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Abstract: A high voltage boost converter is being prototyped in an artificial software based 

environment of MATLAB/ SIMULINK and identifies the practical conditions of the 

converter. A direct current (DC) input voltage is being boosted to a higher magnitude by 

multiplying a gain factor in a dynamic process of DC power transfer by cascading three 

mutual inductors in a single core. Input voltage is being switched by primary IGBT switches 

creating simultaneous charging and discharging of primary inductor, hence induces 

identical voltage in two secondary inductors. Inductors are charged and power is 

transferred to a parallel capacitor and finally to the resistive load in accurate control of duty 

cycles.  
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1. Introduction 

Boost converters consist of an inductor switched by 
a semi-conductor switch in a periodic phenomenon 
of charge and discharge in transferring the power to 
a parallel resistance-capacitance pair, limiting the 
DC voltage transfer gain to 2-3 times of the input 
voltage. The applications of the boost converter are 
not only limited to power plants and grids but also 
in multi-disciplinary functional systems. In large 
applications of these converters, it is a challenge to 
design a modified converter providing all the 
necessary parameters. A number of designers and 
researchers use various techniques to boost the 
input voltage including parallel inductors to a 
capacitor, single inductor to parallel capacitors, 
concept of mutual inductors and transformers and 
some complex circuitry for efficient power transfer. 
An important parameter of any converter is its 
practical stability; designing in an artificial 
environment like Simulink limits its practical 
operational analysis. The disadvantage of the 
software is that it is unable to determine exact 
physical disturbances, noises and other factors 
effecting each modal operation. On the other hand, 
it is mandatory to design in such artificial 
environment initially considering the maximum 
possible practical cases. Finally, a general boost 
converter losses its boosted power in power 
switches, inductors and series circuits of resistors 
and capacitors. 

In the paper, a high voltage boost converter is 
designed using the principle of DC power transfer 
using mutual inductors. Boost converter can 
produce a significant amount of voltage of higher 

magnitude. A number of simulation issues and 
conditions of software failure can be defined from 
this innovative design in the artificial environment.   

2. High Voltage Gain Boost Converter 

High voltage gain boost converter circuit is 
designed for an input voltage of 100V, applied to 
the primary of the three mutual inductors (fig. 1). 
Each of the identical inductor has an inductance 
and a resistance of 50mH and 5Ω respectively. 
Coefficient of coupling is considered depending on 
how the coils are winded in the core and these 
coupled coils have a mutual inductance and 
resistance of 1µH and 1Ω respectively. Four 
switches are being configured in the model and are 
switched in independent periodic duties depending 
on the directional flow of current and flux. Mutual 
coupled inductors play an important role in 
inducing voltage due to dynamic change in current 
of the inductors and charge transfer to a parallel 
capacitor and resistive load. 

 
Figure1: High Voltage Gain Boost Converter 
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3. Operations and Modes 

In modeling of the circuit (fig. 2, 3 and 4), four 
switches are switched in different time intervals. 

Comparing the three switching intervals in a single 
time axis, switching periods of SW1 and SW2 is 
periodically repeated in switching curve of SW3 
and SW4 (fig.2). 

 

 
Figure 2: Time Intervals of Different Modes 

 

 
Figure3: Time Intervals of t1 to t4 Figure4: Time Intervals of t5 to t8 

Mode 1 (t1-t2): 

In this time interval, switches SW1 and SW2 are 
switched in a periodic interval causing a 
phenomenon of charging and discharging, where 
SW1 has an initial delay of 50us. A charging 
current of i1(t) and discharging current of i2(t) of 
the primary inductor changes fluxes in the 
secondary inductors. Currents i4(t) and i5(t) induced 
in the secondary inductors L2 and L3produces a 
voltage V2(t) which charge the capacitor C with a 
current of i6(t) and providing power to the load 
(fig.5). 

 
Figure 5: Mode 1 Operation 

Mode 2 (t2-t3): 

In this time interval, switches SW1 is turned on and 
inductor L1 finds a path to discharge. Secondary 
currents i2(t) and i3(t) induced in the inductors, L2 
and L3 produce a nodal voltage V(t) and currents 
i4(t) and i5(t)flows through the capacitor to charge  
and the resistive load (Rload)respectively (fig. 6). 

 
Figure 6: Mode 2 Operation 

Mode 3 (t3-t4): 

In this time interval, all the switches are turned off 
and the primary inductor is open circuited. 
Secondary currents,i1(t) and i2(t) passes through the 
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inductors, L2 and L3 results in charging of capacitor 
through current i3(t) and dissipates power in the 
load.  

 Since, time durations of all the switches 
are not identical, so time laps between duration of 
time t4 and t5is omitted as a number of repeated 
time periods of SW1 and SW2is present within a 
time period of SW3 and SW4(fig. 7). 
 

