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ABSTRACT

Power electronic circuitase in most electrical and electronics deviteis,way it always
needs development to keep pace with the continuous development of these. déces
required performance of the power electronics circuit varies according to the device used
and it can be classified according to that requirepsmit canbe classifiedn more than

one way Precisely, the subject of this thesishestudy and analysis power electronic circuit
that can handle multi input sources and multi outiglutitiple input Multiple output, Buck

Boost Converte(MIMO -BBC) topologyreceived all the attention of this thesis, Tst

goalis to achieve high reliabilityhe first goal is to achieve high reliability so that the circuit
can be fed by a larger number of souramesd analysis the expected problemthe challenge

is floating-point problem,and how much the transistor control strategy could fure
control strategy mode 1 and mode 2sisidyfor the purpose of choosing the best control
strategy to achieve thagh reliability, One control strategy is built on one transistor to be
opened at a time in the input stage, whiledtieercontrol strategy is built on all transistors
being opened at the same tinféhere many advantages and disadvantages exist, such as
reducing the strasin the transistors and the quantity of the hanicgin the output voltage
waveform. The floatingpoint problemin the terminal of the used capacitor in the system is

solved by an appropriate control strategy.

Keywords Multi input; Multi output; Buck-Boost Converter,Direct Current Converter;

Switching Strategy of Power Electronic Converters



OZET

G¢- elektroniiji devreleri, t¢m elektroni k c
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CHAPTER 1

INTRODUCTION

1.1 Motivation

Due to the increasing demand for the use of various renewable energy sourcgsonsulti

power electronics supplies are experiencing increased attention over the past dieisades.

well known that renewable energy sources have geeanhomic, environmental and

r el i advantages, yet they require conversion circuits in order to benefit from their
output power. This explains the great attention towards the research ialdhef fpower
electronics. The researchers are targeting to reduce the cost, the size, the price and weight of
the designed conversion circuit, and to increase the efficiency, the reliability and flexibility

of the circuit

Gener aDCycob@estdrasanan uUuntermedi ate bet wee

and inverter. They are used to reduce or it
energy source. The inverter is wused to con\
which mayr ddeghusleidnega@ar and nonlinear | oads o
filter.

Among di fD@rcomverCsi on topol ogies, in-1tthis
Boost mul ti i nput RDUCQ t @ o novuetrptuetr . ( MINMOt) h i BsC w
di fferent number of inputs and out puthsseron t
words, how the efficiency i s <chalhigalsog wher

importanttostudy he r el ati onship between duty <cycl e
sources output that serve .asFaimpurent ovenherp
continuous and discontinuous mode of itshe <co
to reduce the number of inductors wused in
size, the weight and tehe price of the desig



1.2 Objective

The objective of this thesis is to study and analyze multi input multi outputhmedt

positiveconverterMICRO CAP 11 software will be used for simulating the circuit.

1.3 Structure of Thesis

The thesis work is organized fmlows; first chapter covers the introduction of the work,
explaining its importance and motivation. While the second chapter explains the theory of
the proposed circuit and reviews the related literature. Chapter three presents the converter
design stageincluding the basic features of the circuit elements and determines the values
of the elements by using the designed equatiorShapter four, MIMO converter topology
selection is explained. The simulation results of the complete circuit are ddausbapter

five. Finally, chapter six gives the summary of the work, and also suggests future work and

conclusions.



CHAPTER 2

DC-DC CONVERTERS

2.1 Introduction

This chapter discusses the basic principles and theory ed©Converters, it§unctions
and classification. The chapter also reviews th&sic principles of choppers under
continuous mode operation. At the end of the chapter,-baokt converter topology is

explained in detalils.

