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Abstract - In comparison to an AC system, a DC microgrid is becoming highly popular on account of its ease of connecting 

renewable energy resources, high reliability, and high efficiency. The primary goals of a DC microgrid are to retain a constant 

voltage on a DC bus and ensure appropriate current distribution amongst all converters. Proper current sharing can be 

accomplished with the traditional droop technique at the primary level of control.  However, the DC output voltage of a converter 

decreases linearly with an increase in output current. It is a limitation of primary control. So, this work presents a secondary 

control approach based on the Low-Bandwidth Communication (LBC) network to enhance the function of the DC microgrids. 

It is implemented by using a local-level controller and the LBC link to transmit information. A secondary current controller is 

used in each converter module to increase the accuracy of current sharing, while a secondary voltage controller is used to retain 

the DC bus voltage at its nominal voltage. Every controller is implemented locally, and the LBC channel is just utilized to 
transmit DC current values. Because of this, the approach is appropriate for distributed microgrid control. Finally, 

MATLAB/Simulink software is utilized to validate the efficiency of a proposed distributed secondary control technique. 

Keywords - DC microgrid, Primary control, Distributed control, Voltage restoration, Current sharing.

1. Introduction 
These days, Renewable Energy Resources (RESs) like 

fuel cells, wind energy, and solar energy are very famous and 
are combined with the electrical power grid to function as 

Distributed Energy Resources (DERs) in an effort to reduce 

the severe environmental issues and global energy crises 

brought on by the use of fossil fuels  [1, 2] . Energy storage 

apparatuses, Distributed Energy Resources (DERs), and loads 

are usually integrated to form the microgrids [3]. It can 

function either combined with the main power grid as a grid-

connected mode of operation or independently as an islanded 

mode of operation [4]. Based on the type of bus voltage, it can 

be classified into three types: Direct Current (DC) microgrid, 

Alternating Current (AC) microgrid, and hybrid (AC-DC) 

microgrid.  [5]. Consider the DC microgrid concept as the 
main basis for putting Smart Grid (SG) technologies into 

practice [6]. The majority of loads and Distributed Energy 

Resources (DERs) can directly connect to the DC bus, in 

contrast to an AC grid. Hence, DC microgrids provide 

excellent power quality, reliability, and efficiency. These 

benefits include,  

1. No reactive power and harmonics.  

2. Simple integration of several DERs and loads. 

3. Fewer steps of power conversion. 

4. Simple control without phase or frequency problems [7, 

8].  

The primary goals of connecting many DC converters 

parallel to a common DC bus are DC bus voltage regulation 

[9, 10] and the proper load current sharing ratio between 

converters [11, 12]. Droop control plays a vital role in 

ensuring current sharing in the primary control layer [13]. It is 
achieved by including a virtual resistance loop (droop) in the 

DC/DC converter’s primary control loop [14]. Droop control 

can guarantee a proportional current distribution by taking the 

droop gain to be significantly bigger than the resistance of the 

line. Furthermore, since droop control has to be executed in a 

completely decentralized manner, there is no need for 

communication between the DC sources. 

Nevertheless, as mentioned in [15], the voltage of the DC 

bus will significantly drop from the nominal voltage if a larger 

droop gain is specified in droop control. This shows that if just 

droop control is employed, voltage regulation of the DC bus 
and the accuracy of current sharing are not achieved 

simultaneously. Hence, complementary approaches must be 

developed to address the voltage violation issue brought on by 
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droop control. The traditional method uses centralized 

secondary control, where the measurement of error is 

transmitted to a Microgrid Central Controller (MGCC), which 

then sends its output to the actively distributed energy 

resources through a communication network [16]. 

Susceptibility to a single-point breakdown decreased 
reliability, reduced scalability, and flexibility are 

disadvantages of the centralized secondary control [17]. In 

contrast to centralized control, decentralized control requires 

no communication between subsystems and constructs its 

local controller using only local information. This might 

significantly lower transmission costs while also enhancing 

the DC microgrid system’s robustness and reliability. 

