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Abstract: This study presents the use of hybrid photovoliaic—fuel cell (PV—-FC) renewable energy scheme for vehicle-to-grid
{V2G) banery-charging stations, The hybrid PV-FC DC interface scheme is dynamically controlled using a self~regulating
tri-loop contrelier based on multi-objective particle swanm optimisation. The proposed utibisation scheme ensures efficient
DC source energy utilisation from the hybnd PV-FC DC with minimal DC current inrush conditions and a fully stabilised
DC bus veltage. The multi-loop batterv-charging regulator allows for hybrid (voltage, current and power) charging modes

for efficient, fast charging and DC energy efficient utilisation. The proposed hybrid renewable green energy PV-FC
battery-charging scheme is fully validated by simulation and laboratory prototype testing.

fNomenclature

PSO particle swarm optimisation

SOPSC  single-objective particle swarmm optimisation

MOPSO  multi-obiective particle swarm optimisation

FC fuel cell

v photo voltaic

HEV hybrid ejectric vehicie

GPFC green plug filter compensator

Via velocity of the ith particle with d dimensions

B position of the ith particle with 4 dunensions

rand;, two uniform: random functions on the range {0.1]

rands

w inertia weight that is chosen beforehand

o cognitive learning rate

sy ~ social Eéaﬁiﬁg rate

P location along dimension d at which the particle
previously had the best-fitness measure

P current location along dimension & of the
neighbourhood particle with the best fitness

Va instantaneous DC bus voltage

Vot base base value of the DC bus voliage

Iy instantapeous DC bus current

L hace base value of the DC bus current

T2, Tys.  time delays for the green plug filter compensator

Ty scheme regulator ()

s instantaneous battery vollage
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Ve vase base value of the battery voltage

Iy instantaneous battery current

To wase base value of the bartery current

Ti—~Ty tine delays for the DC boost chopper regulator
(4) scheme

Tio. T time delays for the energy management regulator
{C) scheme

D time-delay loop

Kp, K;,  selfnmed weighted modified proportional-
Kp v, integral-derivative (PTD) controller gaing
Y2

1 Introduction

As the public concerns zbout the pellutions and global
warming. produced. by fossil fuel engines mcreases and
the demand for renewable and green energy increases,
allernative and sustainable transporation methods become
more attractive in comparison to conventional fossil-fuel-
based wansportation [1, 2], However, renewable green
energy sources such as wind turbine generators and
photovoltaic  are intermittent in  nature, and produce
fluctnating active power. Interconnecting these intermmrtent
sources to the utility grid at a large scale may affect the
volizge/frequency control of the grid, and may lead to severe
power quality issues [3]. Different electric vehicles (EV),
plug-in hybnd electric vehicies (PHEV) and hybvid EVs are
considered as viable aiternatives to reduce the current fleet
of fossil-fuel-driven vehicles and reduce the air pollution in
densely populated metropelitan areas [4. 5] The PHEV s a
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hybrid velucle with a storage system that can be recharged by
connecting the vehicle plug to an external electric power
source [6]. The increasing use of EVs will inevitably prompt
the use of a large number of battery chargers to supply the
dec voliage required to charge battery packs [7]. Because of
their limited energy capacity, EV batteries need frequent
recharge, and it 1s usually desirable to do this as rapidly as
possible [8. 9} The ability te reduce the charging time
depends on delivering as much current as possible during
the charging period. The paraineters that ultimately limit the
charging current are (1) the current capacity of the ac source,
(ii) the thermal limitations of the charger and (111} the thermal
and chemical limtations of the batzery [10, 11} Differemt
battery tvpes, charging schemes and classes were proposed
[12-3207. A new battery-charging scheme and control strategy
using photo voltaic (PV) systems is based on a dynamic
EMS-cnergy management algorithm to directly connect or
disconnect the solar array modules to the battery bank
[13-15]. Consequently, the battery full capacity is not
reached. In order to achieve the full capacity without causing
overheating or overcharge, an alternative charging method
based on  on/off control i proposed In [16—18]
Consequently, the available maximum renewable energy is
not fully wutilised and energy utilisation is severely
compromised during the off-time, no energy is transferred to
the battery. Another method proposed 2 battery-charging
algorithm based on the state of the charge {(S0C) usimg
an estimator [19, 20], but accumte estimation of the
battery SOC remains very complex and is difficult o be
implemented  because of  battery  hmited models  and
parametric uncertainties. The objective of this paper s to
design an efficient battery charger controller fed from hybrid
FC—PV renswable green energy sources, so that the PV can
be used as an additional energy source for hybnd EV using
FC. The self-regulating battery charger controller 15 proposed
based on muli-objective particle swanm  optimisation
(MOPSO) and gaim-adjusting search algorithm. The battery
charger 15 controlled by tri-loop error-driven regulators to
operate at the unity power factor and with reasonable
harmonics, especially no low-order harmonics. The battery
charger has efficient charging hybrid characteristics such as
constant current and/or constant voltage mede. The goal of
the MOPSO regulators is to nunimise the charging tune, total
harmonic distortion {THD}), improve utilisation of the hybrid
FC~PV renewable ecnergy and maximise the DC power
availzble from the hybrid FC-PV renewable energy sources
during the fast-charging period.

