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Abstract

Concern over the state that our planet is in as it continues to deteriorate is causing environmentally friendly solutions to become
more popular than ever. Because of environmental concerns, green solutions are becoming increasingly popular. In this paper, a rede-
signed rectifier stage is applied to an example of a hybrid energy system. The load can be supplied by either of the two sources, based
on how readily it can be met by the various sources of energy, in this configuration. In order to get rid of higher order harmonics, this
fused converter with a Cuk-SEPIC, does not require any additional input filters to be installed. The presence of the harmonics has a
negative impact on the generator’s lifespan, heating issues, and overall performance.. Due to its fused rectifier with multiple inputs,
the maximum power point tracking (MPPT) can be utilised whenever wind and sunlight are available to generate electricity. When it
comes to wind and PV, we’ll use an adaptive MPPT algorithm and a common perturb and observe procedure. The proposed system'’s
operational analysis will be discussed in this paper. For the sake of emphasising the advantages of the circuit under consideration,
simulation results are presented. When one energy source isn’t able to keep up with the demand, another can step in to fill the gap.
MPPT control has been proposed for a number of hybrid wind/PV systems, and in addition to that, the utilisation of rectifiers and

inverters has been debated.
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Introduction due to the intermittent nature of these sources of energy. The most

common disadvantage associated with wind and solar power sys-
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people concerned about warming of the planet’s atmosphere and yp &Y

ower, on the other hand, has the ability to generate significant
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fuels are a major source of concern for many people. The greatest
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jects casting shadows.
hydropower, but also in wind and photovoltaic energy. Wind and J &

photovoltaic energy, rather than hydropower, have the greatest The other energy source can make up for the shortfall caused

possible significance to fulfil our needs in terms of energy. Unre- by the absence of one of the sources or by the source’s inability to

liability is inherent in wind and photovoltaic power generation
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adequately meet the load demands. Because of this, the overall ef-
ficiency and the dependability of the system has room for improve-
ments, that can be made by merging and installing these two in-
termittent power sources with the maximum power point tracking
(MPPT) algorithms. It has been suggested to use MPPT to control
hybrid wind/photovoltaic power systems, and the topic is current-
ly being discussed. Harmonics of high-frequency current are put
into wind turbine generators, and to get rid of them. The methods
that are described in the appropriate literature require the applica-
tion of the passive input filters. As can be seen in figure 1, the recti-
fier stage in regard to every source of power generated by renew-
able energy consists of a parallel connection of one DC/DC boost
converter, which is common in published systems. Combining the
sources coming from the DC end while preserving a relatively un-
complicated multi-input structure is one way to accomplish MPPT
for each individual renewable energy source. The buck and buck-

boost converters are combined in this design.

ACBUS

PV
GENERATOR

Bt

Figure 1: Hybrid system featuring multiple boost
converter connections.

Because harmonics are present in the current that is flowing
through the generator, the lifespan of the generator is reduced, and
the quantity of power that is disposed of as a result of heating is
increased. This project proposes an alternative structure for the
multi-input rectifier that is typically utilised in hybrid power gen-
eration systems that make use of both solar and wind power. The
Cuk and SEPIC converters have been combined into a single device

in the new design.

The proposed topology has the following parts:
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e  Separate PFC Input Filters are not required because of the

built-in nature of these two converters.

e Eachrenewable source can be used for step up/down opera-
tions (has the capability to accommodate a wide range of PV

and wind inputs).
e  Each source can benefit from MPPT.

e  There’s support for both individual and simultaneous use.

Increasingly more people are opting to buy hybrid electric ve-
hicles (HEVs) and electric vehicles (EVs) as a response to the ris-
ing cost of oil and growing concerns about the environment, as de-
scribed by Rahman, K. M,, Patel, N. R,, Ward, T. G., Nagashima, ]. M.,
Caricchi, F, and Crescimbini, F. (2006) in their paper, “Application
of direct-drive wheel motor for fuel cell electric and hybrid electric

vehicle propulsion system” [1].

