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Abstract:

Nowadays, due to the widespread use of DC energy sources, DC microgrids (DCMG) have been attracted more interest.
DCMG in the presence of constant power loads (CPLs) is prone to challenges such as instability. This paper introduces
a nonlinear control strategy for a DC-DC buck converter feeding a CPL in a DCMG. This strategy includes adaptive
controller using backstepping controller and sliding mode controller along with Extended Nonlinear Disturbance
Observer (ENDO). This adaptive controller is able to overcome CPL problems; furthermore, the ENDO improves the
robustness and dynamic of the system by estimating system disturbances more accurately than the conventional NDO.
In order to verify the performance of the proposed controller, simulation in MATLAB/Simulink software and also
experimental test have been done.
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1. Motivation of the work

With the expansion of the use of DC energy sources and
the penetration of DC loads in various systems, DC
microgrids have been proposed as an attractive
alternative to AC microgrids. New generations of loads,
such as electric vehicles and constant power loads (CPL),
exist in microgrid structures. These types of loads can
cause a negative gain impedance that may push the
converter towards a non-dissipating system. This issue
can lead to the unstable performance of the microgrid,
especially when there are uncertainties or disturbances.
By using non-linear control methods, it is possible to
improve the performance and stability of DC microgrids.
The adaptive backstepping method is recognized as a
powerful approach for designing nonlinear controllers in
complex systems. The use of backstepping sliding mode
control (BSMC) is known as an efficient method to deal
with disturbances and potential parameter changes. This
method, in addition to ensuring large-signal stability, also
enables the step-by-step design of complex controllers.
According to the reviews from various sources, the
design of the BSMC controller for the buck converter is
not presented.

2. Contributions

In this paper, the adaptive method, which includes the
hybrid controller of backstepping and sliding mode, is
used to stabilize the buck converter in the presence of
CPL. Also, to eliminate the instability caused by
incoherent disturbances, the Extended Nonlinear
Disturbance Observer (ENDO) has been used to estimate
disturbances, making it a faster disturbance observer than
the Nonlinear Disturbance Observer (NDO). In general,
the innovation of this article can be summarized as
follows:

1) Using a combination of backstepping and sliding mode
controllers to control the buck converter in order to
exploit  the advantages of both  methods.
2) Use of ENDO to monitor disturbances with higher
recovery speed and reduced overshoot compared to
NDO..

3. Procedures

The structure of the studied DC microgrid consist of two
converters. The both of source and load converters are
considered buck converters. This circuit consists of three
parts: a source, a voltage regulator converter and a load.
It is worth mentioning that in this article, in order to
evaluate the performance of the proposed controller, the
worst case in terms of stability, i.e., the presence of only
CPL, is considered a load. Because the presence of
resistance causes damping and increases stability. For the
effectiveness of the controller designed in this article, it is
evaluated under different operating modes, considering
power changes, input voltage changes, and reference
voltage changes according to microgrid specifications
and different scenarios for each of these changes.

4. Findings

The performance of the designed controller is presented
using the three case studies mentioned below:

1) Changes in CPL power.

2) Changes in input voltage.

3) Changes in the reference voltage.

Also, the performance of the proposed nonlinear
controller is compared with the BSMC and BSMC+NDO
methods to show its superiority.
These results show that, compared to BSMC and
BSMC+NDO, the proposed controller can provide faster
dynamic responses with less overshoot.
Also, a table consisting of the percentage of overshoot or
undershoot and the settling time of the DC bus voltage
due to the studied changes and at the time of the highest
overshoot or undershoot caused by the changes is given
in this paper.

Usually, time and error are considered together as
important factors. The performance evaluation of the
proposed controller is presented in Table 3 of this paper.
This table is based on three indicators, which are: integral
square error (ISE), integral time square error (ITSE) and
integral time absolute error (ITAE). According to this
table, the proposed controller provides a better response
than other methods.

5. Conclusion

In this paper, a controller for a DC-DC buck converter
with CPL is introduced that is resistant to CPL instability.
This proposed controller uses the combination of two
controllers to use the advantages of each to cover the
disadvantages of each other. By using this, the adaptive
controller ensures the stability of the system in the
presence of disturbances and provides much faster
performance with less overshoot than the PI method.
Also, the ENDO disturbance monitor is used to respond
to the uncertain effects of CPL and disturbances.
Considering the importance of solving CPL instability in
DC microgrids and increasing attention to this type of
network in the industry, controlling the stability of these
systems is vital and necessary. The controller proposed in
this article can be implemented on other DC-DC
converters and has shown good performance.
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