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Abstract: Using an ANFIS controller, the
primary objective of this project is to
provide a DC micro grid with dynamic
load sharing across DC-DC converters.
The term "micro grid" refers to a smaller-
scale power grid that may either function
autonomously or in tandem with the larger
electric grid. A control method using dc-dc
converters is crucial for the -effective
functioning of micro grids. You may use
any kind of direct current (dc) source,
including solar cells, fuel cells, etc., as an
input to a dc-dc converter. A major issue is
the distribution of load among the
converters.  Systems that rely on
communication and systems that rely on
droop characteristics are the two main
categories of load-sharing algorithms
(without communication). This research
takes a look at two dc-dc converters linked
in parallel for the purpose of load sharing
using the droop approach. There is a
severe voltage imbalance on the dc bus
when the loads are varied due to the
drooping characteristics of the converters.
We addressed this complexity by
maintaining a constant voltage on the dc
bus through regulating the voltage axis
intercept of the droop characteristics. This
approach also applies to the micro grid

output, which necessitates an ANFIS
control system for grid synchronization
with the main grid. We demonstrated these
results using MALAB/SIMULINK.

Keywords: Micro grids, Adjustable
Neuro-Fuzzy Inference Systems (ANFIS),
and Dynamic Load Sharing are some of
the terms used in this context.

LINTRODUCTION

Distributed energy resources and loads that
may function either in tandem with or
apart from the larger power grid make up
what is known as a micro grid. To power
the DC bus loads, DC micro grids use a
network of linked generators that run in
parallel. According to [3], DC-DC
converters link solar power plants and
battery storage devices to the DC bus. A
control system included in the DC-DC
converters 1is necessary to allow load
sharing between them, similar to the
frequency droop characteristics of linked
synchronous generators. Direct current
(DC) generators may benefit from a
voltage droop characteristic, which is
similar to the frequency  droop
characteristics employed in AC
(alternating current) generators [4]. An
integrated control system that regulates the
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voltage axis intercept of  droop
characteristics keeps the micro grid’s DC
bus voltage constant is implemented to
handle this issue. This action raises the
voltage droop line, which moves the
operating point closer to the target DC bus
voltage. This study showcases the load
sharing management for a 48V DC bus
and details the modelling and simulation
of voltage droop characteristics and the
ANFIS controller as they pertain to DC-
DC buck converters. Also covered are the
causes that ultimately resulted in the
invention of the DC-DC buck converter.

II: Managing Load Sharing
(A) Features of Voltage Droop

A feature of direct current (DC) sources
known as voltage droop is a clear decline
in output voltage accompanied by a clear
rise in the power output. Two sources'
droop characteristics are schematically
shown in Fig.l, and they may be
mathematically generalized as,

Vi= -mP +
(1

V = —myP, + Vy
(2)

in where m1 and m2 are the inclinations of
the two sources' sagging lines. No load
voltage (VNL) is the voltage at which the
sources begin to droop, as seen by the
voltage axis intercept. The two sources'
terminal voltages, V1 and V2,
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Fig. 1: Droop Characteristics of two DC
sources/ DC-DC converters. Vo is the
operating point voltage of load resulted
from intersection of droop characteristics.
P1 and P2 is the load shared by two
sources out of total system load of Plead

B) Load Sharing
Py + P, = Proap
3)
Vi=V;
“4)

From equation eqn. 1, eqn. 2 and eqn. 4,
—my Py + Vyp = —mpP, + Vg (5)

Equation eqn. 3 and eqn. 4 is a set of two
simultaneous equations solution to which
is stated as follows:

_ ma
Py = PLoap * it my)
(6)

_ ma
P, = Poap * (it my)

(7

From eqn. 6 and eqn. 7,
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Py _ my
P, my
3

C) Effect of internal resistance

Vi= —mP, + Vy, — 1Ry
)

V, = —myP, + Vi, — 3R,
(10)

When the DC sources' internal resistances
are denoted by R1 and R2, and the load
currents provided by the DC sources are
denoted as 11 and 12, respectively. When
the internal resistance of sources causes a
change in the effective slope of droop
characteristics, the load sharing across
sources likewise changes according to
these new effective slopes. It is simple to
correct for the change in load sharing
caused by internal resistances by adjusting
the slopes of the characteristics.

