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Abstract .This paper presents a three-input high-gain DC-DC converter with bipolar symmetric outputs.
The advantages of a bipolar DC grid are higher reliability, flexibility, and efficiency as compared with the
unipolar DC grid. Therefore, the proposed converter is designed to connect directly with the bipolar DC grid
due to its bipolar symmetric outputs. The three input voltage sources to the converter are operated in a
sequential manner from the first voltage source to the last one, with each source providing power at a level
proportional to its duty cycle. Similarly, when the sources are equal, they operate in a sequential manner
with their specific power. In addition, the proposed converter is designed to provide the required power to
the grid under both simultaneous or individual from three input voltage sources. A double-loop PI controller
is applied to regulate the converter output voltages and the control loop is analyzed and the transfer function
relating reference voltage to output voltage is derived. Voltage balance control is provided to ensure that the
outputs remain symmetrical despite changes in load conditions or input voltage. A converter with a power
rating of 1000W and output voltage levels of 200V, -200V, and 400V is designed. The three supply voltage
of 150V,100V, and 75V are used. The converter is tested under a variation of supply voltages and load using
MATLAB/SIMULINK. The results show the feasibility and effectiveness of the proposed converter.

1 Introduction

All-electric hybrid energy sources are becoming very important [1] and zero-emission forms of transportation, such as
electric vehicles and ferry boats [2]. The combination of electric energy systems needs the simultaneous operation of a
number of electric energy sources, and systems having energy storage components must maintain bidirectional operations
at all times. Topologies of multiple-input DC-DC power converters are commonly used for integrating energy sources
[3], [4]. These energy sources include wind turbines, fuel cells, solar panels, and ultra-capacitors. They allow power to
flow from different voltage sources to the output [5], [6]. Wind and photovoltaic (PV) energies have a complementary
relationship as periods of sunshine are frequently accompanied by low wind conditions, while periods of cloud cover
throughout either day or night tend to generate strong winds. The integration of PV modules and wind energy modules
results in a reduction in periods of electricity unavailability. Hybrid solar, fuel cell and wind generators have been found
to offer a higher level of consistency and reliability in electricity provision compared to alternative singular sources, [3].
Multi-source conversions utilizing conventional single-input converters would necessitate the construction of a complex
and expensive structure, leading to a substantial increase in expense [7], [8]. An integrated multi-input DC-DC converter
can be used instead of connecting several DC-DC converters to different sources separately. These converters have a low
number of components, less space, cost less, and have better dynamic performance [9-15]. According to whether they are
connected to the grid or not, microgrids can be categorized as DC microgrids or AC microgrids. The DC microgrid is
common in a lot of our lives, including photovoltaic (PV) generation, energy storage systems, light emitting diode(LED),
and electric vehicles [16]. DC microgrid construct can be divided into two main categories: (i) Unipolar and (ii) Bipolar.
The bipolar DC microgrid (BDCMG) architecture has more choices for loads and distributed generation because it has
two voltage levels. It also has a high level of efficiency and quality [17], [18]. Further, the reliability of BDCMG is high
because even if one wire fails, the other two connections can still send power to the load [19], [20]. Because of these
benefits, BDCMG is the best choice for applications that need to be highly efficient and reliable. A central voltage
balancer is needed in a bipolar DC microgrid to keep the voltages at the upper and lower terminals equal, even when the
loads aren't balanced [21]. It is very important for a bipolar DC microgrid to have a symmetrical bipolar output voltage
in order to work in places like an electric car charging station and a data center power supply system. The unbalanced
volts are not good because they lower the quality of the power, put more stress on semiconductor devices, and, in the
worst case, damage the whole power conversion system [16], [22], [23].
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Converters with several dc-dc inputs may be non-isolated or isolated. There has been a proposal in [24-25] that isolated
multi-input converters (MICs) are designed for operation in circuits that are coupled inductors or transformers, which
create magnetic coupling. On the other hand, it was suggested in [19-23,26,27] that non-isolated MICs work with circuits
that are electrically connected. A proposal for MPC with multiple inputs and outputs (MIMO) is suggested in reference
[28]. Nevertheless, the output ports of this MIMO must deal with voltage cross-regulation, which requires the
implementation of complicated controllers to reduce this problem. The non-isolated counterparts in [27, 29], the bipolar
DC circuit cannot receive power independently from either of the input sources. Additionally, they require a lot of
complicated control to maintain symmetrical and balanced output voltages. The non-isolated MPC suggested in [30]
employs two sources of input using different and equal voltage levels. However, power cannot be sent to the load
simultaneously without following specific regulations. At different voltages, levels of the sources are arranged in
descending order: V>V, > --- > Vn, PWM signals should have duty cycles of D; < D, <--- < Dy, and when the voltages
are equal, the other sources produce more time of operation compared to the first source. In order to resolve the
aforementioned problems, this study introduces a non-isolated three-input DC-DC converter which includes bipolar
symmetric outputs. The proposed converter offers notable properties:

