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Belief in A: Bel(A) 

○ The belief in  an element A of the power set is the sum of the massess of elements which 

are subsets of A (including A itself). 

○ e.g., given A = {q1, q2, 3} 

Bel (A) = m (q1) + m(q2) + m(q3) + m({q1, q2}) + m({q2, q3}) + m({q3, q1}) + m ({q1, 2, 

q3})  

PLAUSIBILITY OF A : pl(A)  

○ The plausibility of an element A, pl(A) is the sum of all the masses of sets that intersect 

with the set A. 

○ e.g., pl({B,J}) = m(B) + m(J) + m(B, J) + m(B, S) + m(J, S) + m(B, J, S) 

DISBELIEF OR DOUBT IN A: dis(A) 

○  The disbelief in A is simply bel(-A). It is calculated by summing all masses of elements 

which do not intersect with A. The plausibility of A is thus 1- dis (A). 

○ pl(A) = 1 – dis(A). 

BELIEF INTERVAL OF A: 

○ The certainty associated with a given subset  A is defined by the belief interval. 

○ [bel(A) pl(A)] 
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OBSERVATIONS OF BATTERIES 
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CORRELATION GRAPHS 
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Fig. C.1 100Ah Charging I-V Graph 

Fig. C.2 100Ah Charging Wh-V Graph 

Fig. C.3 100Ah Charging I-R Graph 

Fig. C.4 100Ah Charging V-T Graph 
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Current (mA) 

Fig. C.7 100Ah Discharging I-R Graph 

 
 

 
  

 
  

Fig. C.6 100Ah Discharging Wh-V Graph 

Fig. C.5 100Ah Discharging I-V Graph 

Fig. C.8 100Ah Discharging V-T Graph 
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Fig. C.9 65Ah Charging I-V Graph 

Fig. C.10 65Ah Charging Wh-V Graph 

Fig. C.11 65Ah Charging R-I Graph 

Fig. C.12 65Ah Charging V-T Graph 
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Fig. C.13 65Ah Discharging I-V Graph 

Fig. C.14 65Ah Discharging Wh-V Graph 

Fig. C.15 65Ah Discharging R-I Graph 

Fig. C.16 65Ah Discharging V-T Graph 
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CAPACITOR BANK 



Design of HSS for EV  

 

 

 

An electromagnetic pulse is a burst of electromagnetic energy. It may occur in the form of a 

radiated, electric or magnetic pulse (EMP) depending on the source.  

 

Fig. D. 1 Generation of magnetic pulse using L – C circuit 

Here, to generate a electromagnetic pulse having enough power and range so that can induce 

enough amount of circulating current or induced voltage to transfer power wirelessly. It is to 

generate such pulse by charging a capacitor with high DC voltage and then discharging it into an 

air core inductor or a solenoid coil. This R-L-C circuit is designed so that it operates in under 

damped condition and hence can generate a high power steep impulse of a magnetic field. Figure 

given above shows the charging of capacitor through a DC source and discharging of the same in 

a L-C tank circuit. In the figure given below, two different units are discriminated from each 

other. One is the charging circuit and other is a Discharging circuit. 

Charging circuit contains 230 Volts AC source, Step-up transformer, a full wave bridge rectifier 

and a capacitor connected through   an ammeter and a switch. The charging circuit charges the 

capacitor at certain voltage in the time equals to its time constant.       Energy stored in the 

charging circuit = ½ C V
2
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Fig. D. 2 Circuit Diagram for EMP pulse Generator 

Discharging circuit contains an inductor or a solenoid coil connected in parallel with the 

capacitor through an ammeter and a discharging resistor and a switch. Energy in the discharging 

circuit = I
2
R + ½ L I

2
 

So this stored energy gets dissipated in the inductor and it generates an impulse of Magnetic field 

is given by: 

ηB = (Energy) / (Volume) = ½ B2
 / μ 

An impulse is created by designing the circuit such a way that it works in an under damped 

condition and its characteristic by changing the Damping ratio. According to Faraday’s law 

induced EMF in a loop is given by the equation: 

ε = - dΦm / dt 

So by the steep impulse of magnetic field can induce enough amount of EMF to generate 

circulating current that could destroy or create a malfunctioning in electronic equipments. To 

obtain the results and simulate the circuit, an arrangement is made to check the induced voltage 

in a separate conducting loop at the certain distance from the Circuit inductor. X1 and X2 are the 

distances on axis, from the ends of the solenoid to the magnetic field measurement point, in 

meters. 
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AR = Area of receiving loop. 

AL = Area of Inductor loop. 

