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Abstract

Multi-output converters are currently being explored as an potential replacement to traditional DC-DC
topologies, so that it will boom electricity density in low-power multiload packages. The system looks at a
converter with a lift topology that may be customised to cuk “converter provide more than one output. The
Converter which obtain multiple outputs incorporates two converters with identical front ends to supply power
from one switch. A Buck converter can be used in conjunction with Cuk using this technique. This approach
requires fewer switches and allows for the management and monitoring of all outputs. To generate a 12V and
48V bus, the proposed converter was used to interconnect with solar panel, battery, and house loads in a
renewable power converter system. Since it substances a 12V battery and a 48V load bus, the converter can be
used with a sun panel. When light strength is unavailable, the converter actions to a method in which the 48V
bus is powered by the 12V battery

Index Terms: Solar energy, DC-DC converter

1. Introduction

This paper is mainly used for renewable sources of energy such as solar and wind. The sunlight gets
converted into electricity by the solar. The produced voltage range might be low, so the converter circuits are
used to raise the low voltage. A converter is a system that converts low voltage dc into high voltage dc. Power
plants, home appliances,

ventilation systems, industrial appliances, solar lamps, vehicles, and other remote applications that include
transmission and distribution use solar energy. In all of the conventional strategies, energy harvesting is
generally achieved in steps, that is the maximum power extraction from an ambient electricity supply and DC-
DC conversion. The impedance of an circuit ought to be regulated for optimal power extraction, making it hard
to alter the output concurrently. A separate DC-DC converter is normally used after a most power extraction
circuit, ensuing in a wide shape issue due to the presence of more than one inductor.

Several inputs and outputs are here where the rechargeable battery can be used as both. In battery charging
mode, the rechargeable battery is charged by the residual energy where the harvested energy is greater than the
load.
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Figure 1(a):Block diagram of existing system

On-chip supplies for consumer electronic products, power supplies for consumer appliances, renewable
energy integration in homes, and electric vehicles are some of the applications being studied for these
converters.
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Fig 1(b) Multiport cuk converter based on solar energy

The battery must supply power to the load if the extracted energy is less than the load, which is known as
battery discharging mode. The microcontroller is for generating pulses for converter circuit and pulses are given
to the circuit as input. The driver circuit is specifically used to tolerate and amplify the controller's input signals.
The key power circuit devices are connected to the amplified driver output. The operating method is actually
selected between the battery charging and the battery discharging mode based on the harvested energy and the
device load. The integral-charging scheme is used to maximize the power efficiency in both modes.

2. Operation Principle And Method Of Control

Multi-port converters are referred to as such because the same port serves as both an input and an output in
many applications. For implementations, the outcome of this kind of converter might be increased or decreased
than the supply voltage.
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Fig 2(a) Block Diagram Of Multiport Cuk Converter

V1.11+V2.12+V3.13=0

As in this equation, the current flowing through all ports is assumed to reach the positive terminal of the
voltage at that port. When the voltage level remains constant, the output power and input current both rise. This
criterion forces the input current to be higher since the source value is lower in a boost topology. As a
consequence, running a multiport converter in continuous conduction mode is more effective.
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Fig 2(b) Multiport Converter Based On Boost And Cuk Topology

In managing their Integrated circuits, present communication and computation structures choose a voltage
range that has to be greater or lesser than the supply input. Likewise, in electricity generation, a boost motor is
coupled to a solar panel to enable a low operating voltage is being used to obtain a good Dc link. The charge
sharing concept is used in turn increasing outputs. Figure 2 depicts a two-output boost topology developed using
this approach (c). As an effect, the load is evenly distributed amongst these capacitors C1, C2 and so.
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Fig 2(c) Conventional Switching Scheme And Multiport Converter With One Supply And Two Outputs.

As demonstrated, even under CCM, the data obtained are load-dependent. It's also significant to note that,
unlike conventional boost converters, the voltage level can be lower than the input value. The endpoints in this
form of multi-output converter exhibit extreme cross-regulation since all of the outputs are linked to the same
switch node.

