energies

Article

Design, Analysis and Implementation of the Tapped-Inductor
Boost Current Converter on Current Based System

Chim Pui Leung and Ka Wai Eric Cheng *

check for

updates
Citation: Leung, C.P; Cheng, KW.E.
Design, Analysis and Implementation
of the Tapped-Inductor Boost Current
Converter on Current Based System.
Energies 2021, 14, 888. https://
doi.org/10.3390/en14040888

Academic Editor: Mamadou Bailo
Camara

Received: 6 August 2020
Accepted: 26 January 2021
Published: 8 February 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Electrical Engineering, The Hong Kong Polytechnic University, Kowloon, Hong Kong, China;
karen.cp.leung@connect.polyu.hk
* Correspondence: eric-cheng.cheng@polyu.edu.hk; Tel.: +852-27666162

Abstract: Power converters play a crucial role in renewable energy systems. Most well-known power
conversion topologies are voltage mode, not current mode. Current mode converters are more
appropriate for renewable energy systems such as photovoltaic systems since solar panels are typical
current sources. The vast usage of battery as energy storage is also a current sink for constant current
mode charging. Utilizing current mode converters should be more straightforward and judicious. In
this study, a new topology for the tapped-inductor power conversion circuit family is introduced. The
proposed topology has been investigated thoroughly based on theories, simulations and experiments.
The boost version is examined as an example to downstate the performance. A detailed comparison
with the conventional boost current converter is conducted in this paper.

Keywords: tapped-inductor; current converter; boost converter; current based system

1. Introduction

Fossil fuels are going to be exhausted. Seeking other energy resources should be
unavoidable. Sustainable energy resources should be the most desirable resources for
us. Renewable energy resources are the good choices for us. Wind and Solar Energy
resources are the most popular resources [1-4]. Some countries have planned to use the
renewable energy resources to replace the fossil fuels [5-10]. Boost converters act a major
role in the renewable energy systems [11-16]. It can raise the input voltage to meet the
output needs since the renewable energy resources such as photovoltaic panels provide
low voltage normally from 12 V to 24 V. Hence, a high efficiency, high gain and simple
construction boost converter topologies have been demanded. Tapped-inductor boost
converter is one of the topologies which has high voltage gain, high efficiency and simple
structure [17,18]. However, most of researchers have been working on the voltage mode,
rather than current mode. Current mode boost converters are in fact very useful. Some
renewable energy resources and loads are typical current sources not voltage sources. For
instance, photovoltaic panel is a typical current source. Using current mode converter to
convert the current source is the most directly and efficiently. The current mode converter
also can act as a motor torque controlled driver since the motor torque can be changed
by the armature current in proportion. Furthermore, the current mode converter can be
used to form an LED driver since the brightness of the LED is altered in proportional to the
input current. Except for the Tapped-inductor boost converter topology, many different
types of the boost converters topologies have been explored for researchers in recent years
such as Switched capacitor, Switched inductor and Cascaded. All these topologies have
their pros and cons. Also, different topologies have their proper applications.

1.1. Switched Capacitor

Switched Capacitor is one of the typical techniques for boosting voltage [19,20]. The
voltage level can be stepped up by capacitive energy transfer solely and the magnetic
energy transfer is not involved. Switched capacitor topologies are very prevalent since their
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configurations have high flexibility and variability. There are many switched capacitor
topologies have been explored and investigated such as Doubler, Series- parallel and
Ladder. For Doubler switched capacitor topology [21], the output voltage is doubled with
the input voltage in all stages. For the Series- parallel switched-capacitor topology [22-24],
each capacitor is charged up the same voltage. The output voltage can be boosted by
connecting the charged capacitors together with the input voltage. The output voltage is
boosted in higher voltage level when the number of the capacitors connected in series is
increased. For the Ladder switched capacitor topology [25,26], it combine with two groups
of capacitors . This topology can attain different voltage gains. The switched capacitor
boost converters have a lots of advantage, they boost the output voltage by capacitive
energy, not inductive energy. Hence, this type of converters can be compacted in size and
of lightweight. Also, most of the switched capacitor topologies have high flexibility and
variability. It can reach wide range of voltage gain by different number of the capacitors to
be combined together. However, the Switched capacitor topologies have high transient
current. This increases the switches current stress and sophisticated components should be
affected. Switched capacitor boost converter is used for the high voltage applications.

