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ABSTRACT	

Dc	Hybrid	Power	Systems	are	of	enthusiasm	 for	 future	fuel	productive,	 low	outflow	vessels.	The	half	breed	electrical	boat	 is	
mainly	snared	 into	power	and	afterward	there's	constantly	a	yearning	 for	the	capacity.	Batteries,	PV‐board,	Fuel‐Cells	(FC)	
and	Ultra‐Capacitors	(UCs),	are	getting	utilized	for	arranged	HES	as	an	electrical	power	supply	or	as	capacity	unit.	The	point	
of	paper	is	adding	to	a	vitality	administration	method	inside	which	half	breed	electrical	boat	uses	the	sources	in	keeping	with	
the	necessities.	This	will	expand	 the	 intensity	of	half	and	half	electrical	 ship	and	decreases	 fuel	utilization	and	undesirable	
emanation.	 The	 MPPT	 (Maximum	 Power	 Point	 Tracking)	 in	 energy	 components	 and	 PV	 board	 is	 done	 by	 utilizing	
Mathematical	Logic	(Fuzzy	Logic).	Diesel	generator	performs	the	vitality	administration	strategy	once	all	the	inverse	sources	
aren't	 being	 used.	We	 are	 raising	 the	 consequences	 of	 yield	 voltage,	 support	 gadget,	 output	 of	 battery	 by	 utilization	 of	
Mathematical	Logic	(Fuzzy	Logic)	rules.		

Keywords:	MPPT,	FUZZY.	

1.	INTRODUCTION	

Today,	 renewable	 energies	 are	 alluded	 to	 as	 suitable	
hotspots	 for	 an	 unpractised	 energy	 economy.	 These	
sources	will	 grasp	wind	 turbines,	 Photovoltaic	 Systems	
(PV),	 and	 power	modules.	When	 these	 styles	 of	 energy	
are	 utilized	 severally,	 they	 require	 a	 few	 confinements.	
The	 energy	 made	 by	 wind	 turbines	 and	 PV	 systems	
depends	 significantly	 on	 atmosphere.	 The	 confinement	
on	 wind	 turbines	 is	 wind	 speed	 and	 inside	 of	 the	 PV	
systems	 is	daylight.	Also,	 sparing	 the	energy	made	by	a	
turbine	and	a	PV	system	may	be	an	intense	undertaking.	
Determination	is	the	issues	of	renewable	energies	needs	
integration	 them	 which	 into	 a	 system	 and	 exploitation	
them	 in	 an	 exceptionally	 crossover	 kind	 [3].	 This	 may	
bring	about	remunerating	the	limitations	of	each	module	
by	 option	 modules.	 Amid	 this	 implies,	 their	 utilization	
can	build	system	reliableness	and	power.	Amid	this	sort	
of	 system,	 considered	 vulnerability	 in	 force	 supply	 all	
through	changes	in	energy	assets	is	greatly	fundamental.	
By	 and	 large,	 half	 breed	 systems	 are	 the	 blend	 of	
renewable	 energy	 systems	 and	 energy	 stockpiling	
systems.	 In	 addition,	 exploitation	 those	 in	 an	
exceptionally	modest	scale	in	appropriation	systems	are	
on	 the	 increment.	 Furthermore	 to	 the	 PV	 system	 and	
accordingly	 the	 turbine,	 Proton	 Exchange	 Membrane	
(PEM)	 energy	 units	 additionally	 are	 a	 respectable	
decision	 to	 make	 energy	 by	 exploitation	 electrolysis	 of	
water	 [1,2].	 PEM	 cell	 may	 be	 a	 proper	 probability,	 for	
exploitation	 in	 high	 thickness	 and	 agent	 temperature	
when	 contrasted	 with	 option	 styles	 of	 energy	 units	 in	
such	 systems.	 Sparing	 	 energy	 in	 a	 crisis	 or	 infusing	 it	
into	 the	 predefined	 system	 is	 one	 amongst	 the	 inverse	
essential	 alternatives	 of	 mixture	 systems;	 in	 this	 way,	
battery	 is	one	amongst	 the	key	considers	such	systems.	
Also,	 super	 capacitors	 likewise	 are	 used	 in	 a	 few	
systems.	 Peruses	 will	 learn	 extra	 amid	 this	 field	 by	
needing	up	references	1	to	5.		

