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Abstract: A micro-grid is a miniature active delivery network that uses DGs (distributed generations) (both green and conventional), 

energy storage facilities, and loads to run in either grid-connected or islanded modes. More over to decrease the variations in load 

voltage, power flow fluctuations, and enhanced the control of DC (direct current) connection with different bus voltage in battery 

storage unit is most complicated in prior studies. Hence in this paper efficiently proposed the Tripartite Managed DC-DC convertor 

that highly reduces the load voltage variations in micro grid. As a consequence, in terms of load and input voltage differences, it 

regulates the voltage in a DC micro grid depending on replacing frequency, service ratio, and patch shift between two vigorous 

connectors. Then the paper introduces the novel kingpin-acolyte based distributed consonance control strategy for ensuring the 

balanced power flow and enhanced the battery storage unit control. Control can be achieved by active and passive layers of control 

in this case. The active stage uses a reference-based droop control technique to assign tonnage components to the batteries for 

voltage power. The passive align uses sequential multi-agent scheme-oriented distributed solidarity for redistributing the DC bus 

voltage also procure controlled power transpose within these battery energy storage modules. Consequently, the outcome of the 

proposed work efficiently described the performances of the controller. 
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1. Introduction  

Globally, electrical energy consumption is increasing 

every day, necessitating the need to generate more 

electricity more efficiently. With rising concerns about 

the energy crisis, researchers are increasingly drawn to 

the production of RERs (renewable energy resources). 

DG (distributed generation) units [1-6] have recently 

attracted a lot of attention because they are more 

powerful, stable, and reliable than traditional power 

systems. As a result, the MG (microgrid) is a highly 

effective means of combining multiple DGs as well as 
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energy storage systems, both grid-connected and stand-

alone. ESDs (energy storage devices) are important in 

surpassing DC (direct current) MG (microgrid) systems 

because they compensate for power generation 

volatility and load demand. 

Fans and telecommunication towers have recently 

been using DC loads [7-8]. PEV (plug-in electric 

vehicle) vitalizing stations dependent on DC MG have 

grown in popularity as they improve performance and 

reduce emissions. The battery controller is in charge of 

DC bus voltage regulation, SoC (state of charge), as 

well as power balancing between distributed energy 
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resources. With the goal of adjusting DC bus voltage, 

SoC, as well as power balancing between DERs 

(distributed energy resources), the battery controller’s 

peak or inferior control layer, is made up of three 

organized controlling tactics: decentralized, centralized, 

as well as distributed/hierarchical control. Even if there 

is no cooperation with local regulators, a decentralized 

[9] controller will never require any digital control 

signals from distinct system components. A centralized 

controller collects data from the essential [10] gadget 

of an MG through digital communication links. It has a 

single point of failure, but it has major benefits for system 

observability as well as controllability. Such framework 

requires coherent communication and knowledge swap 

using distributed consensus algorithms, as well as proper 

teamwork among the units, to improve this purpose. 

Voltage drop between various multiple storage 

systems as well as changing load creates illegitimate 

power delivery there in aforementioned conventional 

droop control techniques. The slender contact graphs 

might be used to provide an updated power dissipation 

reference-oriented V-P droop regulation to ensure [11] 

balanced power sharing between the storage devices. 

All power outputs as well as SoC of BESUs (Battery 

Energy Storage Units) may be harmonized through 

miserly data [12] sharing, ESS (Energy Storage System) 

established allocation consensus integral control. A 

leaderless consensus control rule is used to maximize 

load distribution among various distributed generation 

modules in DC MG scheme. To gain SoC and power 

level consensus, battery converters [13] used assigned 

consensus control. 

Using a related method for distributed heterogeneous 

BESUs, a virtual impedance device was suggested for 

homogenizing the BESUs energy intensity in DC MG. 

The ultra-capacitor [14] and battery leader reference 

voltages were controlled using a leader-follower [15] 

approach, resulting in heterogeneous consensus clutch 

of an energy storage solution that is hybrid. In 

miscellaneous consensus control [16] design, BESUs’ 

nominal voltage as well as frequency magnitudes was 

utilized rather of their frequencies as well as voltage 

magnitudes. 