1.2. Switched Inductor

Active switched inductor boost converter consists of two active switches in the active
switched inductor module. There is not necessary equipped with external switch in the
converter circuit. The improved active switched inductor boost converter can acquire high
voltage gain by adding a pair of diodes and capacitors in the circuit [27]. It also can reduce
the voltage stress on the switches. In literature [28], Quasi active switched inductor with
coupled inductors was introduced. The advantages for adding coupled inductor are that
it can obtain high voltage gain with less stress to the switches. Moreover, the voltage
gain can be altered by the turns ratio of the coupled inductors. Switched inductor boost
converters can be used as Mid-range DC/DC converters. They are not suitable for the high
power applications.

1.3. Cascaded

Another technique which is popular for use to boost the voltage is cascading. The
main idea for this type of the boost converter is required to connect two or more units of
boost converters in cascaded [29,30]. Quadratic boost converter is a classic example for the
cascaded boost converter which is formed by two boost converters in the cascaded [31-33].
The first step converter with the voltage stress is lower when compared with the second
step of the converter. Hence, the first step converter is conducted relatively longer period.
On the other hand, the duty ratio of the second phase converter is less in order to reduce
the switching loss. The quadratic boost converter can provide a wide range of voltage gain.
However, the duty cycle only can change slightly. The quadratic boost converter also can
combine another type boost converter to form a Hybrid cascaded boost converter such as
combining the quadratic boost converter with voltage multiplier [34,35]. This can boost the
voltage gain of the converter to be sufficient for the high voltage applications. The major
advantage of this type converter is that it can achieve high voltage gain and be capable for
high power performance. Thus, this converter type is appropriate to HVDC transmission.
But, this kind of converters is comparatively expensive and heavy since their structures are
complex and consist of a lot of components.

1.4. Tapped Inductor

Tapped-inductor boost converter can be divided into three different groups including
switched-tapped, diode-tapped and rail-tapped. Their constructions are similar, using the
same number and type of the components except for the tapping and connections of the
components are different. The major advantage of this kind of converters is that the output
voltage is mainly adjusted by the turns ratio of the tapped-inductor, not solely depends on
the duty cycle. Hence, the switching loss can be reduced. Also, the output voltage range



Energies 2021, 14, 888

30f20

can be wider. Many tapped-inductor topologies have been explored. However, researchers
have been sticked on the voltage mode studies, not current mode [36,37]. In paper [38],
the double tapped-inductor boost converter was introduced. This topology improved the
basic tapped-inductor voltage conversion ratio. It can reduce the turns ratio of the tapped-
inductor but the voltage boosting capability can remain unchanged. Tapped-inductor boost
converter is suitable for the Photovoltaic systems. This kind of converters has features
of high variability and wide output range [39,40]. The new proposed tapped-inductor
boost converter has high current conversion ratio and efficiency. It is more appropriate for
Photovoltaic systems, motor torque and LEDs drivers.

2. Family of the Tapped-Inductor Current Converters

The DC/DC converters can be divided into three different groups including Buck,
Boost and Buck-Boost converters. All of them have different functions and configurations.
The Buck converter is used to step down the input current and the Boost converter is
responsible to boost the input current. The Buck-Boost converter can be used for stepping
down or up the input current base on the duty ratio of the switch S, has been chosen.

