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ABSTRACT

The basic Conventional DC — DC configurations Iikéck, boost and buck — boost are used in many ef th
industrial applications. The converters are fallemthe category of non-isolated converters. Tleeseerters use reactive
elements like inductors and capacitors for energysfer purposes. Especially inductors used iretésuits will receive
energy from source and stores it. Release the iterthe load. These conventional configuratiorieswith drawback
of low conversion gains. To overcome this drawbaey of the derived configurations are proposegkbiaick converters
are one of such derived configurations. These atergesuffer with issues like high switching lossesge stress across
the switch and magnetic components. To avoid tiesees coupled inductor based non isolated typgectars [1] are
used. These converters have the ability of achigkiigh conversion gains. This paper aims in devakqt of closed loop
control scheme for control of the load voltage wittle help of Artificial Neural Network. Training dhe ANN for the
targeted values is done by using function fittimgltof ANN and simulation of the model is done @siATLAB /

SIMULINK. The circuit thus modeled is simulated fifferent values of duty ratios and results amespnted.

KEYWORDS: Boost, Buck, Coupled Inductors, Energy Recoverimgober, High Gain Dc—-Dc Converter, ANN Based
Controller, Pulse Width Modulation (PWM)

[. INTRODUCTION

Application like the front-end stage for clean-ayersources, the dc back-up energy system for associ
uninterruptible power provide (UPS), high-intengdigcharge lamps for automobile head-lamps, teleconications trade
[2]-[4] need DC-DC converters with steep voltagamtitative relation. The traditional boost convesteannot offer such
a high dc voltage gain, even for associate extrdotg cycle. High gain dc—dc converters for highesirt mentioned
applications have the subsequent common optiondidh) increase voltage gain. Generally, a few dgivarease gain is
needed. 2) High potency. 3) No isolation is needtigh accelerate gain from constant power low \g#tarovides either
massive input current with high output voltage loe big input current from low input voltage; It atitshally end in
serious reverse-recovery issues and increase ting of all devices. Manipulated voltage clampechtdques are utilized
in coming up with of converters to beat the seveneerse recovery downside of the switches in hagell voltage

applications, there still exists large switch vghiastresses and also the voltage gain is restrimtetie input time of the
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auxiliary switches [6], [7]. Once input power coudd a low-tension supply like electric battery ateb the needed output
could be a high dc voltage, there's a necessitgeteelop a high power density boost dc—dc deviceé diptions less
complexness, compact size, and low price. The inagbrtant downside in developing such a devicehéd the device
suffers from high current stress and, thus, ibalitesome to boost the power potency. In such casmg)y storage reactor
is massive live in crucial the performance of thasaverters. No different element has such dramault on the
distribution of element losses. As a result, thavession potency is degraded and also the magfertie interference
(EMI) problem is severe beneath this case [5]. sdoaextend the voltage gain, boost converter tapets are to be

changed.

Switching mode power provides supported the flykbdevice were wide utilized in industrial merchasedfor
low-power applications. Within the fly back devidbe electrical device is adopted to realize cir@@dlation and energy

storage.

Introducing a electrical device in fly back devioelps attaining massive increase or change of rmatgmivoltage
conversion quantitative relation. Transformerg) ftjuantitative relation ought to be chosen on dffier required voltage
gain whereas keeping the duty cycle among an imesipe very for higher potency. The electrical deyicowever, brings
during a whole new set of issues related to thenei@ging and run inductances, that cause voltagesm@and ringing,

exaggerated core and cooper losses moreover agezased volume and price.

Compared with associate isolation device, a coujtedctance contains a simpler winding structuoeyer
natural phenomenon loss, and continuous naturaigzhenon current at the primary winding, resultingaismaller coil
current ripple and lower input filtering capacitand@ hus, a coupled-inductor-based convertor is evatjvely engaging as
a result of the convertor presents low currentssteend low part count. However, for applicationthviow input voltage
however high output voltage, it desires a high fipantitative relation, and its leak inductancd stps vital energy,
which is able to not solely increase the voltagesst of the switch however conjointly induce vitas.[8] Introduces giant
voltage increase victimization cascaded boost averse that implement the output voltage increasmgrogression.
Voltage transfer quantitative relation of these vaoters effectively increased however the circoitshose converters
square measure quite complicated. [9] and [10] gsep a broach inductance based mostly boost conweitiese
converter circuits attain high conversion quarntiatrelation with easy circuits. In [11] a brandwneonfiguration is
planned by connecting the boost convertor outpumiteal and fly-back convertor output terminals nargllel to extend
the output voltage gain with the assistance of E@lmductance. The boost convertor functions ety clamp circuit to
recycle the snubber energy. This eliminates reversavery issues related to fly back converterss Tiakes attainable to
realize higher voltage conversion ratios. In [ljrand new wide-input-wide-output (WIWO)dc—dc corneeis planned.
This convertor is associate integration of buck badst converters via a broach inductance. By apglgroper control to
the 2 active switches, buck and boost actions sqoerasure attainable. Configurations planned irugg] changed pulse

breadth modulation for management of switches.