Based on the superior literature, this paper suggested 

a distributed cohesive controlling unit for a 

straightforward DC MG system that takes into account 

distributed diverse battery units. The machine contains 

photovoltaic, wind turbine, as well as BESS, 

interpolation on numerous loads like alternating current, 

direct current, as well as electric cars. Six buses are 

clustered together in a ring in the planned scheme. Due 

to load volatility, power demand is volatile, while PV 

(Photovoltaic) and wind power supply fluctuates due to 

environmental factors. As a consequence, the power as 

well as voltage flow on the standard coupling point 

varies greatly. Effective DC line voltage management 

on multiple buses or different BESUs was required so 

reduce power flow variability with transients upon its 

DC line voltage during these situations. For revamp 

voltage as well as power interchange among BESUs, 

the designed controller employs the leader-follower 

principle. As a corollary, multiple control [17-19] strategies 

for stand-alone DC MG systems in the literature use 

conventional droop control approaches as well as 

consensus controlling guidelines to address heterogeneous 

storage units. In this paper, leader-follower-based 

cooperative control is used to boost the V-P droop 

control approach through altering the power relationship. 

Droop loop controlled energy storage units alter its yield 

power relation depending its neighbor communication 

using a fragmented communication network. As a 

result, with a smaller difference of DC bus voltage, all 

BESUs attain a regulated energy state and also keep 

balanced power exchange. The leader-follower 

oriented mutual control system ensures that neither 

ESU (Energy Storage Unit) runs out of energy 

permanently through snagging a balanced energy level 

among them. As a result, the ESUs’ maximum power 

potential may be utilized the regulate DC link voltage. 

2. Literature Survey 

Sedaghati et al.’s [20] article offers the novel grid-
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connected power management and micro-grid control 

technique, that consists of a hybrid HRES as well as a 

3-phase load. HRES system contains of a PV system, a 

battery storage system, a super capacitor and a SOFC 

(solid oxide fuel cell). It describes an impenetrable 

archetypal for every module. PV was primary source of 

power, while the SC and BSS are known to have a stable 

and intermittent load demand, respectively, owing to 

their different power densities. To maximize the system’s 

stability, the SOFC source was chosen to keep the BSS 

fully powered. All of these systems, which use multiple 

DC-DC converters, were linked with standard DC bus 

in parallel. The DC voltage is then converted to AC 

using a three-phase VSI (voltage source inverter). An 

adaptive fractional fuzzy sliding mode control approach 

was presented using VSI oriented HRES systems in 

order to preserve power balance as well as adequate 

load-sharing. The controller in the microgrid will 

reliably and rapidly track the predefined instructions. A 

sliding surfaces depending upon fractional ordering 

was premeditated for stable control strategy performance 

under load variance. Fuzzy sets based on fractional 

adaptive rules are often used to estimate the undefined 

parameters in the micro grid correctly. 

For Mehrasa et al. [21], along with its capacity to 

provide higher active, reactive power as well as highly 

appropriate power performance improvement, multilevel 

converters are a viable option in micro grid operations. 

Using two simultaneous PEC9 (9-level Packed E-Cell) 

inverters, the article uses a grid linked LCL (Inductor-

Capacitor-Inductor filter) filtration micro-size. In a 

feedback control method to accommodate grid stability 

and unit power factor inverters according to micro grid 

needs, PEC9 output current D-q reference frame 

fluctuations with filter voltages are incorporated. The 

suggested control strategy is tested using the PEC9 

output current-based transfer functions for obtaining 

efficient controlling parameters. 

For Wu et al. [22], as a consequence of fossil-oil 

crises as well as ecological emissions worsen, the only 

viable energy system transition option is clean 

renewable energy. The power generation variability of 

dispersed renewable energy projects, like solar as well 

as wind, had a significant impact on power plant design 

and maintenance. A hybrid energy storage system with 

an accumulator as well as a super capacitor will solve 

the problems described above. A hybrid energy storage 

system, a solitary battery as well as super conductive 

hybrid energy storage subsystem, as well as a hybrid 

energy supply micro grid system with independence are 

utilized depending upon its evaluation of the energy 

storage specifications on the steady-state functioning of 

the DC micro grid for the battery-super condenser 

potable water strategy. 

Tummuru et al. [23] present a control approach for 

grid-connected and islanded operation of renewable-

interfaced HESS (Hybrid Energy Storage Systems). 

