
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Fig.2 Input current in DCM and CCM

The next section in the converter is the auxiliary windings that are taken from the converter main transformer which
performs PFC by acting like a boost switch with the input inductors. The alternate rise and fall of the input current in a
switching cycle is similar to that of the inductor current in a boost converter [14]. Activating and deactivating the
auxiliary winding is equivalent to the operation of turning on and turning off the boost converter switch in a boost
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converter correspondingly thereby making the current to be discontinuous. Thus PFC is achieved to improve the shape
of input current.

Next section is the multilevel type full bridge inverter (MLI) used for inversion [15]. Here the bus voltage is split
among the capacitors equally; thereby reducing voltage stress. By this design the flexibility of the converter is
improved. As a diode clamped multilevel converter (DCMLI) is chosen, technique of balancing the capacitor voltage is
very important. Many techniques are provided in the literature [16]-[19]. Here a simple auxiliary circuit that is
composed of a transformer with a turns ratio of Naux1/Naux2 = 1 and two diodes Daux1 and Daux2 has been used to
assure equal voltage across the capacitors. Auxiliary circuit forces a diode to conduct thereby dissipating energy, when
a difference in voltage is noted. By this means capacitor voltages are being balanced.

I11. DESIGN OF CONTROLLERS FOR THE CONVERTER

The multilevel type full bridge converter is simulated in MatLab/Simulink Software. A three phase source with a line to
line rms voltage of 208 + 10% is connected with the input inductors. The value for Lin should be low to assure input
current to be fully discontinuous but not very low value leading to high peak currents. The value calculated using the
steady state analysis equations [20] and found to be 60 pH. Then the auxiliary windings are taken from the multi
winding transformer block in MatLab. They are connected in an indirectly coupled fashion. The other end of the
winding is connected to the full bridge converter of multilevel type. The full bridge converter consisting of four
MOSFET switches which are connected like a diode clamped inverter. Next is the main transformer whose turns ratio,
N should be calculated. Equations from (1) to (3) are used to calculate the turns ratio of transformer, where D is the
duty ratio. The value of N is found to be 3. Hence the main transformer ratio is 3:1. The three level voltage is rectified
using the transformer and then is filtered using an LC filter .The value of Lo is designed using (4) such that it results in
a low ripple at output and low peak current rating for secondary diodes. The value of Lo chosen is 11 pH. The
simulation parameters are tabulated in the Table I below.
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TABLE | .SIMULATION PARAMETERS

Parameters Values
Input Voltage, Vin 208 + 10% Vims
Output voltage, V, 48 V
Output power,P, 1.5 kw
Input Inductor ,Li 60 uH
Output Inductor L, 11 pH
Switching Frequency, fo 50 kHz

The gating signals for the DCMLI are given through a phase shift PWM Technique (PSPWM) where the carrier waves
are phase shifted [21] from each other by using (9). The technique of PSPWM is shown in Fig.3. Here a three level (m
= 3) MLI is implemented and hence there are (m-1) two triangular carrier waves shifted by 1800 from each other. The
gate signals are produced by comparing the modulating signal which is sinusoidal with the carrier signals. The phase
shift is calculated by using (5).
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Fig.3 Phase Shifted Carrier Pulse Width Modulation
Using the designed values, the converter is simulated and the parameters are analyzed [14]. The three level inverted

voltage from the inverter is again rectified and filtered to obtain the constant DC output voltage of 48 V shown in Fig. 4
which can be powered to a telecom equipment.
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Fig. 4 Output Voltage

The converter experiences a high degree of non linearity in their control characteristics. They require a regulator to
maintain the output voltage or output power constant in light of operational or environmental changes. For instance, the
voltage of a power supply will tend to drop if load current increases. Similarly, changes in temperature affect the
delivered power output. Therefore, there is an increasing need for a good controller to perform tight regulation under
highly unpredictable load variation [22]. Here two control strategies namely the PI Controller and the FLC are studied
and compared.
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Fig.5 Block Diagram of Control Strategy for the Converter

The block diagram in Fig.5 shows the control strategy to regulate the output voltage. Under some variations, the error
signal from the output voltage is compared using the reference voltage and it is processed using the controllers. The
controlled signals are again compared with high frequency carrier waves and with the PSPWM technique, the PWM
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switching signals for the switches in multilevel type full bridge converter are generated. Thus the switching is
controlled with respect to the variations. The controllers are tuned so that tight regulation is obtained.

