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I. INTRODUCTION 
 
Sources of electric energy for industry, agriculture, 
civilian or military use differ in their purposes, 
appliance and supplied system types. Autonomous 
generation systems, sources based on solar and wind 
energy, are commonly used to supply various 
appliances, facilities, systems, and provide for 
heating, illumination, and other purposes in almost 
all spheres.  
 
Almost all of these systems use super-capacitors, 
accumulators (batteries) or different energy buffers 
for stable operation under all possible conditions 
and requirements. For the reason above and due to 
the growing needs in systems with the ability of 
bidirectional energy transmission between two dc 
buses, Bidirectional Dc-dc Converters (BDCs) have 
received increased attention.  
 
Apart from their traditional application in energy 
storage and dc motor drives, BDCs have become a 
promising option for many applications, such as 
portable devices, spacecraft power systems, 
Uninterruptible Power Supplies (UPS), electric 
vehicles [1], fuel cells and renewable energy systems 
[2], [3].  
 
In the electric vehicle application (Fig. 1a), an 
auxiliary energy storage battery absorbs the energy  

 
 
 
 
fed back by the electric machine during deceleration 
of the motors. In addition, BDC is also required for 
the power supply from auxiliary battery to boost the 
high-voltage bus during motor startup or 
acceleration when a large amount of power is 
required [1], [4]-[7].  
 
Moreover, BDCs can also be used in industrial 
equipment. Such equipment started and stopped 
very frequently, so energy can be recuperated 
without being wasted. Recently, clean energy 
resources such as solar photovoltaic technologies 
and wind turbines have been widely exploited for 
developing renewable power generation systems.  
 
However, fluctuations of power generation due to 
changes in weather conditions and occasional 
massive needs in output power makes Renewable 
Energy Sources (RES) inapplicable for self- contained 
operation as the single power source. The typical 
solution to this problem is the use of energy storage 
devices in conjunction with the RES to compensate 
this variability and obtain a stable and smooth power 
flow to the load.  
 
The most applicable and cost-effective energy 
storage devices in the medium-power range are 
lithium-ion or other types of batteries and super-
capacitors. A renewable power system with BDC is 
shown in Fig. 1b.  
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BDCs maintain a stable load bus voltage and make 
full usage of the solar array, wind turbine, fuel cell 
and the storage battery in all operating modes [7]-
[13]. 
 

 
Fig 1. Bidirectional dc-dc converter in an electric 
vehicle application (a) and in a renewable energy 

system (b). 
 
II. BIDIRECTIONAL DC-DC CONVERTERS 

 
Most of the existing BDCs are characterized by a 
current fed or voltage fed on one side [14]-[18]. 
Based on the placement of an auxiliary energy 
storage, BDCs can be categorized into buck and 
boost type. In the buck type, energy storage is 
placed on the high voltage side and in the boost 
type on the low voltage side. To realize the double 
power flow in BDCs, the switch cell should carry the 
current in both directions.  
 
It is usually implemented with a unidirectional 
semiconductor power switch such as power MOSFET 
or IGBT in parallel with a diode (or body diode) 
because the double sided current flow power switch 
is not available. Depending on the application, 
different dc-dc converters are used to modulate the 
input voltage. Generally, there are two basic types of 
BDCs, which are non-isolated and Isolated (Fig. 2). 

This paper will focus on the non-isolated converters. 
In the transformer less non-isolated power 
conversion systems, the boost type and the buck 
type dc-dc converters are commonly chosen.  
 
The high frequency transformer based system is a 
reasonable solution to obtain isolation between the 
source and the load side. Isolation is mandatory 
when the very high step-up or step-down ratio is 
required. But to improve the efficiency, size, weight 
and cost, the non-isolated type is much more 
attractive.  
 
Thus, in the high power or spacecraft power system 
applications [17]-[11] where weight and size are the 
main concern, the transformer less type is more 
preferable. 
  

 
Fig 2. Simplified classification of the bidirectional dc-

dc power converters. 
 
As it can be seen from Fig. 2, the main types of non-
isolated converters are single-phase, single-phase 
with ZVS/ZCS circuitry and interleaved converters. 
Note that it is not only the second type that exploits 
the benefits of soft-switching or resonant techniques 
to increase the switching frequency and achieve 
lower size and weight. Instead of auxiliary circuitry, 
single-phase and interleaved converters use different 
frequency modulation and switching techniques, 
parasitic elements of the devices as resonant 
elements, e.g. output capacitance of MOSFET. 
 
