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Abstract— This paper deals about a bidirectional DC-DC converter fed by a BLDC motor drive. The converter has three 

inputs, one of which is a bidirectional battery input allowing both charging and discharging operations. The other two are 

unidirectional power inputs, of which one is a Renewable energy source (PV panel) and the other being a DC source. The 

converter works on independently controlled power switches for different modes of operation. The bidirectional DC-DC 

converter feeds the input to the BLDC motor. More importantly, it helps to regain the energy lost during the braking operation 

by storing it in a battery for further and future use, thereby incorporating the concept of regenerating braking in the project. 

The simulation result, of the design proves the authenticity of the proposal. 
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I. INTRODUCTION 

The conventional Elevators are ‘single input only type’ systems that use a rechargeable battery for the operation of the motor. 

An elevator running on battery consumes more power than diesel and petrol vehicles. Traditional systems depend purely upon 

a battery source for elevators which involves a large wastage of power. In the proposed model, the loss of energy during the 

braking of motor is transferred to a battery by means of a bi-directional convertor. The main disadvantage of the existing system 

is that the existing system only deals with one source; this naturally tends to cause excessive pressure on the source. This causes 

major important problem that, during energy crisis or power loss conditions, the system naturally fails to complete its operation. 

The second important problem is that the efficiency of the system is very less. The reason for the loss of efficiency is that, 

considerable amount of energy is being wasted or lost during the process of braking. The existing system fails to reuse the 

energy wasted during braking operation. Thus by considering all these factors, the idea of improving the efficiency and 

conserving the energy lost, the proposed model is introduced. By eliminating all the energy loss factors in the existing system, 

the proposed system holds certain advantages. Mainly this system includes two sources such as a renewable energy source and 

a normal DC source, either one may be considered as a backup source in case of power loss conditions. Since the proposed 

model has a renewable energy source this does not cause pollution. Renewable energy systems contribute to 19.2% to humans, 

global energy consumption and 23.7% to generate electricity. This energy consumption is divided as 8.9% coming from 

traditional Biomass and 4.2% as heat energy, 3.9% from hydroelectricity and 2.2% is electricity from wind, solar, geo-thermal 

and biomass. The efficiency of this system is a way above the existing system. This is because of mainly two important reasons; 

firstly, this system uses a renewable energy as a source, which cuts down half the amount of the energy consumed by the battery. 

Secondly, the amount of energy lost during the braking process is restored back from the motor using the bidirectional convertor. 

The energy lost during the braking is stored in a battery, thereby incorporating the concept of regenerating braking in the 

proposed model. Regenerative braking takes place whenever the speed of the motor exceeds the synchronous speed. This 

braking method is called regenerative braking because here the motor works as generator and supply is fed from the load. The 

main criterion for regenerative braking is that the rotor has to rotate at a speed higher than synchronous speed. The only 

disadvantage of this type of braking is that the motor has to run at super synchronous speed which may damage the motor 

mechanically and electrically. 

Brushless motors are frequently in vehicular technology due to better speed vs. Torque characteristics, high efficiency, 

high dynamic response, long operating life, noiseless operations, higher speed range and low maintenance. For instance, outer 

rotor BLDC motors with regenerative capability are mostly in dynamic elevators. For improving the performance of 

regenerative braking, the method used are by the impact of regenerative ranking, it is possible to have lower emission levels 

considering whole energy conversion cycle and to optimize mechanical braking system. The recovery features of regenerative 

braking increases the essence of electrical braking over mechanical braking. As a general approach, the electrical braking is 

preferred for braking whenever it is possible. The improved performance of electrical braking provides more weight optimized 

mechanical braking systems. However, regenerative braking has its own issues which are related to complex control, low 

efficiency overall due to cascaded connected converters. If it is considered, the regenerative path includes multiple power 

converters, i.e., transmission, electrical motors (as generator), motor controlled circuits and ultimately battery, a battery 

charging with high efficiency cannot be expected. The target must be high possible energy regained for charging. In most cases, 

an additional power converter must be implemented to make regeneration possible. It is mostly a buck-boost converter. The 

main imitation of regenerative braking is coming from induced voltage of driver motor which is directly depending on motor 

shaft speed. Regenerative braking effect is diminished by lowering speed values and therefore for lower speeds, regenerative 
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braking becomes useless. To implement regenerative braking at lower speeds, a proper voltage boosting is required. This 

requirement is mostly solved by an additional power converter which is having boosting capability. 