1) The suggested converter will be analyzed with three different input sources that have different and similar voltage
levels. In all cases, the input voltage will be operated sequentially with the duty cycle assigned to each input.

2) Power flow can occur simultaneously or independently from three different sources to the bipolar DC link.

3) Voltage balancing control is employed to keep the symmetry of the outputs in the presence of fluctuating load situations
or variations in input voltage.

4) The duty cycles of the PWM signals used to control the input sources of power are regulated by a basic controller, like
the conventional double-loop PI controller, which employs an Exclusive OR Gate between the duty cycles that have been
produced to guarantee sequential and non-overlapped operation.

5) By utilizing switched inductor cells, the voltage gain of the proposed converter is high.

6) Continuous conduction mode (CCM)is assumed for the operation of the proposed converter.

The following sections summarize the parts of this paper: Section 2 discusses steady state analysis, independent power
flow, and voltage and current stress of transistors and diodes. Section 3 illustrates the control structure and DC Voltage
Balancing Control. Section 4 contains simulation results and discussions. Finally, the conclusion in Section 5.

2 Proposed Converter

Three-input DC-DC converters with bipolar symmetric outputs are depicted in Fig.1. The topology consists of three input
power sources, namely Vi, V,, and V3. The circuit consists of 6 control switches (Switch Sy, Sz, Ss3, Sa, Sp, and S,), five
diodes, three inductors, two capacitors, and three DC loads with different values connected to the positive and negative
poles. R and R; indicate the corresponding loads of the bipolar bus and R, for the output load. Additionally, the converters
can provide three voltage levels on the DC connections, namely +V,/2 and V.
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Fig. 1. Proposed converter circuit.

2.1 Steady State Analysis of the Proposed Converter

Fig.2 shows the flow of current during charging and discharging of inductors at steady-state operation. As shown in Fig.
3 during the first part of the period Ts, which is (. L.3=1 D; Ts), the three switches (S;—S3) are ON in a sequential manner
with duty cycles of D1, D>, and D3 respectively, and Sa is turned ON in the whole of this part of the period, and the inductors
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(L1 and L,) are charged. During the second part of the period, which is (1 — Y3_; D )T, all the active switches (S1—Sa)

are OFF, and the inductors (L; and L,) are discharged. The charging of each inductor has a slope of( > i3: . Di Vi)/L). This
charging occurs when diodes D, and Dy, are in a forward-biased state, while De, Dy, and D, are reversed-biased. All
inductors discharge with a slope of (-V/4)/L with diodes D, Dy, and D, are forward-biased, while D, and Dy, are reverse-
biased. As shown in Fig. 2 the bipolar dc bus switches Spand S, are sequentially operated with duty cycles of 50% to
ensure that the bipolar output voltages are balanced.

When the inductance voltage-second balancing concept is applied to the steady-state inductor voltage waveform
shown in Fig. 3, the output voltage, which is denoted by (1), may be described as follows:
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Fig.2. The flow of current during the (a) charging and (b) discharging of an inductor in a condition of a steady state operation.
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Fig. 3. CCM steady-state waveform

Fig.3 shows the source voltage magnitudes with (V; > V, > V3) for unequal voltage. The first voltage source (V1)
continues to work until the end of D, Ts. After that, the second source will continue to operate until the end of D,Ts.
Lastly, the third source will continue to operate until the end of D3Ts. Similarly, when the source voltages are equivalent,
as shown in V| =V, =V3. The duty cycle D, applied to S4 is equal to the sum of the duty cycles of the switches controlling
the input ports (Si, Sz, and S3).