I11. CONSTANT VOLTAGE
CONTROL (VOLTAGE AXIS
INTERCEPT CONTROL)

The overall load on the system also
determines the operating point voltage for
the voltage droop characteristics [5]. The
DC bus operating point voltage drops as
the system load rises. To address this
issue, the droop characteristics' voltage
axis intercept (VNL) is adjusted. Doing so
restores the operating point voltage to its
appropriate value and elevates the droop
characteristics. Figure 2 The load sharing
for the slopes is still maintained, thus this
doesn't alter anything. controlled voltage
systems that remain constant. Load sharing
is shown schematically in Fig. 3. A PID
controller regulates the voltage axis
intercept in a constant voltage control
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system, which utilizes DC bus voltage as
feedback. [2]
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Fig. 2: Concept of constant voltage
control: voltage axis intercept (VNL) is
varied to lift up the droop characteristics to
increase the DC Bus operating voltage
(from Vo to Vo’) without varying the
previous load sharing. AVNL is the shift in
the voltage axis intercepts.
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IV. 48 VOLT DC BUS

In order to govern the load sharing of two
DC-DC buck converters, this section
details the design of a 48V constant DC
bus based on the voltage droop
characteristic.

The design of the Buck converter

The system's voltage is stepped down to 48
V DC bus rating by use of a buck
converter. A single-phase buck converter
designed in MATLAB is seen in Figure 4.
To eliminate ripples in the output, it has a
Misfit, an inductor, a diode, and a
capacitor.

—P‘Iq
Tre—lel s e e e
DC_ifp+ ‘Mosfet-1 l L1 l R1_internal DC1+
351 1 L
|p1 = =
@i T v
e 1 | >
DC_ip- DCl-

Fig. 4: DC-DC converter (as simulated in
MATLAB Simulink)

A constant fixed frequency mode is used
to run the converter. By selecting the
optimal switching frequency, the converter
is designed to maximize efficiency and
minimize size [6]. In order to regulate the
Misfit gate, a PID controller is used [2].
The inductor and output filter capacitor
values are the most important factors in the
functioning of a DC-DC converter. To
decrease current ripple content in the
output and ensure continuous operation
even with tiny load current, the inductor
value is computed. The output capacitor's
job is to provide a constant voltage by
absorbing ripple in the inductor's current.
Before the regulator can respond, it must
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also guarantee that the output can handle
load stages. The values of the inductor and
capacitor may be determined using the
following formulae. [1]

L _ ((Vin(min)_ Vout)*Dmax)
mean — (Al f)

(11)

1
(8xfx* %0[““— R¢)

Cmean -

(12)
where, V in(min)=minimum input voltage
Vought=output voltage

AlL=inductor ripple current
Dam=maximum duty cycle

Arc=Equivalent series resistance of
capacitor

B) PROPOSED ANFIS CONTROLLER

A sort of artificial neural network that is
based on the Takagi-Surgeon fuzzy
inference system is an Adaptive Neuro-
Fuzzy Inference system (ANFIS). This
method first emerged in the early '90s. It
combines the best features of neural
networks and fuzzy logic into one system,
which might be quite useful. The inference
mechanism is based on a collection of
learnable fuzzy IF-THEN rules that can
approximate nonlinear functions. This
means that ANFIS may be used for any
kind of estimate. Using the best settings
determined by a genetic algorithm will
help you operate the ANFIS more
efficiently and optimally. An intelligent
energy management system that is aware
of its surroundings may make use of it.
Figure 5 depicts a state-of-the-art ANFIS
design.
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Fig.5 Optimized ANFIS architecture