However, because there is not enough global information 

available, optimisation is not feasible [18].  

Literature suggests that decentralized and centralized 

control drawbacks can be overcome by using distributed 

control. In [19], an average current controller-based 
distributed secondary control technique is developed to give 

back the DC bus voltage at a reference value, but current 

sharing accuracy is poor. In [20], an average voltage sharing-

based control technique was presented to keep the DC bus 

voltage equal to a reference voltage. A control strategy to 

enhance the current distribution is suggested in [21].  

To enhance the efficiency of current sharing and voltage 

profile, a secondary control was suggested in [22-24]. A 

method based on voltage shifting and adaptive droop was 

presented in [22]. A method based on variable droop 

resistance that is adjusted in response to variations in line 
resistances was presented in [23], and three secondary loop 

controllers were presented in [24]. With the aforementioned 

technique, two data converters’ output voltage and current had 

to be shared over a low-bandwidth communication channel 

with all other converters. In [25], cooperative control was 

presented to decrease the load on the communication network; 

nevertheless, the speed of convergence is slow and 

necessitates a rigorous mathematical analysis.  

This research paper presents the distributed approach of 

secondary control by measuring only one measurement. Each 

converter’s output current will be shared with all other 

converters over a low bandwidth communication network to 
simultaneously achieve proper current sharing and restore the 

DC bus voltage equal to the nominal voltage. To validate the 

result of a presented technique, MATLAB/Simulink software 

is utilized. 

2. Droop Control in the Primary Control Layer 
Figure 1 displays the block arrangement for the droop 

control technique of every local DG. It is a primary-level 

control for an autonomous DC microgrid. A well-designed 

inner control loop ensures a converter’s DC output voltage 

quickly approaches a reference set voltage  𝑉𝑜
𝑟𝑒𝑓

. i.e., 

𝑉𝑜𝑖 = 𝑉𝑜
𝑟𝑒𝑓
   (1) 

Where the output voltage for the ith converter is 

represented by 𝑉𝑜𝑖 . A reference voltage 𝑉𝑜
𝑟𝑒𝑓   

is produced 

through a droop control in the following manner.   

𝑉𝑜
𝑟𝑒𝑓   
= 𝑉𝑏
∗ − 𝑅𝑑𝑖𝐼𝑜𝑖    (2) 

 

 

 

 

 

 

 

 

 
 

 

 
Fig. 1 Primary control 

Where the ith DG droop gain, output current, and nominal 

DC voltage are represented by the variables 𝑅𝑑𝑖,  𝐼𝑜𝑖, and 𝑉𝑏
∗ 

respectively. In an independent DC microgrid for parallel 

connections of DERs, the DC bus voltage is denoted by 𝑉𝑏𝑢𝑠. 

𝑉𝑏𝑢𝑠  = 𝑉𝑜𝑖 − 𝑅𝐿𝑖𝐼𝑜𝑖  (3) 

Using Equations 1, 2, and 3, we obtain, 

𝑉𝑏𝑢𝑠 = 𝑉𝑏
∗ − (𝑅𝐿𝑖 + 𝑅𝑑𝑖)𝐼𝑜𝑖    (4) 

This implies that, 

(𝑅𝐿𝑖 + 𝑅𝑑𝑖)𝐼𝑜𝑖 = (𝑅𝐿𝑗 +𝑅𝑑𝑗)𝐼𝑜𝑗  , ∀𝑜𝑖,𝑜𝑗   (5) 

Conclude from Equation 5 that a current distribution ratio 

has an inverse relationship to the total of the line resistance 𝑅𝐿 
and droop gain 𝑅𝑑. 

