Aalborg Universitet AALBORG

UNIVERSITY

A comprehensive analysis and hardware implementation of control strategies for high
output voltage DC-DC boost power converter

Padmanaban, Sanjeevikumar; Grandi, Gabriele; Blaabjerg, Frede; Wheeler, Pat; Siano,
Pierluigi; Hammami, Manel

Published in:
International Journal of Computational Intelligence Systems

DOl (link to publication from Publisher):
10.2991/ijcis.2017.10.1.10

Creative Commons License
CC BY-NC 4.0

Publication date:
2017

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Padmanaban, S., Grandi, G., Blaabjerg, F., Wheeler, P., Siano, P., & Hammami, M. (2017). A comprehensive
analysis and hardware implementation of control strategies for high output voltage DC-DC boost power
converter. International Journal of Computational Intelligence Systems, 10(1), 140-152.
https://doi.org/10.2991/ijcis.2017.10.1.10

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.


https://doi.org/10.2991/ijcis.2017.10.1.10
https://vbn.aau.dk/en/publications/3d715ec5-43f6-4fcf-8224-3a6acc139873
https://doi.org/10.2991/ijcis.2017.10.1.10

Downloaded from vbn.aau.dk on: December 04, 2025



ATLANTIS
‘ PRESS International Journal of Computational Intelligence Systems, Vol. 10 (2017) 140-152

A Comprehensive Analysis and Hardware Implementation of Control Strategies for High Output
Voltage DC-DC Boost Power Converter

Sanjeevikumar Padmanaban " Gabriele Grandi, Frede Blaabjerg 3 Pat Wheeler*, Pierluigi Siano 5 Manel Hammami’

! Department of Electrical and Electronics Engineering, University of Johannesburg, Auckland Park,
Johannesburg, South Africa
Email: sanjeevi_12@yahoo.co.in

? Department of Electrical, Electronic, and Information Engineering, Alma Mater Studiorum 1088AD, University of
Bologna, 40136-Bologna, Italy
Email: gabriele.grandi@unibo.it, manel. hammami2@unibo.it

3 Department of Energy Technology, Aalborg University, Pontoppidanstraede 101, 9220-Aalborg, Denmark
Email: fbl@et.aau.dk

* Power Electronics, Machines and Control Group, Department of Electrical & Electronics Engineering, Nottingham
University, NG7 2RD-Nottingham, United Kingdom
Email: pat.wheeler@nottingham.ac.uk

’ Department of Industrial Engineering, University of Salerno, Fisciano, Salerno, Italy
Email: psiano@unisa.it

Received 6 November 2015

Accepted 2 September 2016

Abstract

Classical DC-DC converters used in high voltage direct current (HVDC) power transmission systems, lack in terms of
efficiency, reduced transfer gain and increased cost with sensor (voltage/current) numbers. Besides, the internal self-
parasitic behavior of the power components reduces the output voltage and efficiency of classical HV converters. This
paper deals with extra high-voltage (EHV) dc-dc boost converter by the application of voltage-lift technique to
overcome the aforementioned deficiencies. The control strategy is based on classical proportional-integral (P-I) and
fuzzy logic closed-loop controller to get high and stable output voltage. Complete hardware prototype of EHV is
implemented and experimental tasks are carried out with digital signal processor (DSP) TMS320F2812. The control
algorithms P-I, fuzzy logic and the pulse-width modulation (PWM) signals for N-channel MOSFET device are
performed by the DSP. The experimental results provided show good conformity with developed hypothetical
predictions. Additionally, the presented study confirms that the fuzzy logic controller provides better performance than
classical P-I controller under different perturbation conditions.