2.	SYSTEM	DESCRIPTION		

In	a	general	 review,	 the	 system	comprises	of	 circulated	
era	 sources	 and	 also	 turbine,	 battery	 for	 energy	
stockpiling,	 PV	 system,	 energy	 unit,	 electrolyser	 with	
direct	 load,	 and	 synchronous	 machine	 plums	 a	 Diesel	
Generator	 (DG).	 This	 method	 has	 2	 sections:	 the	 three	
phase	 system	 (AC)	 and	 DC	 system	 [5].	 These	 2	
components	are	trading	energy	with	each	other	through	
a	 focal	 controller	 that	 controls	 the	 dynamic	 force.	 Each	
these	components	are	associated	with	office.	At	the	point	
when	 running,	 the	 soundness	 between	 the	 AC	 and	 DC	
components	may	be	an	essential	 issue.	Thus,	 the	points	
of	 this	 method	 are	 to	 determine	 a	material	 revision	 of	
force	 in	 the	 middle	 of	 burden	 and	 lasting	 assets	 and	
conjointly	 danger	 of	 different	 circulated	 assets	 along.	 3	
essential	 variables	 inside	 of	 the	 investigation	 of	 the	
soundness	 of	 this	 strategy	 are	 as	 per	 the	 following:	 1	
Stability	of	 voltage	 in	 three	phase	 system.	2	Stability	of	
voltage	 in	 DC	 join.	 3	 Stability	 of	 recurrence	 in	 three	
phase	 system.	 The	 system	 comprises	 of	 3	 sections;	 to	
manage	 the	 system,	 partition	 half	 may	 be	 a	
representative	 that	 is	 in	 addition	 to	 a	 diesel	 engine	 to	
control	the	recurrence.	The	Second	half	may	be	a	voltage	
controller	 to	 regulate	 the	 system	 voltage.	 The	 last	
partition,	Active	Power	Regulator	(APR)	system,	may	be	
a	PID	system	that	has	been	outlined	with	a	first	equation.	
Outlined	 with	 fuzzy	 rationale	 equation	 the	 first	 and	
along	 these	 lines	 the	 second	 components	 are	 the	
standard	controllers	in	a	large	portion	of	island	systems.	
In	fact,	they’re	vital	components	in	such	systems.	Each	of	
them	 is	 notwithstanding	 synchronous	 machine	 and	
senator	by	assembling	each	mechanical	and	the	electric	
energy	 to	 help	 the	 administration	 of	 recurrence	 and	
voltage	 inside	of	 the	system.	The	 last	half	speaks	 to	 the	
connection	 in	 the	middle	of	AC	and	DC	components	 [4].	
APR	 that	 unendingly	 considers	 rising	 and	 falling	 of	
electrical	 and	 mechanical	 forces	 is	 contrasted	 with	
reference	 values.	 PID	 controller	 is	 for	 decreasing	 these	
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varieties.	 Truth	 be	 told,	 2	 components	 reason	 changes	
inside	of	the	amount	of	 	energy	sources;	the	essential	 is	
local	 varieties	 (like	 continually	 changing	 in	 wind	 pace	
and	 principle	 load)	 and	 thusly	 the	 second	 is	 starting	
working	 inside	 of	 the	 system	 (like	 starting	 when	 issue	
pervasiveness	inside	of	the	system).	The	main	line	graph	
of	the	system	is	indicated	in	Figure	one.	Amid	this	study,	
there	 are	 2	 progressions.	 The	 essential	 is	 that	 the	
adjustment	in	wind	speed	at	the	tenth	second	and	in	this	
manner	 the	 second	 is	 burden	 shedding	 at	 the	 fifteenth	
second	[10].		