In Fig.6 shows the proposed ANFIS based
control architecture. The node functions of
each layer in ANFIS architecture are
described as follows:
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Fig.6 Schematic of the proposed ANFIS

The neuro-fuzzy controller is fed the
difference between the reference and
correct dc-link voltages, which is
calculated as &=Vac*-Vac. It uses this
mistake, along with a similar one, to adjust
the precondition and subsequent settings.
The active power current segment (id *') is
obtained by controlling the dc-link
voltage; it is further modified to measure
the active current component injected from
RES (Iren).

Primary Level: Russification is applied to
this layer. In this layer, we compute the
degrees of the membership functions for
all the input variables. For ANFIS, the
error (e) and the change of error (Ae) are
selected as the input variables. Figure 7
shows the use of trapezoidal and triangular
enrolment  capabilities to  reduce
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computation error. The following are the
related node conditions:

Oi1 = MAi(X) =

(13)

Where x is the input to node I, Ai is the
linguistic variable associated with this
node function p,; is the membership
function of Ai, and {ai, bi, ci} is the
premise parameter set.

(&) (&) 703

Fig. 7 Fuzzy membership functlons

Layer 2: This layer is rule inference layer.
Every node in this layer is a fixed node
labelled as [] which multiplies the
incoming signals and sends the product
out. Each node output corresponds to the
firing strength of a fuzzy rule.

07 = w; = p(xu(y) i=123
(14)

Layer 3: This layer is normalization layer.
Every node in this layer is a circle node
labelled N. The itch node calculates the
ratio of the rule’s firing strength to the sum
of all rules’ firing strength.

=m=—-— i=123 (15

U1+Uz+H3

Layer 4: This layer is consequent layer.
All nodes are an adaptive mode with node
function

Of =.fi =@l +ale) i=1,2,3(16)
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where win is the output of Layer 3 and (ao,
ai) is the consequent parameter set.

Layer S: This layer is output layer. The
single node in this layer is a fixed node
labelled )’ that computes the overall output
as the summation of all incoming signals

O =pw=Xiwh 1=1273
(17)

The parameters of ANFIS are updated
using the back propagation error term as
follow:

V.SIMULATION RESULTS
1) EXISTING RESULTS
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The input signals error (e) and the change
of error (Ae) multiplied by the coefficients
k1 and k2.

OE
Gy = G~ N 5o- (19)
where a is any of the parameters of ANFIS
and n is learning rate. The error will be

reduced next training iteration

A. Load sharing without voltage axis intercept control

Fig. 8: Voltage droop characteristics for load sharing and without voltage control system (as
simulated in MATLAB Simulink)
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Fig.9 Buck converter circuit

At approximately 0.5 seconds, a sudden increase in load occurs, causing a disturbance in the
system. The first subplot shows that Converter-1 responds to this change by increasing its
output power to about 40W, with minor transient oscillations before settling.

Pawer(W)
]
|

Time (seconds)

(a) Power of converter-1

The second subplot depicts Converter-2, which also reacts to the load disturbance. Its output
power increases to around 80W, again with small oscillations that stabilize over time. This
confirms that the 1:2 power sharing ratio between Converter-1 and Converter-2 is maintained
even after the load change.
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(b) Power of converter-2
The third subplot illustrates the DC bus voltage, which initially remains stable at 48V but
then undergoes a sharp dip right after the load change, with oscillations that gradually

dampen. Eventually, the voltage settles at a new steady-state value of 47.5V, indicating a
0.5V drop in the DC bus voltage due to the absence of voltage regulation.

DC BUS VOLTAGE =
T

VoltageV)

ass
Time (secands)

(c) DC bus Voltage

Fig 10: Load sharing between converters and DC bus voltage WITHOUT constant
voltage control system.