 

Fig. D. 3 Charging Circuit of Capacitor Bank 

A series circuit containing only a resistor, a capacitor, a switch and a constant DC source of 

voltage V0 is known as a charging circuit.[16] If the capacitor is initially uncharged while the 

switch is open, and the switch is closed at t0, it follows from Kirchhoff's voltage law that: 

 

At t = 0, the voltage across the capacitor is zero and the voltage across the resistor is V0. The 

initial current is then  I(0) =V0/R. With this assumption, solving the differential equation yields:          

        

 

Where τ0 = RC is the time constant of the system. As the capacitor reaches equilibrium with the 

source voltage, the voltages across the resistor and the current through the entire circuit decays 

exponentially. The case of discharging a charged capacitor likewise demonstrates exponential 

decay, but with the initial capacitor voltage replacing V0 and the final voltage being zero. 

http://en.wikipedia.org/wiki/Resistor
http://en.wikipedia.org/wiki/Capacitor
http://en.wikipedia.org/wiki/Kirchhoff%27s_voltage_law
http://en.wikipedia.org/wiki/Time_constant
http://en.wikipedia.org/wiki/Exponential_decay
http://en.wikipedia.org/wiki/Exponential_decay
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Induced voltage in receiving loop is given by: 

 

Now from Bio Savart’s law magnetic flux density at the distance from an inductor on its axis is 

given by: 

         

     Thus,  

 

Fig. D. 4 Magnetic Flux Density at the point on the axis of the solenoid 

 

So, it can be concluded that induced EMF in the receiving loop is given by,  

E = AR (dB/dt)  = (dI/dt)  X  AR = AR  

Under damped RLC circuit Equations: 

Homogeneous equations for the simple RLC circuit:  
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For Natural response, Initial Conditions but no driving voltage or current applied there after and 

hence general solution: 

 

For under damped the Descriminant < 0. i.e., < 0. 

 

Fig. D. 5 RLC Series Circuit 

The Damping Factor, α= R/2L. 

Natural Angular Frequency of the Circuit = wn
2
 = 1/LC. 

The Damped frequency is: ω2
 = ωn

2
 - α2 

 



Design of HSS for EV  

 

 

Fig. D. 6 Underdamped Simple Harmonic Motion 

Table D. 1 Optimization of the Values R, L, C and frequency 

R L (mH) C (µF) α=R/2L ωn= 1/√LC ω (Hz) 

1 1 76 500 3627.38 3592.75 

1 0.2 76 2500 8111.07 7716.18 

0.5 0.22 78.3 1136.364 7619.17 7533.95 

1 0.001 3 500000 577350.26 288675.1 

3 0.22 0.76 6818.182 7733.60 3649.79 

3 0.22 0.0783 6818.182 7619.17 3400.61 

3 0.22 0.0783 6818.182 7619.17 3400.61 

1 0.22 0.0783 2272.727 7619.17 7272.31 

0.5 0.22 0.304 1136.364 3866.80 3696.05 

1.57 0.068 0.0721 11544.12 14281.63 8408.23 

0.2 0.068 0.0721 1470.588 14281.63 14205.72 

0.2 0.068 0.288 1470.588 7145.77 6992.81 
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Values of circuit parameters are obtained by simulating the circuit in MATLAB. By circuit 

simulation the optimum values of circuit are to be obtained and the circuit is put into the 

manufacturing procedure. Determining the optimum value for R-L-C components for maximum 

induced EMF. Table D.1 represents the data using which a suitable value of frequency to obtain 

higher rate of change of current (di/dt) corresponding to circuit component`s values are selected. 

To obtain maximum (di/dt), there are two ways either to increase pick value of current or to 

decrease time which is done by increasing frequency. 

The optimum values found with our convenience are highlighted in the Table D.1 which are: 

R=0.2 Ω, L= 0.068 mH, C=72.1µF.  

Inductor design: Base cylinder with maximum allowable radius to minimize number of turns: 

The number of turns required to be wound for given inductance value decreases with increase in 

the loop radius further reducing the length of inductor and hence also reduces the total length of 

winding conductor. So here the selected PVC pipe cylinder is used as a base for winding to 

reduce the labor and cost of the inductor.  

Choice of wire: the inductor is in the discharging circuit which has to withstand the impulse 

current of 150A to 200A pick value. So, decided to select a copper wire of 10 mm
2
 size having 

the continuous current capacity of 50A. 

Design parameters: To design an air cored inductor, have to determine its number of turns, it`s 

length and inductance. 

A PVC cylinder of 15 cm radius has been taken as a base, so the total radius of the loop 

including thickness of cylinder and half the diameter of wire be r = (15 + 1 +0.25) = 16.25 cm. 