A. PI Controller

PI control is a traditional linear control method used commonly in industrial applications. PI stands for the calculation
that involves two separate parameters, the proportional and the integral. A PI controller is designed for operation during
a steady state. Proportional term makes a change to the output that is proportional to the current error value. The
contribution from integral term is proportional to both the magnitude of error and duration of error. By tuning the two
constants in PI controller algorithm, the controller can provide control action designed for specific process requirement
Fig.6 shows a block diagram of Pl controller. In the proportional (P) control only gain adjustment is available to
improve the system performance. The limitations on its ability to achieve both satisfactory accuracy and acceptable
relative stability are understandable. If a P controller cannot meet the performance specifications, it should be replaced
by a dynamic controller or a dynamic compensator to provide more flexibility.
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Fig. 6 Block Diagram of PI Controller
P1 controller [23] is described by the transfer function in the continuous s-domain is given by (6) and (7).

Kj
GC(S)_P+I_Kp+(—j (6)
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where Kp is the proportional gain; Ki is the integration co- efficient; Ti is integral action time or reset time. The values
of Kp, Ki are evaluated using the automated tuning method. Fig.7 shows the implementation done using MatLab
software. The output voltage becomes constant at a value of Kp = 0.05 and Ki = 68. It is found that the peak overshoot
is eliminated and the output voltage remains constant after eliminating the steady state error.

Fig. 7 MatLab Implementation of PI Controller
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The design of FLC [24] is primarily based on an expert knowledge, trial and error procedure. Number of linguistic
variables, the base width of linguistic variables, the number of rules and slope of membership function (MF) affect the
performance of controller. Unlike Boolean logic which the state value of any variable is either 0 or 1, fuzzy logic
allows states between them. More specifically, that’s call membership value. The grade of membership value of fuzzy
variable can be described in linguistic term. Fuzzy major features are the use of linguistic variables rather than
numerical variables. Linguistic variables are defined as the variables whose values are define in a usual language (e.g.

small and big), may be represented by fuzzy set.

Fuzzy Controller

Fig. 8 Block Diagram of FLC
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The general structure of FLC controller is shows in Fig.8. That comprises four principal components:

1) Fuzzifier: Fuzzification interface which converts input data into suitable linguistic values.
2) Rule Base and Data Base: Both are known as knowledge base which consists of data base with necessary

linguistic definition and control rule set.

3) Decision Making: Decision making logic simulates a human decision process, infers the fuzzy control action

from the knowledge of the control rules and the linguistic variable definition.

4) Defuzzifier: Defuzzification interface yields a non fuzzy control action from an inferred fuzzy control action.
The controller is designed based on the rules designed in the rule base. The rule base is given in Table II.

The membership functions for error, change in error and output are shown in Fig.9.

TABLE Il RULE BASEFORFLC

e
fe/dt NB | NS ZE PS PB
NB NB | NB NB NS ZE
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Output voltage of both the controllers is analysed. Also the performance indices of the controllers are studied and the
performance is compared.

1V. COMPARISON OF TWO CONTROLLERS BASED ON THE PERFORMANCE INDICES

The overall performance of the system is measured using certain specifications in respect of dynamic response to step

input and steady state error. The desirable feature of these indexes is the selectivity i.e., its power to clearly distinguish

between an optimum and non-optimum system and the ease of its analytical computation [25].

A. Steady State Error: Steady-state error is the difference between the input and the output for a prescribed test input
ast —oo.

