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Abstract
Electrical networks on marine vessels are often unstable due to the close capacities of
certain loads and electrical generators. Connecting or disconnecting these loads can have
negative effects on the performance of the ship's electrical network, such as changes in
the root mean square voltage and frequency, issues not typically observed in public
electrical networks.
In traditional propulsion ships, the power of the generating station constitutes about 40%
of the total vessel capacity, with the "propeller” being the largest energy consumer. In
modern propulsion systems, electric motors equipped with electronic power systems are
used, deepening the problem of disturbances in the electrical network.
This paper proposes a design for an electrical network based on a direct current distribution
system, converting power to alternating current networks using voltage inverters operating
with OVT (Orthogonal Vectors Based Topology). This approach resulted in producing a
sime-sinusoidal voltage wave with a total harmonic distortion (THD) of 10.8%.
To improve this wave and reduce the THD, the same technique can be repeated or
effective or passive filters can be used. In this study, passive LC filters were employed,
which reduced the harmonic distortion to 4%, aligning with the requirements for electrical
networks, not only in ships but also in public networks. For example, the European
standard for ground distribution networks stipulates that THD should not exceed 5%. A
study of the higher harmonics of the voltage waveforms in the proposed electrical network
was also conducted.
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OVT - output wave voltage [V] - phase R.

— P P P ]
T i R o S y
I S B W SR W
Y Y oy T
. OWT - output wave voltage [V] - phase S.
iy iy o o
oot e iy e Ny s mi
o B T | N o
. OVT - output wave vollage [V] - phase T. - ¥
A o A - ey
I ST T I
T S o — | T
OVT g Lo skl sgall Lagal) clasall cibiaia (5)J<s
OVT - output wave voltage [V] - RS. L=

) i o o -
ol e . =

OVT - cufput wave voltage [V] - ST.

— — E— —

i R N 0

— —

OVT - output wave voltage [V] - TR

o = & = s = B
A I W W o

500 [ — = e

0 001 002 003 004 005 0.06 007 008

OVT za (Ao hill sgall Luagal) cilagall cilbaia (6)Jsa

IS Balaiall Clgaiall aladiul aag 052 THD el sgdall dalaa 2l jehsn 7 J<4
10.79% N 31.21% (0 avaliil oy csaalaiall Clgaiall aladiul vie . Jiabia

FFT_OWT FFT_COM

—

THO_OWT = O_THO_OnWT_[%]

o o
G

THD_ oM. C_THO_CON_[%]

(4¢50<8) Bralaiall Cilgaiall aladiul gag ot Asargd) agdl) Jalaa ad (7)J<E
a8al) daws 3 J<al) b L) HLEY) e Aailll Ll gl JUae a8 i 8 <3
Al o) aad iage g8 WS HLEY) o 08l (el el IS Jladd) Gilus o3 L 33584])
16.34 g D19 iic daulil) d3dil5lls 18.28 lgiad D17 dc daslad)

Copyright for the journal © 350 Aaall 43 ghaa aal) 3 gia



ALY g Ay gl o glall 43) jum Ay Al pald 2 {@L
oualdd) (A gall calal) <z
S e Ll 2
February 2025 FT TS

dlolillg duyadll pglell

Sabratha Journal
for Marine and Total Sciences

18.28]
- ]
D7 Ea—2u
TI7
16,34
» Il lul >
D15 Eet—<u >
Lu—w—] o1
T10
13.51 T1 B2 14
[ 1351 [4 ol | Jul >
D23 Ea—su sup—— 05
T23 TS
=Sl Jul Mb— 34.36
| '
D25 Ea—:u Lu—e— o7
T25 T7
a7z
[ 07 [ ol | Jal >
D23 Eda— .y Lu—*— o1
T20 ™
10.01 T
- Ju N Jul >
D=1 Ea—2u Lu—*— D13
Ta1 T13
4)<E)) (e Aiall Lilal) (Q‘Q-IJ-AJQ-“) ladd)gil) JUae sl (8)&&.‘:‘
D
i9.43
oy ————»
o117 Ea—1 20
Ti7 Fourier2
7.4z I. o
«——— 4 lal »
Dig E— 2u »
-
T1a Lu — D1
0.G053 T T
[l ! Ju »
D25 Eda— 2u Luf—r— D5
T23 T5
1096 I. [ 1l 7081
- > —»
D25 Eta——2u ] —— or
T25 Fourier? T7
i7iE T
[l L Jul L
Dz Eta—— 20 Luf—»— D11
T20 T14
04200 1058
[l L Jul L
D2 E— 2u Luf—— D1z
T3 T3