Keywords: DC-DC boost converter, proportional-integral (P-I) controller, fuzzy controller, voltage-lift technology,
HVDC power converter.
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1. Introduction

Traditional DC-DC boost converters widely utilized for
high voltage direct current (HVDC) power transmission
systems, transportation, electric vehicles (EVs) and hybrid
electric vehicles (HEVs) applications [1-4]. But, the issues
are persisting by the experimental study [3]. The EVs that
are supplied by 42V batteries or storage devices require
around 300V during start-up. Hence, the transient is
increased for the DC-DC converter. Numerous topologies
are proposed to meet the HV requirements, but almost all
of them suffer deficiencies [1], [4-6]. A transformer-less
DC-DC boost resonant converter topology with four
switches in full-wave structure was investigated [7].
However, the switching frequency is limited up to 10 kHz
in order to decrease the switching losses, but efficiency is
limited [7]. Further, the converter topology that operates
in cascaded structure of six MOSFETs was proposed to
over HV requirements. But, which require a complex
control algorithm to yield high voltage output [8].
Alternatively, the transformer based topologies to obtain
HV gain with increased number of switches also was
developed [9-10]. In this case, the transformer causes
bulky structure and increased high-cost of the overall
topology. Furthermore, the literature survey on HV DC-
DC converters concludes that above topologies are
drastically suffered by the reduction in gain and reduced
output voltage. Approach by increased switch numbers
make the control strategy much more complex that further
causes lesser efficiency and increased costs [11-15].

To overcome these stated deficiencies, DC-DC converter
with integrated voltage-lift techniques is recommended.
The voltage-lift technique provides a staircase increment
on output voltage by geometrical progressions [16-18].
Extra HV (EHV) DC-DC boost power converter which is
obtained from the modified version of the classical buck.
Power circuit is constituted with voltage-lift technique by
including some additional passive (inductor/capacitor)
components. Owing to its simple control algorithm and
higher gain on output voltage [16-18].The performance of
the proposed EHV power converter adds the advantages
as below [11-12], [18]:

= Increased output voltage-gain (k) ratio
= Simpler in control algorithm with wide range of
operation
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= Reduced ripple level at the output voltage and
current

= Increased power density with efficiency

= Closed-loop controller requires only one sensor
(voltage feedback) for investigated controlling
aspects P-I and fuzzy logic

The hardware prototype of EHV DC-DC boost converter
is implemented with a digital signal processor (DSP)
TMS320F2812 platform. The main contribution of this
study focused on simple development of the control
strategy based on P-I and fuzzy logic controllers for its
comparative performances under different line/load
regulation conditions. The TMS320F2812 processor
performs the closed-loop control algorithm of P-I and
fuzzy logic, and PWM generation for N-channel
MOSFET. The experimental results presented closely
match with the analytical predictions.

This research manuscript is articulated here in below.
Section 2 describes the circuit configuration of EHV boost
power Analytical developments during
operational mode are elaborated in section 3. The
characteristic of the converter configuration along with
power loss calculation are given by section 4. Further,
theoretical background and practical implementation are
discussed in same section 4. Proposed control scheme
based on P-I and Fuzzy Logic algorithm are illustrated in
detail by section 5. Hardware prototype implementation
using DSP processor and complete set of experimental
results are presented in the section 6. Real time results are
presented with different perturbation conditions along
with theoretical background in the same section. Finally,
the conclusions of this article are given by section 7.

converter.

2. EHV Boost Power Circuit Configuration

Fig. 1(a) shows the extra high voltage (EHV) DC-DC
boost converter circuit. The load voltage (V,), load
current (ip), the supply voltage (V;), supply current of the
power circuit (i;) are depicted in the same Fig. 1(a). It
consists of an N-channel MOSFET as static switch S, and
diodes (D, Dy, ..., D;;). The voltage-lift circuit is obtained
by inclusion of additional capacitors (C, Cy, C;, ..., C,)
and inductors (L, Ly ..., L3 to the existing circuit. The
voltage-lift gain is actually obtained by the capacitors (C,,
Cs, C4), where the capacitor voltage V¢ is built-up by four