2 MOPSO

Parncle swarm optnmusation (PSO} 15 an evolutionary soft
computational optimisation techaique (a search method based
on a natural system} developed by Kennedy and Eberhart
[21] The system initally has a population of random
selective solutions. Each potential solution is called a particle.
Each particle is given a random velocity and is flown through
the problem space. The particles have memory and each
particie keeps track of is previous best position (called the
Pyeq) and is corresponding fitness. There exist a number of
Pr.q for the respective particles in the swarm and the particle
with grestest fimess is calied the global best (Gyes) of the
swarm. The basic concept of the PSO technique liss in
acceleratmg each particle towards 118 Ppey and Gioq locations,
with a random weighted aceeleration at each tme step.

A multi-objective search and optimisation problem are
defined as any optimisation problem that have more than
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Fig. 1 Flow chart of the MOPSQ oprimisation search algorithm

one desired solution or final ebjective and all objectives are
normally in cenflict with respect 1o each cother, which
means that there 1s no one opiimal solution [22). Instead,
there are sets of compromises or ‘trade-off” near-optimal
solutions that can be utlised based on desired features or
accepted compromises among the obiectives [22].

In MOPSO [22-24], a set of particles are initialised in
the decision space at random. For each particle i, a position
x; in the decision space and a velocity v; are sssigned. The
particles change their positions and move towards the so far
best-found sohlitions. The non-dominated sclutions from
the last generations are kept in the archive. The archive i3
an external population, in which the so far found non-
deminated sclutions are kept. Moving towards the optima is
done in the calculations of the velocities as follows

Vig=wxVy+C »rand;, x (P nd — N )

+ €y xrand, x (P, — X)) ey
Xm' = X;'r[ + Vi'd (2)

where Py, Ppy are randomly chosen from a single global
Pareto archive, w 15 the inertia factor influencing the local
and global abilities of the algorithm, ¥}, is the velocity of
the particle { in the dth dimension, ¢, and ¢, are weights
affecting the cognitive and social factors, respectively, r,
and 7, are two uniform random functions in the range [6,
1], According to (6), each particle has w0 change its position
X towards the position of the two guides P, Py, which
must be selected from the updated set of non-dominated
solutions stored i the archive, The particles change their
positions during generations until a termination criterion is
met. Fig. I shows the flow chart of the MOPSO.