This avoids the need for an electronic brake resistor because of
the motor’s ability to dissipate the braking power. If the controller
is set to maximise the stator voltage or current, the losses in the
motor will increase as a result. About the DC-link capacitor, field
weakening, flux braking, and overvoltage are discussed by M. Hink-

kanen and J. Luomi [2].

C. H. Rivetta, A. Emadi, G. A. Williamson, R. Jayabalan, and B. Fa-
himi discussed the behaviour of the converter system using phase
plane analysis on buck and boost dc-dc converters with CPLs and a
state feedback controller, as well as constant power loads, control,

and dc-dc converters [3].

The operating principles made by the capacitor voltage syn-
thesis multilevel converters are based on the features, constraints,
and application areas for the multilevel converters. J. S. Lai, ]. Ro-
driguez, J. Lai, and F. Peng examine the most critical topologies,
such as diode-clamped inverters (neutral-point clamped), capaci-
tor-clamped inverters (flying capacitors), and multilevel inverters
[4,5].

For large electric drives, a multilevel cascade inverter with sepa-
rate dc sources and a multilevel diode-clamped back-to-back con-
verter has been proposed. This converter has low output voltage
THD and high efficiency, and power factor has been discussed by L.
M. Tolbert, F. Z. Peng, and T. G. Habetler [6-8].
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It was discussed by M. Shen and his colleagues that there are
two distinct approaches to controlling the constant boost on the Z-
source inverter, both of which aim to minimise voltage stress while
simultaneously achieving maximum voltage gain at any modula-
tion index. These methods are able to do this because low-frequen-
cy ripple that is not in relation to the frequency of the output does

not occur, were proposed [9-12].

A cascaded H-bridge multilevel boost inverter for EVs and HEVs
without inductor is proposed in this paper. Typically, each H-bridge
requires a DC power supply. A capacitor serves as the DC power
source for a standard three-leg inverter (one leg for each phase).
The H-bridge is connected in series with each leg. In this system,
the use of large inductors is completely eliminated, which decreas-
es the cost and space of the system. The desire to reduce the vehicle

emission and improvement in fuel economy can be achieved.

Modelling of the wind turbine system

A wide range of wind system perturbations can be accurately

predicted using the various component models presented here.

Power available from the wind turbine

The amount of power that can be generated by winds currently
available, power distribution across the machine’s curve, and the
efficiency with which a wind turbine can generate power from
changing winds is dependent on a number of factors, including the
device’s capacity to adapt to shifting wind speeds and directions,
as well as other aspects of the environment. As a result of wind

turbines, mechanical power can be generated as follows [9]:

Pym = 0.5pC,AU, (watts)

Analytically, a third-degree polynomial can be used to calculate
the power coefficient of any wind turbine, as shown in the example

below.

Cf% 2 2
1'32{/127_08}
Ad—

Where is the ratio of tip to blade speed

'wy
Defined as: A = ——
Uw
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The lift-to-drag ratio (L/D) is represented by the number of
blades in the wind turbine (B) in the formula above. It is known
that B and L/D can be calculated from the technical characteristics
of the wind turbine Equation (2), which is valid from 4 to 20 for
B=1, 2 or 3, and from L-D.<25 with a high degree of accuracy.

Any WT with variable speed that also has the ability to adjust
the effective rotational aerodynamic efficiency can simply be taken
into account using an appropriate expression for the pitch angle-

dependent constant C,,.