 

Figure 7: Mode 3 Operation 

Mode 4 (t5-t6): 

In this time interval, all the switches are turned on 
and secondary inductors L2 and L3 are being 
charged by the currents i4(t) and i5(t) as primary 
inductor current creates a flux due to the change in 
current i3(t). Simultaneously capacitor is 
responsible to maintain a constant output voltage 
and starts discharging in a condition as change in 
voltage drops across the load are negligible (fig. 8). 

 
Figure 8: Mode 4 Operation 

Mode 5 (t6-t7): 

In this time interval, the primary inductor is 
responsible to charge the secondary inductors by 
induced current i2(t) and i3(t).Gradually, the current 
in the primary inductor and capacitor i1(t) and i4(t) 
respectively starts to decrease but before reaching a 
nominal lower value the circuit operates in the 
corresponding mode (fig. 9). 

 
Figure 9: Mode 5 Operation 

 

Mode 6 (t7-t8): 

In this time interval, the primary inductor L1 is kept 
open and mutual fluxes of the inductors, L2 and L3 
are decreased and induce a mutual current on the 
coupled inductor pair. The cycle of mode 4-6 is 
repeated till the operation reaches a time instant of 
t9 and modes 1-3 is repeated till it reaches a time 
instant of t5(fig. 10). 

 
Figure 10: Mode 6 Operation 

4. Mathematical Analysis of the 

Converter 

The operation of the circuit can be illustrated in six 
modes and a number of equations of mutual 
inductance, current and voltage relation with 
respect to time is described. The equations are 
derived from the circuit operating in the six modes. 

Mode 1: 𝑉2 𝑡 + 𝑅2𝑖4 𝑡 + 𝐿2
𝑑𝑖4 𝑡 𝑑𝑡 + 𝑀 𝑑𝑑𝑡 (𝑖3 𝑡 + 𝑖5 𝑡 ) = 0

                     ---- (1) 

𝑉2 𝑡 + 𝑅3. 𝑖5 𝑡 + 𝐿3

𝑑𝑖5(𝑡)𝑑𝑡 + 𝑀 𝑑𝑖3(𝑡)𝑑𝑡 +
𝑑𝑖4(𝑡)𝑑𝑡  = 0 

---- (2) 𝑉2 𝑡 =
1𝐶  𝑖6 𝑡 .𝑑𝑡                ---- (3) 

𝑉2 𝑡 = 𝑅𝑙𝑜𝑎𝑑 . 𝑖7(𝑡)                                       ---- (4) 

𝑖3 𝑡 =
𝑉1(𝑡)𝐿1

𝑒 −𝑅1𝐿1
 𝑡 − 𝑀𝐿1

 𝛿 𝑡 −    𝑅1𝐿1
 𝑒 −𝑅1𝐿1

 𝑡  𝑖4 𝑡 +𝑖5(𝑡)        ---- (5) 

𝑖1 𝑡 =
𝑉𝑖𝑛−𝑉1(𝑡)𝑅𝑆𝑊 2

            ---- (6) 

𝑖2 𝑡 =
𝑉1(𝑡)𝑅𝑆𝑊 1

     ---- (7) 
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Mode 2: 𝑖1 𝑡 =
𝑀𝐿1
 𝛿 𝑡 − (𝑅1+𝑅𝑆𝑊 1)𝐿1

𝑒− 𝑅1+𝑅𝑆𝑊 1𝐿1
 𝑡  𝑖2 𝑡 +𝑖3(𝑡)     ----- (8) 

𝑖2 𝑡 =− 𝑉 𝑡 𝐿2
𝑒 −𝑅2𝐿2

 𝑡 − 𝑀𝐿2
 𝛿 𝑡 − 𝑅2𝐿2

𝑒 −𝑅2𝐿2
 𝑡  𝑖1 𝑡 +𝑖3(𝑡)     ---- (9) 

𝑖3 𝑡 =− 𝑉 𝑡 𝐿3
𝑒 −𝑅3𝐿3

 𝑡 − 𝑀𝐿3
 𝛿 𝑡 − 𝑅3𝐿3

𝑒 −𝑅3𝐿3
 𝑡  𝑖1 𝑡 +𝑖2(𝑡)                 ---- (10) 

𝑉 𝑡 =
1𝐶  𝑖4 𝑡 .𝑑𝑡              ---- (11) 

𝑉 𝑡 = 𝑅𝑙𝑜𝑎𝑑 . 𝑖5(𝑡)              ---- (12) 