𝐼𝑜𝑖

𝐼𝑜𝑗
=
𝑅𝐿𝑗+𝑅𝑑𝑗

𝑅𝐿𝑖+𝑅𝑑𝑖
       ∀𝑜𝑖,   𝑜𝑗   (6) 

Compared to line resistance, droop gain is very large then 

i.e., 

𝑅𝑑  ≫  𝑅𝐿   (7) 

Then we have, 

𝐼𝑜𝑖

𝐼𝑜𝑗
=
𝑅𝐿𝑗+𝑅𝑑𝑗

𝑅𝐿𝑖+𝑅𝑑𝑖
 ≈
𝑅𝑑𝑗

𝑅𝑑𝑖
      ∀𝑜𝑖,   𝑜𝑗   (8) 
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Equation 8 demonstrates how the droop gain affects the 

current sharing ratio. In other words, it functions as a virtual 

impedance. This indicates that the appropriate selection of 

droop gain achieves proportionate current sharing across all 

DGs. 

3. Objective of work 
Proportionate power sharing amongst all distributed 

energy resources is accomplished in the droop control method 

for the primary level. If selecting a droop gain is significantly 

greater than a resistance of line and satisfies the above 

Equation 8. Examining Equation 4, we can see that if a 

converter output current is more than zero, DC bus voltage 

represented by 𝑉𝑏𝑢𝑠will be different from its nominal voltage 

represented by 𝑉𝑏
∗.  

Further, the voltage deviation ( 𝑉𝑏
∗ − 𝑉𝑏𝑢𝑠) increases with 

increasing droop gain 𝑅𝑑𝑖. Therefore, the key objective of this 

paper is to maintain the accuracy of current sharing and 

simultaneously restore a DC bus voltage equal to its nominal 

voltage.  

4. Principle of Proposed Secondary Control 
Figure 2 displays a block arrangement for the proposed 

control techniques. It is a secondary-level control of a DC 

microgrid. Here, a low bandwidth communication network is 

built by using a Controller Area Network (CAN) bus, and for 

the DC-DC interface, buck converters are employed. Two 

distinct controllers make up the control method. A primary 

controller and a secondary controller. An outer loop droop 

control, an inner loop current control, and an inner loop 

voltage control make up a primary level control. Every 
converter’s DC output voltage has been regulated through an 

inner-loop control. A droop control generates the reference 

signal for an inner loop control to provide proportionate 

current distribution amongst all converters.  

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 

 
 

Fig. 2 Proposed secondary control
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Across low bandwidth communication channels, all 

converter output current is communicated to all other 

converters. In the meantime, each converter receives the 

voltage of the DC bus. There are two control loops in the 

secondary control layer. A current control loop to control a 

current and a voltage control loop to control a voltage. In a 
current control loop, first compute the average current iav. 

After that, the current signal δi is generated by comparing the 

average current and the converter’s output current. 
Meanwhile, a voltage control loop compares the reference 

voltage and a DC bus voltage in order to generate a voltage 

signal, δv. 

Meanwhile, a voltage control loop compares a reference 

voltage and voltage of a DC bus in order to generate a voltage 

signal, δv. These signals of voltage and current go via two PI 

(Proportional Integral) controllers to generate the voltage 

errors ∆v and current errors ∆i. The secondary level control 

produced the reference signal for the primary level droop 
control. 

The secondary level voltage loop control is responsible 

for restoring the voltage of the DC bus back to its reference or 

nominal voltage. The secondary current controller ensures 

proportionate load current sharing amongst all converters. 

Since all computations are carried out locally, the proposed 

approach can be applied to distributed secondary control in a 

DC microgrid. The following equation represents the 

proposed secondary control method. 

𝑉𝑑𝑐𝑖
∗ = 𝑉𝑏

∗ − 𝑅𝑑𝑖𝑖𝑜𝑖 + 𝛥𝑉 − ∆  (9) 

𝛥𝑉 = (𝐾𝑝𝑣 +
𝐾𝑖𝑣

𝑠
 ) (𝑉𝑏

∗ −𝑉𝑏𝑢𝑠)   (10) 

∆𝑖 = (𝐾𝑝𝑐 +
𝐾𝑖𝑐

𝑠
) (𝑖𝑎𝑣 − 𝐼𝑜𝑖)   (11) 

Where 𝑉𝑑𝑐𝑖
∗

 is represents the reference voltage of an ith 

converters, 𝑉𝑏 
∗  is represents the reference voltage of a DC bus, 

𝑅𝑑𝑖 is an ith converter droop coefficient, 𝐾𝑖𝑐 and 𝐾𝑝𝑐 are the 

integration and proportional gain of the PI controller in a 

secondary-level current control loop and 𝐾𝑖𝑣  and 𝐾𝑝𝑣 are the 

integration and proportional gain of the PI controller in a 

secondary-level voltage control loop.  