2.1. Tapped-Inductor Buck Current Converter

The Tapped-inductor buck current converter as shown in Figure 1 consists of two
active switches S; and S, two diodes D1 and D, a tapped-inductor including Ny and N,
Np and N are primary winding and secondary winding of the Tapped-inductor separately
and an output inductive filter L . The R is the load in the system. When the switch S, turns
on, the switch S; will turn off. The tapped-inductor includes N}, and N to be charged
up by the input current source Ij, and it provides the output current Iy at the same
period. When the switch S, turns off, the switch S; then turns on. The Tapped-inductor
will discharge to the output side to supply the output current. Hence, the output current
flows continuously.

(Iin - Iout)<Np + Ns) = Iout(Np) (1)
I (Np) = Iout(Np + Ns) (2)
N, + N,
Iin = Iout% (3)
K= _Dr @)
- Ns+Np
Iout = Klin (5)

2.2. Tapped-Inductor Boost Current Converter

This boost converter as shown in Figure 2 is combined with two active switches 54
and S, two diodes Dy and D;, an inductive filter L and a tapped-inductor including N,
and N, Np and Nj are the primary winding and secondary winding of the tapped-inductor
respectively. R is the load in the topology. When the switch S, turns on, the switch S; will
turn off. The tapped-inductor is charged up in this period and the input current source I;,
flows to the output side at the same time. When the switch S; turns on, the switch S, will
turn off. The input current I;;, and the tapped-inductor will discharge to the output side to
supply the output current [oy:.

The Tapped-inductor boost current converter has been chosen to be the representative
in this paper since the proposed system is intended to be used in photovoltaic system.
Boost current converter is more proper. The detail configuration and operation of this new
proposed topology were shown in Section 3.
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Figure 1. Tapped-inductor buck current converter topology and its operation states. (a) Tapped-
inductor buck current converter topology; (b) S, in on-state and S; in off-state; (c) S, in off-state and
S1 in on-state.
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Figure 2. Tapped-inductor boost current converter topology and its operation states. (a) Tapped-
inductor boost current converter topology; (b) Sy in on-state and S; in off-state; (c) Sp in off-state and
51 in on-state.

3. Circuit Description
3.1. Tapped-Inductor Buck-Boost Current Converter

The Tapped-inductor buck-boost current converter as shown in Figure 3 is integrated
by three active switches S1, S and S3, two diodes D; and Dy, an active filter L and a
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tapped-inductor which is combined with a primary winding N, and a secondary winding
Ns. The R in the circuit represents the load of the converter. When the S turns on, the S3
will turn off. The tapped-inductor will be charged up and the output inductive filter L will
discharge to supply the output current Iyt. When the S, turns on, the S; will turn off. The
tapped-inductor will discharge to charge up the output inductive filter. The charging time
depends on the conduction time of the switch S;. Hence, this converter can be used as
buck or boost current converter.

Iin(Np + Ns) = Iout(Ns) (6)
N, + N
Iout = Iin% (7)

Using the Duty ratio D of the switch S; to alter the operating mode of the converter

Np + N,
Lout = Iin%(D) (8)
S
where the duty ratio of the switch S, is D
N,
K=—2%_ 9
Np + Ns ©)
Np + N,
Tout = Iin¥D (10)
s
1
Iout = Iln(m)D (11)

3.2. Conventional Boost Current Converter

The conventional boost current converter as shown in Figure 4 has a simple construc-
tion [16]. It consists of one active switch Sj, an input capacitor C;, a diode D; and an
output inductive filter L. The Ij; is the input current source. The output current Iyt is
solely controlled by the Duty ratio. Therefore, the range of the current conversion ratio
is comparatively narrow. The switching loss increases significantly when the duty ratio
increases. This is the major disadvantage of this kind of boost converter. The R., R;s and
Ry are assumed to be neglected in the simulations. Table 1 shows the parameters used in
the simulation.

Lin
— Ss

1y

- (®

Tout

Figure 3. Cont.
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Figure 3. Tapped-inductor buck-boost current converter topology and its operation states. (a) Tapped-
inductor buck-boost current converter topology; (b) S; in on-state and S; in off-state; (c) S; in off-state
and S, in on-state.