II. CIRCUIT TOPOLOGY WITH OPERATION 

 
Fig. 1: Block diagram of the proposed model 

Solar panel refers to a panel designed to absorb the sun’s rays as a source of energy for generating electricity. A solar cell is a 

solid state electrical device that converts light energy to electricity. The BLDC motor is a three-phase synchronous motor 

consisting of a stator having a 3-phase concentrated winding and a rotor having a permanent magnet. It doesn’t have mechanical 

brushes and commutators as such. PIC microcontrollers are a family of specialised microcontroller chips. These 

microcontrollers are fast and easy to execute a program compared with other microcontrollers. It is based on Harvard 

architectures. At present, PIC microcontrollers are extensively used for industrial purposes due to lower power consumption 

and better performance. A bidirectional DC-DC converter is used for DC-DC power conversion applications. The power 

converter includes two full bridge converters (one is used as an inverter and the other as rectifier). These advantages make the 

converter promising for medium and high power applications. 

A. Modes of Operation 

The bidirectional DC-DC converter has three basic modes of operation, namely Buck mode, Boost mode and Regenerative 

buck mode. 

In Buck mode of operation, the switch S1 is turned ON and OFF for the general operation of the buck converter 

topology. In this mode, S3 is always turned ON and S2 is always turned off. Fig 2 and Fig 3 show the turn on and turn off 

condition under buck mode. 

       
Fig. 2: Switch turn on condition   Fig. 3: Switch turn off condition 

In boost mode of operation, it is affected by the switch S2. Switch S1 should always be turned ON for this mode and 

S3 is complementarily operated from switch S2. Fig. 4 and 5 represent the turn on and off condition in the boost mode. 

            
Fig. 4: Switch turn on condition   Fig. 5: Switch turn off condition 

In the regenerative buck mode of operation, regenerative current flows to the battery by the switch of S3 operation. 

Fig. 6 and 7 represent the turn on and off condition in the regenerative buck mode. 

            
Fig. 6: Switch turn on condition   Fig. 7: Switch turn off condition 
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III. SIMULATION 

This paper simulated the multi-input bidirectional DC-DC converter using regenerative braking using MATLAB software. The 

various input and output voltage and current waveforms are measured by using voltage and current measurement blocks 

respectively. The output is viewed from this measurement blocks by giving it to the scope terminal block. The MOSFET is 

triggered using the pulse generator, which uses bipolar sine wave PWM technique as seen in Fig 8. The source supplies 150V 

having a maximum amplitude of 3V and a pulse width of 5V. Pulses are generated to the four MOSFETS and diodes 

implemented in the circuit. The pulses generated have pulse cycles of 4, 6, 5 and 10 cycles respectively. The voltage across the 

battery terminals indicates that the energy dissipated during braking is transferred to the battery through regenerative braking. 

 
Fig. 8: Simulink model of the proposed model 

 
Fig. 9: Output waveform for Regenerative system 

 
Fig. 10 Output waveform for the battery 
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IV. CONCLUSION 

We have observed that in the conventional model, the energy losses involved in braking operation are high. As explained in 

previous sections, the proposed model is much efficient in converting the heat dissipation during losses to useful electrical 

energy. PV solar panels are an emerging technology and will be more common in the years to come. Furthermore, conventional 

braking models use dynamic braking system for the same application. Our project takes in the possibility of regenerative braking 

operation for the proposed model. The simulation results show that it is possible to transfer the energy through regenerative 

braking technique to a battery. 
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