2.1	PV	MODEL		

A	 solitary	 PV	 cell	 comprises	 of	 arrangement	 resistance,	
inner	parallel	resistance,	parallel	diode,	and	photograph	
created	current	supply.	The	PV	system	attributes	are	as	
indicated	by	the	subsequent	equations		

	

where,	 is	 that	 the	 yield	 out‐put	 current,	 Io	 is	 that	 the	
converse	 immersion	 current,	 Isc	 is	 that	 the	 created	
current	underneath	a	given	power,	Vs	is	yield	voltage	of	
the	PV	cell,	An	is	that	the	quality		[12].		

component	 for	 a	 contact,	 K	 is	 that	 the	 Boltzmann's	
steady,	 letter	 is	 that	 the	 charge	of	 an	electron,	T	 is	 that	
the	 temperature	 rise,	 Rs	 is	 inside	 arrangement	
resistance,	 and	 Rsh	 is	 are	 parallel	 resistance.	
Comparable	 circuit	 of	 single	 PV	 system	 is	 indicated	 in	
Figure	two.		

The	 Io	 changes	 with	 temperature	 and	 may	 be	
communicated	in	light	of	the	fact	that	the	following		

	

	

Figure	1.1:‐	The	single	line	diagram	of	system	

Where,	Etp	 is	 that	 the	 force	 in	mW/cm2,	CD	 is	 that	 the	
dissemination	 capacitance,	 and	 EG	 is	 that	 the	 band	
crevice	 energy	of	 the	 semiconductor	used	 in	 the	board.	
The	 reproduction	 outline	 of	 the	 PV	 system	 is	
demonstrated	in	Figure	three	[6].		

2.2	TURBINE	MODEL		

As	indicated	by	the	laws	of	aeromechanics,	yield	control	
in	turbine	will	be	communicated	in	 light	of	the	fact	that	
the	following		

	

Where,	ρ	is	that	the	air	thickness,	CP	is	that	the	wind	era	
usage	steady,	R	is	that	the	range	of	turbine	cutting	edges,	
and	v	is	that	the	wind	speed.		

	

Figure	1.2:‐	Equivalent	circuit	of	single	PV	cell	

The	alteration	inside	of	the	rotor	speed	Wm	steadies	the	
value	 of	 Cp	 at	 the	 most	 to	 supply	 offered	 ideal	 force.	
These	 progressions	 are	 corresponding	 to	 changes	 in	
wind	 speed	 V.	 the	 value	 of	 Xm	 most	 out‐put	 force	 at	
shifted	 paces	 for	 a	 turbine	 is	 considered	 [5].	 As	 a	 case,	
for	 a	 commonplace	 turbine,	 they	 got	 information	 is	
utilized	 to	 relate	 the	 most	 yield	 force	 Pmax	 to	 xm	
utilizing	a	polynomial	bend	matc	

	

Wm	 is	 that	 the	 rotor	mechanical	 speed.	The	 simulation	
diagram	of	the	turbine	is	shown	in	Figure	four.	

2.3	FUEL	CELL	MODEL	

In	 this	 paper,	 a	 PEM	 cell	 stack	 is	 intended.	 A	 chemical	
compound	membrane	 is	employed	because	the	solution	
in	 fuel	 cell;	 and	 air	 is	 employed	 as	 an	 oxidiser.	 The	
pressure	of	cell	 is	region	and	therefore	the	temperature	
is	70°C8.	Characteristics	of	 the	cell	are	shown	 in	Figure	
five	[8].	

For	having	a	cheap	fuel,	inserting	it	within	the	areas	that	
have	 low	 potency	 ought	 to	 be	 avoided.	 The	 hydrogen	
consumption	 of	 the	 cell	 will	 be	 expressed	 because	 the	
following	
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Figure	1.4:‐	The	simulation	diagram	of	wind	turbine	
model	

Where,	ηfc	is	that	the	potency	of	the	cell,	Elow,H2	is	that	
the	lower	heating	price	of	gas,	MH2	is	that	the	hydrogen	
mass,	and	fluorocarbon	is	that	the	output	power	of	cell.	
The	simulation	diagram	of	the	cell	is	shown	in	Figure	six	
[1].	