S, is on-state,

AQ =1t (12)
AQon - ITon (13)
AQon = (Iin - Iout)(l - D)(Ton) (14)
S4is off-state,
AQ =1t (15)
AQoft = ITof (16)
AQost = (Iin)(DT) (17)

The charges of the capacitor charging up should be the same as the discharge,

AQon + AQoff =0 (18)
(lin = Iout) (1 = D)(T) + Lin(DT) = 0 (19)
Iin - Iout + IoutD =0 (20)
Iin = Iout(l - D) (21)
Lot 1
In 1-D 22

When the Switch S is in off-state, the capacitor C; will be charged up by the input
current source Ijn. The output inductive filter L will discharge to the output load R, so that
the output current [y can be kept to flow continuously. When the switch S; is in on-state,
the capacitor C; will discharge and the output inductive filter L will be charged up by the
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discharge current from the Capacitor C; with the Input current source I;,. These currents
also supply to the Output loading R at the same time. Hence, the output current oyt is
continuous even the switch is turned off.

Table 1. Parameters used in simulation—Conventional boost current converter.

Duty Ratio 0.1-0.9
Load R (Q2) 5
Capacitance C (uF) 30
Inductance L (mH) 1.53
Iin Tour
B S ——— Iin S Iout
15T — ! —
L
YoMk | f '
bl 5 Tr0 L
D:
R R
a - b
Iin S Iour
— ! —

llm TIGM L
. <¢> =G

C
Figure 4. Conventional Boost current converter topology and its operation states. (a) Conventional
Boost current converter topology; (b) S in on-state; (c) Sj in off-state.

Figure 5 shows the current gain of the conventional boost current converter, the current
gain is mainly depending on the duty ratio. Thus, the current gain will decrease when the
duty ratio is decreased. On the other hand, the current gain will increase when the duty
ratio is increased. The switching loss is high during the high current gain. But this loss
cannot be avoidable if the high voltage output is needed.

10.00

8.00

0.00
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Duty ratio

Figure 5. Characteristic of the Conventional Boost current converter, the Current gain with duty
ratio of conventional boost current converter.
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3.3. Tapped-Inductor Boost Current Converter

The introduced tapped-inductor boost converter topology as shown in Figure 6
consists of two active switches S1 and Sy, a tapped-inductor consisting of primary winding
Np and secondary winding N, two diodes D; and D5 and an output inductive filter L. This
new topology has a wider output current range when compared with the conventional
boost current converter since the new topology adjusts the output current mainly based on
the turns ratio, not duty ratio. Therefore, the current conversion ratio can be broadened
when compared with the conventional boost current converter. Theoretically, the switching
loss is reduced even under the same current conversion ratio of the conventional boost
current converter. The Rys1, Rgs2, Rnp, Rns and Ry, are the parasitic components which are
considered and involved in the simulations.

When the Switch S, turns on, the tapped-inductor will be charged up by the input
current source Ii, and Ii, also supplies the current to the output side at the same time.
When the Switch S; turns on, the Switch S, will turn off. The [, will combine with the
discharge current from the tapped-inductor to supply the output load R. Moreover, the
output inductive filter L will be charged up at the same time. Hence, the output current
Iout is kept to flow continuously.

Lin(Ns + Np) = Ip(Np) (23)
Ns + Np
p=lin—5— (24)
in Np
N
K=__ P (25)
Ns + Np
1
Ip = linge (26)
Iin + Ip = Iout (27)
1
Lin + IinK = lout (28)
1
Iin(l + R) = Iout (29)
Iout _ 1
=Ty (30)

Based on above listed Formulas (23)—(30), it is observed that the tapped-inductor boost
current converter changes the current gain mainly by turns ratio of the tapped-inductor
rather than the duty ratio of the switches. The switching losses are analyzed to be reduced
since this new topology providing comparatively higher current gain even the duty ratio of
the switches are kept in low. By the results from the theories, simulations and experiments,
it can be observed that the output current range of the tapped-inductor boost current
converter is slightly wider than the conventional boost current converter. Moreover, the
tapped-inductor boost converter can keep the efficiency at above 90% along with the
entire range of the turns ratios. Hence, the new introduced tapped-inductor boost current
converter can provide high current gain under a high power conversion efficiency and
with the simple construction.