5. Simulation Result 
MATLAB/SIMULINK software is utilized to prove the 

efficiency of a droop control at the primary level and proposed 

control techniques at the secondary level. A block 

arrangement for a simulation is presented in Figure 3. It 

comprises two buck converters that are parallelly connected to 

supply the load connected to the common bus. The system 

parameters are as per Table 1. The line 1 resistance is 0.02 

ohm, and the line 2 resistance is 0.08 ohm.  

5.1. Primary (Droop) Control  

The study explores the performance of a droop control at 

the primary control under different resistive load 

conditions. The following four stages are used to energize the 

DC microgrid system: 

 

 

 

 

 

 

 

 

 
 

Fig. 3 Simulation block diagram 

Table 1. Parameter of DC microgrid 

Parameter Converter-1 Converter-2 

Power Rating 20 kW 20 kW 

Output Voltage 400 Volt 400 Volt 

Switching 

Frequency 
10 kHz 10 kHz 

Inductor 2.64 mH 2.64 mH 

Capacitor 312.5 µF 312.5 µF 

Line Resistance 0.02 Ω 0.08 Ω 

Droop Gain 0.5 1 
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 Stage 1 (0-0.5 sec): At t = 0 seconds, connect a 10 kW 

load. 

 Stage 2 (0.5-1 sec): At t = 0.5 seconds, increase the load 

to 20 kW. 

 Stage 3 (1-1.5 sec):  At t = 1 second, increase the load to 

30 kW. 

 Stage 4 (1.5-2 sec): At t = 1.5 seconds, increase the load 

to 40 kW. 

Figure 4 displays the converter’s output current, and 

Figure 5 displays the load current with a small droop gain 

( 𝑅𝑑1 = 𝑅𝑑2 = 0.1 ) and a large droop gain ( 𝑅𝑑1 = 𝑅𝑑2 =
1 ), respectively, when primary control is applied. 
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Figure 4 shows that when the droop gain ( 𝑅𝑑1 = 𝑅𝑑2 =
0.1 ) is taken into account, converter-1’s output current, 

represented by i1, is about 14.53 A, and an output current of 

converter-2, represented by i2, is 10.32 A. The difference in an 

output current (i1 - i2) is approximately 4.21 A for a 10 kW 
load. The current i1 is about 28.97 A, and the current i2 is 20.47 

A, and the difference in current (i1 - i2) is approximately 8.5 A 

for a 20 kW load. The current i1 is about 43.23 A, and the 

current i2 is 30.55 A, and the difference in current (i1 - i2) is 

approximately 12.68 A for a 30 kW load. The current i1 is 

about 57.32 A, and the current i2 is 40.55 A, and the difference 

in current (i1 - i2) is approximately 16.77 A for a 40 kW load. 

It shows the difference in an output current (i1 - i2) is very 

large. In comparison to the actual load-sharing condition, 

converter 1 shares a greater load and converter 2 shares a 

lesser load. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 4 Current with droop gain ( 𝑹𝒅𝟏 = 𝑹𝒅𝟐 = 𝟎. 𝟏 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5 Current with droop gain ( 𝑹𝒅𝟏 = 𝑹𝒅𝟐 = 𝟏 ) 

 

Figure 5 shows that when the droop gain ( 𝑅𝑑1 = 𝑅𝑑2 =
1 )  is taken into account converter-1’s output current, 

represented by i1, is about 12.42 A, and an output current of 

converter-2, represented by i2, is 11.75 A. And the difference 

in an output current (i1 - i2) is approximately 0.67 A for a 10 
kW load. The current i1 is about 24.1 A, and the current i2 is 