2.3DC-DC Converters Goals (Aims)

DC-DC convertemims are:
1 To converter DC to DC voltage under stable operation
i To protect supplied system and to control the ripple of the output voltage

1 Isolation between the renewaldeergy source and the inverter

DC-DC converter is used to provide an appropriditect current for various electronic
applications. Due to the diversity of electric power circuits and requirement specifications
for different applications power electronics. X converters can be classified according

to the following block diagran(Jafari et al., 2012)

DC-DC
- -
r MULTI-PORTS CONVERTER MPC H
NON ISOLATED CONVERTER ISOLATED CONVERTER

MULTI INPMJTPUT- MISO
SINGLE INPEFHEEESFPUT - SIMO

MULTI INPLUJTPOT- BBC

Figure2.1: Block diagram classified DOC converter



2.3DC Choppers

Figure 2.2 shows a voltage source, a switch and a load resistance connected together in
series.The switch is suitable for the circuit, and it could be a transistor with high opening
and closing speedsd. high operating frequency)is often a onavay switch where current

flows in one directio(Rashid, 2012)

Thefunction of the switch is specified according to Figure 2.2. The duty cycle is determined

by the opening period (DT) as wel-@)T the close period, the standard equation is:
61 00

Where

D is operating time perio@®N "

Vo is voltage output

Vi is voltage input

Switch 1

— = o °

vs T %I{lnnd

Figure2.2: Switching power,circuit and duty circyBaylor, 2017)



2.4 Buck-Boost Positive Converter(B-BPC)

Buck-Boost converter refers to a EIMC converter that can step down or stgppositive or
negative output voltages. This circuit configuration may include an isolation transformer and
is refered to as isolatiazonverter, if an isolation transformer is not used, it is known as non
isolation converter. And also it has different configuration depending on the number of
elements which we can select in order to achieve the requustsl efficiency, modularity
reliability and flexibility. So BuckBoost converters are useful for applications where

reductionthe costat high operating performance is requifdgbnaei et al., 2014)
— (1

D
||
| T N ¢
r C?
o) |
\Vin L I_lE M 2 % ]

r | ||_2 Rl

oo 0

Figure2.3: Buck- Boostpositive converter(Baylor, 2017)

Figure 2.3 showBuck-Boost positive convertarircuit . The output voltage and current are
both positive. It is assumed that the circuit is working under normal operations, meaning it
is working in continuous mode, which meansdnd L2 will not reach to zero valugBanaei

et al., 2014). If the auents inlL1 and L2 reaches zero, then it is said that the converter is
working undediscontinuos operting mo¢l8anaei et al.2014)



25 Transfer Function

Transfer function foBuck-Boost converter can be obtained by applyogchhoff's law to
the converter circuit ifrigure 2.3. As shown in the following equatiqi@aylor, 2017)

6 ,— 6A ,F— T (2.1)
The average voltage acrdssand0 is zero. FronFigure2.3we have
6 6 (2.2)
Applying Kirchhoff's law at output staggields
E E ‘0 (2.3)

In continuous conduction, theagetwo statesas shownn Figure 2.4below.

(0t

: i/in _‘ + I +
30 3

I S 1 + 4
o |7 R :}‘

L]

Figure2.4: Switch closing where DTs ansgitch opening where ¢1ID)Ts (Baylor, 2017)




State 1

When the switch is closed, the diode is reverse biased. The darkeifitincrease at the

rate of

O

Li— 6 h T $40 (2.4)

State 2:

When the switch is opened. The indudtais chargingandthe diode is forward biased, and

E decrease at the rate of

— — $4 6 40 2.5)

Where L1 is discharged. Ther average voltage acras®tone switching period is give as

s (2.6)

Simplifying (2.6),gives the relationship betweemdtfputand Mnputas(Baylor, 2017)

61 OO6—*v (2.7)



Vin l—

-Vout

Figure2.5: VL in continuous conduction

Thus the converter is opertaing in buck mode when D < 0.5, and in Boost mode when D >
0.5, and with equal input and output voltages wen — (the converter may be sued as

an isolation in this mode of opertaion).When the converter input power is equal to the output
power,then we hav@aylor, 2017)

)¢ 0 0——)Q¢ (2.8)

Table 2 1. Closing and opining switching

Switch close Charging Charging Discharging Discharging

Switch open Discharging  Discharging Charging Charging

2.6 Continuous Moode and Discontinuas Mode

The continuous mode opertaion boundary of the inductor cutrerg $hown in Figure 2.6

below. The boundary represents the region where the current is guranteed to be nonzero



iILImax =iLlavg+xI1/2

XI1 iL1lavg =lin

iIL1min =iL1lavg-xI1/2

DT.......(1-D)T

Figure2.6: Inductor L1 current continuous mo¢Raylor, 2017)