For successful synchronization/resync of the microgrid 

system under contingent situations, a subsequent 

harmonic-oriented locking loop was utilized. The 

microgrid system is operated and maintained with an 

efficient algorithm for adaptive power management in 

these two modes. A detailed analysis of the HESS 

performance is given for looking into overall efficacy 

of suggested strategy. Limited signal averaging 

simulations were likewise created in order for assessing 

this technique’s efficacy. Such method addresses smooth 

transitioning among different system sub-modes, and 

also extra features like increased power conservation as 

well as power distribution across numerous outlets. 

Modeling as well as empirical studies is used to verify 

the feasibility of the proposed strategy. 

Toghani Holari et al. [24] proposed a control technique 

for stable operation of a DC/AC hybrid microgrid under 

unbalanced generation of CD (Conventional Distributed) 

units, based on a combination of Lyapunov theory and 

Input-Output Feedback Linearization (IOFL). PV 

bucking as well as lithium battery-depended bidirectional 

DC/DC converters provided the DC connections for the 

proposed hybrid micro grid. The DC connection was 

linked to a converter DC/AC, which was designed to 

supply the active as well as reactive power required for 
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creating the appropriate waveforms for the typical 

coupling point voltages.  

Worku et al. [25] discuss effective power 

management micro grids regulation with energy 

storage. Centered on 3 distributed energy infrastructure, 

named as PV, battery, as well as local active load fuel 

generators, the proposed control scheme improves the 

micro grid’s reliability and longevity. Microgrid control 

requires coordination between DERs and energy 

storage. The RTDS (Real Time Digital Simulator) was 

used for building machine model as well as control 

technique. A decoupling d-q current management 

technique was suggested also developed with VSCs 

(voltage source converters) that connect PV as well as 

battery resources with AC grid. To maximize the PV 

array’s intermittent energy generation, a DC-DC buck 

converter as well as a maximum power point monitoring 

feature was used. For all grid-connected as well as 

island functioning approaches, a controller is recommended 

and used. In connected grid mode the grid regulates 

device’s frequency as well as voltage. In isochronous 

phase, the fuel engine regulates the frequency as well 

as voltage of the system during an island mode fault. 

The suggested control proposal’s efficacy was tested 

using effects from a real-time computer simulator. 

3. Micro Grid Power Management System 

A promising way to widely incorporate DER 

(distributed energy resource) systems is micro grids. 

regarded primarily a bracing technique together in 

smart grid design, micro grids provide potential power 

network solutions for both consumers and device 

operators. However, as a challenging task, prior literatures 

have not concentrated on the optimum administration 

as well as monitoring of many generations, loads, and 

storage resources localized in a micro grid. As a result, 

the MG is a very effective way of combining various 

DGs as well as energy storage systems in grid-linked or 

stand-alone function. ESDs (Energy storage devices) 

contribute a constitutive lead in stand-alone DC MG 

(micro grid) systems since they are used to equalize for 

power generation and load demand fluctuations. 

Furthermore, in a dc micro grid, the most critical factor 

in the micro grid power management scheme is to have 

excellent load voltage regulation even though input 

voltage from renewable sources varies greatly. The 

need for a massive duty ratio in order to contribute 

increased gain was a major drawback of traditional DC-

DC boost converters. In addition, recent literatures 

addressed concerns including EMI (electromagnetic 

interference), reverse recovery, and low efficiency, 

among others. There continues to be a compelling need 

to create a controller that can demonstrate its suitability 

in a situation where the load and input voltage are both 

highly variable. During these conditions, efficient 

regulation of DC connection voltage at separate buses 

or several battery energy storage units is needed to 

eliminate power flow fluctuations as well as transients 

on the DC connection voltage. 

DG (distributed generation) units have recently 

attracted a lot of attention because they deliver better 

performance, stability, and reliability than traditional 

power systems. As a result, the MG is a very effective 

way of combining various DGs as well as energy storage 

systems in grid-linked or stand-alone function. Though 

there is a huge lack of variations in load voltage, flow 

fluctuations and poor control of the DC connection 

with different bus voltages in the battery storage unit 

have been reported in prior literature. Hence this paper 

efficiently proposed the Tripartite Managed DC-DC 

convertor that highly reduces the load voltage 

variations in micro grid. A new kingpoint acolyte-

based, distributed consonance management control is 

added to regulate the load-voltage in the micro grid as 

well as fluctuations of the input voltage by a 

combination with three variables of control (for 

example switching frequency, duty ratio, and phases 

change between two diligent connectors). In this way, 

active and passive control layers can be used to achieve 

the control objectives. The active stage uses a 

reference-oriented droop controlling technique to 

assign load components in batteries for voltage power.  
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Fig. 1  Proposed block diagram. 