Shokoofeh Bagheri et.al. (2021) The cascaded 
buck-boost converter (CBBC) is a good alternative to 
the buck-boost converter in energy storage systems, 
with a high power density, 98 percent efficiency, and 
a higher operating temperature (ESSs). The key factor 
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investigated in the event of an error in a DC micro 
grid (DCMG) is DC bus voltage stability. This work 
presents a control approach for a virtual DC machine 
(VDCM). As a result, the converter is used to charge 
and discharge ESS in order to improve the system's 
virtual inertia. A first-order inertia loop is used in the 
interface converter between ESS and DCMG in the 
proposed inertia control.  
 
Matlab/Simulink is used to simulate the research 
plan on a traditional islanded micro grid. In addition, 
the system's stability was investigated using the 
VDCM control units' small signal model and CBBC. 
The simulation results and tiny signal analysis show 
that the proposed concept is stable in a variety of 
settings.[4] 
 
V. Sheeja (2018) et.al A grid integrated solar PV fed 
telecommunication BTS (Base Transceiver Stations) 
load is proposed in this research using an interleaved 
boost based high gain bidirectional DC-DC 
converter. Due to safety concerns and the lower 
power output of series-connected PV modules, a 
solar PV system is better off operating at low voltage. 
The system's battery backup and DC load are both 
low DC voltage, hence a low voltage DC bus is 
proposed. Using a high gain DC-DC converter, the 
low voltage DC bus (48V) is connected to the high 
voltage DC bus (400 V). To connect this to the 230V 
single phase AC grid, a voltage source converter 
(VSC) is necessary.  
 
A bidirectional power flow is required for the reliable 
operation of a communications station. For this 
application, a bidirectional high gain DC-DC 
converter is presented and analyzed, the voltage 
gain expression is produced, and the operation is 
verified using MATLAB Simulink modeling and 
simulation for both forward and reverse power flow. 
The switches are found to be operated with less 
stress, have less current ripple at low voltage DC 
buses, and have a high gain for boost and buck 
operation [5]. 
 
Jen-Hao Teng et.al. (2019) in this study, we offer a 
bidirectional DC-DC converter with a broad voltage 
conversion ratio. Electric scooters, electric 
automobiles, electric buses, electric trucks, and other 
devices with varying voltage levels can benefit from 
the wide-range voltage conversion ratio. A two-
phase interleaved half-bridge circuit and a voltage-
doublers circuit are cascaded to form the proposed 

converter. To study the operating phases of the 
proposed converter and analyze the voltage 
conversion ratios under different voltage-level 
schemes, terminals A and B are defined as two-phase 
interleaved half-bridge circuit and voltage-doublers 
circuit, respectively. A wide-range voltage converter 
ratio and bidirectional step-up/step-down function 
may be obtained thanks to the changeable structure 
design and control of the suggested converter.  
 
This paper describes the design and implementation 
of a prototype for a proposed bidirectional DC-DC 
converter having a rated voltage of 150V at terminal 
A, a rated voltage between 25V and 1050V at 
terminal B, and a rated power of 1100W. The 
suggested bidirectional DC-DC converter may be 
operated in various modes with respect to different 
voltage levels, as demonstrated by experimental 
findings. In the meantime, a maximum conversion 
efficiency of over 98 percent is possible [6]. 
 
Rui Li et.al. (2019) Residential PV power generation 
systems are becoming more common in recent years 
all around the world. A home photovoltaic (PV) 
power generation system with a 1500V DC bus is 
proposed in this research. PV panels, a three-level 
boost converter, a high efficiency isolated 
bidirectional DC-DC converter, a battery, and a 
three-phase five-level DC-AC converter that can 
operate in islanding or grid-connected modes are all 
included. The increased DC bus voltage lowers line 
loss and boosts system efficiency.  
 
This study proposes an energy management method 
for the system in order to ensure system stability and 
economic benefits. In addition, an optimal method 
for the bidirectional dc-dc converter's structure is 
provided. Higher DC voltage gain and efficiency are 
possible with this arrangement.  
 