22.75 A, and the difference in current (i1 - i2) is approximately 

1.35 A for a 20 kW load.  

The current i1 is about 35.02 A, and the current i2 is 33.1 

A, and the difference in current (i1 - i2) is approximately 1.91 

A for a 30 kW load, and the current i1 is about 45.28 A, and 

the current i2 is 42.83 A, and the difference in current (i1 - i2) 

is approximately 2.45 A for a 40 kW load. The difference in 

output current (i1 - i2) is very small compared to Figure 4. As 

a result, both converters almost share an equal load current. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 6 Current sharing with different droop gains 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 7 Voltage with droop gain ( 𝑹𝒅𝟏 = 𝑹𝒅𝟐 = 𝟎. 𝟏 ) 
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Figure 6 displays load current sharing between both 

converters with a small droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 0.1 ) and 

large droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 1 ) with variable load from a 

condition of no load to a condition of full load. Where I1 and 

I2 represent the converters’ output currents with a droop gain 

of (  𝑅𝑑1 = 𝑅𝑑2 = 0.1 ) and I1’ and I2’ for a droop gain 

of ( 𝑅𝑑1 = 𝑅𝑑2 = 1 ).  

According to Figure 6, current sharing accuracy is 

extremely low for droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 0.1 ). There is a 

significant variance in the output current of both converters. 

The accuracy of current sharing is relatively good for droop 

gain (𝑅𝑑1 = 𝑅𝑑2 = 1), as there is little variance in both 

converter output currents. 

Figure 7 displays an output voltage, and Figure 8 displays 

the load voltage of converters with a small droop gain ( 𝑅𝑑1 =
𝑅𝑑2 = 0.1 ) and a large droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 1) 
respectively, when primary control is applied.  

Figure 7 shows that when the droop gain  (𝑅𝑑1 = 𝑅𝑑2 =
0.1)  is taken into account, the DC bus voltage Vb is about 

395.8 V for a 10 kW load, about 394.5 V for a 20 kW load, 

about 393.12 V for a 30 kW load, and about 391.67 V for a 40 

kW load. Under full load conditions, the voltage of DC bus Vb 
decreases from the 400 V nominal voltage to 8.33 V. 

Accordingly, 2.08% voltage regulation is achieved. 

Figure 8 displays that when a droop gain of ( 𝑅𝑑1 =
𝑅𝑑2 = 0.1 ) is taken into account, the DC bus voltage Vb is 

about 386.77 V for a 10 kW load, about 374.8 V for a 20 kW 

load, about 363.4 V for a 30 kW load, and about 352.63 V for 

a 40 kW load. Under full load conditions, DC bus voltage Vb 

decreases from its 400 V nominal value to 47.37 V. 

Accordingly, 11.08% voltage regulation is achieved, which is 

very large compared to Figure 7. 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 8 Voltage with droop gain ( 𝑹𝒅𝟏 = 𝑹𝒅𝟐 = 𝟏 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 Voltage regulation with different droop gains 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10 Bus voltage with different droop gains 

According to Figure 9, voltage regulation is relatively 

good for droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 0.1 ) since there is little 

difference in the converter’s output voltage from its nominal 

value. Voltage regulation is poor for droop gain ( 𝑅𝑑1 =
𝑅𝑑2 = 1 ), as there is a significant variance in the converter’s 

output voltage from its nominal value. 

Figure 10 shows DC bus voltage with an increase in load 

for small droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 0.1 ) and large droop gain 

( 𝑅𝑑1 = 𝑅𝑑2 = 1 ). Where 𝑉𝑏
∗ denotes a nominal voltage of a 

DC bus, 𝑉𝑏  & 𝑉𝑏
′ denotes a voltage of a DC bus for a 

respectively 𝑅𝑑= 0.1 and 𝑅𝑑=1 droop gain. As shown in 

Figure 10, a DC bus voltage is slightly reduced from its 

nominal value for small droop gain ( 𝑅𝑑1 = 𝑅𝑑2 = 0.1 ) and 

greatly reduced from the nominal voltage for large droop gain 

( 𝑅𝑑1 = 𝑅𝑑2 = 1 ). Furthermore, DC bus voltage reduces very 

much with an increase in load. 
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5.2. Proposed Secondary Control 