FromFigure 2.6 aneéquation 2.4andwhentheswitchisopen(Li s fAdi swd ar gi n g «
have

@l=— p $4 ——1N AOxEOMORANDAT A Ucs

The boundary of continuous conductigperationfor L1 is whenlLimin= 0, as showim
Figure2.7.

iLImax =iL1avg+xI1/2
IL1avg =lin
iL1min =iL1avg-xI1/2

X1

DT...(LD)T

Figure2.7: Inductor current IL1, boundary of continuous mode conduction

Qe — p $4 ; and as D approaches unity,
Li> o 2.10
LT yar (2.10)
Similar with L2:
a2= —8p 0O"Y — NAQI 0 TRE®W QR 6 Q¢ ©dR.11)



And

L2 >

(2.12)

To guarantee continuous conduction mode it is required to have high enough vailues of |
and F(Baylor, 2017)

2.7 Conclusion

Buck-Boost Positive Converter willbe use to build the MIMO-BBC. Equationsin this
chaptemwill be used to determine the valugfthe elements to ensure that the circuit operates

in a continuousnodeas well as to explain the behavior of the circuit

10



CHAPTER 3

MIMO CONVERTER TOPOLOGY

3INTRODUCTION

In this chaptethe MIMO -BBC that has four inputs and three outputs will be bélto, the
goalis try to use the least number of elemeartslkeepsa high degree of reliability as well
as using the method of linkirgjementdo be tested to achieve increases in reliabilitye
flexibility of the systemcan be increass the number input desources tav, as well as

increase theaumber ofoutput stageto N.

3.1 Build the Topology of MIMO-BBC

The aim of this work is to design power electronics source thatrhaltigorts in both input

and output. The voltage of the power sources may be equal or different from each other. This
depends on the type of energy sources wswatl other factorsEach energy source has
different voltagecurrent curve characteristics. In thusrk it will be assumed that all sources

are having the same valtrrent characteristics. Thus, the number of input sources can

increase as many as M

Vini1, Vin2, ééinv, V (3.1)
and number of output staganbe as many &é

Voutputl, Voutput2, € € outpuin V (3.2

Based on thaboveinformation it can suggesthat equal four sources with value 12c\as
inputs these sourcaéni, Vinz,VinzandVina are connectewith four inductorsL1, L2, L3
and L4 asshown in Figure 3.1.

WhereVin1 supplies branch by current h1, thenthe first BuckBoost converter will exist
and will consist oinl, inductori, MOSFET1 and branch. SwitchM1 opens, the current

lin1 that is coming fronVYin1to brancht flows. Theresult in work of both inductar, inductor

11



9, MOSFET 1l1and Brancht to produce the Mitput1 based on the valued operation time
Vin1 with value 0.7us for each switch where the time switehsTLO us in this case the
converter will work as Buck converter, from equation &1d when we assume used ideal

componentgan get:

61 06"-2pc m™n6 (3.3)

The 0.903V just preduce froKini.

Similarly, Vin2 also will be suppliedranchi after M1 closed and the switctM2 will be
opened for flow current tbranchi, the results iroperaé of both inductor and inducto®
againto produce the outputbased on the valued duty cycle'sVin2 ,and add 0.906V to
output of branch similarly, the \in3 and Mn4 will work with branch 1in the same way that
bothVin1, Vin2 remember that "the duty cycle fortMM2, M3, M4 have equal width and

thedifferentopeningtime, for four switches the output 1:is
output 16€.903/*4=3.612\wc.

