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ABSTRACT: - The use of multiport converters in
portable electronics and electric vehicles (EV) is
important. Different single-input multi-output
(SIMO) converter configurations are presented in
the literature. Most SIMO converters provide
outputs with duty ratio operational restrictions. As
well as inductors' charging. Designing SIMO
converters still faces the challenge of the cross-
regulation issue. In this work, a SIMO architecture
is suggested to get beyond the earlier described
restrictions. It can produce three alternative output
voltages (such as iL1 >1iL2 >iL3 or iL1 iL2 iL3)
without being constrained by the duty cycle or
inductor currents. The proposed topology does not
have cross regulation issues, hence changes in
output current 103 (102) (i01) have no effect on the
load voltage V01 (V02) (V03). During control, the
loads are separated from one another. A 200 W
prototype circuit is created in the lab, and the
findings of simulation and testing are confirmed.

INDEX TERMS: - Multiport converters, single
input multi output converters.

I. INTRODUCTION

The use of renewable energy sources in electric
vehicles (EVs), auxiliary power, and grid-connected
applications has seen a growth in demand over the last
ten years [1]— [5]. Multiport DC-DC converters are
crucial in these applications because they enable the
hybridization of energy sources, which lowers the
system's component count, complexity, and cost as
compared to many separate single input DC-DC
converters [6], [7].

MPC converters have been made available
throughout the previous ten years. In [8], a brand-new
SIMO converter is suggested. This structure produces
independent boost, buck, and inverted outputs all at
once. However, providing 'n' voltage levels
necessitates n 2 switches, increasing the converter's
overall size and price. Unexpected errors in the
computation of the output voltages and state-space
equations for a SIMO converter are addressed and
corrected in [9]. In comparison to single inductor
SIMO converters, the single coupled inductor-based
SIMO buck is shown in [10] to have smaller output
inductor current ripple. In depth comparisons of the
cross-coupling performance of SIDO converters based
on coupled inductor and single inductor (SI) were
reported by Nayak and Nath [11]. They also suggested
that the coupled inductor SIDO converter performs
better in steady-state and transient situations. However,
a SI SIMO setup switches the inductor between the
loads, resulting in large ripples and cross-regulation
issues.

To solve the cross-regulation problem in a single
inductor-based SIMO converter, various control
strategies are put forth in the literature; the current
predictor controller is described in [12] as an
alternative to the traditional charge balance strategy.
However, it has been challenging to generate the duty
ratios for active switches. Like this, [13] presents
the deadbeat-based control technique. Because it
is dependent on an output current observer, it is
susceptible to noise and severe parametric
changes. To reduce voltage ripples, eliminate
cross-regulation issues, and manage output
voltages, a multivariable digital controller-based
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SIMO converter is suggested in [14]. However,
complexity may rise as a result of controller design.

o
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FIGURE 1. Diagram of conventional SIMO converter.

[15] presents a non-isolated, single-switch SIMO
converter topology. It lowers the system's cost and has
fewer components. Nevertheless, it might be difficult
to separately control the outputs.

A non-isolated SIMO converter is suggested in [16]—
[25] to address the issues with a single inductor SIMO
converter. This converter has independently regulated
output voltages and does not need an additional control
circuit. For generating the step-up and step-down
output voltages for electrical vehicle applications, a
new SIDO converter topology is described in [16] that
integrates buck and super lift converter. It features a
limitation called D2 D1, which reduces Dl's
operational range by raising D2. Less semiconductor
switches are used in the topologies suggested in [17]
and [18]. But the converter's operation depends on how
quickly inductors charge (i.e., iL1 > iL2). So, the
restriction on the on-duty ratio is maintained.