ATLANTIS
‘ PRESS International Journal of Computational Intelligence Systems, Vol. 10 (2017) 140-152
A Dy, Vc+ D; iry
JT 2 R W
Dy : VCZ+ 8 0
.% )l—! I'LI E l
] L
+|; By W, T2 C: ’
1 ol 3
S | - ;] G ELZ # D Vv ++C ’ C §+
c1 7 =0y R, Vp
-'</ L Dy t ; L - . A
Ve,
5 LI
4
l L D, *D, D,
\) Dy Ve D, irg Ve 7]
3 A 3= — .
Dy; ohe ¢ Lo Vo Ly Iy
[ — e i - OF l
o Dy [‘/IU iz| G L 2| G Ly I
i ’CI'; L, ol + i + sk L+
ey T . D Vaikc = Cy V€ =G ::Rr Vo
_0“_ Dyy l Ls & 2 4 i <
1
Cy
l EL D, |D; D;
(b) (©

Fig. 1. (a) Topology of extra high voltage (EHV) dc-dc boost power converter circuit; (b) Equivalent power converter circuit when
switch turned ON; (c) Equivalent power converter circuit when switch turned OFF.

times (transfer gain ratio) of the battery input voltage V;
(Vco=V¢;). In continuous conduction mode, it is assumed
that all components are ideal, capacitors are large enough.

3. Analytical Prediction of Operating Modes

The first interval when the switch S is turned ON,
corresponding equivalent circuit is shown in Fig. 1(b)
with voltages and currents direction. The instantaneous
input current (i;-source current) gets equal to sum of all
capacitor and inductor currents, except ico and ic;. The
load current (ip-load) flows depending to the sum of the
battery supply voltage V; and the capacitor voltage V.

Now, the capacitors C,, C;, and C, are charged by the
input voltage and all inductor currents which lead to first
prediction of investigation are increased at this interval.

The corresponding equivalent circuit when switch S is
turned OFF is shown in Fig. 1(c) along with voltages and
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currents direction. The instantaneous input current (i;-
source current) equals to zero at this interval. The voltage-
lift part that is located on the left-hand side of capacitor C
(L, Ly, L; and L), and inductor store the energy, while C,
C; and C, capacitor discharge the stored energy.
Corresponding directions that are leading to charge the
capacitor C are shown in the Fig. 1(c). The current iy
flows through the load over the inductor and decreases the
current with all the inductors which leads to second
prediction of investigation. In steady—state, the average
inductor voltage is zero, leading to:
Veo="Vo M

The circuit voltages will be the same when switch S is
turned ON:

Vo=V =V~ VY, (@)
that also yields:
Vo=Ve, = VetV 3)
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It should be noted that the inductor current /; is increased
when the switch S is turned ON and is decreased during
switch S is turned OFF. The voltage components V; as
well —V;_orr, which predicts that the voltages across the
inductor L are expressed as follows:

KTV, = (1-k) TV, oy
Vyomr = [(1-K)] V,

4)
)

The voltages across inductors (L;, L, L;) are determined
as the following:

Vivorr = [K(1-K)] V,

Vysome = (KA-K)] V,

L2-OFF

Visorr = [K(1-K)] V,

Fig. 1(c) provides the analytical prediction of the
capacitor voltage V. and output voltage V,as:

V.=V

c” Vecorr™

4 +VL1-0FF

L-OFF

+V +V

Vot VstV
V.= k(1K) V, + 3V,

Again from Eq. 3,

V,=VctV,
V= [4/(1-k)] V,

L2-OFF

L3-OFF

(6)
(7
(®)

)

(10)

(11)
(12)

then, gain transfer ratio of output current and voltage are

Table 1. Comparative performances emphasis the proposed
with classical dc-dc boost power converter.

Output

YP f) (Amps)
Classical _ o '
Converter 0 [KA-R]V,  iy=[(1-k/K] i,
Proposed _ l .
Conr\)/erter Vo= [#/1-R] V, iy=[(1-kA] i,

Table 2. Simulation parameters taken for investigation.

Parameter Value
Input Voltage ) 10V
Inductance (L) 100puH
Capacitance © SuF
Load Resistance (R) 44 ohms
Duty Ratio k) 2/3
Switching (Fsw) 50 KHz
Digital Processor DSP TMS 320F2812
N-channel (IRFPC6  Vpgs= 600V,
MOSFET 0) RDS(()N): 0409,

Ip=16A

ip = [(1))/4] i,
M, = 4/(1-k).