Mode 3: 𝑖1 𝑡 = −𝑉 𝑡 𝐿2

𝑒 −𝑅2𝐿2
 𝑡 − 𝑀𝐿2

 𝛿 𝑡 − 𝑅2𝐿2

𝑒 −𝑅2𝐿2
 𝑡  

-- (13) 𝑉 𝑡 =
1𝐶  𝑖3 𝑡 .𝑑𝑡   -- (14) 

𝑉 𝑡 = 𝑅𝑙𝑜𝑎𝑑 . 𝑖4(𝑡)   -- (15) 

𝑖2 𝑡 = −𝑉 𝑡 𝐿1

𝑒 −𝑅1𝐿1
 𝑡

− 𝑀𝐿1

 𝛿 𝑡 − 𝑅1𝐿1

𝑒 −𝑅1𝐿1
 𝑡 𝑖1(𝑡) 

     -- (16) 

Mode 4: 𝑖1 𝑡 =
𝑉𝑖𝑛−𝑉(𝑡)𝑅𝑆𝑊 2

    -- (17) 

𝑖2 𝑡 =
𝑉(𝑡)𝑅𝑆𝑊 1

    -- (18) 

𝑉 𝑡 = 𝑅1. 𝑖3 𝑡 + 𝐿1

𝑑𝑖3(𝑡)𝑑𝑡 + 𝑀 𝑑𝑖4(𝑡)𝑑𝑡 +
𝑑𝑖5(𝑡)𝑑𝑡   

     -- (19) 

𝑖4 𝑡 =− 𝑀𝐿2
 𝛿 𝑡 − (𝑅𝑆𝑊 3+𝑅2)𝐿2

𝑒− 𝑅𝑆𝑊 3+𝑅2𝐿2
 𝑡  𝑖3 𝑡 +𝑖5𝑡                 --- (20) 

𝑖5 𝑡 =− 𝑀𝐿3
 𝛿 𝑡 − (𝑅𝑆𝑊 4+𝑅3)𝐿3

𝑒− 𝑅𝑆𝑊 4+𝑅3𝐿3
 𝑡  𝑖3 𝑡 +𝑖4𝑡                 --- (21) 

𝑅𝑙𝑜𝑎𝑑 . 𝑖6 𝑡 − 1𝐶  𝑖6 𝑡 .𝑑𝑡 = 0              --- (22) 

Mode 5: 𝑖1 𝑡 =− 𝑀𝐿1
 𝛿 𝑡 −  𝑅𝑆𝑊 1+𝑅1 𝐿1

𝑒− 𝑅𝑆𝑊 1+𝑅1𝐿1
 𝑡  𝑖2 𝑡 +𝑖3(𝑡)     -- (23) 

𝑖2 𝑡 =− 𝑀𝐿2
 𝛿 𝑡 −  𝑅𝑆𝑊 3+𝑅2 𝐿2

𝑒− 𝑅𝑆𝑊 3+𝑅2𝐿2
 𝑡  𝑖1 𝑡 +𝑖3(𝑡)       -- (24) 

𝑖3 𝑡 =− 𝑀𝐿3
 𝛿 𝑡 −  𝑅𝑆𝑊 4+𝑅3 𝐿3

𝑒− 𝑅𝑆𝑊 4+𝑅3𝐿3
 𝑡  𝑖1 𝑡 +𝑖2(𝑡)     -- (25) 

𝑅𝑙𝑜𝑎𝑑 . 𝑖4 𝑡 − 1𝐶  𝑖4 𝑡 .𝑑𝑡 = 0  -- (26) 

Mode 6: 

(𝑅2 + 𝑅𝑆𝑊3)𝑖1 𝑡 + 𝐿2.
𝑑𝑖1(𝑡)𝑑𝑡 + 𝑀𝑑𝑖2(𝑡)𝑑𝑡 = 0 

     -- (27) 

(𝑅3 + 𝑅𝑆𝑊4)𝑖2 𝑡 + 𝐿3 .
𝑑𝑖2(𝑡)𝑑𝑡 + 𝑀𝑑𝑖1(𝑡)𝑑𝑡 = 0 

     -- (28) 

𝑅𝑙𝑜𝑎𝑑 . 𝑖3(𝑡) − 1𝐶  𝑖3 𝑡 .𝑑𝑡 = 0  -- (29) 
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4.1 Mutual inductance of the inductor coils 

Induced voltage in coil 1 𝑉𝐿1 = 𝑁1
𝑑𝑑𝑡  Ф21 + Ф31 = 𝑀 𝑑𝑑𝑡  𝑖2 + 𝑖3     -- (30) 

Induced voltage in coil 2 𝑉𝐿2 = 𝑁2
𝑑𝑑𝑡  Ф12 + Ф32 = 𝑀 𝑑𝑑𝑡  𝑖1 + 𝑖3     -- (31) 