For PV applications, [19] suggests combining high
gain step-up with SEPIC converter-based SIMO. The
capacitors and diodes increase the output voltage in
this setup such that both outputs are higher than the
supply voltage. Nevertheless, cost and conduction
losses are influenced by the quantity of capacitors and
diodes. In [20], a brand-new SIDO buck-boost
topology is created to produce both positive and
negative outputs. [21] suggests of a multi-output
converter with a smaller part count. But because there
are more diodes, there are more conduction losses. In
[22], a construction with a SIMO design is introduced,
having the benefits of a smaller passive filter and lower

voltage stress. Based on the front-end switched-
capacitor approach, a high-density multi-output
converter is described in [23] for portable electronic
applications with enhanced power density and
decreased switching losses.

In [24], a modified SEPIC and an interleaved-based
high step-up SIMO converter are presented. It has a
voltage multiplier, connected inductor, and switching
capacitors to increase the output voltage in applications
for sustainable energy. Due to the increased number of
components, it is complicated. For SIMO applications,
the SEPIC-Cuk converter-based four-phase interleaved
converter is recommended in [25]. It benefits from low
ripple voltage, compact size, and high-power
applications compatibility with dynamic response.

In the traditional method, Figure 1 depicts the
auxiliary power supply system for EVs to fulfil the
load needs. Although it appears straightforward, this
method has a cross-regulation issue, and the loads are
not isolated from one another while they are operating.
Additionally, there is a possibility of grounding
problems when the battery is being charged and many
loads are turned on at the same time. To bring one of
the negative output voltages into buck-boost operation
mode, the circuit complexity will also rise.

The onboard power converter is the primary focus of
the planned development. The circuit in Figure 2(a) is
set up so that energy stored in the inductor is restricted
to only one output and is not shared with the other
outputs during control, allowing the output voltages to
be regulated with independent duty cycles. More
crucially, the loads are kept apart throughout control,
which effectively solves the cross-regulation issue.
Additionally, even if battery charging and grounding
are involved, there are no issues with grounding
because there is an onboard power converter.

The remainder of the article is divided into the
following sections: Section II presents the developed
SIMO configuration and modes of operation. Section
III presents small-signal modelling. Section IV
discusses the controller design, parameter design,
power loss analysis, and comparative evaluation.
Section V displays the simulation, experiment, and
results. Section VI contains a summary.
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II. PROPOSED SIMO CONFIGURATION
AND MODES OF OPERATION

Figure 2(a) shows the suggested single input, three
output DC-DC design. The following components
make up this configuration: input voltage VDC,
switches S1-S3, diodes D1-D3, and passive
components L1-C1, L2-C2, and L3-C3. It can
produce boost (VOI), buck-boost (V02) with
positive voltage polarity, and buck (V03), three
separate output voltages. With the duty cycles DI,
D2, and D3, the suggested converter can
independently control the output voltages. Figure
2(b) shows the theoretical waveforms of circuit
components.

Contrary to the usual parallel configuration of
buck, boost, and buck-boost, the proposed
configuration is unusual. The loads are isolated
during the simultaneous control in the suggested
circuit arrangement. The loads R3 and S3 alone
are connected to the input power supply during
mode-1 operation, as indicated in the following
images, but the other loads are separated, as
shown in Figure 3(a). Like mode 1, mode 2
isolates all other loads and solely connects load
R1 through D1 to the input supply, as shown in
Figure 3(b). In the suggested control technique, all
loads are kept apart while being controlled in any
mode of operation. But this function is not
possible.

FAF I

ol :
e —
FIGURE 2. Proposed configuration: (a) SIMO

configuration, (b) Theoretical waveforms.

converters that use buck, boost, and buck-boost
operation in simultaneously. This circuit
arrangement appears to be quite straightforward,
however it is unique and useful. Table 1 below
compares the traditional and suggested SIMO
converters in terms of the quantity of components,
modes of operation, and working circumstances.

TABLE 1. Parameter specification comparison between the
conventional and proposed SIMO converter.

