
International Conference on 

Contemporary Technological Solutions towards fulfilment of Social Needs  

Aug-2018, Page 94 

 

 

A Design Analysis of Energy Saving Through Regenerative 

Braking in Diesel Locomotive with Super-capacitors 
 

Kamal Jagwani 

Department of Electrical & Electronics Engg. 

Vedica Institute of Technology, Bhopal, India 

Chirag Gupta 

Department of Electrical & Electronics Engg. 

Vedica Institute of Technology, Bhopal, India 

 

ABSTRACT: The point of this paper is to 

assemble a vitality stockpiling framework for 

regenerative braking, with utilization of dc to dc 

converter, and testing apparatus to perform testing 

for dc drive with dc engine with the super 

capacitor bank against diesel train (WDM2) 

regenerative braking profiles. A bank of was 

developed alongside a bidirectional DC to DC 

converter permitting reasonable testing of two of 

the four conceivable bank arrangements. A normal 

of 55% and 63% end to end productivity was 

found for the two setups separately when tried less 

than two methods of regenerative braking profiles. 

It was found that capacitor saves money with a 

higher most extreme voltage 

i.e. more cells in arrangement were more effective 

as there were lower information and yield streams 

and the greater part of misfortunes were limited to 

the converter. 

 

Keywords: Super capacitor, chopper, regenerative 

braking, diesel locomotive. 

 

I. INTRODUCTION 

 

Vitality utilization is 90% for footing and 10% for 

assistant supply in diesel train. Braking vitality is 40% 

of vitality utilization. Up to 40% of the relating force 

of diesel train equipped for returning vitality to the 

power supply can be recovered amid braking and that 

this vitality can be utilized to bolster diesel train 

which are quickening in the meantime. The vitality 

created by braking condition would essentially 

 

be changed over into waste warmth by its braking 

resistors if no other diesel train is quickening at the 

very same time. Such synchronize braking and 

quickening can't be 

organize, the vitality capacity framework stores the 

vitality produces amid braking and releases for other 

electrical employments. The vitality stockpiling 

framework makes ideal conditions for vitality recovery. 

The vitality stockpiling framework can store and 

release vitality to a great degree rapidly, therefore 

empowering an entire trade of vitality between diesel 

train, regardless of the possibility that they are not 

braking and quickening at unequivocally a similar time. 

The vitality stockpiling framework diminishes essential 

vitality utilization without influencing transport limit 

and promptness. What's more, the vitality stockpiling 

units can balance out the framework voltage. For this 

reason we assess the Super-capacitors as capacity 

gadgets for regenerative softening up diesel train. 

Super-capacitors are high capacitance capacitors with 

an expansive power thickness. A ton of consideration 

has been given in the most recent decade to utilizing 

Super- capacitors in electric diesel train to beat the 

insufficiencies of batteries particularly with regards to 

bridling and discharging the power created in 

regenerative breaking. As Super- capacitors have much 

higher power densities than batteries, the gadgets can 

effectively retain the power delivered by the 

regenerative braking, which is typically over a brief 

timeframe interim. To accomplish this with batteries, 

expansive battery banks should be introduced which 

are expensive, wasteful and overwhelming. 

 

This paper will concentrate on the charging and 

releasing of Super-capacitors banks in regenerative 

breaking profiles. The points of the proposed paper are 

to Design a downsized capacitor bank for regenerative 

breaking. i.e. estimate a capacitor bank in light of the 

scaled controlled necessities. Plan a DC to DC 
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converter to direct the yield of the capacitor bank and 

permits both charging and releasing of the capacitors. 

Test the capacitor bank and DC to DC converter by 

charging and afterward releasing the setup in 

accordance with various method of regenerative 

breaking profiles. 

 

II. SUPER-CAPACITORS 

 

Super-capacitors , otherwise called ultra- capacitor s, 

electric twofold layer capacitors and electrochemical 

twofold layer capacitors, will be capacitors with high 

capacitance and high power thickness, with 

economically accessible capacitances up to 5000 F 

and power densities up to 20kW/Kg. They are 

likewise used to supplement battery control for power 

escalated applications as a way to augment battery life. 