B. Integral Square Error (ISE): It has the ease that it is mathematically convenient both for analysis and computation.

Minimization of ISE by adjusting system parameters is a good compromise between reduction of rise time to limit
the effect of large initial error, reduction of peak overshoot and settling time. ISE is calculated by (8).

°2

ISE = [e“ (t)dt (8
0

C. Mean Squared Error (MSE): MSE measures the average of the squares of the errors.

D. Settling time: It is the time elapsed from the application of an ideal step input to the time at which output has
entered and remained within a specified error band, usually about final value.

Fig.10 shows the output voltage obtained from Pl and FLC. The settling time for a FLC is less compared to that of Pl
controller. The above mentioned performance indices were analyzed and tabulated in Table II1.
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Fig. 10 Performance Comparison of Controllers

TABLE |1l COMPARISON OF CONTROLLER PARAMETERS

Performance Parameters Pl FLC
Steady state error 0 1.2
ISE 0.150181 | 0.09453
MSE 149 123
Settling Time 0.005 0.002

From Fig.10 and Table I, It is inferred that FLC is more robust compared to that of PI. The indices ISE and MSE are
also found to be low for an FLC.

V. CONCLUSION

Telecom power system is in the centre stage of how to provide reliable and cost effective power solution. In order to
adhere to the harmonic regulations a converter which is simpler in terms of topology with very less distortion and high
power factor is presented in this paper along with the simulation results. It is simple in capacitor voltage balancing and
can operate with less output inductor current ripple, even continuous output inductor current. It is operated with lower
peak voltage stresses across the switches and the dc bus capacitors as it is a three level converter. This allows for
greater flexibility in the design of the converter and ultimately improved performance. The converter is controlled
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using two strategies namely Pl and FLC. It is found that FLC is more robust compared to PI controller based on the
performance indices calculated.

(1]
[2]
(3]
(4]
(5]

(6]
[71

(8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

[18]

[19]
[20]
[21]
[22]

[23]
[24]

[25]
[26]

REFERENCES

Yan-Fei Liu, “Requirements and technologies in telecom power systems”, Proceedings of the third international on power electronics and
motion control (IPEMC 2000), Vol.3, No., pp.1478-1482, 2000.

Jain, Praveen and Jim Valerio, “A review of single phase power factor correction circuits for telecommunication applications”, 16" IEEE
international conference on telecommunications energy conference (INTELEC'94), 1994.

D'Errico, L., Lidozzi, A., Lo Calzo, G., Romanelli, A. and Solero, L., “Multi-level configurations for three-phase AC-DC 48V power
supply”, IEEE international symposium on industrial electronics (ISIE), pp. 945-950, 4-7 July 2010.

Rao, S.S. and Amer, G., “Power supply architecture for telecom application: A review”, IEEE International Conference on Communication
Control and Computing Technologies (ICCCCT), pp. 262-264, 7-9 Oct. 2010.

Redl, R. and Kislovski, A.S., “Telecom power supplies and power quality”, 17" International Telecommunications Energy Conference
(INTELEC '95) pp.13-21, Nov 1995.

Limits for Harmonic Current Emissions (Equipment Input Current <16 A per Phase), IEC/EN61000-3-2, 1995.

Ribeiro, H.S. and Borges, B.V., “Analysis and Design of a High-Efficiency Full-Bridge Single-Stage Converter With Reduced Auxiliary
Components”, IEEE Transactions on Power Electronics, Vol. 25, No.7, pp.1850-1862, July 2010.

H. L. Cheng, Y. C. Hsieh, and C. S. Lin, “A novel single-stage high-power factor ac/dc converter featuring high circuit efficiency”, IEEE
Transactions on Industrial Electronics, Vol. 58, No. 2, pp. 524-532, Feb. 2011.

Tamyurek, B. and Torrey, D. A., “A three-phase unity power factor single stage ac-dc converter based on an interleaved flyback topology”,
IEEE Transactions on Power Electronics, Vol. 26, No. 1, pp. 308-318, Jan. 2011.