2.2 Independent Power Flow

The converter operates in the independent power flow mode, this is one of the important features of the proposed
converter, which is its ability to transfer power to the bipolar dc bus from any of the inputs, (Vi, Va, or V3) for a three-
input converter. Each input source is controlled by its own switch, S; for Vi, S, for V», and S; for Vj. It starts with V;
being on to charge the inductors. For D Ts, S; and S4 are both on with the same duty cycle (D), but S, and S; are off
during the switching period. In the same way, when V, is needed to provide power to the dc link, S, and S4 are both
active at the same duty cycle (D), while S; and S; remain OFF throughout the switching period if V3 supply the dc link,
for inductor charging, S;, and S4 are switched ON with the same duty cycle (Ds) while S; and S, are off.

https://doi.org/10.1051/bioconf/20249700032
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2.3 Voltage and Current Stress

When choosing power switches and diodes, it is essential to consider the voltage stress and current stress. The voltage
stress is defined as the maximum voltage magnitude across a power electronic switch during its off state.

The voltage stress of Sy, S,, S3, and S4 shown below.

Vs1 = Vs = Vg3 = Max(Vy, V5, V5) (1
Vsq = % @
The voltage stress of S, and S, are provided below.
Vsp = Vsn =Vo (€)
The voltage stress of D and Dy are given below.
Vp, = max (Vy,V,, Vs) 4)
Vo = 5)
The voltage stress of D,, Dy, and D, is given below.
v
Vpa = Vp, = TO (6)
Vp, = max (Vy,Vy, V3) 7

Current stress refers to the highest current that flows through a power electronic switch. This current is at its peak when
the load is supplied from only one source and the other two power sources are turned off.
The current stress of Si, Sz, S3, and S4 are below.

Al
Is, = 1Is, = Is,= Is, = 2I,, = 2(I,,, + =* (®)
(I, Denotes the highest peak value of the inductor current )

The peak current of the inductances L; and L, is equivalent to the stress current of diodes (Da, Dy, D¢, D1, and D,.

a1 U 1)
IDa = IDb = IDc = ID1 = ID2 = ILP = ILavg 4+ =L Lmax - Lmin 9)

1

= ILavg +

3 Control Structure

The closed-loop operation with a double-loop PI controller is shown in Fig 4. The outer Loop and inner loop make up the
control system. The inductor current (ir) and output voltage (Vo) are used to determine the control variable p, which
denotes the duration of the ON time, that will be applied to Ss4. The percentage of power that is transmitted from each
source to the load can be represented by the factor (Kj), which represents the ratio between the individual powers (P,
Po2, Po3) to the total power (Pr).

ky — Por (10)
Pr

k, = Poz (11)

2 Pr

k. = Fo1 (12)

3 Pr

kr =k +k,+ks=1 (13)

According to the comparison between the control signal (V) that is produced from the second-loop PI controller and
the bipolar sawtooth signal with an amplitude of one the duty cycle (D,) applied for (S, )can be obtained, as shown in
equations (15):

Ve=2D,—1 (14)
D, = VCZ+1

similarly, the duty cycle (D) applied for (S)) can be obtained by the comparison of the control signal (V) and the
bipolar sawtooth signal with an amplitude of one, when (D, )is assumed to be the (K; D,), it can be represented by the
equations (16):
Vep =2D, — 1 (15)
{ D, =KD, }
Ver =K (Ve +1)—1
Also, the duty cycle (D,") can be obtained by comparison of the control signal (V) and the bipolar sawtooth signal with
an amplitude of one, when (D,")is assumed to be the ((K; + K,)D,), it can be represented by the equations (17):
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Ve, =2D,—1 (16)
Dy" = (Ky + K;)D,
Voo = (K1 +K)(Ve+1) -1
The Exclusive OR gate is used between the resulting duty cycles (D;and D,") and the output with duty cycle D, is
applied for S,, and also another is used between (D, and D,) and the output is applied with duty cycle Dsfor Ss, in order
to avoid the overlapping between the input sources and ensure sequential operation.
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Fig. 4. The operational control structure of the converter