The tapped-inductor boost current converter is simulated and investigated. The param-
eters used is shown in Table 2. Figure 7 shows that the current gain of this new topology can
achieve more than 10 times of the input current I;;, when the turns ratio (K) was adjusted
to 0.1. The minimum current gain of the new proposed topology can achieve 2 times of the
input current [;, when the turns ratio (K) is changed to 0.9. This current gain is slightly
higher than that of the conventional boost current converter.
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Figure 6. Tapped-inductor Boost current converter topology and its operation states. (a) Tapped-
inductor Boost current converter topology; (b) S is in off-state and S, is in on-state; (c) Sp is in
on-state and S, is in off-state.

12.00

10.00

0.00
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
Turns ratio (K)
Figure 7. Current gain with turns ratio of Tapped-inductor boost current converter.

Table 2. Parameters used in simulations—Tapped-inductor boost current converter.

Load R () 5
Switching frequency (kHz) 100
Turns Ratio of the tapped-inductor 0.7
Output Inductive filter L (mH) 1.53

Figure 8 shows that the new introduced tapped-inductor boost current converter
with parasitic components consideration. In this topology circuit, Ry, and Ry; are the
equivalent series resistance (ESR) of Primary winding N, and Secondary winding Ny
respectively. The Rys1 and Ry, represent the on-state resistances of the active switches S;
and S, respectively. The Ry, represent the ESR of the Output inductive filter L. The V¢ p;
and Vr py are the maximum forward voltage drop of the Diodes D; and D, separately. The
detailed parasitic components parameters are listed in Table 3.
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Table 3. Parasitic components used in simulations—Tapped-inductor boost current converter.

Rjs1 (mQY) 58
Rjsp (mQY) 58
Ryp (Q) 0.4
Rys () 0.2
Rp (O)) 0.1
vP,Dl (V) 0.5
UF,DZ (V) 0.5
“ﬂ_" Rds1 S |

Re

w (D

Rdsz

Figure 8. Tapped-inductor boost current converter topology with parasitic components

4. Experimental Results
4.1. Tapped-Inductor Boost Current Converter

Figure 9 shows that the Tapped-inductor Boost current converter consists of two active
switches, a tapped-inductor, two diodes and an inductive output filter. Table 4 shows the
parameters. These two switches operates in pair. When the switch S; turns on, the switch
Sy will turn off and vice versa. This simple construction can achieve wide output current
range and high efficiency in whole conversion range. Simplified circuity can accomplish
the less power loss. The output current ripple size, current conversation ratio, efficiency
and loading effect are analyzed in details in this paper. The detailed comparison with the
conventional boost current converter is also investigated in this paper.

Table 4. Parameters used in experiments.

Duty Ratio 0.1-0.9

Load R (O)) 5

Switching frequency (kHz) 100
Turns Ratio of the tapped-inductor 0.7
Primary inductance, Np (mH) 62
Secondary inductance, N (mH) 3

Output inductive filter (mH) 1.53
Switches S1,R 51 (mQY) 58
Switches Sy,R45 (M) 58

Figure 10a,b shows that when the gate voltages applied to the switches, the switches
turned on. Therefore, the drain voltages of the switches dropped to the minimum values.
In the other hand, when the gate voltage did not apply to the switches, the switches turned
off. The drain voltages of the switches increased to the maximum values. In Figure 10c, it
shows that switch S; and S, are operated in pair. One switch turns on, another switch will
turn off.
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Figure 9. Tapped-inductor Boost current converter topology.

4.2. Conventional Boost Current Converter

The conventional Boost current converter, as shown Figure 11, is formed by one
capacitor, one active switch, one diode and an inductive filter. The output current ripple
size and power conversion efficiency are compared in detail with the new topology in this
paper. Table 5 shows the parameters used.