Enhancements in outline and material innovation are 

permitting Super- capacitors to be utilized as a part of 

much higher power applications, for example, UPS 

and half and half autos [35]. Present day Super-

capacitors have many focal points over customary 

capacitors and auxiliary batteries, for example, lithium 

particle batteries, for example, [18] 

 

They can give high measure of force in a brief 

timeframe. · As no compound responses happen the 

cycle life is more than 500,000 cycles. The make 

Panasonic states a boundless number of cycles for 

their gold top arrangement [5]. Then again 

rechargeable batteries ordinarily corrupt in a couple of 

thousand cycles [3]. This outcomes in a gadget that 

can out last the item it was intended for and requires 

bring down support. 

 

They have great temperature operational qualities and 

can work as low as - 40C°, where batteries have poor 

exhibitions at low , temperatures. This makes them 

reasonable to help batteries in low temperatures as the 

batteries can stream charge the capacitors and the 

capacitors can then give enough current to begin an 

engine in an auto. 

· As long as the capacitor's voltage and current 

evaluations are not surpassed, the 

capacitors can't cheat. 

 

· They have high efficiencies of up to 95%. 

term vitality stockpiling. 

 

EPR speaks to the present spillage and impacts the long-

In various arrangement associations of ultra-capacitor 

s, the EPR impacts the cell voltage dispersion because 

of the resistor divider impact. Demonstrated that the 

EPR is identified with the voltage rot proportion 

by,The first stage in the outline procedure was to 

decide the measure of the Super-capacitors bank. There 

were various contemplations to consider, for example, 

voltage go, cost, adaptability, current and vitality 

impediments, and lead time. The quantity of cells was 

chosen to be 10 as it offered the most adaptable bank 

design. By selecting 10 cells 4 distinctive 

parallel/arrangement courses of action could be made. 

The capacitor size was chosen as 20F. This esteem was 

picked in light of the fact that when parts were sourced, 

it was the biggest size accessible in the amounts 

required. 

 

The vitality stockpiling framework works in two 

modes: 

 

In vitality sparing mode, it assimilates the vitality 

created by braking and stores it until the capacity unit 

can bolster it again into the power supply framework at 

a later moment that vehicles are quickening. As a 

voltage stabilizer, its vitality substance is continually 

kept at an abnormal state and it releases when the 

framework voltage falls beneath a predefined restrain. 

These conditions were put into a determination of a 

capacitor, for example, current rating and voltage. 

 

Where E is the terminal voltage, C is the cell 

capacitance, R and RESR is the capacitors comparable 

arrangement resistance (ESR) and p is the charging 

power. A base bank voltage is ascertained from the 

steady release power and current rating. At that point 

utilizing condition 1 in a while circle the condition is 

settled until the quantity of cells is sufficiently high so 

the finial release voltage of the cell is 



International Conference on 

Contemporary Technological Solutions towards fulfilment of Social Needs  

Aug-2018, Page 96 

 

more prominent than the base voltage. 

 

III. SUPER-CAPACITORS MODELING 

 

There are a few recommendations of ultra- capacitor 

demonstrate representation [32]. The least difficult of 

all is the traditional identical circuit with the lumped 

capacitance, equal parallel resistance (EPR) and equal 

arrangement resistance (ESR). Figure 1 demonstrates 

the traditional identical circuit with the three 

parameters. Assurance of these parameters gives a 

first guess of a ultra- capacitor cell. The where V1 is 

the underlying voltage, V2 is the last voltage and C is 

taken as the appraised capacitance. 

 

Through exploratory estimations of voltage rots of a 

few ultra-capacitor s having different capacitance 

values, it was demonstrated that the EPR impacts 

could be ignored for transient release figurings. In any 

case, the EPR esteem is imperative when cell adjusting 

of arrangement associated ultra-capacitor s is 

considered. This parameter has not essentially subject 

to the terminal voltage nor the charge rates. 

Henceforth the ESR can be considered as a non time 

subordinate parameter. A three RC branch connect 

with one branch having a voltage subordinate 

capacitance. 

 

Each branch of the circuit appeared in Fig.1 has an 

alternate related time steady. Containing Ri as the 

"prompt branch". This branch overwhelms the ultra-

capacitor conduct in the request of a few moments. 