Finally, the average voltages and currents are predicted

(13)
(14)

given by: and summarized as:
Table 3. Investigated output performance indices of hardware prototype testing.

Duty Output  Output Output Input Input Input % %

Ratio  Voltage C.urrent Power Voltage C.urrent Power Efficiency Ripple
(k) (Voyvolt ()amp  (Py) watt (V) volt (i,) amp (P;) watt ()
0.1  44.24444 1.004901 44.46129 10 4466227  44.66227 99.55 0.486
0.2 49.8 1.131164  56.33195 10 5.655818 56.55818 99.6 0.478
0.3 5694286 1.293501  73.65566 10 7.391436  73.91436 99.65 0.472
04  66.46667 1.509952  100.3614 10 10.06634 100.6634 99.7 0.466
0.5 79.8 1.812982  144.6759 10 14.50385 145.0385 99.75 0.441
0.6 99.8 2.267527  226.2992 10 22.67527  226.7527 99.8 0.432
2/3 119.8 2.722 326.094 10 32.664 326.64 99.83 0.431
0.7  133.1333 3.025103  402.7421 10 40.33471 403.3471 99.85 0.431
0.8 199.8 4.540255  907.1429 10 90.80509  908.0509 99.9 0.431
0.9 399.8 9.085709  3632.466 10 363.4284  3634.284 99.95 0.431
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V.= [(3+k)/1-k)] V, (15)
Ver=Vo (16)

Ver=Ves= V=V, (17)

o= o (18)

i, = [k/(1-K)] i, (19)

iy, =i,=1i,=1i+i,=[1/(1-k)]i, (20)

4. Characteristics and Power Loss Analysis

Table 1 summarizes the comparison between the EHV
DC-DC boost converter and classical converter with
respect to voltage-lift transfer

400
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Qutput voltage
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Output transfer gain (Duty ratio k)
Fig. 2. Comparative performances emphasis the variation of duty
ratio k versus output voltage V, for the proposed power
conversion (red bar) with classical power conversion (blue bar)
unit (steady-state rated condition).
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Fig. 4. Plot showing switching loss versus inductance variation.

Accordingly, Fig. 2 proves the effectiveness of proposed
power conversion. As seen, the proposed DC-DC
converter (red bar) output voltage varies from 44.44V to
400V, while for classical one (blue bar) varies from 1.11V
to 90V when subjected to output transfer gain (duty ratio)
k=0.1 to 0.9 variation.

A complete set of performance outputs obtained from
open-loop experimental tests by considering the
parameters taken from Table 2 are summarized in Table 3.
All operating conditions (duty cycle variation k= 0.1~0.9)
the converter performed with efficiency of 99% in
experimental test with reduced ripple content of 0.43% at
the outputs is observed. Thus, the test parameters output
voltage (Vy), output current (ip) and efficiency () from
the Table 2 confirms that obtained results are very closely
matched with the theoretical background. To be noted,
that the converter produced high efficiency due to the
inclusion of additional passive (L, C) components actually
reduced several parasitic effects (L, R, C, and MOSFET
switching, conduction etc.) [21], which is proved by Eq.
12. Further literatures, the inductance parasitic effects are
neglected in DC-DC converters investigations. To attain
high efficiency the RC time constant of converter is
always compared to the switching frequency. Hence by
considering the small parasitic inductance, the results
could differ and the current is expressed as [19]:

@n

. Vo _t
i(t) =Ee RC + i,
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where, V, is the initial voltage difference between the
source voltage and the voltage across the capacitor. The
input current is given by:

R
i(t) = ige 2" cos(

_Rig 2 (22)
Yoo ~e 2L’ sin ( —+ (5) t)
5_(5) e \2L
&6
or expressed as,
R
i) = lo + f(iie, Vo)e 2" x
(23)