The mechanical part of the wind turbine model consists of the
following parameters [9]: turbine blade speed (w,), the hub speed
(w,), the gearbox speed (w,) and the generator’s mechanical speed
(w,,)- The relationship between the generator’s mechanical speed
(w,,) and its electrical (w,) angular velocities can be expressed as
. Despite the fact that the angular velocities on both sides of the
gearbox are w,=R.w, where P is the number of poles and is the
transmission ratio. There is a correlation between angular veloci-
ties and shaft angles and is given by . It is possible to standardize
Equation (3) based on the three-phase volt-ampere rating of the

generator.

dw
]Ed—tB = Tam — Dgwp — Dpy (wp — wy) — Kpy (O — By)

C].(J}H

Ju— = ~Duwu — Dgu.(0u — wg) — py, (wn — wg) — Ky
(Bs — 08) — Knc(On — 66)
d D K
o228 — T, — Do — 222 (g — ) — 2 (B - B)

Using the above model, one can study how a machine behaves
in high-turbulence conditions like gusts of wind. On the other
hand, mechanical dynamics are frequently ignored, which is espe-
cially common in machines that have a great deal of inertia or when
there is a lack of availability of the necessary parameters. Using the
above model, one can study how a machine behaves in high-turbu-
lence conditions like gusts of wind. However, mechanical dynamics
are often overlooked, especially in machines with a lot of inertia or
when there is a lack of availability for the necessary parameters. As
a result, the third equation can be simplified to a single differential
equation if the dynamics of the hub are disregarded and only the
shaft is thought of as being rigid.
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2
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In contrast to the other quantities, which are expressed using
the per-unit system, The swing equation, which is denoted by the
equation 4, is derived from the kVA rating of the machine, which

deals with rotational velocity.

Asynchronous generator model

According to popular belief, an asynchronous generator is in-
stalled on the WT. Simplified Park equations serve as the basis for
the asynchronous machine equations. The stator electrical tran-
sients are ignored in comparison to the rotor ones, which is the
most important. The synchronous reference frame is taken into
account in the per-unit (p.u.) system of these equations. Asynchro-
nous motors are the technical term for wind turbine generators
used in the generation of electric power (negative loads). The asyn-
chronous machine’s torque and slip can tell you if it's a generator
or a motor [13-20]. These equations are based on algebraic stator
theory:

Vd = E:j + rsld —X’Iq
Vg = Ej+15lg +X'Ig

Rotor winding dynamics are depicted in these differential equa-

tions as follows.

dEJ r r r r
o =To[-Ea— X—XDlg +swEq] )

dE: ’ ’ r r
=T Ea+ X —XDa—swEg] 7

The equation for the electromagnetic torque is as follows:
Tae = Egla + Eglg

Power, both active and reactive, as well as voltage and current,

can be calculated using the following relationships:

Pac = Re{Vil3)

Qae =Im{Vil3} (10)
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= 2 :
Vt Cvd +Vq) _________ (11)
=g+l (12)

The number of differential equations in a wind park with a large
number of units increases significantly. As a result, a number of
wind turbines can be assumed to operate in the same set of wind
circumstances. Groups of n identical machines in the wind park can
be replaced with one identical machine for each group. Machines of
the same make and model should be placed in the same group. A
machine that replaces n identical machines is given its parameters

by the following equations:

I's
— P T, = —
HAH = nHA’ TDH = Tn, sn n

As a result, a variable-speed mode for wind turbines that use
power electronics to simulate the control of their electrical connec-

tion to the grid.

Sepic converter

As depicted in figure 2, a single-ended primary-inductor con-
verter (SEPIC) is a DC-DC converter in which the output voltage
can be set to be greater, lower, or the same as the input voltage. The
duty cycle of the SEPIC’s control transistor determines how much

current flows through the device’s output.

vy

L
L o
‘D

-
—
hY |

Figure 2: SEPIC converter schematic diagram.

It is a type of converter that is comparable to a conventional
buck-boost converter; however, it possesses advantages such as
output that is not inverted (the output voltage is the same polar-
ity as the input voltage) and a partitioning off of the input and the

output (provided by a capacitor in series).
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Continuous mode

For a SEPIC, “continuous mode” means that the current flowing
through inductor L, never drops below zero. During steady-state
operation, the voltage that is input (V, ) is equal to the average volt-
age that is measured across capacitor C, (V). There is no other
source of current for the load besides inductor L,, because capaci-
tor C, blocks direct current (DC). To put it another way, regardless
of the input voltage, Inductor L, (I ,) has an average current flow

equal to the average load.