A. Setup Overview

In rural roof-top solar power distribution, a multi-output cuk converter with switched boost action might be
used. In this segment, a 24 V power source with dual outcomes is designed and validated as a test case. A 48 V
bus connects the standard home loads. A 12 V output is fed to a battery with optimum charging (CC-CV)
capabilities. The power switch has two modes of operation.

(i) MODE A: In CC-CV mode, 24V input supply power the 48V bus and charges the battery.

(ii)To simulate shading or night time conditions, the input supply is disconnected, and the 48 V bus is
equipped with a 12 V battery.

B. Mode a operation: interval 1:

In this mode, the input solar power supplies the loads on the 48V and the 12V output bus. On the 12-volt
production path, the electrical feed charges the battery. The converter has three distinct intervals when operating
in Mode-A. Figure 3 depicts the steady-state waveforms during the Phase-A service.

The analogous circuit for this interval is shown, in which the switches S1 and S2 are both turned on at the
same time to allow the converter to boost. The current in inductor L1 increases as the slope of m1 (=Vin/L1)
rises. The iL2, which has a gradient of m4 (=Vout2/L2), is freewheeled by S2. At this period, the toggle node
voltages vswl and vsw2 are both shorted to the ground.
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Fig 3 Waveforms Of The Converter In Steady State Mode A

Interval I1:

S2 is decided to turn off at this stage, while S3 is changed on and the diode is forward biased. The S1 is still
turned on. In the boost scheme that was implemented, the inductance L1 discharges with a gradient of m2 and
L2 begins loading with a slope of m3, leading in buck operation with 12V throughput at the battery end. The S2
is then ended up turning off, while the S3 is flipped on and the electrons flow. The S1 key hasn't been powered
off yet.

The following is an examination of the correlation that has been applied:
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Fig 5 Equivalent Circuit For Interval 11

INTERVAL I11:

Switch S1 is switched off during this interval. The interval in the analogous circuit is identical to the
freewheeling mode of a traditional buck converter as shown in fig 6. The antiparallel diode, or switch S3,
remains on. The current iL2 freewheels through the diode of S2 and has a slope of m4 as in sketch 1.
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Fig 6 Ideal Circuit For Interval 111

C. DESIGNING IN MODE A:
1) MODEL OF STEADY STATE:

This part describes the steady-state voltage conversion ratio for all outputs. When you apply volt-sec balance
across L1, you get,

Vin.Dla + (Vin - Voutl).(1 - D1a)=0

where D1a is the fraction of time when both S1 and S2 are turned on at the same time. As a consequence, the
boost output voltage is

Voutl=__1 . Vin
1-Dla
A volt-sec balance is extended through the inductor L2 to find an expression for Vout2.

-Vout2.Dla+(Voutl-Vout2).D2a
+(-Vout2).(1-Dla-D2a)=0

When only S1 is turned on, D2a is the fraction of the interval. As a result, the steady state expression for
Vout2 is

Vout2 = D2a .Vin
1-Dla
2)DYNAMIC MODEL:

The generalised state space equation for circuit intervals described in mode A can be written as
J*X(t) + k* u=x(t) (t)

X(t) is a vector that contains all of the state variables, which are the inductor currents iL1, iL2 and capacitor
voltages Voutl, Vout2. The independent input Vin is defined by u(t).

X(t) = [IL1 IL2 Voutl Vout2]*T and u(t) = Vin During interval-1, above equation can be written as
X(t) =J1 * x(t) + k1 * u(t)

Here J1= |0 ] 0 0 J.Kl1=| _L
L1
0 0 0 -1 0

L2
0 0 -1 0 0

CO1RO1

0 10 -1 0

co2 CO2R03
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During Interval 11, x(t) = J2 * x(t) + k2 * u(t)

0 0 0 0 1
J1= KI<| LI

0 0 0 -1 0

12
0 0 _] 0 0
COIRO1
0 1 0 1 0
C02 CO2R02

During Interval 111, x(t) = J3 * x(t) + k3 * u(t)

I1= 0o 0 0 0 Ki=| 1
L1
0o 0 0 12 0
0 0 _- 0 0
COIRO1
0 1 1 0
Cco2 CO2R02

The data is annoying, and state-space averaging is used to calculate the average. With d1 and d2 as control
variables, the final position stability analysis calculation is performed.