Current from \in1  Current from \ih2 Current from \in3 Current from \in4

\ 07
It 4
A0

A
1}

- rC [ §T G
f
wdos I Wom ) oo
R3 ) ! R'le
10 ]
BRANCH3 BRANCH2 BRANCH1 v

Figure 3.1: MIMO-BBC, circuit diagram
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Based on abovean write equation 3.4 as:

| input,branchi  lin ,TOTAL (FROM ALL SOURCES- linput, branch2 - | input, branch3 (34)

Where the current lin, ToTAL (FROM ALL sources " is the summation of all currents from
sourcedini+ lin2 +1in3+ lind. The current'lin, ToTAL (FRoM ALL sources also will feed other
branche and brancls, where another BueBoost converter exists between inputs stage with
branch2 and branch3. This type of configuration, meaning a current will feed different
banchesand is applied from converter to another one at the same circuit board achieves

power electronic circuit having multi ports for outputs configuration.
3.2 Input Stage

Figure 3.2 shows the input stage, which consists of four DC voltage sourcesolinees

are arranged as a column to produce an electric current that feed a row of output stages.
After passing the total current through protection resistance "FUSE RESISFEORDC
voltage source is connected in series with its mwinctorand withreliabilty diode The DC

voltage source may be an output of rogblbtovoltaic'PV" systemwinding energy source

or a hybrid of them.
3.2.1 Dioder eliability

Which also called as ''diode protectheono. I
DC voltage source and used for protectin. When short circuit occurs between drain and
source of the MOSEFEThe diode will cause a floatirgpint at anode each4lDs, Ds, D7.

In case we have partial damage in any of the voltage sources, or ifsthesefailure in any

of them, the corresponding voltage source will have no influence on the system because of
the compensation from the rest of thie sour

whole. The only disadvantage of these diodes isttrease of the power loss and cost.

3.2.2 Floatingpoint problem

When switch M is closed, one terminal forilis connected with ground, where a resistance
between the voltage source and the drain of the MOSEFET is small, the anode of the diode

D7 is connected to the grouralsa This will cause the terminal of10n floating-point,

13



meaning, the terminal of the capacitor is not connected to anything, floating. It is assumed
(idealy) that the backward inverse of the diode is very high, which imjbleéghe Buck
Boostpositiveconverter is not in operation, batcordinglyto the control strategy Figure

3.4 or Figure.6 the switches Bland Ms will be open.Theterminal of Q will be connected
through 15 and L7 with ground connected. By doing so, the problem of floagiamt the
terminal of the capacitor C1 is solved and the output stage bramokks in the normal

operation.
3.2.3 Numberof input ports
Thenumber ofDC input voltage oM source can bmcreaseas
Vin1, Vin2, Vin3, Vind, é é € é é é,Vinm (3.6)

| FuSE RESISTOR 4 INPUT = | branch 1+ | branch 2+ | branch 3 (3.7

Increasing the number of DC souraesreases the reliability of the system as a whole, where

the electrical capacity increseaes.

L |

L1

+ L 2000z ,Ii_TM—_ll
4
, A1 D&
- i
L4 |
inl_ L2
'_-' o + L 2000 e
= vz D5
vin2 ! -
12
300
%, M3 D4
— La
+ L 2o00ys A
L
, -\
Wind
12 —

Figure 3.2: Inputs stage

b 4

h 4

‘n.-‘|r13

'}HI—\wJ—

=

3.2.4 Output stage

Number of output voltages can increase up to N ports. Figure 3.3 shows output stage that

suggests a three outputs parts, branchranch2 and brancts. Where each part works

14



independently of the other parts, this increases the system reliability asswsisteam
flexibility. In addition to improvement of system operation and maintenance.
All three branchswere built to work on the installation to woals Buck, Boost and ddt =

Vin respectively, in this regard it cavrite that:
Voutputl, Voutput2 € € é € . . oytpMy; 3.8)

If M is a number ofnputsources and N is a number of outputs. In this regard gsi@mate

that number of elements that need to build circuit so:

The rumber of switche® is:

P = M+N-1 (3.9)

The rumber of coil L is:

L = M+2N-1 (3.10)

The rumber of diode D is:

M+N (3.11)

The rumber of capacitor C is:

2*N (3.12)
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Figure 3.3: Outputstage three oyputs

For Buck Boost Positive converter the duty cycle is a control parameter which controls the

value of theoutput voltage as
61 O6—* Vi (3.13)

Operation timaisagean threestageoutputs for banchzi, branch2 andbranch3 aredifferent
width as0.7us, 5us, 7ugespectively to obtai the output voltage value, 32y, 28v also

respectively and at an ideal component.