Discontinuous mode

A SEPIC has entered a mode of conduct that is considered dis-
continuous as long as the current that is flowing through the induc-

tor L, does not reach zero.(also known as a discontinuous mode).

Reliability and efficiency

The drop in voltage and duration of the diode’s switching D1 are
two crucial factors that determine the dependability and effective-
ness of the SEPIC. The switching time of the diode needs to be ex-
tremely fast in order to prevent components from being damaged
as a result of high voltage spikes that occur across the inductors. It

is possible to use either Schottky or regular diodes.

The resistances of the converter’s inductors and capacitors can
also have an effect on the efficiency and ripple of the device. Less
energy is lost as heat when inductors have lower series resistance,
resulting in higher efficiency (the load is receiving a larger propor-
tion of the input power). Even in C, and C,, where the current fre-
quently reverses direction, capacitors characterized by a reduced
equivalent series resistance (ESR) should be utilised so that ripple
is reduced and heat is not allowed to accumulate. This is necessary

in order to avoid damaging the circuit.

Rectifier stage with multiple inputs

Figure 3 depicts a hybrid energy system’s proposed rectifier
stage, where one input is connected to the PV array’s output and
One of the generator’s outputs is connected to another input. Both
the SEPIC converter and the Cuk outputinductor belong to the same
system which makes the converters to operate as one. In the event
that information from a single source cannot be obtained, each
converter can continue to function independently. The situation

where only wind is available. A SEPIC converter is formed when
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D1 is turned off and D2 is turned on; changes have been made to
the proposed circuit’s input-to-output voltage relation and is given
by equation (14). However, in the event that only the PV source is
accessible, D2 will be shut down, while D1 will continue to operate
normally throughout the entire process, transforming the circuit
into a Ku converter. The connection that exists between the voltage
that is present at the input and the voltage that is present at the
output is given by equation (15). Both converters have the ability to
perform buck/boost conversion, which enables the system to have
greater design flexibility, if maximum power point tracking (MPPT)

control is performed using duty ratio control.

Vd — d2 ------- (14‘)
v, 1-d,

Ve __ 4

v, l-d, e (13)

It's possible that the states I, II, and IV will be switched if M1’s
turn-on time is longer than that of M2. Similarly, if the conduction
periods of the switch were to be switched around, the transition-
ing states are going to be I, III, and IV. Figure 1 shows the inductor
current waveforms for each possible state of switching in the case
of switching states I through IV, assuming that d, is greater than
d,. PV is the average input current; I, W is the rectifier’s input cur-
rent measured by its RMS value (wind gust); and I _is the average
amount of current that is generated by the system. As can be seen
in figure 4, the main waveforms used to illustrate the various states
of the system under test are shown. There will be an explanation of
the mathematical formula for the total output and input voltage in

the following section.

Sunligh N = g | -
Sunlight {
" \ v . ﬂ]!]l Gy = 7, To Load/Grid-
\aﬂay % side inverter
™ Il .
Iy <,
‘F:"" e . —
wind (Y 7{; ‘
iy
N

J.- Clecuit integration

Figure 3: Hybrid Wind/Photovoltaic System Rectifier Stage.
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State I (M1 ON, M2 ON):

V
i = Lipy +——t

0<t <d|T;
N — 16)
Vi+V, (
i, =1, +(——2) 0<t <d,T,
N — 17
i, =1, +—t 0<t <d,T,
L (18)
State III (M1 OFF, M2 ON):
. Vp _I/cl
iy =Ly +(——) d,T <t <d,T;
L 19
V. T ( )
i,=1, +—%t¢ d,T, <t <d,T,
,%2 ------ (20)
i, =1, +—"t d,T, <t <d,T,
L (21)
State IV (M1 OFF, M2 OFF):
iy =1y +(— = d, T <t <T,
L ‘ 22
v, T ( )
i,=1, ——%t d,T, <t <T,
Vv _y e (23)
i,=1, +(——2—2) d,T, <t <T,
L~ (24)
T i
=
¥z '