Comparison different .
Conventional Proposed
aspects
Number of components 6 6
Buck, Boost, and Buck, Boost, and
Buck-Boost Buck-Boost
(O (Negative output (Positive output
voltage) voltage)
Inverting circuit is
required for the positive Yes No
output voltage
Loads are isolated to No Ye
each other during control ! =

The cross-regulation issue and the lack of load
isolation during operation are the key drawbacks
of the typical technique depicted in Figure 1. In
the buck-boost mode of operation, the circuit
complexity will also rise in order to convert the
negative polarity of output voltages.
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The following benefits of the suggested
structure:

a) The construction is straightforward, with
no operating duty ratio assumptions (D1 >
D2>D3or D3 D2 D1 or D1 D2 D3) =

b) It can produce boost, buck, and buck-boost
output voltages, respectively

c¢) There are no restrictions on inductor
currents (such as iL1 > iL2 > iL3, iL1 iL2
>iL3, orilL1iL2 iL3).

d) During control, loads are kept apart from
one another, and the cross-regulation issue
is successfully fixed.

e) It gives the positive buck-boost output
voltage

A. MODES OF OPERATION

1) SWITCHING STATE 1

S1, S2, and S3 switches are all turned on. Figure
3(a) shows the current flow path, and the energy
port VDC magnetises L1, L2, and L3. In light of
this, the Cl and C2 are discharged to the
corresponding loads (R1) and (R2), whereas (C3)

FIGURE 3. Operating states: (a) Switching state-1
and (b) Switching state-2.

Figure 3(b) provides an example of it. Eq. (5)—
(11) shows the following capacitor voltages and
inductor currents:

V
i (= Y [c cos

Ly Ry L,

t+c¢ sin 1] (5)
Wi 2 Wl

Cl
cos mfn.'(ﬁl ~ Wdic:)

is charged. Eq. (1)—(4) represents the capacitor ve () = Voo — L " o
voltages and inductor currents. 2G, +sin @at(@acr + p )
1
A e - ©)
i () = I, ! + iy Vo (D) = veme o (1) B k.,,
- - i(f) = e % [c3 cos Warl + €4 sin Want] (7N
. _ I"DE" ) E;(J—I 2 ) )
H.l[f) - -L—"!’ + 1'1_3(01, 1"{'1(” = V(':{O]B 252 I: ) .l"f]“) — _L:e_ﬂgf (—GQC}, + Cﬂd:&) cos Wl (g]
: +
Vi ) .
ir () = nc + g [c1 cos Wat + 2 sin Wyi] (3) i) = e [cs cos mdﬁﬁlﬂﬂfsﬁl Efff}) sin Wart 9)
1 R3 : * N . F - I ' .
a
I cos wit( ot  Wacy)
: R 4 . vesld) = —Lye™® (—0cs + Wacs) cos Wat (10)
ve(f) = Voe = 5 g0 _ ’ Wicr ’ ’ + (Wacs » des)sin Wit
-3 + sin @Wqt(—dc: + R ) | | - i .
Gy - - T T
2) SWITCHING STATE 2 le Pl
_ t | - =1
. . . a = OF
In this condition, L1, L2, and L3 are demagnetized LT 2RICY . 21 '
and, through D1, D2, and D3, respectively, supply % =ore MY2=o pa2 4
their energy to the load. ) [2Cs
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a = 1 1 1 4
IR md:ﬁ Egj{—-«'ir = - (1)

where the initial values for cl, ¢2, ¢3, ¢4, c¢5, and
c6.

The suggested configuration's output voltages
are as follows.

Voe VoeDa

For = P Vor =—"" ’ oy = Dsloe (12}

(1 =Dy (1-Dy)

Duty ratios for the S1, S2, and S3 are D1, D2, and
D3, respectively.