3.2.5 Control strategy of input stage

The switches of input stage MIMBBC are fed by four pulses applied in each switch gate.
The Turn off andurn on allows or blocks the current flowing from the voltage source to the
elements of the BueBoost converterThe pulses are produced so the duty cycle of the
switches produces the desired output voltage. The duty cycle is defined as the switch on time
over the total switching time, or sampling time Ts. Two types of control strategy can be

applied to the input stge, as follow

16



1. All gatesare openat the samewidth of duty cycle and at the sametime:

Then we havévi1, M2, M3, M4, will open and close at the edweidth pulses and at the
sametime without any delay between thegleriod of switching ON shall be as a percentage
of the total period ¥ Inductors L1, L2, L3, L4 will charge when the switching opens to one
level, switching OFF 'Figure3.5and all diodes allow to curreritsw to the load and started
from more than zerdsigure 3.4 shownoperation timgequalwidth andat same time) for
switches(M, M2, M3, M 4) and pulses for switchesavand Ms for anothetbranchesit is a
type 1 control strategy

Tl | o

Figure 34: M1, M2, M3, M4And M5 M6, oneleveltype lcontrol strategy

T (Secs)

L1, L2,L3, L4 will charge at the same time from fodinputsources, in this case all inductor

will charge in one level Figur&5, so we can write:

YILn O —=*Dn*Ts (3.14)
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Figure 3.5: Onelevelstrategycontrol Ttype 1, IL1 and DZXurrent

When using this method, it is noticed that the switch will be under stress when we are using

this method, and there will laa increase in the number of harmonics
2. All gatesare openat the samewidth of duty cycle and at the differenttime:

M1, M2, M3, M4, will be close and opened at ttigferent time with a delay between them
andequal widthof operation timePeriod of switching ON shall be as a percentage of the
total period T, but that will limit the numberof input sourceWhen increasewitching
frequency can increases number of sourEegjre 3.6 shows thathe control strategfor

four level type 2 foall switches
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Figure 3.6: M1, M2, M3, M4, M4and M6, for Lleveltype 2control Sstrategy

Inductors L, 12, L3, L4 will be charged to four levels, then all gateshaf switchesvill close
and all diodes allowurrentsflow to the load and was started from more than e L2,
IL3, IL4 will charge at the different time from fo input sources, in this case all inductor

will charge in four level Figre 37, so we can write:

I Ln —O*Da*Ts (3.15)
ILn(max) =B Y) = - B 6 1* Dn*Ts (3.16)

Micro-Cap 11 Evaluati
MIMO-BBC.ci
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Figure 3.7: Fourlevelstrategycontroltype 2 , IL1 and DZurrent

In this method, we noticed that the stresshenswitches will be reduced and also the number
of the harmonics will be reduced t@ehjati and Davoudi, 2013)
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3.3 Conclusion

In this chapter the following topics was covered

1 Power electronics circuit type of MIMBBC is Built

1 To increase the reliability of the circuit Diode Reliabilityagded
1 Two types of Control Strategy are studied
)l

The floatingpoint problems solvedby choosingan appropriate control strategy
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CHAPTER 4

DETERMINE ELEMENT SVALUE OF MIMO -BBC

4.1 Introduction

The first step to calculate the values of the elemsritsdeterminghe specifications of the
proposed circuit. In the followintable we listed out the parameters used in the simulations

of this chapter. The aim of thehapter is to determine

1 The value of all inductors and capacitor to be used.

1 The ratings of the power MOSFET and the diodes to be used.

Table 4 1: Design data 1

V input | input Branchl Branch2 Branch Ripple

0,150,50mv

12Vvdc 5.12A 3vDC 12vDC 24VDC .
respectively

Table 4. 2: Design data 2

Time Switch Duty cycle Duty cycle Duty cycle
switching frequency Branchil Branch? Branch 3
10uS 100KHz 0.7uS 5uS 7uS
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Table 4 3: Design data 3

lout 1 lout 2 lout 3 lin 1 lin 2 lin 3
BRANCH BRANCH BRANCH BRANCH BRANCH BRANCH
1 2 3 1 2 3
500mA 1.00A 2.00A 120mA 1.00A 4.00A

4.2.1 Desigrbranch 1

4.2.1.1 Calculate the equired inductor

Input inductor 1 andL9 can be calculated by the use of equation (2.10) and (ZI2).

guarantees continuous mode operation we have

Lo>

‘ b > 30uH That to glarante operatan coninuous mode.