. , R 2 .
sm( i-’_(ﬂ) t+ (p(lint,V0)>

Where iy, i;,,, and V,, are the load current, initial current,
and initial voltage difference between the source voltage
and capacitor, respectively. The conduction loss of the
circuit is directly proportional to the square of the rms
value. Hence the conduction loss of the MOSFET is
calculated as:
Peonp. = I(%NRDS,ON (24)

Where, Iy is the drain current, Rpg oy is the drain-source
resistance of the MOSFET, in ON state. Therefore, by
multiplying Eq. 24 by the duty ratio (k) leads to average
value of the conduction loss. The switching losses of the
MOSFET are calculated by the non-zero product of drain
current (/p) and drain to source voltage (Vpgs). If the
MOSFET is assumed as ideal switch, the rise and fall time
of the current and voltage, switching loss is zero. Then,
the switching losses are determined by:

Where, Vppr is the drain source voltage, Tsw o,
Tsw orr is the time to turn ON and turn OFF state, and
Fsy 1s the switching frequency of the MOSFET. From
Table 2 and considering Eq. 24 and Eq.25, with duty ratio
k=2/3  (.eTswony = 2/3*1/50KHz, Ty opr = 1/3 *
1/50KHz) used for calculating the losses.

Fig. 3 and Fig. 4 illustrate the variation of conduction loss
and when parasitic L
changes. It could be observed that the conduction losses
are reduced dramatically at 100uH and correspondingly
the switching loss is minimal at resonant point 100uH
with inductance profile variation. Therefore this concludes
that the increasing parasitic effects of power converters
can be overcome by inclusion of additional passive
components (L and C i.e. voltage lift technique) within the
power circuit without any additional external
compensation network/circuitry [11-17], [19].

Finally, the performances obtained such as the higher
output voltage and higher efficiency, reduced % ripple,
which verifies that the proposed DC-DC converter
(hardware prototype) has a better power density factor as
per the standard [20-22]. This which in turn proves the
exact viability for parasitic compensation and suits the
high voltage industrial needs.

switching loss, respectively,

5. Control Strategies based on P-I and Fuzzy
Logic

A standard closed-loop P-I controller scheme for the

T |4 I F, T, Vv 1 F,
Poy = —28 OZF SN SW. 4 SWOIT OZFF oS (25) proposed EHV DC-DC boost converter is shown in Fig. 5.
It notably consists of one stage voltage sensor feedback
Vi
DSP TMS 320 F2812 +I I -
y ° +
Error High Voltage
Vo, rer (e) . |£ Signal PWM dc-dc Power
— Ul G(S)=Kp+(KiS) = e Comparator Driver Unit | | | Conversion Vo
“ " Unit |
PI controller Limiter - |
I
|
- |
Ramp Signal Feed back voltage |

Fig. 5. Simplified closed loop control strategy under line/load regulation using proportional-integral (P-I) control scheme.
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Knowledge
Rule Base

Defuzzification

)

(b)

Inference
Machine

Fig. 6. (a) Fuzzy logic rule based system generalized structure. Membership function of the fuzzy logic controller, (b) membership
function of error (e), (c) membership function of change-in-error (de).

obtained from the dc load voltage. It is then compared
with the set reference voltage Vy,.r to obtain the error
between reference DC bus voltage and feedback signal.
Further, the error signal is applied to the P-I controller to
compensate the available error. The manipulated signal
thus obtained from the P-I controller defines the set duty
ratio k and is compared with high frequency ramp-signal
to generate the controlled pulse-width modulated (PWM)
signal to the static switch S. The parameters (P-
proportional gain, I-integral gain) are fine-tuned to get the
set reference dc voltage under different perturbation
conditions [11-12], [23-29].

The block diagram of generalized rule based fuzzy logic
controller (FLC) is shown in Fig. 6(a), where e(k) and
de(k) denote the input error and the rate of change in the
input variables, respectively. The FLC block is composed
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of fuzzification interface, fuzzy rules, and inference and
de-fuzzification mechanism. The FLC has two inputs
which are error signal, e(k), and change in error signal,
de(k). The output, c(k), on the other hand represents the
control component to generate the switching signal for n-
channel MOSFET switch.