The "deferred impact branch", with Rd has persuasive 

conduct in the scope of minutes. The third branch is 

the "long haul" branch. This branch oversees the long 

haul reaction of the circuit after periods surpassing ten 

minutes. At last, the branch with resistance RLeak 

represents  the  ultra-capacitor leakage current. The 

"quick branch" contains a voltage subordinate 

capacitor 

Ci1 that mirrors the voltage reliance of the cells 

twofold layers capacitance. [32] 

 

 

 

 

 

 

Fig. 1. Brach representation ultra-capacitor model. 

 

IV. REGENERATIVE BRAKING 

 

In an electric framework which is driven just by 

method for electric engine the framework 

comprises of an electric engine which acts both as 

generator and engine. At first when the when the 

framework is cruising the power is provided by the 

engine and 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Block diagram of experiment setup of system. 

 

VI. EXPERIMENTAL SETUP 

For motor relationship torque and speed profile are set 

for motor begin running, braking and after that running 

then stop condition. In MATLAB both the profile are 

set utilizing pace and torque input squares. DC6 show 

for two quadrant operation is picked. Add up to 

reproduction time is 4 seconds. Control info is secluded 

by a rectifier. The power supply is as normal utilized as 

in motor. The speed and torque profile alters the PI 

controller that chooses the IGBT operation. At 

beginning of 
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motor introductory speed and torque is set the time is t 

= 0. Speed bend at the yield takes after a slope shape 

that shows continuous incremental speed of motor up 

to 2 seconds. Presently viable torque decreases amid 

movement that additionally influences the present 

raise. Presently speed is 400 rpm before experiencing 

braking. According to the speed profile amid t = 2.75 

braking begins and speed decreases to 100 rpm. 

Current bend takes after negative move that was 

recognized to switch over the power and clarified later. 

At 

3.4 seconds engine speed is 100 rpm and afterward 

returns ordinary first quadrant operation until stop at t 

= 4 seconds. The braking mode can be seen between 

2.75 to 3.4 seconds. 

 

A comparator recognizes current IA = 0 and works the 

contactor between fundamental power and charger. 

See Fig. 2 display more points of interest [11]. 

 

MATLAB 7 adaptation with simulink is utilized for 

reproduction purposes under windows xp sp2 

platform.Fig.3 show armature current, Fig.5 voltage, 

braking available voltage and speed curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Armature current curve for system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Motor speed curve for system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Armature voltage curve for system. 

 

VII. RESULT 

 

The voltage is presently accessible for charging the 

battery or whatever other stockpiling like super 

capacitor. In the proposed show super capacitor are 

being utilized as capacity. A PI based charger charges 

the super capacitor bank up to 400 V. At the time 2.75 

to 3.4 seconds we watched charging voltage which can 

demonstrate Fig. 6. 
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Motor Controlled by Power Pulses-Part II- Braking 

Methods, Commutation and Additional Losses", pp. , 

256-262, 2015 

 

[3]. M. Ehsani, K. M. Rahman, and H. A. Toliyat, 

"Propulsion system design of electric and hybrid 

vehicles," IEEE Transactions on Industrial 

Electronics, vol. 44, pp. 19-27, 

2015. 

 

 

 

 

 

Fig. 6. Charging voltage curves for Super- capacitors . 

 

VIII. CONCLUSION 

 

The points of this paper were to assemble a Super-

capacitors bank, a DC to DC converter, and a testing 

apparatus to perform proficiency testing for different 

arrangements of the super capacitor bank against 

electrical train WDM2 vehicle regenerative braking 

profiles . The majority of the points of the paper were 

met. A DC to DC converter was assembled, a test 

apparatus was built and proficiency was tried for a 

bank arrangement under two distinctive braking 

profiles. While upgrades in the operation of the 

converter would have been perfect to take into 

consideration all the more testing of the capacitor bank 

in various setups, the vast majority of the points of the 

paper were still met. Viable examination concurred 

that the arrangements with higher most extreme 

voltages, i.e. more cells in arrangement were more 

proficient as they had bring down yield and 

information streams, which implied bring down i2R 

misfortunes in the circuit. 
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