	

Figure	1.5:‐	The	simulation	diagram	of	PV	system	model.	

2.4	ELECTROLYSER	MODEL	

With	 passing	 of	 the	 electrical	 current	 between	 2	
electrodes,	the	water	will	be	analyzed	into	its	constituent	
components.	 The	 chemical	 science	 reaction	 of	 water	
electrolysis	is	because	the	following	

	

According	 to	Faraday’s	 law,	 the	worth	of	producing	gas	
in	 electrolyser	 directly	 depends	 on	 electrical	 current	
electrolyser	 circuit	 because	 it	 is	 shown	 within	 the	
following	

	

Where,	 ηF	 is	 Michael	 Faraday	 potency,	 F	 is	 Faraday	
constant,	NC	is	that	the	range	of	electrolyser	cells	serial,	
nH2	 is	 produced	 gas	 moles	 per	 second,	 and	 i.e.	 is	
electrolyser	current.	The	most	price	of	hydrogen	created	
in	 electrolyser	 is	 introduced	 as	 a	 sensible	 mode	 for	
Faraday	 potency	 [14].	 Forward	 that	 the	 operative	
temperature	of	electrolyser	is	40°C,	the	Faraday	potency	
is	expressed	because	the	following		

	

According	 to	 the	 equations	 (9)	 and	 (10),	 a	
straightforward	 electrolyser	 model	 is	 developed	 by	
victimisation	Simulink	that	is	illustrated	in	Figure	seven	
[15].	

2.5	HYDROGEN	STORAGE	TANK	MODEL	

Electrolyser	provides	the	specified	hydrogen	for	the	cell.	
This	 method	 is	 provided	 in	 step	 with	 the	 relation	
between	 the	 worth	 of	 needed	 hydrogen	 and	 therefore	
the	 output	 power	 of	 the	 cell	 system.	 The	 distinction	
between	the	created	and	consumed	price	moves	directly	
towards	 hydrogen	 tank.	 Hydrogen	 tank	 model	 directly	
calculates	 the	 pressure	 of	 tank	 by	 victimisation	 the	
pressure	on	hydrogen	 tank.	Dynamics	of	 such	a	 system	
will	be	written	because	the	following		

	

where,	NH2	 is	 hydrogen	moles	per	 second	delivered	 to	
the	tank,	Vb	is	volume	of	the	tank,	Pbi	is	initial	pressure	
of	 the	 tank,	MH2	 is	molar	mass	 of	 hydrogen,	 pb	 is	 that	
the	 pressure	 of	 tank,	 R	 is	 universal	 gas	 constant,	 Tb	 is	
working	 temperature,	 and	 Z	 is	 sponginess	 issue	 as	 a	
perform	 of	 pressure.	 The	 Simulink	 version	 of	 the	
hydrogen	storage	model	is	delineated	in	Figure	eight.	

	

Figure	1.6:‐	The	simulation	diagram	of	fuel	cell	model.	

2.6	BATTERY	MODEL	

In	 this	 study	 the	 interior	 resistance	model	 is	employed.	
As	compared	with	the	super	capacitance,	the	battery	has	
the	 options	 of	 high	 energy	 density	 and	 comparatively	
low	 power	 density	 (the	 power	 density	 of	 battery	
continues	to	be	3–5	times	above	a	fuel	cell)	9.	The	kind	of	
battery	 utilized	 in	 this	 study	 is	 Nickel	 Cadmium.	 The	
most	important	reason	to	limit	charging	and	discharging	
is	Rb2.	 rb	 is	 that	 the	 internal	 resistance	 in	battery.	The	
battery	model	with	an	enclosed	resistance	and	a	voltage	
supply	is	shown	in	Figure	nine	[19].		