3 System description

The PV -FC sample study scheme shewn in Fig. 2 comprises
2 hybrid PV-FC utilisation scheme with a common DC
interface bus feeding a buck-boost DC-DC converter for
battery-charging station. Auxiliary loads (heating, lighting,
DC motor for ventilation and air conditioning) are locatad
at the common DC Bus (), which is further stabilised by
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Fig. 2 Schemaric diagram of the hvbrid rencwable green energy: PV-FC barterv-charging station with mi-regulator coordinated controller

a novel green plug filler compensator (GPFC). The DC
renewable energy utilisstion scheme is regulated by
multi-loop reculation (A, B and C) schemes, as shown
in Figs 3-35, for energy management of PV and FC DC
energy sources, conunon DC bus voltage stabilisation and
efficient flexible mode battery charging. The proposed
dynamic (ri-loop error-driven controller is an advanced
regulation concept that operaies as wn adaptive dynamic
type multi-purpose controller capable of handling sudden
parammetric changes, load and/or DO source excursions.
The common concerns of power guality issues mclude
duration voitage variations {(overvoltage, under-voltage and
sustained interruptions), short-duration vollage variations
(interruption, sags and swells). voltage imbalance {volizge
unbalance), waveform distortion {DC offset, harmonics,
inter-harmeonics, notching and noise). veltage fluctuation
{voltage flicker) and power frequency varations, To prevent
any undesirable Gansients and inrush current, a GPFC
scheme s used to ensure stable, efficient, minimal inrush
operation of the hybnd renewable encrgy scheme.

¥ =10 mSer

Cerrent Limitay Lony
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The glebal error s the summaton of the three-loop
individual errors including voltage stability, current limiting
and synthesise dynamic power loops. Each muiti-loop
dynamic control scheme is used to reduce a global emor
hased on a tri-loop dynamic error summation signal and to
mainly track a given veltage reference. The DC buck-boost
chopper tegulales the battery-charging voltage or cuivent
according to the selectad charging mode. In the current
regulation loop, the weighted modified PID controller is
used 1o regulate the charging cwirent and Hs output, 50 that
the charging current ripple is reduced.

A number of conflicting objective functions are selected to
aptimise and select best controller gains using the PSO
algorithm. These functions are defined by the following

J1 = minimise the charging time {3}
The objective is to ensure fust charging time of the batery

without  overheating.  The battery charger controller
continually monitors battery voliage. When battery voltage,
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Mulitiph P,

X s F——

vy By
Y -

USRS __y!-'"'i"m EAYTS —f?’w}- Yy re—
[ 1T T

Vuoltzge Stebilisation Loop

Vg ® IPU

—»{T.,l}—um——m—ﬂ di!

fow
. —" S¢
¢ V., Limsiier [ LR —
H H S, . TNL :
——17-)1_}-_5 fre=semnaipe] _j_ Ll

Bt

Fig. 3 Tri-loop eror-driven sciftregularing weighied modified PID regulaior (8] for the DC-bus GPFC filter compensator seheme

{ET Electr, Syst. Transp., 2012, Vel, 2, Iss. 2, pp. 7788
dei: 10.104%/et-251.2011.0021

79
& The Institution of Enginsering and Technology 2012



I M‘H!
Sm— Vi # ] x|
=y ldripphe F—
¥ i K «
b : Q‘ % 1 '-i Ki,j ) ] . ]
E.p._ TP T1dBynamic 2 rams i Tow Skc
Mo Pl ‘ — —x il r |SPWM
b - L X 1oAY I CLl
o R Sy .y ) g N
P S T iripple "'_i Spy
. (= Kvp,
N oo I T Ko | ofan
Ve = Vdy amis Lo t

3

Vi, =1Pl

Weighted Modified PID with Error-Squared Compensation

Fig. 4 Tri-loop error-driven self-requdating weighted modified PID vegulator (C) for the renewable energy managament scheme

—

P
IR

o T u].;é Tis

—

e
LS g
T,

- . —
[RER

% Tre

Paoem § BL

:
T iz medct

. .