While doing trial and error calculations, got a final value of 12 turns corresponding to l = 7.5 cm 

length of the winding. 
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Fig. D. 7 Inductor 0.068 mH 

Design of short air cored inductor:- 

The conversion of radius and length in Inch is: r = 16.25 cm,  l = 7.5 cm. So, the value of 

inductance be,     L  = 0.06765 mH. After designing the inductor when its value measure using L-

C-R meter, it was found to be around 0.068 mH. So, our theoretical value was almost equal to 

the pragmatic value. 

Capacitor design: As previously mentioned, the optimum value of the capacitor should be 72 µF 

for the project, suiting our availability of capacitors. Now, have procured eight capacitors each of 

36 µf and to obtain the value need is  to design a capacitor bank. So, to design a capacitor bank, 

4 capacitors are connected in parallel manner. And by connecting two such groups in series can 

obtain the value of 72 µF. 
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Fig. D. 8 Capacitor Bank 

Capacitance: Eight capacitors each having capacitance of C = 36 µf. Now, each group having 4 

capacitances is connected in parallel. So, the resultant capacitance of the two groups is equal to 

four times the each capacitance. So, C1 = C2 = 144µF. 

Now, these two groups are then connected in series combination. So, empirical value of the 

resultant capacitance be C = 72µF. 

By measuring the value of obtained capacitor found it to be 72.1 µF. 

Resistor design:-In order to minimize the damping factor and to obtain oscillations sustained for 

considerable time period require the lowest value for the resistor. 

Measured value of internal resistance of the inductor came out to be 0.2 Ω, so further 

minimization of the series resistance was not possible. So, no external series resistance is 

connected. Charging resistor: In order to minimize the charging current, 20 KΩ-charging resistor 

is taken to control the charging current to 10 mA at maximum. 

Receiving loop: Receiving loop is the coil of wire by which measure the value of induced EMF. 

The impulse oscillating current in the inductor also creates a changing flux in the proximity. The 

receiving loop cuts this changing flux and hence according to farad’s law a voltage induce in the 
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loop. 

 

Fig. D. 9 Receiving Coil 

This loop is made of 21 turns of thin wire, as there is no current passing in this wire so it is kept 

thin. After measuring the values of components: the calculations for the various factors like, 

damping factor (α), damping frequency (ω0), damped frequency (ω), applied DC voltage (VC), 

Maximum peak current (IMax), waveform for current in inductor, and maximum value of dI/dt are 

calculated and tabulated as shown in Table D.2. 

The values for R-L-C and applied DC voltage are taken as: R= 0.2 Ω, L=0.068 mH, C=72.1 µF, 

VC= 200 Volts. 
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Table D. 2 Optimized Value for dI / dt 

T (sec) e
-αt

 Ωt sin ωt I(amp) cos ωt dI / dt 

0.00E+00 1.0000 0.0000 0.0000 0.0000 1.0000 2941166 

1.00E-06 0.9985 0.0142 0.0142 2.9367 0.9999 2932229 

2.00E-06 0.9971 0.0284 0.0284 5.8643 0.9996 2922721 

3.00E-06 0.9956 0.0426 0.0426 8.7820 0.9991 2912645 

4.00E-06 0.9941 0.0568 0.0568 11.6894 0.9984 2902006 

5.00E-06 0.9927 0.0710 0.0710 14.5858 0.9975 2890808 

6.00E-06 0.9912 0.0852 0.0851 17.4708 0.9964 2879053 

7.00E-06 0.9898 0.0994 0.0993 20.3438 0.9951 2866746 

8.00E-06 0.9883 0.1136 0.1134 23.2041 0.9935 2853892 

9.00E-06 0.9869 0.1279 0.1275 26.0514 0.9918 2840495 

1.00E-05 0.9854 0.1421 0.1416 28.8849 0.9899 2826558 

1.10E-05 0.9840 0.1563 0.1556 31.7043 0.9878 2812086 

1.20E-05 0.9825 0.1705 0.1696 34.5089 0.9855 2797085 

1.30E-05 0.9811 0.1847 0.1836 37.2983 0.9830 2781557 

1.40E-05 0.9796 0.1989 0.1976 40.0719 0.9803 2765509 

1.50E-05 0.9782 0.2131 0.2115 42.8291 0.9774 2748945 

The graphs obtained from the data are in Fig. D.10 and D.11. It is concluded from the graphs that 

the maximum value of the current is 176.9 A which decreases to its 5% value in about 2 

milliseconds. The maximum value for dI / dt is found to be 2941166. 