The	State	of	Charge	(SOC)	is	a	crucial	portion	within	the	
battery	 within	 which	 the	 electrical	 circuit	 voltage	 and	
resistance	 are	 the	 nonlinear	 functions.	 These	
relationships	are	enforced	as	 look	up	tables	with	take	a	
look	at	knowledge.	The	terminal	voltage	of	battery	pack	
will	be	expressed	because	the	following	

	

Where,	Vb	is	terminal	voltage	of	battery	pack,	nb	is	that	
the	range	of	battery	cells,	Voc	is	that	the	electrical	circuit	
voltage,	 rb	 is	 that	 the	 internal	 resistance,	 and	 Ib	 is	 that	
the	current	emanate	of	the	battery.	If	the	battery	pack	is	
assumed	 to	 discharge	 some	 power	 Pb,	 then	 Ib	 will	 be	
calculated	as	shown	below		
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Where,	Pb	is	that	the	battery	power.	The	Simulink	model	
of	the	battery	system	is	shown	in	Figure	ten.	

3.	PROBLEM	STATEMENT		

IN	 electric	 ship	 management	 system	 is	 work	 at	
electricity	 so	 we	 have	 to	 design	 he	 system	 so	 that	 the	
electric	 ship	management	 use	 the	minimum	number	 of	
resources	and	give	maximum	output	power.	

The	 Photo	 Voltaic	 is	 the	 major	 source	 for	 the	 hybrid	
electric	 vehicle	 using	 maximum	 power	 point	 tracking	
and	 boost	 converter.	 The	 generate	 electric	 power	 from	
PV	is	stored	in	the	battery.	If	the	irradiance	of	the	solar	is	
good	 means	 the	 generation	 of	 electric	 power	 is	 more	
efficient	to	run	the	vehicle.	If	the	irradiance	is	low	means	
the	 stored	 energy	 in	 battery	 is	 used	 for	 propel	 the	
Vehicle.		

The	 second	 case	 in	 the	 stored	 energy	 of	 the	 battery	 is	
become	 low	 it	 also	 want	 to	 charge	 the	 energy	 during	
rainy	days,	cloudy	conditions	etc.,	The	PV	cannot	able	to	
generate	 the	 power	 according	 to	 the	 load	 condition	 of	
the	 vehicle	 and	 battery	 charging	 conditions.	 So	 the	
second	 battery	 source	 is	 will	 be	 generate	 the	 electric	
power	 for	 the	 vehicle.	 The	 generate	 power	 is	 used	 to	
charge	 the	 battery.	 The	 charges	 of	 the	 battery	 are	 also	
used	for	the	propulsion	of	the	vehicle.	

The	 PWM	 signal	 is	 generated	 based	 on	 the	 speed	 and	
current	 characteristic	 of	 the	 dc	 motor.	 The	 speed	 of	
motor	 is	 compare	 with	 the	 reference	 speed	 signal	 in	
speed	controller	and	it	generate	reference	current	signal.	
The	 current	 from	 the	 motor	 is	 compared	 with	 the	
reference	If	PV	are	not	present	to	charge	the	battery	and	
run	the	vehicle	means	the	diesel	generator	will	generate	
the	 power.	 The	 diesel	 generator	 is	 used	 to	 charge	 the	
battery.	 The	 discharge	 of	 the	 battery	 energy	 is	 used	 to	
propel	the	vehicle.	