- i %_—_ ’x“ b‘\

| & o v o .
S Tiilnams F 5 Ky St Ves T Lt Srwat
T ; 3 s : 7 -
l-‘:-J J

m I3 = )0 e
e

Meesghiren Madilied PG wirh Errav-Synaeen Compensation

S

Fig. 5 Tri-loop error-driven selfrregulating modified PID regulaior (4) for hvbrid muhlii-mode banery-charging chopper

reaches a peak and subsequent decrease, charge is terminated.
This typically occurs at 85-95% of fuli battery charge

J2 = minimise the THD {4y

The objective s to reduce the THD and fuctuations/variations
in the common DC collection system by Iimiting DC bus 1
transients and ripple content. The THD of a waveform is
calenlated by taking the square root of the addition of the
squares of the harmeonic currents, and dividing them by the
fundamental component. As a formula

f 2:‘:2 Vd:n
ThD, = Y8 )

Vai

where THD 15 the THD of the DC bus voltage and 17, Vi,
Vs, Fas, Vs ... are the DC bus voliages at their respective
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harmonics.

THD,, = (6)

where THD,, 1s the THD of the DC bus current and 7, Jp,
Ips, Tas, Tas, ... are the DC bus currents at their respective
harmonics.

J3 = maximise the battery charger efficiency {7

The battery-charging efficiency is improved by reducing
system and Dbatlery losses and ensuring an  effective
charging pattern based on the hybrid battery: veolage-
current—power teference tracking. The losses are device
losses, which are direetly proportional to the ourput current
of the charger since the voltage drop across the devices 1s
basically constant during conduction,

IET Electr. Syst. Transp., 2012, Vol. Z, Iss. 2, pp. 7789
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To calculate the charging efficiency, we have 1o record the
chariing and discharging capacity; the charging efficiency is
calculated as

(8)

where i.{7) 15 the charging current and i4(7) 18 the discharging
current, 7., is the initial charging time, f.; s the final charging
fme, 14, 15 the initial discharging time and fg is the final
discharging tume

J4 = minimise the global error of all regulators ()

The dynamic error-diiven absolute errars of all control-

regulators [e., €2, empl 15 minimised dynamically o
ensure effective tracking and minimal excursions.

The (per-unit) three-dimensional-error vectar (.1, Cun,

) of the GPFC scheme is governed by the following
equations

) I " ,
alky=1—RN\ at ) 10
. E( = llb(( a'h"m_) B 1+ST1" ( )

ey (F) =R ((‘im ( ]57‘.,4\))
(( SD)”) .

o VR . )
ep (k)= (RMS((F (] —&—STU ))

LUl base

£, k)
3 4 .
) (‘hgds(\(jd‘husc) (1 +ST14 )
® —Lm-——) E) (1)
+ 5T, 1+8D ) e

NMoreover, the total or zlobal emor e,y (4) for the DC gide
GPFC scheme at a time instant

m’l(}‘) - yxrle|di(i‘) + ‘eri'g:ril(;‘) + 'Ypa’ pid i {k) (13)
The (per-unit} three-dimensional-eror vector (€., ¢un) of

the renewable energy management scheme is governed by
the following equations

V() 1Y
m’)(_]‘} - ?i Li}r::m o > - Vg’hu_-;e >< m )’

4 k
+ '}’I’dripplc X R‘MS( d( ))

Vn’basc
Vylk) 1 ))
- 14
((,dezsc) ) (1 + ST!O ( )
(1 {k}) 1 ) )
Y = Y oo [ d :
iz ) ’djmmm " ( ((in'base, ” (1 -+ STM/ )

Ly(k)
+ Vi ripple RMS ('_j._ﬁ)
dbase

LY 1 i
N ((fn‘base) B (1 +ST§I)) {13)
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Moereover, the 1otal ar global error e,7 (&) for the renewable
energy management scheme at aﬁtima instant

em U‘) - WI !a‘r"(;‘)—LK{ied"{A} (]6)

The (per-unit) three-dimensional-error vector (e,p, 253, €pp)
for hvbrid muli-mode battery-charging chopper is governed
by the followmg equations

()
() e
o () (49)« 1)
(-G o

_ Ia(k 1
eig(k}: }';'denumic x (((j“sb )) % (1 +ST))
1
pes ((m) - 1)) + ‘Y}Bdrippic
y Rl\fIS(IB(k)) B ((fa(k)) . ( 1 ))
!Bhas;- IBbasc 1+ST6
Tl 1 A
[ B
"”’”3( ((Iam) g (1+5T4))) 1