The closed-loop transfer function of the block diagram of the control system shown in Fig. 5 is derived as follows:

Fig 5.
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B= XD (22)
=X Vi D (23)
ay _Y*rEB_vo
dat L 4L (24)
Vo _ (=P _ Vo
dt c RC

According to the small signal modeling approach, the inductor current (ir), output voltage (Vo), duty cycles, and input
voltages can be divided into two components: DC values (I, V,, B, and y) and disturbance values (i,~, v,~, 87,y™ ).

p® =L +i® (25)

(D)= Vo + 1,7 (D) (26)

B =B+ B (27)

y®O=v +y @® 28
Then substitute eq (26,27,28 and 29) in equations (25) and neglecting the multiplied disturbance

terms gives:

LM _ Vo B _ 2" (00-B) ¥ O (29)
dt 4L 4L L

A" () _ i OO-B-LB"® _ v~ (® (30)
dt c RC

Take Laplace Transform for equation (28) and (29)

l.L~(S) — VoB™(s) _ wo” (9(1-B) + YO (31)
4Ls 4Ls Ls

(@) = ZOA-B- 1B (32)
Vo™ (5) C(s+7z)

=2 (33)
o a-p

_ ley 34
L7 a-p2Rr 69

Substitute eq (33), (34), and (35) in eq (32)

N MO O A OC SO 4y (35)
W)=t Ls(1=B)  4LsC(s+7= ) LCRS(s+7= )(1-B)

The transfer function G;4(s) representing the relationship between the inductor current and the duty cycle
“i,7(s)\ B~ (s)’ can be derived using equation (37)

vy, 4y
i~ (s) Ls(1=B) " Lcrs (1- B)(s +% ) 36)
Gia(s) =g =0 = B2
4LCS(S +% )

Similarly, transfer function between output voltage and the inductor current’*‘vo™ (s)\i,~(s)’’ is obtained as follows

_vo®, __(-B (37)
Gral®) =550 =0 = 5(e 5
Cv(s) = KP‘U + K:’ (38)

(Kp, Voltage proportional gain, K;,: Voltage integral gain)
Ci(S) =KPi +% (39)
(Kp;: current proportional gain, K;;: Voltage integral gain)

Voo _ Cu(8) Ci(8)Gia(5)Gyals) (40)
Vorer~  1+Ci($)Gia(s)+ Cy(s) Ci(5)Gia(s)Gya(s)
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3.1 DC Voltage Balancing Control

Fig.6. show the voltage balancing control that is necessary for bipolar symmetric output DC-to-DC converters to maintain
output symmetry under changing load conditions or input voltage. The positive and negative output voltages are compared
and the difference is applied to the proportional-integral (PI) controller to produce a signal which is compared with the
sawtooth signal to produce control pulses for the switch S, and inverted signal (S, = S_p) for the switch S,. The switching
frequency is 50 kHz and the gains of the proportional integral controller are 0.0001 for proportional gain and 0.3 for
integral gain.

sawtooth signal

Fig.6. Control circuit for voltage balancing.

4 4. Simulation Results and Discussions

The topological structure of the proposed converter was analyzed during closed-loop operation to ensure that the output
voltage remained constant at £V,/2 and V, with £200 V and 400 V, respectively. When the load and duty cycles for
switches are different, even when there are a lot of changes, the controller is capable of maintaining the output voltage in
close proximity to the reference value. Closed-loop operations were evaluated throughout four scenarios. In the first
scenario, power is sent at the same time from three sources with both the same and different voltage levels. This shows
how the suggested converter would work. In the end, it was seen that power was flowing from all three sources (Vi,
V,, and V3) to the dc link independently. The duty cycles provided for S, S,, and S3 in four different scenarios can be
expressed as a percentage of the total duty cycle D4 generated by the closed-loop control system that is used for S4. They
are as suggested, D; = 60%, D> = 20%, and D3 = 20% of D4 according to the percentage of power that is transmitted from
each source to the load which was calculated from the factor (K;) using Equations (11,12,13). Table 1 displays the
parameters that were used in the proposed converter.