In the first stage, the crisp variables, e(k) and de(k), are
converted into fuzzy variables such as E(k) and dE(k)
using the triangular membership functions given by Fig.

Table 4. Matrix formulation (5x5) for fuzzy logic rules.

e(k)
de(k) NL | NS | ZE | PS | PL
NL NL NL NL NS ZE
NS NL NL NS ZE PS
ZE NL NS ZE PS PL
PS NS ZE PS PL PL
PL ZE PS PL PL PL
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Fig. 7. Simplified closed loop control strategy under line/load regulation using fuzzy logic control scheme.

6(b) and Fig. 6(c). Then, each universe of discourse is
divided into five fuzzy sets: Namely, NL (negative large),
NS (negative small), ZE (zero), PS (positive small) and
PL (positive large). Each fuzzy variable is a member of
the subsets with a degree of membership varying between
0 (non-member) and 1 (full-member) [30-32]. In the
second stage of the FLC, the fuzzy variables, E(k) and
dE(k), are processed by an inference engine that executes
a set of control rules contained in a 5x5 rule bases as
given by Table 4. These rules are designed based on the
dynamic behavior of the error signal resulting in the
symmetrical matrix. This is a general rule-based design
with a 2-D phase plane. Each rule is expressed via the
following form
Rule: If x is A and y is B then z is C.

Different inference algorithms can be used to space the
fuzzy set values for the output fuzzy variable, c(k). In this
work, the max-min inference algorithm is used, in which
the membership degree is equal to the maximum of the
product of £ and dE membership degree. The output
variable from the inference engine is converted into a
crisp value in the de-fuzzification stage. Various de-
fuzzification algorithms have been proposed in the
literature. In this work, the centroid de-fuzzification
algorithm is used, in which the crisp value is calculated as
the centre of gravity of the membership function. The
definition of the spread of each partition, or conversely the
width and symmetry of the membership functions, is
generally a compromise between dynamic and steady state
accuracy. Equally, spaced partitions and consequently
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symmetrical triangles are reasonable choices [30-32].
Complete control scheme based on fuzzy logic controller
algorithm for the EHV DC-DC boost converter is
illustrated by Fig. 7.

6. Hardware Implementation and Experimental
Results

Hardware prototype model of EHV DC-DC boost power
converter is implemented as shown by Fig. 8 and based on
parameter given by Table 2 with a digital signal processor
(DSP) TMS320F2812 [26-28]. The control strategies
based on P-I and fuzzy logic controller algorithm are
framed in DSP that also generates the controlled PWM
signal for N-channel MOSFET. The inductance and

DC-DC Boost Converter

DSP TMS 320F2812

Fig. 8. Hardware prototype module of EHV dc-dc boost power
converter with DSP TMS320F2812 processor.
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Fig. 9. P-I and fuzzy controlled output performances of EHV power converter in transient and steady-state conditions. P-I: (a) output
voltage, (b) output current. Fuzzy: (c) output voltage, (d) output current. [50v/div, 2A/div].

capacitance values of the power circuit are determined
according to the criteria of 5% output ripple requirement
as per IEEE standards [11-12], [27-29].

Fig. 9(a) and Fig. 9(b) shows the P-I controller based
experimental results of output voltage and current at the
rated conditions (set reference output voltage 120V, load
resistance 44Q) and duty ratio k = 2/3). It is observed that
the output voltage is slightly lower than the set reference
and settles at 119.8V with 1.0833% peak overshoot, with
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200mv steady state and 1 sec settling time, closely
matches the prediction given by Eq. 12 at k = 2/3.
Correspondingly, the output current is observed as 2.722A
with 1.0833% peak overshoot and 1 sec settling time that
closely matches the prediction given by Eq. 13.