While the other loads are segregated even when
the ground is involved when charging the battery,
it is noticeable that load (R3) alone through S4 is
linked to the ground when switching state-
loperation, as illustrated in Figure 3(a). Like
switching state 1, only load (R1) linked to the
ground through D1 during switching state 2
isolates all other loads from the ground and load
(R1), as seen in Figure 3(b). In the suggested
control technique, all loads are kept apart while
being controlled in any mode of operation.
Additionally, the circuit is set up so that energy
from the inductor is restricted to only one output
during control and is not shared with the other
outputs. This setup also enables managing the
output voltages with independent duty cycles. As a
result, the fluctuation in load current (103, 102, and
101) has no effect on the load voltage (VO1, V02,
and V03). Therefore, even when the ground is
engaged during battery charging, the suggested
arrangement with this control approach eliminates
all the issues of cross regulation problems. The
arrangement is straightforward and can produce
three distinct outputs without making any
assumptions about the inductor currents (iL1 > 1L2
>iL3 or iL1 iL2 iL3) and/or operating duty cycle.

B. SEMICONDUCTOR
ANALYSIS

STRESS

Eqs (13- (15) present the proposed
configuration's semiconductor stresses as [27].

1) VOLTAGE STRESSES

T r r - . i.’1 + I,f
Vs, = Vo, Vo, = Vi, Vs, = 02 + Voc

o= v ) =r o =r 2 )
I 02 ey 5 Dy oe

2) CURRENT STRESSES

A: MODE 1
ISI - !If_|; fDI =ﬂ" 133 _fly
jIJ'.]: = 0,! jl.ﬁ':; = jlf.ll,.v‘ fli'.]_'; = D [14)
b: MODE 2
.!',\,'l — flfjl = !'-;.“ .F'.ﬂ.'l = !'-_5'_-; = 0,.
fI.U: = fl!.u fl!.l; = fl!._: (15)

TABLE 2. Parameter specifications.

Simulation Experimental
0V 50V

100/50125 ¥V 100/50:25 V

222 A 2202 A

Switching frequency (/) 50 kHz 50 kHz
Inductor (L, L. L. 0.6/0.9/1 mH 0.5/1/1 mH
Capacitor (C,/C./Cy) 200/470/360 uF 220/470/470 uF

V. RESULTS AND DISCUSSIONS
A. SIMULATION RESULTS

The model was created in the MATLAB
environment to validate the suggested system
using 50 V DC, 50 kHz frequency, and a 50% duty
ratio. The parameter information is TABLE 3.
Comparison between different SIMO topologies.
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Fig 5

Figure 4(a-f) shows the matching output voltages
(VO01, V02, and V03) and inductor currents (iL.1,
iL2, and iL3). These values are stated in Table 2.
The output voltages shown in Figures 4(a), 4(c),
and 4(e) are nearly identical to the predicted
values. For the suggested setup, closed-loop
control is put into practise, and the total system's
dynamic performance is tested for a sudden
change in input voltage. The simulation output for
closed-loop control is shown in Figure 5 for an
abrupt shift in input voltage (VDC) from 50 V to
70 V at 0.5 sec. For the Buck output, the PI
control gains are Kp = 0.1 and Ki = 15, whereas
for the Boost and Buck-Boost voltages, Kp =
0.005 and Ki=0.5.

TABLE 3. Comparison of complexity, power
density, and efficiency.

] Complexity Power densi
Ref Power Complexity in

20

5
19 5
18 5=3
5
5

L
1
Less
I
I
1

il 23 Low
o

23 h
Proposed 5=2 s 12 High

The findings demonstrate that the suggested
arrangement produces rigid independent output
voltages and is unaffected by a sudden change in

supply.
VI. CONCLUSION

This paper suggests the SIMO converter's
structure. The operational theory and modes of
operation have been thoroughly explained. The
suggested arrangement is straightforward and
makes no assumptions on the inductors' charging
or operating duty cycle. With independent
regulated voltages, it can produce the output
voltages for buck, boost, and buck-boost. Since
there are no cross-regulation issues in the
suggested design, the quick change in inductor
and load currents has no impact on the output
voltages. Finally, simulation and experiment
findings support the performance and operation of
the suggested converter.
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