Additionally, LLC and CLLC under DC transformer 
(DCX) mode are examined for low voltage battery 
applications in residential systems, with LLC being 
chosen as the isolated bidirectional DC-DC converter. 
Bidirectional LLC is offered as an optimum developed 
method. Finally, tests are run to ensure that the 
optimised converters and system are performing as 
expected [7]. 
 
Kunal Pathak  et.al. (2019) Depending on the 
environmental circumstances, the renewable energy 
sources delivering electricity to the microgrid can 
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have varying power characteristics. Voltage instability 
occurs as a result of the variable power 
characteristics of renewable sources and linked loads. 
The major goal of any power supply network is to 
maintain a constant voltage at a nominal level in 
accordance with industry standards. The non-isolated 
bidirectional interleaved DC-DC converter (NIBIC) 
with battery storage is the subject of this paper.  
 
The NIBIC is controlled by the DC bus voltage and is 
coupled to solar sources via boost converter and 
load using maximum power point tracking 
technology (MPPT). The current and voltage loops in 
a bidirectional DC-DC converter's control circuit are 
used to operate the converter in various operating 
modes.  
 
This research delves into the system's operation 
under varied load and irradiance situations. The 
simulation model is created in the Simulink 
(MATLAB) environment, and the simulation results 
demonstrate the control strategy's effectiveness [8]. 
 
Vikas Shrivastava 2017 This paper establishes the 
flywheel energy storage organization (FESS) in a long 
lifetime uninterruptible power supply. The Flywheel 
Energy Storage (FES) system has emerged as one of 
the best options. This paper presents a conceptual 
study and illustrations of FES units. After brief 
introduction to the FES system and its theory of 
operation, the paper focuses on the important role 
of the FES system in enhancing the operation of the 
distribution network.  
 
Supported by illustrated circuits, the FES system in 
the improvement of the power quality of the 
network. A flywheel energy storage technology was 
ended, with a special focus on the progress in 
automotive applications. In order to improve the 
efficiency and lifetime, then it discusses a newly 
proposed design of the FES system that emerged 
recently, which includes the use of Superconducting 
Magnetic Bearings (SMB) and Permanent Magnetic 
Bearings (PMB). In conclusion, the paper analyzes the 
FES systems great potentials that could be exploited 
in improving the reliability of the electrical system 
[11]. 
 
Vikas Shrivastava et.al..2018 the "smart grid" is a 
word used to describe the rapid infrastructure 
replacement of the electrical wiring system in the 
United States. When the advanced system is totally 

implemented, it will allow for communication 
features across the grids that are not currently 
available--hence the term "smart".  
 
A “smart grid” is simply an advanced electrical 
distribution system that has the capability to balance 
electrical loads from diverse, and often intermittent, 
alternative energy generation sources. In this paper 
the future trends for this issued development in 
power systems are assessed.  
 
Then the important evolution factors for developing 
the substations in the smart grid concept based on 
ICT (information & communication technology) are 
identified. In terms of real-time communications and 
control functions, interactive between customers and 
markets, optimized to maximize reliability, 
availability, efficiency and economic performance 
secure from attack and naturally occurring 
disruptions.  
 
By this development, it can be provided advanced 
EMS (energy management system) and asset 
management within smart transmission grid. The 
major theme of the paper is on the use of 
information technology to acquire more flexibility 
and smartness in the Wide Area Power System load 
Protection by designing the Communication channel 
using WIMAX [12]. 
 
 Vikas Shrivastava [2017] the main motive to 
design this paper to Comparative study between two 
soft switching techniques used in boost converter. 
Soft switching techniques are very attractive and 
medium-frequency applications such as solid often 
mandatory requirements in medium-voltage and 
state transformers. the efficiency of these soft 
switching techniques is strongly related to the 
dynamic behavior of the inside stored charge in the 
utilized semiconductor devices.  
 
Intended for this reason, this paper analyzes the 
performance of the internal charge dynamics in high- 
voltage semiconductors, giving a clear base to 
understand the previously proposed zero-current-
switching techniques for IGBT based resonant dual-
active-bridges.  
 