1]
|

Vi2

T
|
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1
1
1
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> (1=, )T, }'
1
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Figure 4: Waveforms for the proposed circuit inductors.
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Analysis of proposed circuit

The purpose of this exercise is to derive an expression for the
voltage on the DC bus (V, ), as shown in Figure 4, it is necessary
to take a look at the voltage-balance of the output inductor, which
is denoted by the symbol L,, with d, > d,. The application of volt-
balance to L,, given that there is no overall change in the voltage
of L,, results in the equation (26). It is then possible to derive an
expression for the average DC voltage (V, ) and the voltages of the
capacitors (v, and v_,), where v_, and v, can then be obtained by
applying volt-balance to L, and L, [21-25]. The concluding expres-
sion for the relationship between the voltage output by the device
on average and both input sources is given by Equation 27. The
output voltages of the Cuk and SEPIC converters are simply added
together to give V , as can be seen. This further demonstrates that

V. can be controlled by either d, or d, at the same time.

Vatvo)d T +(v,0d,—d)T +(1-d,] —v, )T, =0

------- (25)
d, d,
= + 26
va‘ (1—d1 )vcl (1—d2 )vcz ( )
d d
Ve z(l_ldl)"p Jf(1_2a,2)vw ------------ (27)

Also included in this section are the switch’s voltage and current
characteristics. voltage stress is expressed in terms of equations
(28) and (29). On-time MOSFETSs exhibit a constant peak current
at the end of their on-time period, as shown in Figure 4. Current
flowing through the Cuk and SEPIC MOSFETs is a combination of
input current and current flowing through the capacitors (C, and
C,). The stress at its highest level in M, and M, can be calculated us-
ing the formulas given as per the equations (30) and (32). Lot and
Lo provided by equations (31) and (33), represents similarity be-
tween Cuk converter and SEPIC converter inductance, respectively.
The current that flows from the PV is equivalent to the current that
flows through the Cuk converter on average, is given in equation
(34). According to the duty cycle of the inductor, the average cur-
rent can be observed (d,). Consequently, It is possible to achieve
maximum tracking of power points by modifying the number of
active shifts for each energy source to the level that is optimal for

that source.

d
Vo =V, 0+ 1—1d )
1
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d’)
vd52 = V“.(]. + 1 ;lj )
T e (29)
v dT
i oo=1 41, -2
dsl.pk = “ipv | fdeavg T 7o Leql ________________ 30)
Ll
‘egl
©oL+L, (31)
ids? ok = If W +Id( avg + v\rd_??;
: : 2Ly o (32)
_ L,
g
L3+L2 _______________________ (33)
P 4,
Py ld (34)

Control of the MPPT on the proposed circuit

Because of the sporadic nature of wind and solar energy, this is a
common problem with these systems. A large amount of power can
be supplied by wind, but its presence is highly erratic, as it can ap-
pear and then disappear at any time. Irradiance of the Sun Changes
Throughout the Day Because of the Sun’s Changing Intensity and
the ever-changing shadows cast by various objects, such as clouds,
birds, and trees, ensure that solar energy is always available. Since
they have these flaws, renewable energy sources aren’t very ef-
fective. The effectiveness of the systems can be greatly enhanced
by utilising MPPT algorithms (which track the maximum power
point). Equation (35) describes the wind’s ability to produce me-
chanical energy in order to describe the power characteristic of a

wind turbine.
Pm=0.5ACp (A B) v3w

The solar panel system

Solar energy can be put to a wide variety of uses, such as supply-
ing electricity to the main grid, using the electricity to pump water
from a well, or even powering a small calculator with the electricity
that was generated by solar panels. In order to design a system, one
must take into account its purpose and the location where it will be
used. This section focuses on the PV system’s components, design

variations, system sizing, system operation and maintenance.
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Another option is to add one or more additional power sources
to the system (e.g., a diesel generator or a wind turbine) in order to
fulfil certain load requirements. Systems with a hybrid configura-

tion fall under this category.