This section employs three different case studies to 

validate the efficiency of a proposed distributed secondary 

control technique. The control scheme with an increase in 

resistive load is tested in the first study. A decrease in resistive 

load is tested in the second study, and the third study tested for 
a variable resistive load. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 11 Current with an increase in load 

5.2.1. Case Study-I: Increase in Load 

This study evaluates the function of the proposed 

distributed secondary control method under an increase in 

resistive load. The following 5 steps are used to energize the 

DC microgrid system.  

 Step 1 (0-0.2 sec): Only droop control is used as primary 

control at t = 0 second with a 10 kW load.  

 Step 2 (0.2-0.5 sec): At t = 0.2 seconds, the proposed 

secondary control is used 

 Step 3 (0.5-1 sec): At t = 0.5 seconds, increase the load to 

20 kW.  

 Step 4 (1-1.5 sec): At t = 1 second, increase the load to 30 

kW.  

 Step 5 (1.5-2 sec): At t = 1.5 seconds, increase the load to 

40 kW. 

The case study I results are displayed in Figures 11 and 
12. According to Figure 11, when only droop control is used 

for the first 0.2 seconds, the converter-1 output current given 

by i1 is around 16.24 A, and the output of converter-2 given 

by i2 is 8.22 A for a 10 kW load.  

Converter 1 shares a greater load, and Converter 2 shares 

a lesser load than the definite load-sharing condition. The 

accuracy of current sharing at this time is quite low. When the 

proposed secondary control is implemented, the current i1 is 
around 12.61 A, and the current i2 is 12.56 A for a 10 kW load. 

Current i1 is around 25.01 A, and current i2 is 24.98 A for a 20 

kW load. Current i1 is 37.62 A, and current i2 is 37.22 A for a 

30 kW load. And current i1 is 50.18 A, and the current i2 is 

49.79 A for a 40 kW load. Both converters output currents are 

nearly equal under increasing load conditions, proving that the 

current sharing accuracy is greatly increasing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12 Voltage with an increase in load 

According to Figure 12, when only droop control is used 

for the first 0.2 seconds, the DC bus voltage decreases to 

around 392 V from a 400 V nominal voltage. The DC bus 

voltage is returned back to around 399.5 V when the proposed 

technique is implemented at 0.2 seconds. The DC bus voltage 

stays stable around a 400 V nominal value when the load is 

increased from 10 kW to 40 kW in a step of 10 kW. 

5.2.2. Case Study-II: Decrease in Load 

This study examines the function of a proposed 

distributed secondary control technique under the decrease in 

resistive load. The following 5 steps are used to energize the 
DC microgrid system.  

 Step 1 (0-0.2 sec): Only droop control is used as primary 

control at t = 0 second with a 40 kW load.  

 Step 2 (0.2-0.5 sec): At t = 0.2 seconds, the proposed 

secondary control is used.  

 Step 3 (0.5-1 sec): At t = 0.5 seconds, decrease the load 

to 30 kW.  

 Step 4 (1-1.5 sec): At t = 1 second, decrease the load to 

20 kW.  

 Step 5 (1.5- 2 sec): At t = 1.5 seconds, decrease the load 

to 10 kW.  

Results of the case study II are displayed in Figures 13 

and 14. According to Figure 13, when only droop control is 

used for the first 0.2 seconds, the converter-1 output current i1 
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is around 61.03 A, and the output current of converter-2 i2 is 

30.02 A for a 40 kW load. Converter 1 shares a greater load, 

and converter 2 shares a lesser load than the definite load-

sharing condition. The accuracy of current sharing at this time 

is very low.  

When the proposed secondary control is implemented, the 
current i1 is around 49.9 A, and the current i2 is 49.6 A for a 

40 kW load. Current i1 is around 37.6 A, and current i2 is 37.1 

A for a 30 kW load.  