B. Load sharing with voltage axis intercept control
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Fig 11: Voltage droop characteristics for load sharing and voltage control system (as
simulated in MATLAB Simulink)

The first plot shows how Converter-1 responds to a sudden increase in load at around 0.5
seconds. Initially at zero, the power rapidly rises and stabilizes around 40 watts, with some
minor oscillations during the transient phase. This indicates that Converter-1 quickly adjusts
to the new load condition, contributing one part of the total power.

120 T T T T T i

Powar(W)
23
[

o | |
04 045 05 055 06 065
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(a) Power of converter-1
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In the second plot, Converter-2 displays a similar dynamic response. The power jumps from
zero to approximately 80 watts, also showing a brief oscillatory behaviour before settling.
This higher power level compared to Converter-1 confirms that it continues to supply twice
the power, maintaining the 1:2 sharing ratio.

120

Power(W)
2
I
|

: | | | | | |
04 045 05 055 06 065 o7
Time (seconds)

(b) Power of converter-2

The below plot captures the DC bus voltage profile. Following the load disturbance at 0.5
seconds, the voltage momentarily drops and exhibits damped oscillations. Thanks to the
voltage control using a PID controller, these oscillations are progressively reduced, and the
voltage returns to the nominal value of 48 volts. This reflects successful regulation despite
dynamic changes in the system.

DC BUS VOLTAGE
]

Voltage(V)

| | | |
04 04s 05 0.8 [ 065
Time (seconds)

(c) DC bus Voltage
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Fig 12: Load Sharing between two converters and DC bus voltage with constant voltage
control/ voltage axis intercept control activate

2) EXTENSION RESULTS

)

tcinill

Fig 13: Voltage droop characteristics for load sharing and ANFIS control system (as
simulated in MATLAB Simulink)

This plot displays the output power behaviour of Converter-1. Initially, the power level is
steady at SOW. At approximately 0.5 seconds, a sudden step change in the system causes the
converter to increase its power output. The power rises rapidly to around 100W, showing
some small oscillations during the transition phase. These oscillations gradually settle, and
the power output stabilizes at the new level. This indicates that Converter-1 effectively
responds to the increased load demand, supplying double its original power after the
disturbance.

Pawer(W)
8
[
|

(a) Power of converter-1
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In this graph, the power output of Converter-2 is shown. It starts at 25W before the step
change occurs. Similar to Converter-1, there's a sudden rise in output around 0.5 seconds,
where the power level jumps to approximately SOW. A few oscillations appear as the
converter adapts, but it quickly reaches a steady state. This behaviour confirms that
Converter-2 adjusts accordingly to maintain its role in the system, still supplying half the
power of Converter-1 and maintaining the desired 1:2 power-sharing ratio.

Power(W)
2

Time (seconds)

(b) Power of converter-2

This graph shows how the DC bus voltage, set to a reference of 50V, responds to a sudden
load change when the system is governed by an ANFIS (Adaptive Neuro-Fuzzy Inference
System) controller. At around 0.5 seconds, a disturbance occurs, triggering a series of damped
voltage oscillations. Despite the initial fluctuations, the ANFIS controller effectively handles
the transient response. The oscillations gradually reduce in amplitude, and the voltage settles
back to the set point of 50V. This illustrates the controller’s capability to adapt to rapid
changes and maintain voltage stability.
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(c) DC bus Voltage
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Fig 14: Load Sharing between two converters and DC bus voltage with proposed control
activated.

CONCLUSION

Effective load sharing among several DC
sources in a DC micro grid is achieved by
an innovative control method that is
introduced in this research. The suggested
method guarantees efficient load sharing
and system stability by integrating droop
characteristics into DC-DC converters. To
maintain a constant DC bus voltage under
changing loading circumstances, the
system is able to regulate the voltage-axis
intercept of the droop characteristics. In
addition, the ANFIS controller approach
may improve the control system's transient
responsiveness,  leading to  better
performance.
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