L1> —, mmmm) (h=L2=L3=L4and equal) and all >495uF.

This choice to gurantee continuous mode operationfoand that is possible whein |

and butand f are large enoudBaylor, 2017)

4.2.1.2 Calculate the equired capacitors

From the following equation
@/out 1= —— 4.1)

The rippleVripple will decreases when C and f are incredBen wecan choose C= 50QiF

andC2 = 50QuF.

Since the amount of variable voltage in the loadipp\é " is related to the importance of the
application, increasing the capacity of the capacitor is expensive, therefore, if the application
is not critical, cpacitors with a lower capacity can be used then the result of the previous

equation, 100uF is enough.
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Figure 4.1 and Figure 4.2 show that the outpubltage simulator for a range of capacitor
C1and @ from 50uF to 1000uF at a step of 100 ks noted that changes can be neglected

in the case of nearitical requirementgMicrpship,2017).

Mero-Cap LL Evaluaion Vrsin
600 MONBBor 10 CE=u. L0

T (Secs)

Figure 4.1: Voutput 1 when change value of C2 from 50uF to 1000uF

23



Micro-Cap 11 Evaluation Version
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Figure 4.3: Simulate Vripple acrossiand @
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4.2.2 Desigrbranch 2

4.2.2.1 Calculate the equired inductor

Input inductors Iz and L8 can be calculated by the use of equation (2.10), (21@).

guarantees continuous mode operation we have

L7> —, mmmm) > 60uH.

,EmEE) B> 60uH.

L8>

To guarantee continuous mode operation Joutand f should be large enough. For easinies

choose Iz =Ls.

4.2.2.2 Calculate the equired capacitors

From equation (3.1) gives the ripple voltagepMe, decreases when C and f are increase,

using the equation we have

a8/out 2= ——h B Solve for G we have: @= 66.uF andC4 = 66.uF.

Since the amount of variable voltage in the load " Vrippterelated to the importance of

the application, increasing the capacity of the capacitor is expensive, therefore, if the
application is not critical, capacitors with a lower capacity can be used then the result of the
previous equation, 100uF enougigure 4.4 shows simulate output 2 voltage for a range of
capacitor C3 and C4 from 50uF to 600uF at a step of 100 uF

25



it (a1l iy 2em Fawan ! vl e sm
WUERG fiC1 Ak i . LAt CEAL AR

- LLLH -
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Figure 4.5: Vripple across €and G
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4.2.3 Desigrbranch 3

4.2.3.1 Calculate the equired inductor

The input inductors f.andL6 can calculated by the use of equation (2.10) and (2Tb2).

guarantees continuous mode operation we have

L5> —, mmmm) &> 15uH.
, ) > 60uH.

and whenih and butand f are large enough.

Le>

4.2.3.2Calculate therequired capacitors

From equation (3.1), the voltage rippleipgle decreases when C and f increase. Then we

havead/out 3= —— —) Solve for €we have ; 6= 40QF and alsaCé = 40QuF.

The amount of the Npple voltage in the load is related to the importance of the application,
and increasing the capacity of the capacitor is expensive, therefore, if the application is not
critical, capacitors with a lower capacity can be used than the result of the previatisrequ
100uF enoughigure 4.6 show that the outmagimulate the voltage for a range of capacitor

Cs and G from 50uF to 600uF at a step of 100 uF.