This paper proposes new management theme suppvtsdor the boost mode operation of a broach indocée
based mostly buck derived converters with 3 swicB&, S2 and S3.Topology of the planned dc—dc ctmvprinciples
mentioned in section Il in conjunction with the og@nal principle well providing the steady-stétie) and dynamic (ac)
models also. ANN based mostly switch theme is estioin section Ill. Section IV presents the resuttgfied with the

assistance of MATLAB simulation. Conclusions squaasure given in Section V.
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II .COUPLED INDUCTOR BASED DC-DC CONVERTERS

Coupled inductor type DC-DC converter circuits usespled inductors for energy transfer during cantidun
period. Most of the configurations use inductors ¢barging purposes. These inductors are chargecdohgecting in

parallel during charging mode and discharged byeoting in series.

Literature available for high gain dc —dc convewpplications proves that these configurationsraffage of

conversion ratios.

Haig gain bi-directional DC-DC converter topologyen in [1] is considered for analysis purposes.

S1’Z’ L2

Figure 2.1: Model Proposed in [1]
Operation of the circuit is explained as follows:
Mode — I:
During this mode of operation the converter Induxre charged and capacitor is discharged.

Amount energy stored by the inductor during chaggieriod is
W = [ plt)dt )
Current flowing through the inductor is given by

din,(t) _ din,(t) _ V.,

dt d  (1+k)L

i1 = Lt1 2)
(1+k)L
Where

p(t) is Instantaneous power is

V.is Applied Voltage

Impact Factor (JCC): 0.9458- This article can be danloaded fromwww.bestjournals.in




74 BoKishore, G. Shiny Vikram & Satyanarayana.V

L, =L, = LisInductance of the coils

Kis Coefficient of coupling
W is Energy stored by inductor

Instantaneous power consumed by inductor is gi\yerp(I) =V,

Substitute values o¥,,and i, , in equation (2)
W = [viy, ot
But from equation (3) substitute value iqfl

V

W= Ivu—(1+ T()L

t, ot

Energy stored by inductor by the end of model is

ty V
W = [V, =t dt

b (k)L

AN

201+k)L

Total ener i = ﬁ
gy stored by the inductordd = (1+ k)L J (3)
1

Mode II:

During this mode of operation load connected tosterce as a result the inductors are connectedrias and

will get discharged, the energy thus stored byehaductors will be transferred to the capacitberé by the capacitor

starts charging.

During this mode
i, =i, =i And

VitV :Vs _Vc

OI'—L2(1+|\/|)L =Vg -V,
dt
d, V. V,

dt - L+M)L 21+M)L
Voltage across capacitor is given by
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Ve :%IILdt :VO

dve _ 1.
d cC‘

PWM based control signals are generated with the 6B ANN based Controller by taking and AXlinput

variables to the ANN Controller. Training of thetwerk and their weights are presented in Chapter I

I1l. ARTIFICIAL NEURAL CONTROLLER APPLIED TODC -D C CONVERTER
e Introduction to ANN

Work on synthetic neural network has been motivdteth its inception by the consciousness that thmdm
brain computes in a wholly specific method from tyygical digital computer. The brain is an extreyngifficult, nonlinear
and parallel information processing system. It thespotential to prepare its structural elemenftgnocalled neurons, to
be able to participate in specific computationsutady rapid than the quickest digital computeeiistence in these days.
The brain sometimes accomplishes perceptual retiogrtasks, e.g. recognizing a well-recognized faotedded in an
unfamiliar scene, in approximately 100-200ms, whseréasks of a lot lesser complexity may take daysaaegular
computer. A neural community is a laptop that isigieed to lay out the way in which where the bizénforms a special
assignment. The network is implemented througlizirig electronic components or is simulated inwafe on a digital
computer. A neural community is a vastly parallstributed processor made up of simple processititg,uvhich has a
common propensity for storing experimental abiitend making it to be had to be used. It resemblesmind in two
respects: 1) Knowledge is attained by using thevokd from its atmosphere by a training process.Ir2grneuron

connection strengths, often called synaptic weigdrs used to store the attained knowledge.