It is more common for hybrid systems to be used in stand-alone
applications rather than grid-connected ones because they allow
for a reduction in storage requirements without an increase in load
probability. Figure 5 depicts schematic diagrams for the three most

common types of systems [26-31].

PV Charge DC load
module =1 controller —1
Battery Inverter
pack —
V
AC load

Figure 5: Stand-alone solar power system schematic diagram.

The HCS approach involves changing the system’s operating
point and then monitoring the results. Depending on whether the
output voltage was higher or lower, a positive change in output
power will continue to be followed by the control algorithm, so
long as the direction of the perturbation is positive. In the event
that there is a decrease in output power, the control algorithm will
react by reversing the trend of the most recent perturbation step
that it carried out in order to compensate. Allowing for a very slight
shift in balance of power (within a predetermined area). A system
operating point will not change if an algorithm is used that cor-
responds to the maximum possible power (the point at which the

curves’ power peaks).

Simulation and Results

It is shown that the proposed multi-input rectifier stage can
support both individual and simultaneous operation using PSIM
software simulation results in this section. Table 1 contains the de-

sign example’s specifications.
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Output power (W) 1.68 KW
Output voltage 40V
Switching frequency 18 KHZ

Table 1: Specifications of the rectifier.

Currently, the system is operating with just the PV source (in
Cuk converter mode) as a power source because the wind genera-
tor has failed. A situation in which the only source of power is a
wind turbine (SEPIC converter mode). Finally, figures 6 and 8 is an
example of the two sources working together in fusion mode (using
Cuk-SEPIC) where the conduction cycle of M, is longer (states I, 1V,
and III of the converter are shown in Figure 3). Both the PV (Cuk)
and Wind components of the system are depicted in this figures 5
and 10, which shows the system’s MPPT operation.

e

[

=

[
s

Figure 6: Simulation circuit of a hybrid wind-solar energy

system.

Figure 7: Output waveforms of a hybrid wind-solar energy
system.
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DC and AC output voltages for CUK-SEPIC are obtained and ob-

served simulation results are shown in the figure 7 to figure 12.
Final Cuk-SEPIC mode voltage waveform is shown in figure 12.

=

ipu-EE
UL

Figure 8: A CUK converter with a photovoltaic

cell in simulation.

Figure 9: Converter CUK voltage output.

e

f—e
L s

Figure 10: SEPIC converter with wind simulation diagram.
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Timetsee|

Figure 11: Waveform of the SEPIC AC voltage.

Figure 12: Waveform of the SEPIC DC voltage.

Conclusions

An integrated Cuk-SEPIC converter stage for hybrid wind/solar
energy systems is described in this paper. This topology allows for
continuous power generation to meet the needs of the load because
itallows the load to be supplied by the two sources either separate-
ly or jointly. The proposed converter does not require additional
input filters to remove harmonics at high frequencies by filtering
them out, can handle a wide range of photovoltaic and wind input,
has low input current distortion, low conduction losses and an al-
gorithm called Maximum Power Point Tracking that improves its
conversion efficiency. To validate the characteristics of the suggest-
ed topology, simulation results generated with MATLAB/Simulink
have been presented. This system has lower operating costs and
finds applications in the aerospace industry, electric vehicles, com-
munication equipment, and rural electrification. In addition, it can
generate power in isolated areas, as well as for electric vehicles,
energy conversion systems that use either constant or variable
speeds, and energy storage systems.
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