Table 5. Parameters used in experiments.

Duty Ratio 0.1-0.9
Load R (Q)) 5
Switching frequency (kHz) 100
Capacitor C (uF) 30
Output inductive filter L (mH) 1.53
Tek Aps Tria'd M Pos: 0,000s MEASURE
+
Io .
v _"\_/(351 s i i

; 1 , 36Y

ﬂll '~ Vbst q ri CHo

| 1 J M Min
."M l | L rl b1 I Il 1? J - | ;III-IIIII

I CH3
Mean

2.224

CH2 100V M 5.00us
CH3 S00rnA 20-May-139 14:38
a

Figure 10. Cont.
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CH2 100V M S5.00us
CH3 500ma 20-May-19 15:07
b
Tek Al Trig’d M Pos: 0.000s MEASURE
+
Vas1 |
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o :r""J }‘J _"J =3.20%
CH3 Off
Duty Cyc
CH2 10.0% M 5.00us
CH2 vertical position =232 divs (-23.2)

C

Figure 10. Measured waveforms of the experimental of the tapped-inductor boost current converter.
(a) Top trace: Iout (5 us/500 mA/div); middle trace: Vg of Sy switch (5 us/20 V/div); bottom
trace: Vpg of S1 (5 us/100 V/div); (b) Top trace: Iout (5 us/500 mA /div); middle trace: Vgg of S,
switch (5 us/20 V/div); bottom trace: Vpg of Sy (5 us/20 V/div); (c) Top trace: Vgg of S; switch
(5 us/10 V/div); bottom trace: Vpg of Sp (5 us/10 V/div).

s,
141
1
L
L(})
T- ¢ D
R

Figure 11. Conventional boost current converter topology.

4.3. Current Conversion Ratio of Tapped-Inductor Boost Current Converter

Based on the Figure 12a experimental results, we observe that the current conversion
ratio is around 2.2 times along with the duty ratios. This matches with the simulated results
in Figures 7 and 12a. Also, the experimental results agree with the Formulas (23)—(30). The
new topology converts the output current mainly relying on the turns ratio of the tapped-
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inductor instead of the duty ratio of the switches. Hence, the current gain can remain stable
and reliable even the value of the input current is changed. Moreover, based on Figure 12a,
it can show that the current gains of the experiments and simulations have a similar trend.
The effect of the input current [j, is also investigated and shown in Figure 12b. Based on
the Figure 12b results, it is observed that the values of the I, does not affect the current
gain of the converter significantly. The current gain of the Tapped-inductor converter only
changes slightly when the I, is changed. Moreover, the trend of the current gains changing
were similar even they have different input currents. This can show that the performance
of the new introduced converter is stable even under different input currents.

3.50
3.00

2.50

= /,,rv—""'i':i:r — —i
v= 2,00 =
<
=)
(=1
1.50
1.00 —
—=—Experimental results
0.50 -
—+—Simulated results
0.00
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Duty ratio
a
3.0 . .
lin=1A lin=2A

2.9

2.8

27 Tin=3A Tin=4A
=26
=
~ 2.5

=24 .
23 / \\
22 .

21 /

2.0 =
01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Duty ratio
b

Figure 12. Analysis the current gain of the Tapped-inductor boost current converter with duty ratio.
(a) Comparison of the current gain in between the simulated results and the experimental results
(Iin =1 A and R = 50); (b) Simulated results of the current gain with different input currents.