Neural networks, with their amazing potential taide that means from problematic or imprecise infation,
can be used to extract patterns and observe tthatiare too difficult to be observe by either peapr different computer
strategies. Other benefits consist: 1) Adaptiarieng: An ability to learn tips on how to do dgtidepend on the data
given for training or preliminary experience. 2)[fSgganization: An ANN can create its own orgatiaa or
representation of the information it receives tlgtoout learning time. 3) Real Time Operation: ANNmutations can

also be implemented in parallel, and certain hardvgadgets are being designed and manufacturec wdike benefit of

Neural
Stimulus Receptors Network/ Effectors Response
Brain

Figure 3.1: Block Diagram Representation of Human Mrvous System

this capability.

The human nervous system can be divided into tbtages that can be defined as follows:

The receptors acquire information from the atmosph€he effectors generate interactions with tharenment

e.g. activate muscles.

There are roughly 10 billion neurons in the humantex. Each biological neuron is hooked up to salver
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thousands of other neurons. The common operating pabiological neurons is measured in millisecndearly all of
neurons encode their activations or outputs asiassef brief electrical pulses. The neuron’s nuslenclude the incoming
activations and converts them into output activaior he neurons nucleus includes the genetic mhteithin the form of
DNA. This exists in most types of cells. Dendritee fibers which emanate from the cell body andiflr the receptive
zones that acquire activation from other neurongn& are fibers appearing as transmission lingssthia activation to

different neurons. The junctions that enable sigraaismission between axons and dendrites araedféy as synapses.

e Training of Artificial Neural Networks

A neural network must be configured such that thplieation of a set of inputs produces (eitherédtt or
through a relaxation system) the required set ¢fuis. Various ways are there to set the strengththe connections
exist. A technique is to set the weights expligitlyilizing a priori potential. Yet another meth@&lto train the neural

network through feeding it instructing patterns #etting it exchange its weights according to a feaining rule.

* Implementation of ANN Based Control Scheme

In the proposed circuit, the error generated whibnparing instantaneous capacitor voltage withresiee
magnitude given as input to an artificial neuralwerk based controller shown in Fig 3.2. The colfgrds trained with a
set of inputs and target outputs. The trained adtws validated with different sets of known inpuThe output of ANN
controller gives required modulating signal for geation of PWM signals for triggering the switchesDC — DC

Converter.

l"u... 11.-.| PTs‘ :I k- I

Function Fitting Newral MNetworki

Figure 3.2: Schematic Diagram of ANN Block in Subsstem

The ANN block shown in Fig.3.2 is simulated frone tNFTOOL from the MATLAB. In the nftool box traingn
of the network is initiated, the training, validaii and testing percentages so that the ANN itaratatepending on the
percentage values. Here we are giving 80% trairfiogp validation and 10% testing with 10 hidden tayd@he output of
the ANN block generates the required modulatingaig to trigger the switches. When the ANN baseattrobscheme is

used it is clearly observed that the converterghsetter regulation over wide operating rangesoefgy and duty ratios.

0 ~[ -
It Process Input 1 Layer 1 a{1)
-
Layer 2
O il
a{1} Process Output 1 Output

Figure 3.3: The ANN Block Scehemetic Diagram

IV. SIMULATION & RESULTS

ANN based closed loop control scheme is developedhie circuit shown in Fig. 2.1. The ANN contrafotiit
that developed is modeled and applied to the céeweircuit and the convert circuit is simulated ifferent duty ratios

of the converter when supplying different loadseTbad that was connected to the converter is ddriem 50W to
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1000W and regulation of the load voltage is evalddor each case and the results are presentaedlin4.1 for D = 0.8.

Voltage across the load, current through the |&¥adtage across switches S1, S2, S3 and currerdsighrthem,
trigger pulses applied to S1,S2 and S3, Currentsugh inductors, Trigger pulses applied to S1, 88 &3 and
Modulating Signal generated by ANN are presentelign 4.1 — Fig.4.11 when the converter is supgyanoad power =
250W and Duty Ratio D = 0.8.

Figure 4.1: Voltage Across Load When Supplying A Lad of 250W And D = 0.8

Figure 4.2: Current Through Load When Supplying a Load of 250W and D = 0.8

(X1 82 628 83

Figure 4.3: Current Through Switch S1 When Supplyirg a Load of 250W and D = 0.8

Vetage Across S1 in Vo

Figure 4.4: Voltage Across Switch S1 When Supplying Load of 250W and D = 0.8
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Figure 4.5: Current Through Switch S2 When Supplyig a Load of 250W and D = 0.8

— T ‘

Figure 4.5: Voltage Across Switch S2 When Supplying Load of 250W and D = 0.8

trowgh 8310 Amps

Figure 4.6: Current Through Switch S3 When Supplyig a Load of 250W and D = 0.8

Voltage Across 53 in Volis
T T

Figure 4.7: Voltage Across Switch S1 When Supplying Load of 250W and D = 0.8
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Figure 4.8: Current through Inductor L1 When Supplying a load of 250W and D = 0.8