From these preceding approaches, the two most 
important concepts that consent to switching loss 
lessening in high voltage semiconductors are 
identified shaping of the conducted current in order 
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to accomplish a high recombination time in the 
previously conducting semiconductors and achieving 
ZVS in the turning-on device [13]. 
 
Vikas Shrivastava, et.al. 2018 This paper presents 
maximum power tracking system .Maximum Power 
Point Tracking algorithms (MPPT) are employ to 
track maximum power, A DC-DC Boost converter is 
utilizing to acquire the impedance matching among 
the PV array and the load. The methods based on the 
perturb and observe (P&O) technique are the most 
frequently employed in commercial merchandise. 
 
The reason lies in the fact that P&O can be 
implemented in inexpensive digital devices with 
ensuring high toughness and a good MPPT 
efficiency. This paper aims to presents the design 
and expansion of a photovoltaic system based on the 
improved P&O algorithm that consent to getting 
better efficiency, and design of effective charge 
controller with maximum power point tracker for 
photovoltaic system. Stability and accuracy of solar 
systems and the effectiveness of the proposed solar 
regulator system is verified by the simulation and 
experimental results under our developed system 
with MPPT algorithms. [14] 
 
Vikas Shrivastava, et.al [2018]. These paper 
present Two-stage oil-free centrifugal air 
compressors can convey noteworthy advantages and 
open new market opportunities for compressor 
manufacturers. One of the core technologies 
following this compressor type is the high-speed 
electrical machine sustain beside active magnetic 
bearings.  
 
In this paper, the desires set through the compressor 
on the electrical machine design are existing. The 
design solutions aimed to satisfy these requirements 
are discussed in industrial application. Two case 
studies demonstrate probable design approaches for 
the target relevance through examples of a 120-kW, 
60 000-r/min induction machine with a solid rotor 
and a 225-kW, 50 000-r/min permanent-magnet 
synchronous machines (PMSM) with a full cylindrical 
magnet. The organization design and simulation 
results are established next to measurements of a 
PMSM prototype [15] 
 
Vikas Shrivastava, [2021] Transformers are basic 
design of electrical device which provide power 
transmission with transforming induced current from 

one circuit to another. The induced current can be 
converted step up or step down of current or 
voltage.  
 
This application mainly deliberates on the three-
phase transformers which are used in among electric 
poles and the Power transformers. The real time 
overprotective is done on the basic features like gas 
level, oil aging and regulation of overload and 
temperature maintenance.  
 
These features are essential for effective power 
transmission and long life of industrial transformers 
and Communication Architecture for Future 
Protection & Control of Power Transformer. The 
monitoring and control of the transformer is done by 
using IEC 61850 AND RET 620 processor [16]. 
 
Vikas Shrivastava, 2021 This paper presents an 
estimation of SF6 gas circuit breakers reliability in the 
transmission substations, Among the substation 
equipment circuit breakers play a vital role when 
triggered to switch to Control the power transfer 
based on the load demand situations, Isolate faulty 
circuits, Prevent system stability failures in case the 
system parameters are crossing the permissible limit 
allow maintenance of substation equipment. 
 
Generally when utilities wanted to procure circuit 
breakers (CBs) in past as well as today, their 
preference is always for three pole operated circuit 
breakers due to cost effectiveness. This preference 
continued up to voltage levels of 220kV, beyond 
which the higher phase spacing has not permitted 
possibility of three pole operated Air Insulated 
Substation (AIS) circuit breakers.  
 
In Gas Insulated Substations (GIS), the limitation is 
170kV for three pole operated CBs, beyond which 
the size of the tubular housing may become 
uneconomical. A circuit breaker failure may result in 
the unavailability of an entire power system, causing 
major disruption and severe financial losses [17] 
 
Vikas Shrivastava, 2021 This paper presents the 
design of substation among new technology which 
increases the concert of substations. The 
effectiveness of this substation higher than in 
present substation. And also it reduces the 
maintenance cost as well as fault happening and also 
reduces the individual errors and labor cost. One of 
the important issues in a substation automation 
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system is performance of the communication buses 
consist of station bus and process bus.  
 
The station bus provides communication between 
station level devices and bay level devices and the 
process bus provides communication between bay 
level devices and primary equipment as the 
substation communication world searches for the 
“Promised LAN”, it would be helpful to have a 
roadmap to give direction to the search. Such 
expectations must be tempered with the cost and 
complexity of achieving them. 
 