4.4. Comparison of Power Conversion Efficiency

Figure 13a shows that the power conversion efficiency of the tapped-inductor boost
current converter can keep around 95% with duty ratio from 0.35 to 0.85. The range of duty
ratio less than 0.35 and over 0.85 is not practical for real converters. The power conversion
efficiency of the tapped-inductor was much higher when compared with the conventional
boost current converter. The maximum power conversion efficiency of the conventional
boost current converter can only acquire around 80% using the same design. Hence, it
can be observed that the power conversion efficiency of Tapped-inductor boost current
converter is much higher than that of the Conventional boost current converter. Figure 13b
shows the theoretical behaviour which the loss and thermal variation of equivalent re-
sistance of the capacitors and inductors has not been taken into account. Based on the
Figure 13b results, it is observed that the tendency of the experimental and simulated
results of the conventional boost and tapped-inductor converters are similar. Moreover, the
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experimental results only are slightly different from the simulated results because the loss
in simulation has not considered all the passive losses. The input current I;,, effect has also
been investigated in this paper. The Tapped-inductor boost current converter is simulated
under different input current I;, to explore the variation of the power conversion efficiency
of the Tapped-inductor converter. Figure 13c shows that the power conversion efficiency
has not been changed significantly even the I;, is changed along with in the range from 1
to 4A. Moreover, the power conversion efficiency remains above 90% with the Ij, changed
along from 1 to 4A.
The ohmic power losses in MOSFET S and S, are given as

Ps1 = IPsirms)Rast (31)
Pgy = Poyrms)Ras2 (32)

here, the Ry;1 and Rys are the MOSFETs ON resistances for S; and S respectively. Hence,
the total power loss in the MOSFETs S; and S can be shown as

Pg = Pgy + Psp (33)

Moreover, the power loss associated with the forward voltage drop of the Diode D,
and D, are given as

Pygp1 = Vep1Ipiave) (34)
Pygp2 = Vep2Ip2(ava) (35)

the Vr p1 and VF pp represent the forward voltage drop of the Diode D; and D; respectively.
Using (23) and (24), the total power loss in Diode D and D; can be expressed as

Pp = Pygp1 + Pvem (36)

The power losses in inductors can be expressed as

Pnp = INpRMS) RNp (37)
Pns = PPnsrms)Ris (38)
Pr, = IRy rms)RL (39)

here, Ry, and Ry are the resistance of the Tapped-inductor and Ry is the resistance of the
inductive filter. Hence, the total power loss in converter can be shown as

Ploss:PS+PD+PNp+PN5+PL (40)

where Ps is the MOSFETS losses, Pp is the diodes losses, Py is the primary winding loss of
the tapped-inductor, Py; is the secondary winding loss of the tapped-inductor and Py is the
output inductive filter loss. The Tapped-inductor boost current converter is affected by the
power losses in the semiconductors and the passive elements. The analysis is simplified by
considering semiconductor conduction losses and parasitic resistance losses. The efficiency
is calculated by

Pin — Poss

— —in_"loss 100 41
1 P (41)

where the P, is the input power.
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Figure 13. Comparison of power conversion efficiency. (a) Compared with the experimental results
of the Conventional and Tapped-inductor boost current converters under I;;, =1 A, R =5 (); (b) Com-
pared with the simulated results of the Conventional and Tapped-inductor boost current converters
under [j, =1 A, R =5 ; (c) Compared with the simulated results with different input currents I,
withR=5 Q.

4.5. Comparison of Output Current Ripple
The percentage of the output current ripple I, ripple

Io Io,max - Io,min % 100

ripple — (42)

I o,avg

Figure 14a,b shows that the tapped-inductor boost current converter obtained less
output current ripples along with the duty ratio from 0.35 to 0.85 when compared with the
conventional boost current converter. Figure 14a,b shows that the new topology maintained
the output current ripple I, ;ipple below 10% with the duty ratio range from 0.35 to 0.85.
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However, the conventional boost current converter did not succeed as the Figure 14a
shown. The output current ripples of the conventional boost current converter are higher
than the new introduced topology under some duty ratios as the Figure 14a The maximum
output current ripple of the conventional boost current converter reaches nearly 15% when
the duty ratio at 0.35 as Figure 14a shown. This can show that the performance of the
Tapped-inductor boost current converter is much better than the conventional boost current
converter. In Figure 14a,b, the experiments and the simulations for investigating the output
current ripples of the Tapped-inductor boost current converter have been conducted. The
results can show that the experimental results are close and similar to the simulation results.
Although the simulated results are slightly different from the experimental results because
the passive components” ESR has not been considered. The simulation also extends the
range to 0.1 and 0.9 because the simulation can test the extreme duty ratio such as around
0.1 and 0.9 where the experiment cannot. The tendency of the curves is similar for all cases.