Table 1. Parameters Used in The Proposed Converter

Parameter Values
Switching Frequency Fs 50 kHz
Input Voltagel 150 V
Input Voltage2 100 V
Input Voltage3 75V
Output voltages +Vo/2, Vo +200V,400V
Total Resistance R¢ 32002
Resistors R1 =R> 160 02
Inductors L1 =L>=Ls ImH
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Capacitors C1 =C2 10 uF
Voltage proportional gain Kp,, 0.06
Voltage integral gainK;, 80
Current proportional gain Kp; 0.08
Current integral gain Kj; 100

The results of the simulation for the first scenario are shown in Fig. 7. Due to a difference in input voltages, (V| = 150
V,V,=100V, and V3 =75 V), the voltage sources will operate in a sequential manner, starting from the V| and decreasing
to the V3, in accordance with their respective duty cycles. voltage balance control supplies the duty cycles to the bipolar
dc bus switches Sy and S,,. For the purpose of verification, a resistive load of 160Q was applied to a two-level bipolar dc
bus, and 320Q for the total load. The output voltages and currents for two bipolar dc bus +Vo/2 are about +200V while
the current is +1.25 A respectively. The total output voltage and total output current are about (Vo =400V, and [o=1.25A)
respectively. Equal currents and voltages flow through Ly and L, (I, = I,,,V,, = V), the voltages flow through L
during the first part of the period is V,/2 with 200V and -V,/2 with -200V during the second part of the period, the average
current and the peak-to-peak ripple current for L1, Lo and Ly, respectively :(1,, = I, = 9454,1;, = 54, Ai = Aij, =
1.1 A, 4i;, = 2 A), and the peak to peak ripple voltages at steady state for +Vo/2 and Vo, respectively (4v,; =6.5V,
Av,, =2.5V, and A4v, =9V). During the operation of S;, the voltage of S, has a negative value, about — 50 V, which is
V-V, due to the blocking action of its reverse current, S; has a negative voltage, about — 75 V, which is V3V, because
of its reverse current-blocking. Moreover, during the operation of S, the voltage across S; is around 50 V, resulting from
the difference between V; and V», due to the reversal of its blocking action. Similarly, the voltage across Ss is negative,
approximately -25V, resulting from the difference between Vs and V,, due to its reverse current blocking property. During
the operation of S3, the voltage across S; is around 75 V, resulting from the difference between V,; and V3, attributable to
its reverse blocking characteristics. Similarly, the voltage across S, is approximately 25 V, arising from the difference
between V» and V3, owing to its reverse current blocking properties, the voltage across S4 during the second part of the
period is V/2 with 200V.The current and voltage for switches (isi, is2, is3, Vsi, Vs2, and Vg3) are depicted in Figure 7.

1 I

< 200 .
705 ; . | |
0 . L |_ |—
g 200 - - -
0 ! . 2 3 _54 0 1 2 3 4
Time(S) x10 Time(S) %1075
(a) (e)
1 S’ 10 [ [ I [ I [ [ ‘
I 9 p ~ o~
0 S [ 1 [ [ [ 7
0 1 2 3 4 0.5 1 1.5 2 2.5 3 3.5 4
Time(S) x1075
: -5
m D) x10 ®
200
S 0.5+ =
ﬂ 0
0 . -
0 1 2 3 4 -200
Time(S) %1075 0 1 2 3 4
© Time(S) x 1075
¢ ®
1 ~8
;,r 0.5 E« 6 —
4
=
0 1 2 3 4 2 i I
Time(S " 0 05 1 15 2 25 3 35
@ ) x10 Time(S) %107
(h)