Figure 4.9: Current through Inductor L2 When Supplying a load of 250W and D = 0.8

Figure 4.10: Trigger Pules Applied to S1, S2 and S&hen supplying a load of 250W and D = 0.8

Figure 4.11: Modulating Signal Generated by ANN Wha Supplying a Load of 250W and D = 0.8
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Table 4.1: Variation of Load Voltage of Converter When VREF = 126 V and Duty Ratio = 0.8 for Vin = 14V

0,
S.No| PoW) | lo(A) | Vo) | av | oo 7 ion
1 50 0.4 | 1246| 14 1.11
> | 100 | 08 | 1245] 15 1.19
3 | 150 | 12 | 1243| 17 1.35
4 | 200 | 155 | 1241] 19 151
5 | 250 | 195 | 124 2 1.59
6 | 300 | 23 | 1225] 35 278
7 | 350 | 269 | 122 4 3.17
8 | 400 | 305 121 5 3.97
9 | 450 | 342 | 1205] 55 4.37
10 | 500 | 37 | 1195] 65 5.16
11 | 750 | 55 | 1165] 95 754
12 | 1000 | 75| 113 13 10.32

Table 4.2: Variation of Load Voltage of Converter When VREF = 79 V and Duty Ratio = 0.7 for VIN = 14V

0,
S.No| PW) | lo(®) | VeV) | av | oo J‘I’ation
1 50 | 063 79 0 0.00
2 100 | 124 | 784 06 1.07
3 150 | 186 | 777 | 13 232
4 | 200 | 246 | 774 16 2.86
5 | 250 | 306 | 771 19 3.39
6 | 300 | 366 | 768 22 3.93
7 | 350 | 425 | 766 | 24 4.29
8 | 400 | 484 76 3 5.36
9 | 450 | 543 | 757 33 5.89
10 | 500 | 597 | 754 36 6.43
11 | 750 | 87 | 735| 55 9.82
12 | 1000 | 11.35| 715] 75 13.39

Table 4.3: Variation of Load Voltage of Converter When VREF = 79 V and Duty Ratio = 0.6 for Vin = 14V

0,
S.No| Po(W) | 1o(A) | Vav) | av | oo U ion
1 50 | 087 | 55 1 1.79
2 | 100 | 175 | 549 | 1.1 1.96
3 | 150 | 26 | 545| 15 2.68
4 | 200 | 346 | 542 18 3.21
5 | 250 | 433 | 541] 1.9 3.39
6 | 300 6 53.9 | 2.1 3.75
7 | 350 | 61 | 538 22 3.93
8 | 400 | 68 | 535| 25 4.46
9 | 450 | 76 | 532 28 5.00
10 | 500 | 84 | 525| 35 6.25
11 | 750 | 122 ] 51 5 8.93
12 | 1000 | 158| 495| 65 11.61
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Table 4.4: Variation of Load Voltage of Converter When VREF = 56 V and Duty Ratio = 0.5 for VIN = 14V
%

S.No| Po(W) | Ig(A) | Vo(V) | AV Regulation
1 50 0.87 55 1 1.79
2 100 1.75 54.9 11 1.96
3 150 2.6 54.5 15 2.68
4 200 3.46 54.2 1.8 3.21
5 250 4.33 54.1 1.9 3.39
6 300 6 53.9 2.1 3.75
7 350 6.1 53.8 2.2 3.93
8 400 6.8 53.5 2.5 4.46
9 450 7.6 53.2 2.8 5.00
10 500 8.4 52.5 3.5 6.25
11 750 12.2 51 5 8.93
12 1000 15.8 49.5 6.5 11.61

Table 4.5: Variation of Load Voltage of Converter When VREF = 266 V and Duty Ratio = 0.9 for VIN = 14V
%

S.No | Pg (W) lo (A) Vo(V) AV Regulation
1 100 0.39 276.5] -10.% -3.95
2 200 0.78 273.8 -7.8 -2.93
3 300 1.14 270.5 -4.5 -1.69
4 400 15 267 -1 -0.38
5 500 1.87 265 1 0.38
6 600 2.23 262.5 3.5 1.32
7 700 2.56 260 6 2.26
8 800 2.89 256 10 3.76
9 900 3.23 254 12 4.51
10 1000 3.55 251 15 5.64

CONCLUSIONS

ANN based closed loop control scheme for a Fuzgycl&€ontrol is designed for Coupled Inductor bakagh
gain DC — DC Converter. This converter has thetsthif achieving high conversion gains. With théphef ANN control
the converter has got the ability of maintaininggaegulation for large variations in loads thateveonnected to it are
varied. It found that the voltage regulation of tmaverter circuit is maintained with in the spiaiflimits even there was

a large change in load that was applied to it.
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