 

To restore a stable DC bus voltage and ensure 

controlled power transfer among the battery energy 

storage devices, the passive layer employs a sequential 

multi-agent system-based distributed consensus. As a 

result, the proposed controller effectively and cost-

effectively addresses the main significant issues in 

micro grid power management, such as load voltage 

inconsistencies, power flow volatility, and inadequate 

regulation of DC communication with separate bus 

voltage in battery storage unit. The following parts 

include more in-depth descriptions of these factors. 

3.1 Tripartite Managed DC-DC Convertor 

In order to build a DC control system for output 

voltage management in load and changing input 

voltage, three control variables gt, e, and ψ are utilized. 

The transition phase ψ12 is the difference between the 

input and output active bridges’ square wave voltages. 

Two people have an effect on several factors. gt and e 

are used to constrain the result in terms of load, trying 

to keep the phase shift stable. Control variable ψ was 

utilized for getting the most power out of the output 

voltage in comparison to the input voltage while 

maintaining the switching frequency as well as duty 

time constant. Phase change ψ, represents deemed 

optimistic if Wbc performs Wb’c’ and power is 

transferred from the source to the load. The output 

voltage is regulated by varying the switching frequency 

of standard switching frequency control. As a 

consequence, output voltage was sustained by adjusting 

the load ratio in cycle power. 

The resonant frequency ω is described in below 

Equation (1), 

( )







−+








= 4

2

1 2

11


DM

 

(1) 

where,  

2

1

2

1

M

M

D

D
=  (2)

 

1

2

1

2

1

2

2

1

2

1

2

1

M

M

D

D

M

M

D

D

M

M

D

D
++=  (3) 





cos

cos8
2 bd

M
bd S

S
A =


 (4) 

1 −=  (5)
 

( )iAD

iA
A

bdqt

bd
q

−

−
=


 

(6)
 

 

 

 

Duty cycle 

modulation 

Switching 

frequency 

modulation 

Phase shift 

modulation 

Tripartite Managed DC-DC 

Convertor 

 

Kingpin-acolyte based 

distributed consonance 

control strategy 

 

DC-Micro grid 
Solar Power 

Wind Power 



Novel Tripartite Managed DC-DC Convertor with Kingpin-Acolyte Based Distributed Consonance 
Control Strategy for Proficient Power Management in DC Microgrid 

  

20 









−=

1

1
D

i
MiA

t

tt


  (7) 

( )122

2

2

−

−
=

MD

Mi
A

t

t
qq




 (8) 

qqtqin AAAA ++=  (9)
 

The switching frequency function, as expressed in, is 

the complete impedance of the Ain resonant tank 

(Equation (9)). The phase angle of Ain impedance is a 

function of frequency switching as well, and is 

calculated using Equation (10). 
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Since output terminal voltage rises under light loads 

and when input voltage is high, output voltage 

regulation requires a lower voltage gain. To ensure the 

highest output voltage, the proposed controller adjusts 

the duty ratio and frequency at the same time while 

maintaining the phase shift unchanged. Due to two 

control variables, the output voltage may be controlled 

with less frequency and duty cycle variation. The 

steady state performance is investigated using parabolic 

resonance frequency currents and voltages. wbc(u), 

which circulates current jL(u) in the tank circuit, can be 

used to measure the input voltage applied to the resonant 

tank network if the task ratio for all switches is 

Equation (11). 

 

( )  ( )


+−= ue
A

uw in
BCbc sin2cos122)( 2

1

 

 (11)
 

The voltage step angle wbc(u), ψ is a job ratio d 

function that can be interpreted in the following way: 

Equation (12). Equation (13) describes the total voltage 

gain of the converter in terms of duty and frequency.  
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The variance of the voltage gain of the converter, N 

with the normalized switching frequency, Zt for 

maximum load and 30 percent rated load at various 

duty cycles. Duty cycle differences have a greater 

impact on lighter loads than on maximum loads. 