BIO Web of Conferences 97, 00032 (2024) https://doi.org/10.1051/bioconf/20249700032
ISCKU 2024

z. S .
< 100
: 10 = 50 r
2 9 > 0
-50 t :
0 1 2 3 1 2 3 4
Time(S) %107 Time(S) %1075
(i) (m)
30 150
Z 2 Z 1(5)3 [ [
S o I I
~ ©wn 0
v 0 > | ]
RS , -50
1 2 3 4 0 1 2 3 4
Time(S) x107 Time(S) x1075
(1)) (n)
1] 2
o 0 : 0 J _l
o= [70]
2 [T T
-20 -100
0 ! . 2 S 3 N 0 1 2 3 4
me - N
me®) - x1o TimeS)  x10°
(k)
(0)
~ 20 — e ~
= 2 200
&% 10 < 100
"o s 0
0 1 2 3 4 -100
. 0 1 2 3
Time(S) %1075 .
Time(S) %107
U]
(p)
8m’| Vpos Vo Vneg — — Vref | 4 | io ipos. ineg
600 Ry .y vy B 292 IWARAN 3
s AV 200MWAN 253 A e | ae
- 0.04 v&mol 0.05 0.0501 0.08 A 0.080 . 1_26m }%gm _1_25
/ .04, ‘w‘ 0.05 4 00501 '1'23:18‘ 0.0801
200 1 E
o o
-200 -1 K
o 0.02 0.04 0.06 0.08 0.1 o 0.02 0.04 0.06 o.o8 0.1
Time (S) Time (S)
@ ® Fig. 7

The simulation results when three sources (Vi=150V, V2=100V, V3=75): the waveform of switches control pulses (a)S1, (b)Saz, (c)Ss,
and (d) Sa; the voltages and currents across L1, L2, and Lb (¢) VL1 and Vi, (f) iL1 and ir2 (g) Vb, and (h) iwb; the voltages and currents
across switches (S1, Sz, Ss, S4) (1) is1, (j)is2, (K) is3, and (1) is4 (m)Vsi, (n) Vs2, (0) Vs3, and (p)Vs4; (q)output voltages, and (r)output

currents.

In Fig.8, the scenario involves the simultaneous transmission of power from three sources to the load. Equal input
voltages are provided, denoted as Vi = V> =V3=100V. In the case of equal sources, a sequential operation is noticed due
to the action of the Exclusive OR gate in closed-loop control to prevent the operation of multiple sources at the same
time. Consequently. The simulation results indicate that the output voltages, for £Vo2 and Vo are £200V and 400V,
respectively. Additionally, the corresponding currents are+1.25A. L; and L, both have the same magnitude of current
and voltage. ( I, = I,,V,, =V,,), the average current and the peak-to-peak current for L, L, and Ly,
respectively: (I, = I, = 10.5,1;, = 54, 4i;; = Aij; =14, Ai,;, =2A) and the peak to peak ripple voltages at
steady state for +Vo/2 and Vo, respectively (4v,; = 8V, Av,, = 2.5V, and Av, = 10V ).

10



BIO Web of Conferences 97, 00032 (2024) https://doi.org/10.1051/bioconf/20249700032
ISCKU 2024

. S 200
8'2 o
v B
© 0.4 =
03 i’
0 a
1 2 3 4 - 2000 1 2 3 4
Ti -
111(1;;(8) x 10 Ti(n;e(S) x107°
(3
0.113 2115
~ 0.6 oy
% 04 3 05| N
0.% T 10
395
0 1 2 3 4 =
Time(S) x107° ! ' Ti1112e(S) ’ 10-54
(b )
) )
0.8 s
en 0.6 - 200
& 5
0 . = 200
0 1 2 3 4
Time(S) x107° 0 ! : : !
o Time(S) x107°
1
ol _ (2)
< 0.6 N
@ 0.4 o 2 S——
0.2
=2
2 =
0 1 2 3 4 0 ! 2 ’
Time(S) x10° Time(®) X107
(d) (h)
30 <
=3 S 100
~ 10 50
»n Y 2
210 - 0
1 2 3 4 0 1 2 3 4
Time(s) x107° Time(S) x10°°
30 7 =
_ — — £ 100
N %g n 1| ~ 50
o 0 Il I @0
= _10 > -50
| 5 3 4 0 1 2 3 4
Time(S) 10 Time(S) x107°
(1)) (n)
30 S
o 5 5 £ 100
S - 50
w 0 =0
-10
. ) 3 4 0 1 2 3 4
Time(S) x10°7 e <10
(k) ©
~ 30 ; B
23 | ~ 100
5 ' 1 *H 0
2 10 > 100
1 2 3 4
Time(S) x107° 0 ! Ti Z(S) ’ 5
ime x10°
W )