The induced EMF in the receiving loop is directly proportional to the value of dI/dt, by putting 

the value of dI/dt in the equation of induced EMF the obtained data for values of induced EMF at 

different distances between the inductor and receiving loop is as tabulated below. 
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Fig. D. 10 Graph of Current Vs Time 

 

Fig. D. 11 Graph for the plot of dI / dt 
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HARDWARE:- 

In below figure, the lab setup is shown of the EMP generator. 

 

Fig. D. 12 Practical Lab Setup 

The output, i.e the induced EMF in the receiving loop is measured by Digital Storage 

Oscilloscope (DSO) and waveforms for induced EMF are observed. 

By running the practical at different applied DC voltage and at different distances of the 

receiving loop from the inductor observe that the value obtained in actual practical is very close 

to the theoretical value that obtained manual calculations and simulations.  
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Fig. D. 13 DSO observation - 1 

 

Fig. D. 14 DSO observation - 2 
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Here are the two observed induced voltage waveforms with 200 V DC applied voltage and at the 

distance of 15 and 10 cm between the center of inductor and the receiving loop. Closeness of the 

actual induced voltage waveform and the derived voltage waveform is observed by comparing 

them. Good amount of power is transferred using this EMP technique. The variation is observed 

based on the different angle between the two coils and it also depends on the shape of the coil. 



Design of HSS for EV  

 

 

 

 

 

 

APPENDIX E 

 

HARDWARE TESTING RESULTS 
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Observations for two wheeler 
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Continue…. 
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Observations for three wheeler 
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Observations for four wheeler 
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Continue…. 
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PHOTO GALLERY 
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Photograph 1 Controller with Display 

 

Photograph 2 Controller  ARDUINO used for DST Programming 

SuperCapa

Display 

Relay for 

current  
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Photograph 3 Two wheeler – DC DC Converter with controller 

 

Photograph 4 Output of the controller 

Inductor of DC DC Converter 

Controller for Buck 

Boost Conversion 
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Photograph 5 Output of the optocoupler 

 

Photograph 6 SC Bank Sheet with Resistor & SUPER Capacitor. 

SuperCapacitor 
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Photograph 7 Battery Bank of 48 V used for EV Testing. 

 

Photograph 8 Four wheeler inside  controller with BMS 

BMS of 4 wheeler 

Battery 

connection 

SC connection 
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Photograph 9 Current protection Relay with switching style 

 

Photograph 10 Fuse block for the protection of Devices 
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Photograph 11 Measurement PCB for dI/dt, dN/dt and Voltage Direction 

 

 

Photograph 12 Current sensors for ŵeasureŵeŶt of ΔI 

Current Sensors 

for SC & Motor 
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Photograph 13 Four Wheeler Used. 

 

Photograph 14 Two wheeler Used. 



Design of HSS for EV  

 

 

 

Photograph 15 Speed changer using Potention Meter 

 

Photograph 16 Charging & Discharging of single R- Supercapacitor Combination 
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Photograph 17 Discharging of the R-C Bank Sheet parallel to Battery Bank 

 

Photograph 18 Control pulses with 50% duty cycle for DC DC Conversion. 
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Photograph 19 Manual Breaking Sensing – Voltage Conversion. 

 

Photograph 20 DC DC Converter for three wheeler and four wheeler 
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Photograph 21 DC DC Converter side view with power switches 

 

Photograph 22 DC DC Converter top view with power switches 

Power Switches with Heat 

Sink 

Inductor 
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Photograph 23 The Inductor Designed. 

 

Photograph 24 output across motor without SC in Acceleration Mode 
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Photograph 25 Manual Braking Operation 

 

 

Photograh 26 Three wheeler used for testing 
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Photograph 27 Capacitor Charging Reading 

1
st
 and 2

nd
 photographs show the controller with the relay for current control and supercapacitor 

single unit. ARDUINO is used to for DST programming; the data is required to be fetched time 

to time due to its limited memory. 3
rd

 and 4
th

 photographs shows the converter used in case of 

two wheeler and the respective control signal output on the DSO captured during testing. 5
th

 and 

6
th

 photo give idea about the SC bank created and the output of the control signal from 

optocoupler. 7
th

 and 8
th

 photographs shows the battery bank of 48 Volt used for the four wheeler, 

three wheeler and two wheeler as well as the BMS and DC/DC converter for the four wheeler 