Ribeiro, H. S. and Borges, B.V., “Analysis and Design of a High-Efficiency Full-Bridge Single-Stage Converter With Reduced Auxiliary
Components”, IEEE Transactions on Power Electronics, Vol. 25, No.7, pp.1850-1862, July 2010.

Contreras, J. G. and Barbi, 1., “Modeling and control of a three-phase high power factor PWM-ZVS power supply with a single power stage”,
Technical Proceedings on V IEEE International Power Electronics Congress (CIEP '96), pp.149-154, Oct 1996.

Narimani, M. and Moschopoulos, G., “A novel single-stage multilevel type full-bridge converter,” IEEE Transactions on Industrial Electronics,
Vol. 60, No. 1, pp. 31-42, Jan. 2013.

Cynthia Percy, V. and Ramaprabha,R., “Design and Implementation of Multilevel Type Full-Bridge Converter for Telecom Power Supplies”,
IEEE International Conference on Circuit, Power and Computing Technologies (ICCPCT 2014), pp. 239-244.

Das, P., Li, S. and Moschopoulos, G., “An improved ac—dc single-stage full-bridge converter with reduced dc bus voltage,” IEEE Trans. Ind.
Electron., vol. 56, no. 12, pp. 4882-4893, Dec. 2009.

Rodriguez, J.; Jih-Sheng Lai; Fang Zheng Peng, "Multilevel inverters: a survey of topologies, controls, and applications”, IEEE Transactions
on Industrial Electronics, Vol. 49, No. 4, pp.724-738, Aug 2002.

Grigoletto, F. B. and Pinheiro, H., “Generalised pulse width modulation approach for DC capacitor voltage balancing in diode-clamped
multilevel converters”, IET power electronics, Vol. 4, No. 1, pp. 89-100, 2011.

Fazio, P., Maragliano, G., Marchesoni, M. and Vaccaro, L., “A new capacitor balancing technique in Diode-Clamped Multilevel Converters
with Active Front End for extended operation range”, Proceedings of the 14™ European Conference on Power Electronics and Applications
(EPE 2011), pp.1-10, 2011.

Ito, T., Kamaga, M., Sato, Y., Ohashi and Hiromichi, “An investigation of voltage balancing circuit for DC capacitors in diode-clamped
multilevel inverters to realize high output power density converters," IEEE Energy Conversion Congress and Exposition (ECCE), pp. 3675-
3682, 2010 .

Shukla, A., Ghosh, A. and Joshi, A., “Control of dc capacitor voltages in diode-clamped multilevel inverter using bidirectional buck-boost
choppers”, IET Power Electronics, Vol. 5, No. 9, pp.1723-1732, November 2012.

Li, Shumin, and Gerry Moschopoulos, “Design considerations for a novel single-stage AC-DC PWM full-bridge converter”, Nineteenth Annual
IEEE Applied Power Electronics Conference and Exposition (APEC'04, Vol. 2, 2004.

Zhang Zhongchao, He weidong, Fang giang and linweixun, “ Phase-Shifted SPWM Technique-A New Concept”, Journal of Zhejiang
University, Vol. 33, No. 4, pp.343-348,1999 .

Ismail, N. F N, Hashim, N. and Baharom, R., “A comparative study of Proportional Integral Derivative controller and Fuzzy Logic controller
on DC/DC Buck-Boost Converter”, IEEE Symposium on Industrial Electronics and Applications (ISIEA 2011), pp. 149-154, 2011.

Wang, Ya-Gang, and Hui-He Shao, “Optimal tuning for PI controller”, Automatica, Vol. 36, No. 1, pp.147-152, 2000.

Bonissone, P. P., Khedkar, P. S. and Schutten, M. J., “Fuzzy logic control of resonant converters for power supplies”, Proceedings of the 4"
IEEE Conference on Control Applications, pp.323-328, 1995.

Nagrath, I. J. Control systems engineering. New Age International, 2005.

www. mathworks.com

Copyright to JIRSET www.ijirset.com 11183