The new frequency, g’T and duty cycles e’ 

corresponding to changes in output voltage owing to 

load change are computed using the existing procedure 

(Equation (17)). If the UO and UOref are the real voltages 

and the output voltages, the uD control, which is 

proportional to the downstream phase of the voltage 

may be measured using Equation (15).  
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The value of the resonant current, jM1, sagging 

through the resonant network at any given time can be 

calculated using Equation (18). 
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The various angles )(),,( tt hei  == and 

)(eg=  are represented as a function of the control 

voltage, uD. The δ angle is greater than zero during the 

proposed approach over a wide range. As a result, ZVS 

(Zero Voltage Switching) is guaranteed if the renewed 

pace, and the renewed service period, e’ are held within 

limits.  

3.1.1 Renewable Sources Reduced Input Voltage 

Condition 

As the input power is reduced while the converter is 

operating at maximum load, the converter’s output 

voltage tends to be reduced as well. To achieve the 

necessary DC bus voltage output, increased converter 

gain is required. 

(1) Essential of duty ratio: 

That is very essential to note because if gain 

increases are needed, the duty ratio e’ must be 

improved, but that is not possible as the limit at full load 

has already been set. Lowering the switching frequency 

will also improve the gain as the resonant frequency is 

already set at maximum load. The gentle switching will 

be deactivated if the switching frequency is decreased 

below the resonance frequencies. The triple control 

signal 12 is also utilized under the same conditions to 

amplify signals so that the input voltage from RES 

(Renewable Energy Source) is reduced. The angle φ12 

represents phase change among input and output square 

wave voltages. 

The phase shift ψ12 is considered optimistic if UB’C’ 

lags UBC. A two-port active converter with either a 

load-side active bridge or a load-side diode rectifier 

bridge is said to have a slightly higher voltage gain. The 

phase difference between two converter ports will 

range from 00 to 900. Unless the maximum power is 

RL, the transformer turns ratio represented as n, as well 

as the load current represented as Jo, the output voltage 

Uo = JoRL can be expressed using phase shift ψ12 

(Equation (20)), 
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The phase shift angle, φ12, is calibrated to be positive 

for active power from Port 1 to Port 2. As a result, 

output voltage increases while the phase difference 

among activated bridges rises. 

(2) ZVS condition at the time of control: 

If Port 1 is new, UBC, the zero voltage switching of 

entire switches in Port 1 bridge, then jM1 has its 

applied square wave voltage lagging due to the soft 

switch-condition in active bridges. However, the ZVS 

specification for Bridge 2 specifies that if Port 2 poses 

UB’C’, after every switches with in Port 2 bridge will 

flip to zero voltage. The recommended control 

approach checks also meet those requirements.  

ulq *1212 +=   (24)
 

)(1 ininref uulu −=  (25) 

Based on a change in renewable source input voltage, 

the proposed algorithm calculates the necessary 

renewed phase shift, φ’12 (Equation (24)). If Uin and 

Uinref are the input voltage real reference as well as 

input voltage, correspondingly, then u (Equation (25)), 

with l1 as a scaling factor to reduce the voltage to the 

DSP tolerable level, can be used to measure the 

actuating control voltage. lq is a phase change constant. 

In the proposed control unit, an appropriate control 

system is very important for efficient power management 

and soft switching service. The U0 output grid DC is 

controlled by using the gT, duty ratio e’ and external 

phases shift φ1̈2, as indicated in Equation (14) and as a  
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Fig. 2  Architecture of proposed converter. 

 

control variable (Equation (20)). As a result, the output 

voltage can be modified with different gT; d varies  

with regard to DC load changes and φ12 in relation to 

input voltage variations. Fig. 2 depicts a suggested 

converter’s closed loop controlling architecture. By 

comparing the voltage U0 to the reference signal, an 

incorrect signal is obtained. A compensator, also called 

a digital controller, transmits the error signal to the 

modulator and transmits an actuating signal. The 

modulator produces a switching sequence having its 

required switching frequency, duty ratio, appropriate 

external phase shift, afterwards transfers the battery 

energy from the storage unit to the driver circuit. 