11



BIO Web of Conferences 97, 00032 (2024) https://doi.org/10.1051/bioconf/20249700032
ISCKU 2024

ipos

| Vpos. Vo Vneg — = =vref |

800 |-
405

w =MWV W =M EOWW I A

ass
e {04008 Qgdoi ) S 0.0501 ©0.08 0.0801 2 .24 0.05 0.0501 -
- ) ) 0.04 0.040° M 0.08 0.0801
400 K 4 A x4 A
_/ ’ ' [ )
200 /
o
\ i A ¥

-200 [

(=]

0 0.02 0.04 ° ;JG 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
o . : g < Time (S
Time (S) ime (S)
(q) (r)

Fig. 8. The simulation results when equal three sources V1= V2= V3=100V: the waveform of switches control pulses (a)S1, (b)Sz,
(c)Ss, and (d) S4; the voltages and currents across L1, L2, and Ly ) Vi1 and V12, (f) iL1 and itz (g) Vib, and (h) ivb; the voltages and
currents across switches (Si1, Sz, S3, Sa4) (i) is1, (j)is2, (K) is3, and (1) isa (m)Vs1, (n) Vsz2,(0) Vss, and (p)Vs4; (q)output voltages, and
(r)output currents.

As shown in Fig. 9. Power is transferred to the load from only two inputs in this scenario. In the event of an
unavailability of one of these sources, energy will be transferred from the remaining two sources. Balanced output
voltages are maintained even in the presence of just two inputs. The simulation results indicate that the output voltages
for £V 02 and Vo are £200V and 400V, respectively. Additionally, the corresponding currents are+1.25A. L; and L,
both have the same magnitude of current and voltage. (1,, = I,,,V;, =V,,), the average currents and the peak-to-peak
ripple currents for Ly, Lo, and Ly, respectively:(1,, = I, = 9.254,I;, = 54,4i,; = Aij; = 1.1 A, Aiy, =2 A) and the
peak to peak ripple voltages at steady state for +Vo/2 and Vo, respectively (A4v,; = 7V, 4v,, = 2.5V and 4v, = 8V
).
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Fig. 9. The simulation results when only two sources (V1= 150V and /2= 100V) are used: the waveform of switches control pulses
(a)S1, (b)S2, (¢)Ss, and (d) S4; the voltages and currents across Li, L2, and Ly (e) VL1 and V12, (f) i1 and ir2 (g) Vib, and (h) iLb; the
voltages and currents across switches (S1, Sz, S3, S4) (i) is1, (j)is2, (K) is3, and (1) is4 (m)Vsi, (n) Vs2, (0) Vs3, and (p)Vsa4; (q)output
voltages, and (r)output currents.

In Fig.10. Within this scenario, power flows independently from the input sources. With V=150V, only V; supplies
to the load. If only one source is available, both output voltages don't change; they stay balanced. In the simulation, the
output voltages +Vo?2 and Vo are £200V and 400V, respectively. Additionally, the corresponding currents are+1.25A.
L1 and L, both have the same magnitude of current and voltage (I, = I,,,V,, = V,,), the average current and the peak-
to-peak ripple current for L, Lo and Ly, respectively: (I, = I, =854, 1, = 54, 4i;; = Aij, =044, Aiy, =24
)and the peak to peak ripple voltages at steady state for +Vo/2 and Vo respectively (4v,, = 17V, Av,, = 5.5V and
Av, = 20V).
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Fig. 10. The simulation results when only (Vi=150V) is used: the waveform of switches control pulses (a)S1, (b)Sz2, (¢)Ss, and (d) S
the voltages and currents across L1, L2, and Ly (¢) Vi1 and Vi, (f) i1 and 12 (g) Vis, and (h) iLs; e voltages and currents across
switches (S1, Sz, S3, S4) (i) is1, (j)is2, (K) is3, and (1) isa (m)Vsi,(n) Vsz2,(0) Vs3, and (p)Vsa; (q)output voltages, and (r)output currents.