The	 battery	 is	 linear	 discharge	 device	 for	 propel	 the	
hybrid	 electric	 vehicle.	 During	 sudden	 high	 speed	
operation	of	the	motor	in	the	vehicle	the	battery	cannot	
able	 to	withstand	 that	 condition.	 In	 that	 case	 the	 Ultra	
Capacitors	 (UCs)	 is	 used	 to	 run	 the	 vehicle	 for	 sudden	
high	 speed	 conditions.	 The	 UCs	 has	 high	 charging	 and	
discharging	 conditions.	 Due	 to	 these	 conditions	 the	
battery	 lifetime	 is	 extended	 and	 also	 continuous	
operation	of	motor	 in	vehicle	will	 get	obtained.	 current	
signal	in	current	controller.	The	gate	pulse	is	generating	
for	the	buck	converter	of	 the	HES.	The	output	power	of	
the	 buck	 converter	 is	 compared	 with	 the	 reference	
power	 then	 by	 using	 the	 PI	 controller	 the	 gate	 pulse	
generate	for	bidirectional	converter	of	battery	and	ultra	
capacitors.	 According	 to	 the	 gate	 pulse	 the	 battery	 and	
ultra	 capacitor	 will	 get	 charging	 or	 discharging	 for	 the	
speed	condition	of	the	ship.	

	

Figure	2.1:‐	Output	Voltage,	Input	of	boost	converter,	
Battery	output	

	

Figure	2.2:‐	Input	to	the	power	source,	Current	to	the	DC	
motor,	RPM	(Speed),	Input	to	(P	&	O	Algorithm)	

3.1	PROPOSED	METHODLOGY		

We	 are	 improving	 the	 results	 of	 output	 voltage,	 boost	
converter,	battery	output	by	use	of	fuzzy	logic	rules.	We	
are	 applying	 the	 fuzzy	 logic	 rules	 at	 place	 of	 P&	 O	
algorithm.	 The	 input	 function	 is	 design	 according	 to	
image	 number	 3.1.Yhe	 output	 rules	 are	 designed	
according	to	image	number	3.2	.	As	the	image	is	showing	
the	rules	are	divided	in	four	forms	(mf1,mf2,mf3,mf4).	

	

Figure	3.1:‐	Fuzzy	Logic	based	inputs	rules	
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Figure	3.2:‐	Output	design	rules	for	Fuzzy	logic	

	

Figure	3.3:‐	Fuzzy	logic	rules	

Image	number	3.3	is	showing	the	fuzzy	logic	rules	in	the	
electric	ship	management.	

4.	RESULTS		

As	we	 apply	 the	 fuzzy	 logic	 at	 place	 of	 P&	O	 algorithm	
the	 results	 of	 the	 Output	 Voltage,	 Input	 of	 boost	
converter,	 Battery	 output,	 Input	 to	 the	 power	 source,	
Current	to	the	DC	motor,	RPM	(Speed)	get	improvement	
from	the	previous	work	of	P&	O	algorithm.	

	

Figure	4.1:‐	Output	Voltage,	Input	of	boost	converter,	
Battery	output	

	

Figure	4.2:‐	Input	to	the	power	source,	Current	to	the	DC	
motor,	RPM	(Speed),	Input	to	(P	&	O	Algorithm)	

	

Figure	4.3:‐	Bidirectional	boost	waveforms	

5.	CONCLUSION	

The	power	flows	of	several	energy	source	of	the	HES,	has	
been	 presented.	 A	 hybrid	 arrangement,	 with	 a	 parallel	
combination	 of	 PV,	 FC,	 DG,	 battery	 and	 UCs,	 can	 be	
observed	and	studied	using	MATLAB/Simulink	program.	
It	 is	 found	 that	 the	 Fuzzy	 logic	 technique	 is	 straight	
forward,	 accurate,	 and	 easy	 to	 implement	 for	 both	 PV	
and	FC.	Furthermore,	battery	life	can	be	improved	due	to	
decrease	in	the	output	current.	A	hybrid	energy	storage	
arrangement	 enhances	 the	 overall	 energy	management	
system	 and	 a	 bidirectional	 dc/dc	 converter	 was	
simulated.	

6.	FUTURE	SCOPE		

Future	 work	 in	 this	 area	 of	 research	 will	 aim	 at	
addressing	 different	 combinations	 of	 system	 to	 reduce	
the	 size	 and	 cost,	 and	 also	 reduce	 the	 switching	 of	 the	
converters	 and	 instead	 of	 using	 Fuzzy	 Logic	 technique	
can	use	other	techniques.	
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