_ Valk) x Tyth) 1
elpBUL) = Yrpdynamic x (((VB&S % ]Bb’lq‘ * 1 +ST§
1
XK ((1 -E—SD) - 1)) + ‘VPBdrippie
N RI\/IS'(V,B{H b fB(k}) _ ((V,B(k} ¥ ]B(if))
I’Base X [Bbase EJEasc = Zanse
1 Vg(k) x Ig(ky
+ i — BV OBV,
X(E‘FSTQ)) —YPB( ((Vstc X’[Bbasc)
1
(=7))) w

And the total or global eror e,  {£) for the renewable energy
management scheme at a time instant

e,5(k) :—me_.Be‘B(A)J*Ksela{k}—l—lxpﬁe‘pﬁ(k} 20
Js = maximise the available DC power from PV ~ FC

(21

The total power collected at DC bus VY, is maximised under
excursions in PV and FC DC sources because of changes in
irradiation, ambient temperature or volt~ampere non-linear
characterisfics because of sudden excursions.

Py=¥ly {223

In generzl, to solve this complex optimality search problem,
there are two possible optimisation techniques based on

81
© The institution of Engineering and Technology 2012



www.ietdl.org

particle swarm optimisation (PSO): single aggregate selected
abjective optirisation and MOPSO. The main procedure of
the single aggregate selected objective optimisation 18 based
on selecting a single aggregate objective function with
weijghied single-cbjective parameters scaled by a number of
weighting factors. The objective function is optimised (either
minimised or maximised) using PSO to obtain 2 single
global or near-optimal solution. On the other hand, the main
objective of the MOPSO problem is finding the set of
acceptabie {trade-off) optimal solutions. This set of accepted
solutions 15 called Pareto front. MOPSO hybrid-objective
function 15 a multi stage number of cascaded ochjective
functions that are optimised in succession using the mininal
deviation or absolute error criteria. The final near-optimal
solution (Pareto-surfaces) represents a near compromise of
all objective functions, especially conflicting objective
functions. The main advaniages of the proposed MOPSQ
methad are: 1t does not require a priori knowledge of the
relative mmportance of the objective functions, and it
provides a set of acceptable trade-off near-optimal solutions.
Both PSO and MOPSO searching algorithms are tested,
validated and compared.

4 Digital simulation results

The EV batiery charger scheme using the PV —FC renewable
generation  systern  performance is  compared for two
cases, with fixed and self-tuned-type controllers using PSO.
The weighted modified PID has been applied to the
voltage and current-tracking contrel of the same EV hattery
charger scheme for performance comparison. Matlab—
Simulink software was used to design, test and validate the
effectiveness of hattery charger scheme using PV-FC
renewable generation systemny with the GPFC device. The
digital dynamic simulation model using Matlab—Simulink
sofrware envircnment allows for low-cost assessment and
protetyping, system parameters selection and optimisation
of control settings. The use of PSO-search algorithm 1s used
in online gain adjusting to minimise controlier absolute
value of total emor. This is required before full-scale
prototyping, which is both expensive and time-consuming.
The effectiveness of dynamic simulators brings on detailed
sub-models selections and tested sub-models Matiab library
of power sysiem components already tested and validated.
The common DC bus voitage reference is set at 1 PUJ
Digital simulations are obtained with sampling interval
Ty =20 ps. To compare the global performances of all
cases, the normalised mean-square error (NMSE}) deviations
berween output plant variables and desired values, and is
defined as

2
Z: (VDCwbus - VDCmbus--n:f)
> (Vpe—bus—ret

Z (I[)Cmbns - IDCmbuSMrcf)M (24}
Z (IDC—bus—ref}A

The digital sunulation results validated the effectiveness
of PSO-based controllers in providing efficient energy
utilisation, fast charging and stabilised DC chopper. The
PSO-based self-tuned controllers are more effective and
dynamically advantageous in comparison with the fixed
gain-type controller. The contral system comprises the
three dynamic muli-loop error-driven regulators and is

NM3E,. ,, =

(23}

NMSE"DC—hus -

[~]
e}

£
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coordinated to minmmse the selected objective funciions.