4.6. Loading Effect

In this section, the loading effect of the new topology is examined including the output
current ripple and current conversion ratio. All the parameters for the experimental setup
were remain unchanged except for the case that the loading of the converter was changed
to 10 (). Table 6 shows the parameters used. Figure 9 shows the circuit used for the test.

Table 6. Parameters used in experiments.

Duty Ratio 0.1-0.9
Load R (Q2) 10
Switching frequency (kHz) 100
Turns Ratio of the tapped-inductor 0.7
Primary inductance, N P (mH) 62
Secondary inductance, Ns (mH) 3
Output inductive filter L (mH) 1.53
Switches S1,Rj51 (mQY) 58
Switches Sy,R 50 (mQ)) 58
40.0
35.0
30.0
& 25.0
=
£ 20.0
- Conventional
= 15.0 i
Tapped-inductor
10.0
5.0
0.0
0.35 0.45 0.55 0.65 0.75 0.85
Duty ratio
d

Figure 14. Cont.
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Figure 14. (a) Compared with the experimental results of the Output current ripples of the Conven-
tional and Tapped-inductor boost current converters under Ij, =1 A and R =5 ); (b) Compared with
the simulated results of the Output current ripples of the Conventional and Tapped-inductor boost
current converters under Ij, =1 Aand R=5 Q.

Figure 15a,b show the loading effect for the Tapped-inductor boost current converter.
Figure 15a shows the experimental ripple at a fixed input current and output resistance.
The ripple is around 10% to 20% that is acceptance for practical conversion. In Figure 15b,
we observed that the current conversion ratio only had slightly changed even the output
loading is doubled. These results can match with Formulas (23)—(30), the current conversion
ratio depends on the turns ratio of the Tapped-inductor mainly. In the other words, the
tapped-inductor boost current converter can remain the current conversion ratio in stable
even the input current I, or the loading R is changed.

70
60

50

)
S
3 40
=3
e
= 30
S
o
20
. W—‘_.
0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Duty ratio
a

Figure 15. Cont.
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Figure 15. Experimental and simulated results of Tapped-inductor boost current converter with
loading effect analysis. (a) Output current ripple of the converter under I;, =1 A and R =10 Q; (b)
Current conversion ratio of the converter with different I;,.

5. Conclusions

This paper has introduced a new topology for the Tapped-inductor boost current
converter. The analysis has been thoroughly studied according to the theories, simulations
and experiments. The current conversion ratio, output current ripple, power conversion
efficiency, and the loading effect for this new topology have been investigated in this paper.
The parasitic components of the new introduced topology have been also considered and
analyzed. Based on the experimental results, it can show that the proposed converter can
achieve high efficiency above 95% with the range of the duty ratio from 0.1 to 0.9. Moreover,
the converter can keep the output current ripple at less than 10% of the average value in
the range of the duty ratio under normal loading. The experimental results have also been
compared with the simulations and the theories. A detailed analysis in both simulations
and experiments between the introduced topology and the conventional boost current
converter have been conducted. The analysis shows that, based on the output current
ripple I, ripple, current conversion ratio and power conversion efficiency, the performance
of the new proposed topology is highly preferable. The new introduced Tapped-inductor
boost current converter not only has a simple construction, but also it has high efficiency,
wide output range and good output performance. This new topology is suitable for the
Photovoltaic systems to boost the output current from the solar array directly. This is a
direct method since the solar array is a typical current source. The tapped-inductor boost
current converter with high efficiency and wide output range is useful for the solar system
needs. It also provides a simple control of the current and direct current mode control
instead of a current loop. The proposed circuit can be used as a fast current mode controller.
Furthermore, it can be used as the current sink applications such as LED driver and the
motor torque driver.
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