fitted in the REVA model of 2002. 9
th

 and 10
th

 photographs show the relay and fuses for the 

current protection in HSS side. 11
th

 and 12
th

 represents the current sensor for the battery and 

supercapacitor side. 13
th

 and 14
th

 show the pictures of the four wheeler and two wheeler used for 

testing purpose. 15
th

 and 16
th

 shows the speed controller modified as well as charging and 

discharging of the single SC-R unit. 17
th

 is the waveform for the R-C Bank single sheet. 18
th

 

shows the control pulses at 50% duty cycle of the DC/DC Converter. 19
th

 is the manual braking 

and its voltage converted signal on the DSO. 20
th

 is the DC/DC Converter used for three and four 

wheeler. Photographs 21 to 23 are different views of the DC/DC Converter used for three 

wheeler and four wheeler vehicle testing. 24
th

 photograph is of the output across the motor 

without SC in acceleration mode. 25
th

 shows the manual braking of the two wheeler operation 

based on Suburban cycle. 26
th

 is the three wheeler used for testing – BEUT made. 27
th

 shows the 

capacitor charging of the two wheeler circuit during the braking of the photograph 24
th

 operation.   



Design of HSS for EV  

 

 

 

 

 

 

APPENDIX G 

PAPERS PUBLISHED / PRESENTED 

 

 

 

 

 

 

 

 

 

 

 

 

 



Design of HSS for EV  

 

 

International Conferences: 

 RAHUL KARANGIA, CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “BATTERY 

SUPERCAPACITOR HYBRID ENERGY STORAGE SYSTEM USED IN ELECTRIC VEHICLE”, 
ICEET – APRIL 2013, IEEE SPONSORED CONFERENCE. 

 CHETAN D. UPADHYA AND DR. HINA CHANDWANI, “PARAMETER CALCULATIONS 

OF SUPERCAPACITOR FOR HSS” , ICEI – JANUARY, 2014, ORGANIZED BY PDPU, 

GANDHINAGAR. 

 KAUSHIK PATEL, CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “ENERGY 

STORAGE DEVICE - SUPERCAPACITOR & ITS VERIFICATION”, IIEE – FEBRUARY 

2014, ORGANIZED BY MIT, GWALIOR. 

 AKIL VAHORA, CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “MODELLING OF 

SWITCHING EFFECTS & ITS MITIGATION TECHNIQUES ON MV – CAPACITOR BANK WITH 

VCB”. PESTSE 2014, IEEE SPONSORED CONFERENCE ORGANIZED BY AMRITA 

UNIVERSITY, BANGALORE. 

 CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “IMPLEMENTATION OF EVIDENCE 

THEORY FOR HSS IN EV”, ICESD 2015, ORGANIZED BY KJIT’S, PUNE IN FEBRUARY, 2015. 

 SARANG SONI, CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “ANALYSIS OF 

BATTERY SC FOR STORAGE SYSTEM IN ELECTRIC VEHICLE” , ICEEE – MARCH 2015, IEEE 

SPONSORED CONFERENCE ORGANIZED BY GCET, GREATER NOIDA. 

 

Publications: 

 CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “SMART CHARGER/BATTERY 

FOR ELECTRIC VEHICLE”, IJRMA FEBRUARY 2013. 

 CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “ENERGY STORAGE SYSTEM A 

COMPARATIVE STUDY”, IJSR, APRIL 2013. 

 CHETAN D. UPADHYAY, AKIL VAHORA AND DR. HINA CHANDWANI, “MITIGATION OF 

SWITCHING OVERVOLTAGE BY APPLICATION OF SURGE ARRESTER OF CAPACITOR BANK”, 
IJEEE MARCH, 2013. 

 CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “ULTRACAPACITOR AS 

FUTURE REGENERATIVE STORAGE IN ELECTRIC VEHICLE”, IJEET MAY 2013. 

 CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, ““ANALYSIS OF RELIABILITY & 

DESIGN OF HYBRID STORAGE SYSTEM FOR ELECTRIC VEHICLES”, TRANSACTIONS ON 

VEHICULAR TECHNOLOGY, IEEE [UNDER PIPELINE](SUBMITTED IN APRIL, 2015) 



Design of HSS for EV  

 

 CHETAN D. UPADHYAY AND DR. HINA CHANDWANI, “COMPARISONS BASED ON EVIDENCE 

THEORY FOR THE HYBRID STORAGE SYSTEM FOR ELECTRIC VEHICLES”, ELSIEVER 

JOURNAL OF ENERGY CONVERSION AND MANAGEMENT. [UNDER PIPELINE]. (MAY, 2015) 

 


	APPENDIX A
	APPENDIX B
	OBSERVATIONS OF BATTERIES
	APPENDIX C
	APPENDIX D
	APPENDIX E
	APPENDIX F