4.1 Verification of Operation with Unbalanced Load

The proposed converter was tested with varied positive and negative pole loads. Fig. 11 contains a presentation of the
results of the simulation at unbalanced loads when (R;=200 (2, and R,=400 ) with V; =150V, V, =100 V, and V3 =

V. It was shown from the results, that even if the load increases in one of the poles, the output voltages (+Vo2) will be
balanced at a value of (+200) and do not change. The output currents are about (Ipos =+1A, and I, = - 0.5A), the peak-
to-peak ripple voltages at steady state for Voand + Vo/2, respectively (4v, = 6V, 4v,; = 4V, and 4v,, = 1.6V). The
primary benefit of the proposed converter even if the loads are unbalanced, the output voltages are the same.
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Fig.11. The simulation results of output voltages and output currents with three voltage sources (Vi=150V, V=100V, V3=75) supply
to the load at unbalanced (R1 =200 Q, R2=400 Q) (a) Vpos, Vieg, VO (b) ipos, ineg.

Fig. 12 shows simulation results for a sudden change in the total load R, that was made from 320 Q to 640 Q at t =
0.035 s, while the power output decreased from 500 W to 250 W, then from 640Q to 320Q at t = 0.07 s, resulting in an
increase in power from 250 W to 500W. Because of a sudden change in the load at t = 0.035 s and t = 0.07 s, output
voltages and currents (Vpos, Vieg, Vo, Ipos, lncg) Show slight overshoot and downshoot but immediately settles to desired
values and the controller reacts instantly, adjusting the duty cycles to provide an output voltage of 400 V. The resistors
across the positive and negative poles do not change (R;=R,=160 Q). The results show that when the power at the total
load decreases from rated SO0W to half the value, and also when it increases from half the value to rated, the output
voltages (+V072) are not affected and remain balanced at values of (+200) in both cases, and the peak to peak ripple
voltages at steady state for £Vo/2 and Vo, respectively (4v,; = 4V, 4v,, = 1.6V, and 4v, = 6V) and the currents (ipes=
inee= £1.25A). Table 2 displays the three different work conditions.

Table 2. Various Working Conditions

Time | Totalload [  Total power | Total current
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Fig .12. The simulation results for changing load with three voltage sources (Vi=150V, V>=100V, V3=75) (a) The output voltages
Vpos, Vneg, (b) The output currents ipos, ineg, (¢) The output voltage Vo, (d) The output current io, and (¢) The output power Po.

5 Conclusion

This study introduces a proposed non-isolated DC to DC converter with three inputs and bipolar symmetric outputs. The
performance of the suggested converter has been evaluated in a closed-loop configuration to maintain a constant output
voltage of +Vo/2. The values of +Vo/2 and Vo considered in the analysis are £200 V and 400 V, respectively. The
suggested converter works with power transfer independently or simultaneously from three sources, each supplying an
equal and unequal voltage level to the dc link. The Exclusive OR gates are used to connect the supply voltage sources in
a sequential manner whether the inputs are the same or different voltages and prevent the overlap operation of three
sources. Voltages were connected one after another, from the first to the last voltages, with each source operating
according to the duty cycle provided for it. A voltage balancer is used in the converter to maintain a stable and balanced
operation of the system, even when the load and duty cycles for switches change suddenly. In order to test and confirm
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the results of the proposed converter, a MATLAB/Simulink program is used. According to the results of simulations, this
converter provides the following set of advantages: It is possible to achieve high voltage gain, and power of (1000W),
regardless of whether the power is coming from three sources, two sources, or just one source.
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