Induced voltage in coil 3 𝑉𝐿3 = 𝑁3
𝑑𝑑𝑡  Ф13 + Ф23 = 𝑀 𝑑𝑑𝑡  𝑖1 + 𝑖2     -- (32) 

Mutual inductance of inductor L1:  𝑀1 = 𝑁1

 Ф21 +Ф31   𝑖2+𝑖3    -- (33) 

Mutual inductance of inductor L2:  𝑀2 = 𝑁2

 Ф12 +Ф32  𝑖1+𝑖3      -- (34) 

Mutual inductance of inductor L3:  𝑀3 = 𝑁3

 Ф13 +Ф23  𝑖1+𝑖3    -- (35) 

4.2 Total mutual inductance 𝑀3 = 𝑀1.𝑀2.𝑀3    -- (36) 

𝑀3

= 𝑁1

 Ф21 + Ф31  𝑖2 + 𝑖3 .  𝑁2

 Ф12 + Ф32  𝑖1 + 𝑖3 .  𝑁3

 Ф13 + Ф23  𝑖1 + 𝑖3  

     -- (37) 𝑀3 = 𝑁1 .  𝑁2 .  𝑁3
 2𝑘Ф1)(2𝑘Ф2 (2𝑘Ф3) 𝑖1+𝑖2  𝑖2+𝑖3  𝑖1+𝑖3  -- (38) 

𝑀 = 2𝑘𝑁 Ф1 .Ф2 .Ф3 𝑖1+𝑖2  𝑖2+𝑖3  𝑖1+𝑖3 3
  -- (39) 

5. Simulation Results of the Model 

The phenomenon of switching is accurately done 
inducing a sinusoidal current in the secondary 
inductors converting a direct current from the input 
voltage source to an alternating current of -6.3kA 
to 3kA throughthe secondary inductors L2 and L3.  

 

Figure 11: Capacitor Current Curve  
 

Effect of 
𝑑𝑣𝑑𝑡 can be identified in the primary 

inductor producing a high voltage of 2250MV 
which is considered to be unrealistic in practical 
scenario and can be reduced by implementing an 
accurate RC snubber circuit. A change in 
fluctuating current in the secondary inductors 
creates a continuous change in flux resulting in an 
induced voltage in the coupled inductors. 

 
Figure 12: Input Voltage Curve 

 
Capacitor and two identical mutual 

inductors L2 and L3 are acting to be charged and 
discharged at the same time. A complete time 
period of SW3 and SW4 consisting of two intervals, 
an interval where the inductors are charged and 
capacitor is discharged simultaneously and vice-
versa. The maximum voltage across the capacitor is 
432kV and discharges to a value of 376kV in a 
cycle. An output voltage of the converter consists 
of harmonics producing ripples in the output 
voltage.  
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Figure 13: Capacitor Voltage Curve 
 

Load considered in the circuit is resistive 
of a magnitude of 1kΩ and current flowing through 
it is 370A to 425A. An effect of harmonics shown 
in ripples in the output current, resembles to be a 
periodic signal; whereas the signal should remain 
constant.  
 

 

Figure 14: Secondary Inductors Current Curve 
 

 
Figure 15: Output Load Voltage Curve 

 
The fundamental component of the circuit 

is to implement a direct current harmonic filter to 
reduce the harmonics present in the output 
waveform which increases the losses in the circuit 
in the form of heat energy. 

Diodes are a component allowing the 
power to flow unidirectional from inductors to the 

capacitor. Current from the capacitor reduces from 
5kA to 0A as the capacitor is fully charged within a 
time period of 0.1ms. 

6. Conclusion 

In concluding the results of the boost converter, the 
secondary inductors current starts to increase when 
the switches SW3 and SW4 are turned on and 
decreases when they are turned off. The load 
current and voltage are linear for the resistive load, 
voltage across the load falls when inductors are 
charged and raised when they turns off as the 
inductor discharges through the capacitor finally 
end up charging it. Diodes D1 and D2 are forward 
biased when the switches SW3 and SW4 are turned 
off and reversed biased when they are turned on. 
Voltages across the secondary inductors are built 
when the switches are turned off and decreases they 
are being short circuited by a switching resistance 
during charging the inductor. 

 On the other hand, a number of issues are 
being found in simulating the design in artificial 

environment. Problem of 
𝑑𝑖𝑑𝑡  is seen in the primary 

inductors partially reflecting in the secondary 
inductors and can be reduced by implementing the 

high 
𝑑𝑖𝑑𝑡  snubber circuit where inductor are 

connected in specific configuration reducing the 
sudden increase in current in a short time. A 

problem of 
𝑑𝑣𝑑𝑡 is also been found across the 

inductors and the primary switches and need to be 
reduced by using the specific configurations of 
resistance- capacitor snubber circuit. 
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