SUSA (o alall L) (Sligasgl) Sl Jaa o (9) Jea

Copyright for the journal © 351 Aaall 43 ghaa aal) 3 gia



ALl g Ay ad) pglall 4 ja Ay AN 02l 2 @

oAl gJJAS\ g.AM\ <z
Sabratha Journal Jadl psle Lt siss SIMTS 5

for Marine and Total Sciences February 2025 i é

dilps dlao
dlolinllg dayall pglell

Jlad j.‘."‘“ c&}\ e\.&ﬁu’w\ & 2.7
il el Jragi e s Lol Dl (530 2a oSlal (g5l 5581 G 10 <

=
Phasa_voliage -
i
O_THD_OWT ] T

Phasa_Voltage

Jud il ol plisuan) day (55801 8,50 (10) o

e o o & Jadl e s M st dn 4% U 100 o 390 bl opidl Jalan i) o 11 1Ko
By OBl fuad (3 delo alal gl plisaaa) 15V

»[]

Phase_Voltage

s THD —.’—D 4028
FFT_OVT

D O a O_THO_OWT _[%]

Jud il s Ml feo g5 ao Bubolask! gl aliuily (390,81 0931 Jolns od (11) o
Ji.zgLzmiﬁzigg;\s\dw\j}'oc&j&\@OVwaw\@,-.L;.;ai%g.m,,,mW@;ﬁ 12 K
Bl & @ el s s S laylana) B3y lagadl ULl e ol

Copyright for the journal © 352 Aaall 43 ghaa aal) 3 gia



ALl g Ay ad) pglall 4 ja Ay AN 02l 2 @
W&\‘éﬁjﬁ\@lﬂ‘ N

Sabratha Journal ) SHiltS.
oM e Jad asle L gl N\

dlolillg duyadll pglell

UV | - output wave voltage |V] - phase K.

Jlad ) el aa OVT Luslall 758 (Ao duagal) dasall (Aade(12)Js
18.28 1o (D17) jie anlidl a8ilydl coaidl (Jaddl pe ma M) Loy dn Sl o8 s 13 S
5.978 1) 16.34 . (D19) Lis axuld) 2@l cuzid) LS .53.55% s aw f 8.5 )
colasad) Ly sV 3 S d e Jy et 1 63.41% Oyl ey

lul >
D >
Lu— o1
T
5078 | " o - B.506
- >
D% Ea—:u Juf—»— Di7
T10 TI7
2217 |, m o . Z.306
| »
D27 Ea— 2u Zu—+=— D35
Tar Tas
1265 | ” o - 1.329
o  d
D55 Eeq2u Lupw+— D53
T55 T53
oeeZ |, m o . 0.0081
| »
o7a B 2u Zu— D71
T73 71
06805 g m o . 0.6020
| »
Do Ea— .y Luf—— DED
T91 Tag
0555 | m o . 05614
| »
D100 Ea—:u LZufF—— D107
T109 T107

haall s T1JSEN ¢a aiall Lal) (clisasel) clbgl) JUse o (13)J<a

Copyright for the journal © 353 Aaall 43 ghaa aal) 3 gia



ALl g Ay ad) pglall 4 ja Ay AN 02l 2 @L

A1) gl alal
Sabratha Journal R T >N\ J

S obuoutiet Jad asle L gl A
or Marine and Total Sciences  ropuary 2025 é =L

dlolillg duyadll pglell

-

4Bl

Qai=’ c‘;\.})@ﬁ\ cﬁ.ﬂ\ cald 2\:1);.\3\ uﬁ.«.uﬂ daddia 3:331.1)@52\54.&3 C)laA (‘;3.333 px 6:\3”3\ s Lf
(aalaiall Clgaiall 4 223 dunga oSlse Aaalsy al) aig ae culh L ala e
e o Al dasall (€8 &jlie Auhal)l I LC. g5 (e 3¢ Cilbbeas ) diLSYL