Figure 4.6: Simulate G, Cs
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Figure 4.7: Can see the Vripple across €qual Vripple acrosseC

4.2.33 Diodesrating

When selecting the appropriate diode or power MOSFET there are many specifications
provided by the vendors, there are some specifications which are not given in the data sheet
of the element, but these specification can be calculated from the mathematical mode of the
element. In general appropriate diode or MOSFET should have the following specifications:

Rated current is one and a half tinl@gjer than the output current
Rated voltage is one and a half tink@ger than the output voltage
Quick response tboth close and open situations

Small forward diode resistanaeorder to reduces power loss
Large reverse diode resistance

High enough peak reverse voltage

Fast closingand opening time of the MOSEFETrisE and Tall)

= =4 4 4 -4 A4 - -

Drain-source resistanced®

Considering the above specification, the parameters of the used diodes and power
MOSFET are listed in the following Tables.
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Table 4 1. Specification of the diodes

\ | P VR RF
D1,2,3,4 12 2 3 MY Small
D5,6 25 3 25 MY Small
Table 4 2. Specification of the MOSFET transistor
\Y P VR Trise Tfall FT
25 3 10 MY 50ns 50ns 1MHz
80 4 10 MY 50ns 50ns 1MHz

29



CHAPTER 5

MICRO CAP 11 SIMULATION RESULT

5.1 Introduction

In this chaptethe circuitwill execute tachievethe following point

Simulate steady state

Simulateinductors to studgndguarante€€ontinuousOperationMode
Simulatethe effect varyof R Loadon threebranches

Determine alloltagenode andall currentbranches

Measurement V rippletdhree stage outputs

=4 =4 4 A4 A -

Simulate effect vary capacitors oimcuit behavior

In the simulations we usddICRO CAP 11 electronics simulation prograi®pectruraSoft,

2012) The suggested circuit diagram is showirigure5.1 where we have four sources as
inputsVin1 = Vin2 = Vin3 = Vin4 =12VDC, and there are six sources which are used to
generate pulses to control strategy mode 2 A2, V3, andV4) and to feed gates for six
MOSEFET. Additionally, we have three terminals as outputs in addition to four protection

diodes connected to all voltage sources as series.

Input currents feeds three stages output (branch 1, branch 2, and branch [Bsaftey

through the fuse resistor R

lin, TOTAL (FROM ALL SOURCES = IR (FUSE RESISTOR= lin1+ lin2 + lin3 +lin4 (5.1)
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Figure 5.1: Circuit diagramwasbuilt by MICRO CAP 11

5.2 SteadyState Analysis

In thisanalysis, it is assumed that the source of the DC voltage is coming from solar roofs
PV arrays or batterie@Kumar and Jain, 2013Jurthermore, it is assumed that all input

voltage are equal, " Virr Vin2 = Vin3 = Vin4 =12VDC and the goal is to operdtee circuit
in continuous mode operation.

Steady state istartingwhen circuitpasdthe transient cas@he transient case happens at
initial operating moments whete= 1t . Figure 5.2 shows outputsvoltagesat first 10Qs
whereoutputi (branch1) cannotreached up 60y, output2 (branch2) and outpus (branch

3) are still not reached up 16Q@ This workdoesnotinterest to the study in this work

rrrrr
ooooooooooooooooo

oooooooo

0.00m S — —

777777

ooou (eNelelvy
MOVOUT1) (V) V(VOUT2) ¢ V(VOuUT3) (V)

Z0.00u 60.00u 80.00uU T00.00u
T (Secs)

Figure 5.2: Voutput 1 , Voutput 2 and Voutput 3 at transient daefere 100us

5.3 Continuous M ode Operation

Good parameters of the power electronics have smaller size and smaller weight. This can be
achieved by operating the circuit in the continuous n{@adbs and Chapman, 200&)d

to accomplish this, the value§L1, L2 must be selected according to the equat{brigand
(5.2) as
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L1,2,34> — (5.1)
Lo> (5.2)
5.4 Guarantee Continuous Mode by L9alue
Micro-Cap 11 Evaluation Version
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Figure 5.3: IL1, ID1 and IL9, wherd-9 = 1uH

Figure 5.3L1curve is approaching zerihat means the circustoesrt work in continuous

mode wherL9=1uH.
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Figure 54: IL1, ID1 andIL9, IL9=10uHthecurve is moving away from zero
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Figure 5.5: IL9 , can se¢he curve is moving away from zero

Similarly, Figure 5.6 and Figure 5.7 show the effect of increasing or decreasing valije of L
L2, L3, L4. From there we can see that valuesLaf IL2, IL3, IL4 are approaching zero or
moving away from it.