The weighted single-objective function combines several

objective functions using specified or selected weighting
8
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factors as follows
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where o = 020, 0.=020, 03 =020, ;=020 and
as = (.20 are the selecied weighung factors. Jy, J2. 5, Jy
and J; are the selecied ijecti\ﬁgﬁmctions.
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real power avaiable from the source. Fig. 6 shows the
measured charger efficiency during the charging period.
The average charger efficiency during this test was 80%
using fixed gains contreller, 88.5% using single-objective
particle swarm ocptimisation (SOPSO) and 92% using
MOPSO. Figs. 7 and § illusmate the THD measurement on
the charger inpur current (THD) during the same charging
peniod. The charger produces less than 26% current THD at
approximately 1 PU output using fixed gains controller,
20% current THD at approximately 1 PU output using
SOPSO and 13% current THD at approximately 1 PU
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output using MOPSO, Comparing the behaviour of the
proposed battery charging scheme using the fixed gains
weighted modified PID controller, SOPSO and MOPSO-
based self-mned weighted modified PID conmoller, it is
quite apparent that the PSO-tuning algorithms highly
improved the battery-charging station performance from 3
general power guality point of view. Finally, Figs. ¢ and 10
show the NMSE deviations comparisons of the batery
voltage and current.

P O SO SR Lo

10 Hi Jl}r—mwi 7-1;1773'“' ) *'-I'J . )
Time {min)

NMSE

10 20 30 40 50 60

20 kli] L] 30 af
Time (mia}

&

Fig. 10 NMSE deviations comparison of the battery voltage

a Fixed gains weighted PIE controller
b Self-tuned SOPSO-based controller
e Self-taned MOPSO-based controlle
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5 Experimental laboratory results

The laboratory prototype is shown in Fiz. 11 o test the
proposed controller performance. The main parts of the

cards for A/D and D/A converter, two current wransducers
o measure the battery and DC bus cwrents, two voltage
transducers to measure the DC bus and hartery voliages,
limiting circuit of the input signal to PC and delay circuit

hardware setup are: microcomputer equipped with interface {fockout circunt) and isolation circuit. The compuler
cards to execute the proposed controller aleorithm, interface processor  executes the proposed optimisation PSSO
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controlier, which is written in C languaze. The mam asks of
the microcomputer is to Host the proposed PSO controller,
which generates the swiiching state of the DC boost
chopper, GPEC and energy management switching of PV
and FC. The propesed batiery charger consists  of
pulse width medulated (PWM} DC-DC boost converter
and based on IGBTSs for high performance and GPFC active
filters for proper atenuation of current harmonics. The DC
bus voltage Vi, is chosen to 1 PU. A 2 kHz wiangular
carrier wave modulates the converters, which lead to a
switching frequency, fi.. of 5kHz. The controllers are
sampled with a time interval, 7, of | ps.

Figs. 12 and 13 show the batiery voltage, battery current,
battery voltage error, THD and system efficiency
comparison for fixed gains weighted PID controller and

www.ietdl.org

selftuned MOPS0O-based weighted PID controller with
load ¢hange from 0.5 1o 1 PU. It.can be seen that the THD
is greatly reduced with the MOPSO control. The results
show that at low loads the dc bus current can still achieve
low harmonics; the THD of that DC bus current is arcimd
395, 1t can be noted that mains current THD are smazller
than 6% from 30% load to full lead. Finally, the proposed
charger topology shows a high efficiency over entire load
range and excellent input current harmonics.

Fig. 14 shows the changes of the PID controller gains
and MOPSO execution time lo attain a useful regulator
cains as the load change from 0.5 to | PU. The search
and optimisation time are very fast and it depends on the
selection of stopping criteria (tolerance) and number of
particles. The gain adjusting mechanism need mnot be
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applied at every sampling penod but at fixed miervals
to allow successful and compiete scarch. The search
and optimisation time in this case was ranging from 0.7 to
1.6 ms.