3.2 Kingpin-Acolyte Based Distributed Consonance 

Control Strategy 

In this kingpin-acolyte based distributed consonance 

control strategy incorporates five battery units, which 

are composed through the MG system, whereas each 

Battery Energy Storage Unit is an agent. In this work, 

the idea of MRS (Multi Representative System) is used 

to set up the protocol for consonance control. Each 

BESU (Battery Energy Storage Unit) communicates 

with its neighbours in order to maintain a healthy 

energy level and share power around the ESUs (Energy 

Storage Units). Using sparse communication graphs, 

the required communication network can be created. 

Next, a brief introduction to the theory of graphs is 

given. The DC bus voltage for the battery unit is then 

controlled by the cooperative secondary voltage 

controller. Finally, the requirements for implementing 

secondary voltage regulation in communication 

networks are discussed. 

3.2.1 Kingpin-Acolyte Secondary Voltage Control 

The MRS computer distinguishes five battery units 

in order to accomplish the main control goals and 

function autonomously with limited contact. The Battery 

Kindpin and four Battery Followers are the five MRS 

machines. All of the BESUs interact with each other via 

a small communication network referred to in letter H. 

The data yj is received by the battery follower device 

straight from leading battery module y0, because of a 

so-called weight factor called pinning gain hj, and only 

one BESU access the reference y0. Each BESU should 
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translate information yi over a communication network 

to its neighbor in accordance with digit H.  

As shown in Fig. 3, the leader is supplied to offset 

the voltage divergence caused by the reduction in 

power. A PI control picture is used to compute PKing, 

which is a battery power signal employed to regulate 

the leader battery voltage and the overall DC bus 

voltage of the microgrid. These are the leading 

representative equations for control.  

)( BatMGKKing uuPIP −=  (26)
 

t

l
lPI

KingI

KingPK +  (27)
 

( )
KingBatjMG PPsuu −−=*

 (28)
 

The gains of the chief voltage controller are lKingP 

and lKingI. The battery follower modifies the droop 

voltage output by instigating the power signal 
*

coopP  

using a cooperative control design as seen in Fig. 3.  

)( **

CoopBatjMG PPsuu −−=  (29)
 

)(*

jToCjuMGCoop oCTFPIuFPIuP +−=  (30) 

Therefore, 
*

coopP  is controlled by changed voltage 

control and load balancing fault signal monitoring 

status. Finally, in Equation (34) to rearrange the voltage 

change, the Voltage Correction signal is given:  

)()( 0 jjjkjkj uuhuubuF −+−=  (31) 

( ) ( )
jjjkjkj oCToCoThoCToCTboCTF −+−=  

 (32) 

t

l
lPI

t

Iul
PulPI SoCI

ToCPFu +=+= ,  (33) 

( ) 


−+=

t

Ok

jkjkjj

j

dttutubtutu
0

)()()()(  (34) 

where, Pul and Iul  were the control gains of 

improved voltage controller, 
ToCPl  and 

ToCIk were the 

control gains of ToC regulation loop, juF  and 

joCTF were the neighborhood modified voltage 

tracking error also ToC tracking error of each battery. 

3.2.2 Design of Control Input 

The bulk of MAS’s (Multi-Agent System) battery 

control distributed consensus control architecture is 

centered on precise control or Lyapunov design. The 

Lyapunov design discussed in this section. A 

complicated model of a battery chief is as follows: 

00 Byy =  (35) 

where, 
mSy 0 represents the battery leader state. y0 

→ uMG represents the battery leader should track uMG.  

The following equation describes the ith follower’s 

energy storage module’s characteristics as follows: 

OjCvByy jjj += ,  (36)
 

where, 
m

jy  represents battery state vector; the 

leader voltage must be synchronized by battery 

follower. 0yyi →  and 
n

jv  represent ith battery 

follower’s control input. B as well as C represents the 

system’s state matrices; also (B, C) was considered as 

stable.  

Furthermore, secondary voltage controllers are 

expected to restore the voltage in stand-alone mode fast 

to its nominal value. In this investigation, this design is 

made simplified by the dynamics of inner voltage as 

well as current controllers. It is possible to write the 

dynamic of each BESU accordingly:  
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where,  

 Tjjj yyy 1,=   S
CB 10,

00

10
=








=  

B and C are the system’s state matrices, and each 

battery’s energy and voltage are Fj and Uj. 
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Fig. 3  Proposed kingpin-acolyte based distributed consonance controller. 