Show that D is opens when the circuit works in continuous mode operation and when "V
curve is close to zero axis " Similarlyl Bloses when circuit work in discontinuous mode

operation.

33



5.5 Guarantee Cortinuous Mode by L1Value
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Figure 56: IL1,IL9 of ID1, at selected values for L1, L2, L3, L4 =100uH

Figure5.6 showscurvesof value oflL9 close to zero axisvhen value equal 100uH this

case the continuous mode is betngachieed
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Figure 57 where can see curve kfs moving awayfrom the zero axisvhen value equal

500uH in this case thercuit close to worlcontinuous mode
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Figure 58: IL1,IL9 of ID1, at selected values for L1, L2, L3, L4 = 1000uH

Then2000uH where can see curve o§ moving away from zero axis, in this case the

circuit achieveto work in continuous mode

5.6 Selectthe Valuesof the Elementsof the Circuit

Achieve continuousperationmode the value of components are tabulated in Talle

Table 5 1. Components Table All Inductors And Capacitors Use Micro Units

L1,2,3,4 30QuH L7 300uH L5 300uH
L9 150uH L8 150uH L6 150uH
R1 6Y R2 8 Y R3 10 Y
All
capacitor 100uF
) Generic
All diodes diodes
Al IFR024
switches
All
sources 12Vde
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5.7 Control Strategy Type 2

The floatingpoint probem has been solved by linkireme end of the capacitori@ the
ground througtboth M5 and Ms that when theyhave ON time sothe duty cycle for each
Deoost andD (vo=vi) always greater than the operating time switchesWk, M3 and M4 (£
D Buck) this control strategy appeared figure 5.5, control strategytype 2 generatd by
MICRO CAP 11 socan write

DBoost> Dvo=vi) > B OBuckn (5.3)
N is thenumber of \ih sources

Table 5 2. Operation timdor three stage outputs, Ts =10us

DM1 Buck V DM2 Buck DM3 Buck DM4 Buck DM5 Vo equal Vi DM6 BOOST

0.7us 0.7us 0.7us 0.7us Sus 7us

Micro-Cap 11 Evaluation Version
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Figure 5.9 Controlstrategytype 2generated byvICRO CAP 11
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Figure 5.10: Element current for branch 1 was get by MICRO CAP 11
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5.8 Voltage and Current Output

For minimum voltage ripple and to keep the output current constargn€ @ must be
chosen to be large enoudhigure5.12shows the output voltaged? andV C2 at steady state

point. The ripple value across each capacitor is 0.01v, this ripple value is low enough for

most of the applicationdkashid, 2012)Baylor, 2017)
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Figure 5.13: V outputs and | outputs
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5.9 Load Resistance Changeand Output Voltages
Figure5.12 shows the output voltage for three stages outputs at different values of R

changingrom 1y 4y, 7y and &.
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Figure 5.16: Outputs voltage at different R1, load branch 1
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Branchi: R2 and R are constant, and we are chandtgsly, 4y, 7y and &% .The outputs

are changing for branchto 0.90v,2.9, 3.2v and 3.¥ also respectively, as shown in
Figure5.13. When R is reduced to ¥ the output voltage collapse fronv 3o 0.90/,
conversely when Ris increased to 9 , then we notice an increase in the output voltage up
to 3.3v.
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Figure 5.17: Output voltage collapse from 3V to 0.90V

Branch2: R1 and R are constant, and we are changizgo values %, 7y, 10v, 13v ,and
16y respectively. Then the outputs changes between 7.35vyaad Shown ifrigure5.18.
When R is reduced to 4 the output voltage collapses. WheniRcreases to 16 we notice

an increase in the output voltage up 9
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Figure 5.18: Vary voltage output 2 when reduces R2 or decrease

Branch3: R1 and R are constant, ande arechangng R3to value %, 10v 15y and 2(¢
respectivelyWhere the output voltage varies 15.85v to 2¢.89 shown irFigure5.19.

Figure 5.19: Change voltage depending on change R3
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