6 Conclusion

The paper validated a renewable green energy (PV-FC}
utisation dynamic scheme for vehicle-to-grid (V2Q)
battery-charging  station. The  charger scheme s
coordinated by a tmi-regulation controller with multi-loop
error-driven modified and weighted PID conwreller. The
coordinated multi-regulator control scheme is validated for
hybrid PV-FC DC source load excursions and sudden
DC source changes. Battery charging modes can be
adjusted via weights and gains selections using the
SOPSO and MOPSQO hybrid charging modes. The goal of
the MOPSO  optinised in-regulation  scheme is 1o
minimise the charging time, reduce current and voltage
THD, enhance energy utilisation from the hybrid FC-PV
renewable energy sources and maximise the real power
avaiiable from the hybnd FC-PV renewable energy
sources during the charging period The proposed
MOPSO  wi-regulators can zlso ensure that the battery
charger always utilise available DC sowrce energy with
minimal DC collection bus excursions. The self-adjusting
coordinated tri-loop regulator with error-driven multi-loop
structure and weighted leop contribution can ensure the
stabilisation of the DC source collection bus and efficient
energy operation.
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8 Appendix

Fuel cell: 230 KW, 280V, , R, =0050Q, L.=3m
Cee = 6000 wF, open-circuit voltage (V) = 280, nominal
voliage = 220V, nommal current=157.27 A, nominal
efficiency, 36%, nominal air flow = 1300 Vpm, operating
temperature = 65 ‘C, nominal fuel pressure 1.5 bar, nominal
air pressure = | bar.

PV energy  sestem  model,  300KW, 280 VDC,
Ry =0050, Ly=3 mH C,-.,, = 6000C F.

DC boost chopper: 5
C, = 4000 pF,

Battery: Rp=00250, Ly=2mH, Fy {(masximum
chargmg  wvoltage) == 290V, [z (maximum charging
current) == 400 A and 50C = 50%,

PMDC: 123 HP, 230V, 1204rad/s, anmature circuit

resistance (R,) 001’35 £}, armanre circuit nductance (L;)
0,065 H, moment of inertia (J) 3.0 kg/m”, coefficient of
friction (B} 0.60 N.M.s/rad, torque constant (K¢} 1.91 V.s/
rad and Back—Emf constant (Ky,) 1.91 V.s/rad

RL: 25 KW (heating/lighting)

GPFC:  R,=0.110Q, L;=10mH, Cy=3000pF,
R;—Oh_- ——lOmri CJ—SOOG}.LF&ndR;’d—‘)OkQ

Control ueruhzmus Smlmo Ye=l Y e gmamc = 0.75,
Ve 5 spe=03 Y p=L ¥ 3 amemie= 075 w g
dpple = 05, ¥p 8 =1, ¥p & dunamie = 073, vo & sApple = 0.3,
001 <K p <1, 001 <K, p<1, 001 <Kp g1,
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001 <K p<l, 001 <Kmp<1i we=1 =075 and

Vg = 05,
T;ﬂj,TQIS,T3:5,Tqﬂl_‘,fg:j,Tézj,r}-:w,
T?;:S Tg:5= T;O::;, T”:S, Tl_?:j, Tlgﬁi and
T§4 = 3 TS,
Self-iuned  weighted  modified  PID  coamroller:

1 /-.Kp< }GO. 0.1 < K}( 10. 0] <KD<55 01 < 1 <Z
4and 0.1 < 9, << 2

In the nmed weighted modified PID controller proposed
controller scheme, the additional integral of the squared
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system error 18 implemented in this modified PID controller
H

. {/ . . [ L . de(t 2
) = v (Kol + K, | elydi + &, —%,—)) + yalel))

iad

{26}

The modified PID controlier gains (Kp, K7 Kpn, vy and ) are
tuned using the PSO-searching algorithm to minimise the
selected ohjective functions {(J,—Js)
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