 

The vj consensus protocol must be used to 

synchronise the terminal voltage (uj) and state of 

charge (ToCj) of each battery cell with the reference 

voltage (u0) for secondary voltage regulation (Equation 

(16)). Local group monitoring mistake (Equation (10)) 

& members of the cooperative management committee 

are expressed in the form of Equation (11). The voltage 

difference between neighbours can be used to regulate 

DC connection voltage by sending it as a control input 

to each BESU. Fig. 3 depicts the configuration of a V-

P-based leader-follower voltage controller. 

The designed controller consists of primary as well 

as secondary control levels, as shown in Fig. 3. And 

that is responsible for the control of voltage. By tuning 

PI controllers, larger transients can be minimized. 









−+−= 

=

M

i

jjjkjkj yyhyybdLv
1

0 )()(  (38)
 

To choose the right control gain L, the LQR (linear 

quadratic regulator) approach was utilized. The controller 

input gain L in Equation (39) could be designed as 

follows since the Q and S matrices are all positive definite: 

PCSL U1−=  (39)
 

P is the algebraic Riccati equation’s special positive 

definite solution (ARE). The algebraic Riccati equation 

parameters S and Q have a direct impact on the 

controller’s transient reaction. 

3.2.3 Stability Control 

Closed-loop structures must be addressed when 

evaluating the proposed control scheme’s stability. The 

addition of the control input defined Equation (40) to 

the system approach leads to: 
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(40) 

where, j ∈ M where λmin = min{Re(λ) : λ ∈ σ (H)}. 

The entire closed-loop structure on a global scale can 

be described as: 

ofdd DCyCyBy ++=
− 0

  (41)
 

The letter i is used to represent the individual values 

of the Laplacian matrix L graph. The stability 

characteristics of Equation (42) result from the global 

system dynamics stability requirements: 

jjj adCLBa )( −=  (42)
 

 

Ubat 

King-pin Voltage 

control 
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The stability criterion necessitates jjj adCLBa )( −= ; 

all of its own ideals have to be purely negative or to be 

Hurwitz’s real component. To select the coupling gain 

d, an adequate condition is needed as: 

−


min2

1


d

 

(43)
 

From the above-mentioned concerns clearly denote 

that the proposed convertor and control strategy tackles 

the major obstacles such as decreases the variations in 

load voltage, power flow fluctuations, and enhanced 

the control of DC connection with different bus voltage 

in battery storage units. Hence those are tackled 

through novel Tripartite Managed DC-DC convertor 

that highly reduces the load voltage variations in micro 

grid, which performs through switching frequency, duty 

ratio, as well as phase shift among 2 active connectors. 

Along with this the research work introduces the 

kingpin-acolyte based distributed consonance control 

strategy for ensuring the balanced power flow and 

enhanced the battery storage unit control. The next 

section elaborately and virtually demonstrates the 

outcome of the proposed work in an effectual manner.  

4. Result and Discussion 

This section elaborately described the competence of 

the proposed analysis of numerical simulation of the 

novel converter and battery energy storage control 

strategy developed in previous section. 

4.1 System Specification 

The following table defined the system specifications, 

which is used in the proposed work to evaluate the 

competence of the research. 
 

Table 1  Simulation environment specifications. 

Platform MATLAB 2017b 

OS Windows 8 

Processor Intel core i7 

RAM 8 GB 
 

 

 
Fig. 4  Simulation model. 
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Fig. 5  Block diagram of the simulation model. 

 

Table 2  Input system specifications. 

Si. No. Specifications Range 

1. Voltage input range  260 V-180 V 

2. Specified input voltage 220 V 

3. Specified output voltage 400 V 

4. Po 3,000 Watts 

5. Resonant frequency 100 kHz 

6. Series tank parameters L1 = 52.12, C1 = 56.23 nF 

7. Parallel tank parameters L2 = 521.2, C2 = 562.3 nF 

8. Parallel capacitor Cp = 5.432 nF, C’
p = n2CP = 1.654 nF 

9. Capacitor filter 0.3 nF 

10. Ultra-fast switches, IGBTs 30N60A4D 

11. HF Transformer  Ferrite core PM 62, n = 0.55 
 

4.2 Simulation Analysis 

Figure described the simulation design of the proposed 

model, that outperformed the enhanced power quality 

conversion framework and battery energy storage 

control strtaegy. The converter has been investigated 

experimentally with varied load as well as various input 

voltages that evaluate the functioning of a proposed control. 