Current i1 is 25.2 A, and current i2 is 24.7 A for 20 kW 

and current i1 is 12.9 A, and current i2 is 12.2 A for 10 kW 

load. Both converters output currents are nearly equal under 

decreasing load conditions. Hence, the current sharing 

performance is greatly enhanced.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 13 Current with a decreased in load 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 14 Voltage with a decrease in load 

According to Figure 14, when only droop control is used 

for the first 0.2 seconds, the DC bus voltage is reduced to 

around 366.65 V from the nominal value of 400 V. The 

voltage of the DC bus is returned back to almost 399.4 V at 

0.2 seconds when the proposed technique is implemented. The 

voltage of the DC bus maintains a stable around 400 V 
nominal voltage as the load decreases from 40 kW to 10 kW 

in a step of 10 kW. 

5.2.3. Case Study- III: Variable Load 

This study assesses the function of the proposed 

secondary control technique with a variable resistive load 

condition. The following 5 steps are employed to energize the 

DC microgrid system. 

 Step 1 (0-0.2 sec): Only droop control is used as primary 

control at t = 0 second with a 10 kW load.  

 Step 2 (0.2-0.5 sec): At t = 0.2 seconds, the proposed 

secondary control is activated.  

 Step 3 (0.5-1 sec):  At t = 0.5 seconds, increase the load 

to 40 kW.  

 Step 4 (1-1.5 sec): At t = 1 second, decrease the load to 

30 kW.  

 Step 5 (1.5-2 sec): At t = 1.5 sec, decrease the load to 10 

kW.  

The case study III results are displayed in Figures 15 and 

16. According to Figure 15, when only droop control is used 

for the first 0.2 seconds, the converter-1 output current, 

denoted by i1, is around 16.4 A, and the output current of 
Converter-2 denoted by i2 is 8.11 A for a 10 kW load. 

Converter 1 shares a greater load, and converter 2 shares a 

lesser load than the definite load-sharing condition.  

The accuracy of current sharing at this time is quite low. 

When the proposed secondary control is implemented, the 

current i1 is around 12.6 A, and the current i2 is 12.5 A for a 

10 kW load. Current i1 is around 49.5 A, and current i2 is 49.4 

A for a 40 kW load.  

Current i1 is 37.4 A, and current i2 is 37.2 A for a 30 kW 

load. Moreover, the current i1 is 12.6 A, and the current i2 is 

12.5 A for a 10 kW load. Both converters output currents are 

nearly equal under variable load conditions. Hence, the 
accuracy of current sharing is greatly improved. 

According to Figure 16, when only droop control is used 

for the first 0.2 seconds, the DC bus voltage is reduced to 

around 391 V from its 400 V nominal voltage. The DC bus 

voltage is back to around 399.6 V at 0.2 seconds when the 

proposed distributed secondary control method is 

implemented. The DC bus voltage remains stable around its 

400 V nominal voltage for the variable load. 
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Fig. 15 Current with a variable load 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 16 Voltage with a variable load 

6. Conclusion 
This paper presents a low-bandwidth Communication 

Network (CAN) based distributed approach to secondary-

level control in DC microgrids. At primary level control using 

a conventional droop controller, a DC bus voltage deviates 

less from its nominal voltage while using a smaller droop gain. 

However, the accuracy of current sharing is poor. Conversely, 

when selecting a large droop gain, the current sharing 

accuracy is highly improved, but the DC bus voltage 

significantly drops from the nominal voltage. Further, the 

voltage of the DC bus reduces greatly with an increase in 
load.When the proposed secondary control technique is 

implemented, both converter output currents are nearly equal, 

which indicates that the load current is shared equally, whether 

it increases or decreases. The voltage of the DC bus returned 

to nearly 400 volts of its nominal voltage. That ensures proper 

current sharing among all converters, and the DC bus voltage 
remains stable at nominal voltage regardless of changes in 

load profile.  

Future research will concentrate on expanding the 

proposed secondary control methodology by utilizing 

neighbour converter data for multi-converter microgrid 

applications.
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