X =[sl-J]"-1*[K*u(s) + (J1-J3) * X(s) * dla(s)
+(J2 - J3) * X(s) * d2a(s)]

=0 0 -{1-Dla) 0 K=| 1

L1 L1
0 0 D2a -1 0
L2 L2
(1-Dla) (-D2a) -1 0 0
Col 1) CO1RO1
0 1 0 1 0
Co2 CO2E02

The control-to-output transition function can be plotted using the equation Voutl / dla.
D. MODE B OPERATION:

The solar input is absent in Mode B. The loads are powered by the 12V battery. As a result, the pulses were
changed to enable boost operation from a 12V battery to a 48V output bus. In this mode, the PWM signal to S1
is disabled. The converter's steady state waveforms during mode B operation. In a switching cycle, intervals are
of two types.

INTERVAL I:

Switch S2 is enabled at the onset of this timeframe. With a slope of m5, the inductor iL2 is loaded. The
switch S3 has been switched off. When S2 is flipped on and L2 is charged to an input signal, this interval is
analogous to boost operation.

Switch S2 is shut off and switch S3 is flipped on at the begin of this duration. With a decreasing slope of m6,
the inductor L2 begins supplying energy to the 48V bus. This interval's corresponding circuit is shown in Fig.9.
It's worth remembering that the voltage through Cin is Voutl in steady state, so the current through L1 is zero.

2162



Multiport Cuk Converter Using Solar With Battery Charging And Discharging Mode

INTERVAL I1:

Switch S2 is shut off and switch S3 is flipped on at the begin of this duration. With a decreasing slope of m6,
the inductor L2 begins supplying energy to the 48V bus. This interval's corresponding circuit is shown in Fig.9.
It's worth remembering that the voltage through Cin is Voutl in steady state, so the current through L1 is zero
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Fig 7 Frequency Modulation Of The Amplifier In Focused In Type B

Fig 9equivalent Circuit For Interval 11
E. DESIGNING IN MODE B :

1) MODEL OF STEADY STATE :
This section calculates the output Vout1’s steady state power flow ratio.
-Vout2.DbTs +-Vout2.DbTs+-Vout2.DbTs+-Vout2.DbTs+-Vout2.DbTs+-V (Voutl - Vout2).D'bTs = 0

Db is the percentage of time that S2 is switched on during the switching phase. As a consequence, the boost
voltage rate will decrease.

WVoutl = Voutl = 1
WVout2 battery 1-Db
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2) DYNAMIC MODEL:

For circuit intervals defined in mode B, the generalised state-space equation can be written as

P*x(t) + Q * u=x(t) (t)
u(t) is a independent input E, and x(t) is a vector that contains all of the random variables, which are inductor

currents iL1, iL2 and capacitor voltages Voutl, Vout2, Vin.

During cycle 1,
x(t) =[iL1iL2 Voutl Vout2]T and u(t) = E

P1*x(t) + QL * u=x(t) (t)

Pl=| 0 0 -1 0 1,.Ql= 0
L1 L1
o 0 0 -1 0 0
L2
11 0 -1 0 0 0
C01 CO1RM
0o 1 0 -(RO2=Eb) 0 1
coz2 CO2R02Rb CO2Rh
-l 0 0 0 0 0
Cin

During Interval 11,
P2 * x(t) + Q2 * u=x(t) (t)

Here,

1 -
Co01 C0L COIRDL

o1 0 -(R02+Fpxy 0O 1
co2 CO2R02Eb (02N
-1 0 0 0 0
Cin

Applying feature vector averaging to these intervals for minor perturbations in input u and control variable

Db yields the final steady-space linearized equation.
x=[s1-P]"-1*[Q *u(s) + (P1-P2) * X(s) * db(s)]
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Here,
P=|C 0 =1 0 _11Q= 0
L1 L1
0 0 1-Db =1 0 0
L2 L2
1 (1-Db)_ -1 0 0 0
Co1 Co1 CO1RO01
o _1 0 -(RO2+Rb) O 1
Cco2 CO2R02Rb CO2Eb
-1 0 0 0 0 0
Cin