Fig. 9(c) and Fig. 9(d) show the fuzzy logic controller
based experimental results of output voltage and current at
the rated conditions. It is observed that the output voltage
is slightly lower than the set reference that settles at
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Fig. 10. P-I and fuzzy controlled output performances of EHV power converter in transient, line/load regulation & steady-state conditions.
P-I: (a) output voltage, (b) output current. Fuzzy: (c) output voltage, (d) output current. [50v/div, 2A/div].

119.925V with 1.016% peak overshoot and 0.4 sec
settling time, which closely meets the prediction given by
Eq. 12 at k = 2/3. Correspondingly, the output current
2.7255A observed with 1.016% peak overshoot and 0.4
sec settling time, closely matches the prediction given by
Eq. 13.

Fig. 10(a) and Fig. 10(b) show the P-I controller based
experimental results of output voltage and current
obtained under line and load perturbation condition. It is
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noticed that the output voltage and current are stabilized at
1 sec with a peak overshoot 1.125% when the battery
voltage represents a step variation from 10V to 9V. Even
though the load resistance varies from 48Q to 44Q), the
output voltage retains the same value of 119.8V and
current value of 2.722A which was observed with 1.125%
peak overshoot and 1.2 sec settling time. The output
voltage and current results closely match the prediction
given by Eq. 12 and Eq. 13.
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Fig. 10(c) and Fig. 10(d) show the fuzzy logic controller
based experimental results of output voltage and current
obtained under line and load perturbation condition. It is
noticed that the output voltage and current are stabilized at
0.28 sec with a peak overshoot 1.0416% when the battery
voltage represents a step variation from 10V to 9V. Even
though the load resistance varies from 48Q to 44€Q, the
output voltage retains the same value of 119.925V and
current value of 2.7255A which was observed with
1.0666% peak overshoot and 0.25 sec settling time. The
output voltage and current results closely match the
prediction given by Eq. 12 and Eq. 13.

The experimental test results and information provided by
Table 5 confirms that the control strategy based on fuzzy
logic controller provides minimal peak overshoot with
faster settling time and steady error accuracy in
comparison to classical P-I controller. It is practically
appreciable that the verified generated outputs of
hardware prototype have losses in the range of milli-
amplitude.

Finally, the higher output voltage and higher efficiency,
reduced % ripple (Table 3) and faster settling time (Table
5), verify that the proposed dc-dc converter (hardware
prototype) has better power density factor as per standard
[20-23, 27-29]. Also notable that the output settles less
than 1 sec in all investigation, yet still DSP has its own
sampling rate to interface with external hardware modules

Table 5. Performance comparison between
P-I and fuzzy logic controller.

Performance Parameters P-1 Fuzz,y

Logic

Peak over-shoot (M,) 1.0833% 1.016%

Settling time (t,) 1 sec 0.4 sec
Steady state error (ess) 200mv 75mv

Over shoot in line variations 1.125% 1.0416%
Under shoot in line variations 1.15% 1.0833%
Over shoot in load variations 1.125% 1.0666%
Under shoot in load variations 1.15% 1.0833%

Settling time in line variations 1 sec 0.28 sec

Settling time in line variations 1.2 sec 0.25 sec

in real time. This in turn proves the exact viability for
parasitic compensation and suit the high voltage needs of
HVDC transmission systems and high voltage industrial
applications.
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7. Conclusions

The comparative performance study of control strategies
based on P-I and fuzzy logic closed-loop with single
(voltage feed-back) sensor algorithm for EHV DC-DC
boost power converter is presented in this paper. The extra
high-voltage DC-DC power boost converter circuit has
been integrated with voltage-lift technique to generate
higher output voltage and significantly overcomes the
deficiencies of parasitic effects with reduced ripples at the
output waveforms (voltage/current).

Experimental results prove that the fuzzy logic controller
provided good performances during transient, steady-state
and line/load perturbation conditions in comparison to
standard P-I controller. The investigated EHV DC-DC
boost converter along with fuzzy logic based control
strategy is suitable for HVDC transmission system where
high-voltage becomes mandatory with reduced ripple at
the output.
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