S sl Gl 2 e dagd) S5 e skl Cilgaiall Ay sagall LSl
Laladll dlb olay ae <Ly Wlall ciliadlgll olins) bl cojedal a5 . gadall b gisall
I (THD) sesel) opdill Jalea ais 8 atles Laa ¢19 5 17 oiilsill Jin clie Linall
oSl mae Jo LC g (0 Allad j2 miipe pladiiul 3 elld e sdley %10 s
(THD) Ssasell ssiall Jalaa miiily cdans Glae uail dagall <G s Laa c(s3¢2l
Aol Caiatl) ilissge J8 (e Sadinall lilliiall ae (38155 dad 85 %3 353s )
bl

[1]Johnson, R. (2016). Development of electric propulsion in maritime transport: The

case of SS Turbinia. Journal of Maritime Engineering, 12(2), 45-60.

[2]Prousalidis, J., Styvaktakis, E., Hatzilau, I.K., Kanellos, F., Perros, S., & Sofras, E.

(2008). Electric Power Supply Quality in Ship Systems: An Overview. International

Journal of Ocean Systems Management, 1(1), 68-83.

[3]Smith, J., Johnson, M., & Lee, S. (2022). Comparison of Terrestrial and Maritime

Communication Networks. Journal of Maritime Communications, 12(3), 45-67.

[4] American Bureau of Shipping. Rules for building and classification, Steel Vessels,

2004; part 4, chapter 8.

[5] Hoevenaars T, Evans Ic, Lawson A. New Marine Harmonic Standards. leee Industry

Applications Magazine 2010:16-25.

Al o - Jslll e el Al Ghud) GlSad b elalll Cpaad™ (L e chalidl) Al ccailadl (55 [6]
2021 2sS) 2720ad) Apiill 5 o slell 4 gall Alaall " )i

[7] Budeanu C. 1.: “Puissances reactives et fictives” Inst. Romain de I’Energie, Bucharest,

1927.

[8] Hashad M.: Teoria mocy w obwodach elektrycznych — ortogonalizacja przebiegdw.

Zeszyty Naukowe Akademii Morskiej w Gdyni, 2007, nr57 pp 22-35.

Copyright for the journal © 354 Aaall 43 ghaa aal) 3 gia



ALl g Ay ad) pglall 4 ja Ay AN 02l 2 @

A sal) el
Sabratha Journal eI e o
for Mari d Total Sci Sl agle L ol gisit ”A

dloliullg duyayll pglall

[9] Wsiao Y, “Design of Filters for Reducing Harmonic Distortion and Correcting Power

Factor in Industrial Distribution Systems”, Tamkang Journal of Science and Engineering,

Vol. 4, No. 3, pp. 193-199,2001

[10]Koa Gua W J, “Using a Passive Filter to Suppress Harmonic and Resonance Effects

on Railway Power Systems”, Journal of the Chinese Institute of Engineers, Vol. 43, No.

4, pp. 25-40, 2014.

[11] Hashad M., Iwaszkiewicz J., A Novel Orthogonal Vectors Based Topology Of

Multilevel Inverters, IEEE Transactions On Industrial Electronics, Special Issue On

Multilevel Inverters, 8/2002.

[12] Iwaszkiewicz J., Hashad M: ,,Converter Control With Help Of Orthogonal Space

Vectors — Novel Control Strategy And Novel Topologies”, April 2-5-2002, Pcc-Osaka

2002.

[13] Hartman M., Hashad M., Iwaszkiewicz J.: “Developing Inverter Output Voltage

Waveforms With Help Of Orthogonal Space Vectors” — IEEE Conference — Pevd 2000,

London.

e 5all-"a plaall Sl 8 ooV a0 L daelan) daae ¢ Jaladl o jadl alls cciladl (5[ 14]
2022 5852630 222l ¢dpdill 5 o slall 4 sal) Alsalle gl Al o — S

Copyright for the journal © 355 Aaall 43 ghaa aal) 3 gia