In this paper describe a methodology that identified 
a set of Smart Distribution Grid use cases and utilized 
them to define an architecture based on Future 
Internet technologies [18]. 
 
III. NON-ISOLATED BIDIRECTIONAL DC-

DC CONVERTERS 
 

In the transformer-less non-isolated power 
conversion systems, the boost type and buck type 
dc-dc converter are chosen usually. The high 
frequency transformer based system is an attractive 
one to obtain isolation between the source and load 
sides. But from the viewpoint of improving the 
efficiency, size, weight and cost, the transformer-less 
type is much more attractive.  
 
Thus, in the high power or spacecraft power system 
applications, where weight or size is the main 
concern, the transformer-less type is more attractive 
in high power applications. 
 
Non-isolated BDCs (NBDC) is simpler than isolated 
BDCs (IBDC) and can achieve better efficiency the 
transformer-less type is more attractive in high 
power applications. For the present high power 
density bidirectional dc-dc converter, to increase its 
power density, multiphase current interleaving 
technology with minimized inductance has been 
found in high power applications.  
 
The operation of the NBDC of Fig. 1.1. is as follows. 
The inductor is the main energy transfer element in 
this converter. In each switching cycle it is charged 
through source side active switch for the duration of 
Ton=DT, where T=1/fsw is the switching period and 
D is the duty cycle. This energy is then discharged to 
load during Toff=(1-D)T.  

In the four-switch buck boost converter (Fig. 3.) the 
principle of operation is the same. In the left to right 
power transfer mode, Q1 and Q4 act as active 
switches, while in the right to left power transfer the 
opposite switches (Q2 and Q3) are controlled. 
Synchronous rectification technique can be 
employed in this configuration in order to add more 
features and improve efficiency. 
 

 
Fig 3. Bidirectional buck-boosts 

 

 
Fig 4. Two back-to-back connected NBDC. 

 
IV. ISOLATED BIDIRECTIONAL DC-DC 

CONVERTERS 
 

Galvanic isolation between multi-source systems is a 
requirement mandated by many standards. 
Personnel safety, noise reduction and correct 
operation of protection systems are the main reasons 
behind galvanic isolation. Voltage matching is also 
needed in many applications as it helps in designing 
and optimizing the voltage rating of different stages 
in the system.  
 
Both galvanic isolation and voltage matching are 
usually performed by a magnetic transformer in 
power electronic systems, which call for an ac link for 
proper energy transfer. 
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In the bidirectional dc-dc converters, isolation is 
normally provided by a transformer. The added 
transformer implies additional cost and losses. 
However, since transformer can isolate the two 
voltage sources and provide the impedance 
matching between them, it is an alternative in those 
kinds of applications.  
 
As a current source, inductance is normally needed in 
between. For the isolated bidirectional dc-dc 
converters, sub-topology can be a full-bridge, a half-
bridge, a push-pull circuit, or their variations. One 
kind of isolated bidirectional dc-dc converter is 
based on the half-bridge in the primary side and on 
the current fed push-pull in the secondary of a high 
frequency isolation transformer. 
 
The converter operation is described for both modes; 
in the presence of dc bus the battery is being 
charged, and in the absence of the dc bus the 
battery supplies power. This converter is well suited 
for battery charging and discharging circuits in dc 
uninterruptible power supply (UPS).  
 
Advantages of this proposed converter topology 
include galvanic isolation between the two dc 
sources using a single transformer, low parts count 
with the use of same power components for power 
flow in either direction.  
 
The dual active bridge dc-dc converter with a 
voltage-fed bridge on each side of the isolation 
transformer operates utilization of the leakage 
inductance of the transformer as the main energy 
storing and transferring element to deliver 
bidirectional flow power. 
 

  
Fig 5. Operating waveforms. 

V. CONCLUSION 
 
Since the structure of isolated bidirectional DC-DC 
converter is more complex, bulky, costlier due to 
presence of transformer and its overall efficiency is 
also less than non-isolated bidirectional DC-DC 
converter it is unfit for EV application.  
 
Therefore Non-Isolated Half Bridge Bidirectional DC-
DC converter can be the most preferred option for 
EV drive train application 
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