The control-to-output conversion function Voutl/db can be plotted using the equation

F. OPTIMAL BATTERY CHARGING CONTROL.:

Recognize Fig. 10 for a summary of the CC-CV charging mode. (a), which defines a standard experimental
optimised storage of batteries, where the device is assigned with a static current when its state-of-charge (SOC)
is low and involved with a fixed value when its SOC is near 100%. Figure 10 illustrates a typical charge
controller. An internal current loop and an outer voltage loop are also found in the unit. The voltage
compensator's performance is clamped by a Zener diode. When the cell SOC is close to zero (VbatVref), it is

held in place to VVz, which sets the circuit reference to Vz. This is visualized in fig 11(a).

145 13
Ierg I
14 L - 1.6
14
135
-~ 1.2 )
. B 1 =
- -~
S 125 a8 b
%= 0.6
12
0.4
1.5 0.2
1 0
[ 428 729 998 1478
Time (mins.)
Fig 10(a) Characteristics Of Optimal Charging Batteries
Voltage
Compensator
Ml,lamp Vrcf
Vi
... .Voar
Current P R L T

Compensatol \
I Controller

Fig 10(b)A monitoring circuit for simple optimal battery power

Voltage

Compensator Controller

Fig 11(a) & (b) architecture of the control algorithm in different battery state of charge(a) as a fixed current

controller (b) as a dc link controller
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G. CONTROLLER OPERATION IN DIFFERENT MODES:

The power stage functions similarly to the previous sections. The converter's framework is described in two
configurations in this chapter. Analogue controllers are being used to track the 48V and 12V outputs. A control
circuit (control #1) regulates the boost output (Voutl) to 48V. Control #2 directs the step-down output (VVout2),
which is linked to a battery. As per Figure 10.b), it is governed by a battery's precise charging order. Physical
PWM controllers have been used for gathering all controller output signals, making the voltage level for S1 and
the 48 V for S2 easier to attain. Based on the magnitude, a mode selection circuit alters the power between
Mode A and Mode B.

3..Experimental Results:

In a sustainable energy switching cycle, this ingenious converter was used to link a components mentioned
previously. The 12 V bus is wired to the battery and it is capable of powering it efficiently. During Mode, A
functioning, the input source (Vin) will provide both outputs. The control shifts to another control when it is
energized, which governs the output. As early as the setup is triggered at t1, the input source and the batteries
continues to charging and bringing to Voutl.

Until the battery is the origin in mode B, the control only enforces Voutl at 48 V. Among both t1 and t2, the
electrode existing (lout2) charges the 48 V output. After t2, it maintains a stable state. The changeover from
Mode A to Mode B is imposed by running the converter in Mode A and lessening the input source voltage. The
mode selector informs the converter again to use the battery to drive the 48 V load. The input source is loading
the battery and allocating the 48 V bus before t1, and that's because of the direction of IL2. To initiate the shift
from Mode A to Mode B, the input voltage is reduced at t1. The controller responds to the toggle to Mode B at a
specific frequency t2. As a direct consequence, the current through L2 (=IL2) inverts its path. The battery
resistivity at this place measures how much Vout2 has fallen. There will be a temporary drop in the 48 V bus at
this transformation phase. The loss is analysed by the feedback loop's speed and the bus storing capacitor. After
t3, the voltage level is estimated and moved to Mode B. The multi-port device could be said to set up as a solar
array with a 12 V supply and a 48 V load bus, with all outputs being possible.

Fig 12 Simulation Circuit With Solar Energy Harvesting

o #

Fig 12(a) Output Waveform For Load
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Fig 12(b) OUTPUT WAVEFORM FOR BATTERY

4, Conclusion:

A multi-port converter absorbs energy from a solar cell and converts it to DC. The multi-port converter
automatically switches between battery charging and discharging mode based on the load current and extracted
electricity. In the load current and extracted energy, the battery's charging time and discharging time are
adaptively regulated and ensuring a slight output ripple in one switching cycle. A solar panel and a lithium ion
battery were used to test the multi port cosnverter utilised before
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