The dynamic output is evaluated and shown in the 

following section with phase changes in supply voltage.  

Fig. 6 described the variation of pressure, temperature, 

voltage and duty cycles that is based on particular time 

period. Here the time period is varied from 0 to 2.5; 

here temeperature is rised from 25 to 50 inbetween the 

time period of 2 to 2.15. Power variations are stabilized 

at the point of 95 kW between 2 to 2.5. Hence it 

elaborately described the performance of the converter 

that highly reduces the load voltage variations.  
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When the system is under PQ control mode in the 

V/F control mode, the voltage reference level equals its 

recorded amplitude and the phase angle is where the 

recording phase angle is when the storage device was 

operating in PQ mode, following the storage system’s 

transition to V/F mode of operation. Thus the reference 

voltage and their mean value with modulation index are 

illustrated in Fig. 7.  

The DC connecting voltage and charge (SC) reaction 

is shown in Fig. 8. The charging mechanism of the MG 

system and the synchronization of power with load 

changes by the ESUs is shown in Fig. 9. The DC 

connection voltage fluctuates when the load changes. 

Voltage and current variations are the frequency 

which is at its lowest value and its highest value is the 

service period. The proposed regulation’s main concern 

is converter performance, whenever the input voltage 

gets decreased during rated load. The input voltage is 

progressively lowered from the stated value. Whenever 

the input voltage gets lowered, the phase shift increases, 

and the DC output voltage was regulated, as shown in 

Fig. 10. 
 

 
Fig. 6  Proposed variations ranges. 

 
Fig. 7  Reference voltage based on mean and modulation 

index. 
 

  
Fig. 8  DC link voltage and SC responses. 

 

 
Fig. 9  Power as per the change in load. 

 

 
Fig. 10  Regulation of DC output voltage. 
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Thus the Fig. 11 depicted proposed strategy control 

of current and voltage in the battery storage unit within 

fraction of seconds. Here at certain point of time as 2.5 

second current is reached at 1,500 amps and voltage 

229 V. 

4.3 Comparison Analysis 

Fig. 12 shows the power supply in a micro grid 

system of one of the two mixed electricity storage 

subsystems. The SoC for the two integrated energy 

storage subsystems pre-set is shown in Fig. 12 to be 

0.75 and 0.25, each. The output ratio of the two should 

be 3:1 and 1:3 in the discharge and charge state, 

according to the proposed Solution Strategy. For 0.5-1 

s, the two subsystems generate 570 as well as 190 W, 

correspondingly. For 2-3 seconds, the two subsystems 

produce 215 as well as 645 W, respectively, which is 

consistent with theory. The feasibility of the hybrid 

energy storage subsystem power distribution approach 

centered on SOC was competently established. 

Fig. 13 illustrates the comparison of different 

components with various topologies. The figure shows 

that the proposed strategy efficiently achieves reduced 

component counts, with only 3 active switches, 6 

diodes, 2 magnetic cores, 5 windings, and 3 capacitors. 

From this comparison, it is evident that the proposed 

controller and converter design requires a minimal and 

efficient amount of hardware to regulate load voltage 

variations and improve power flow, ensuring effective 

energy control in the battery energy storage system. 
 

 
Fig. 11  Control of current and voltage in battery storage unit. 
 

 
Fig. 12  Comparison analysis of power distribution of a subsystem in a micro grid. 
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Fig. 13  Comparison of different components with variant topologies. 

 

5. Conclusion 

In this paper, a Tripartite Controlled DC-DC 

Converter with three control variables for a changed 

series parallel resonant tank converter is suggested to 

connect renewable sources to a microgrid’s DC bus. 

This controller has excellent ZVS, enhanced reliability, 

and voltage regulation for the reduction in the input 

voltage under full load from renewable sources. A 

distributed consonance control method is also being 

employed to build a secondary tensile control system 

for the battery unit to restore the DC bus voltage based 

on kingpins and acolytes. The DC-follower V-P control 

provides superior DC voltage management with a 

minor deviation and an appropriate power balance 

between sources in comparison with a leaderless controller. 
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