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A Study on the Arrangement of Efficient Power System for a Warship

Hong, Yong-pyo

Department of Marine System Engineering
Graduate School of Korea Maritime University

Abstract

England, Italy and US Navy has operated and applied the electric propulsion
system with an electric motor for the latest warship. In accordance with this
trend, Korean Navy also actively seeks to apply the electric propulsion system
ships to the warship.

This paper compares what the system more efficient between mechanical
propulsion system, hybrid propulsion system(which uses mechanical propulsion
system and electric propulsion system) and integrated power system, considering
the maximum speed, electric power load, displacement.

As a result, efficiency of the electric propulsion system is decreased because
warship needs undue propulsion power when warship need high maximum speed.
The efficiency of the integrated power system increases when warship needs
more electric power load increased. The efficiency of the electric propulsion system
increases when warship has smaller displacement.

Considering only fuel consumption, CODLOG will be the most efficient propulsion
system to LPH, DDH, LST, CODLAG will be the most efficient propulsion system to
FF. And IPS will be the most efficient propulsion system to AOE.

The research will be needed to apply integrated power system on AOE and LPH

which have relatively lower maximum speed compared with DDH and FF.

KEY WORDS : warship 3k electric propulsion 7]15%; mechanical propulsion”] A4} %
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Table 1.1 Latest warship propulsion system"

Bquson Diglacement | Length Xbeam WXSP;':&Q h
Name Qperatars cuising Cordement | Propuision -
system (ton) (m) (knots) commission
CODAD | RRMDARE | Singapore | 3.200 | 1140x160 | 30/15 8 | DEx4 | 2007
CODOG | FFX Batch-1 | Korea 3100 | 143x140 | 30/18 156 gg:ig 2012
124 Germany | 5600 | 1430x174 | 29/18 56 | STX1 1 9004
DE X 2
F-310 Norway | 5290 | 1332x168 | 26/16 120 gg:ié 2006
CODAG
GTx2
LCSIM USA 3089 | 1153x175 | 45/14 50 2008
DE x 2
GTx1
MEKO A0 | Poland | 2035 | %2x131 | 30/15 o | S a0
GTx2
TYPE 23 K 4900 | 13OXI61 | 28/15 185 | PMx2 | 1987
DG x4
GTx1
TYPE 2% K 6000 | 1485x20 | 28/15 18 | PMx2 | 2022
DG x4
c GTx1
X
FREMM Italy 5060 | 1422x197 | 27/15 145 | PMx2 | 2012
(BERGAMN)
DG x4
GTx1
1% Germany | 7,200 | 1495x188 | 26/18 110 | PMx2 | 2016
DG x4
GTx1
anio | TREVMM France | 6,000 | 1422x197 | 27/15 145 | PMx2 | 2012
(AQUITAINE)
DG x4
GIGx2
TYPE 45 K 7450 | 1s24x212 | 2718 191 | PMx2 | 2009
DG X 2
PM x 2
LPD K 18500 | 176x256 18 325 | Do 200
AOE K 31,500 | 1965x28.25 18 w2 | PS4 000
PMx 2
IPS/IFEP
DIGX 4
T-AKE USA | 41,000 | 210x322 20 136 2005
PM x 2
DDG-1000 USA 14,200 | 1829x241 | 30720 150 %Tl\ifz‘l 2013
GIGx2
CVF K 65.000 |  280%39 25 679 | PMx4 | 2015
DG4

3 CODAD : COmbined Diesel And Diesel

CODOG : COmbined Diesel Or Gas

CODAG : COmbined Diesel And Gas
CODLAG : COmbined Diesel-eLectric And Gas
CODLOG : Combined Diesel- eLectric Or Gas




Table 1.2 Korean warship
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Table 2.1 Configuration concepts and features of mechanical propulsion system
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Table 2.2 Configuration concepts and features of electric propulsion system

Classification Configuration concepts and features

34| (Hybrid) O 7IAAZ A7 A(FAAE7)E Bste] 74
_ = HUEHA ANS ArAe T e8et

A, SFEHA A7AT =

= ZF% : CODLAG, CODLOG
olgtell M &5 B XFo] A&
14ez AA F+430] Bt
A A7l S A48

=), FREMM(Z % 2=, ole-e|oh),

X

=

1z
oo
™

N

| |
H
<
a=)
t
oo
«{
off

O Tx7jsl FAPF7|Ho2 74
IPS

= % 55 : [PS(Integrated Power System) /
(Integrated Power System)

[FEP(Integrated Full Electric Propulsion)
FAAE7] 8O0 22 D AFY FHS
Diesel Electric A4 A 83K (A u}g A)
= LPD(¥), AO(¥=) &

ATl theh A7 15AA 2871 S F)
= TYPE-45(%¢ =), DDX(™] =)

232 FAAAE 24 ool FUAAE WA AssE A2 TR
B mRdAE AA 24 AAY 274 FAAAL Bgstel ol @ A7
of Agsis FAAAZ FAHNAT. BF

T =
€ A AL FoAEe AVIREE ol&ste] FHE da, A& Fel

offt

>
1>

o

™

i_il‘
o
Y



M= 7F2ERI 2 71A14
Aol &3t} Table 2.3

=

g

&3tAY, A7IRHE 5
&+ ot

Table 2.3 Appliance of hybrid propulsion system'

Displacement / Propulsion
Name | Operators | max speed / system Photo
cruising speed | configuration
R
GTx2
TYPE 23| K 251’1?50 /t‘f;‘k/ts PMx 2
DG x4
GTx1
6,000 ton /
TYPE 26 UK ’ PM %2
28 kts / 15 kts DGXA4
FREMM | | 5.960 ton | SI\T& %
(BERGAMIN) 27 kts [ 15 kts DG x4
GTx1
F-125 | Germany 267 ’1?50 /t‘ljg k/tS PM x 2
DG x4
GTx1
FREMM 6,000 ton /
AQUITAND, T | o7 ks 1 15 Kis gl\éii




2.2.2 TIPS

A7) B &rlolsh 2o AAY FA Azdo] glu wAs|g F7 mE
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Table 2.4 < AdxH7uU dxd &4 A7 FAA4A4 A& ot

Table 2.4 Appliance of IPS™

Displacement / | Propulsion
Name Operators| max speed / system Photo
cruising speed |configuration
GTG x 2
7,350 ton /
TYPE-45 UK ’ DG X 2
27 kts | 18 kis PM X 9
DG X 2
18,500 ton /
LPD UK ' DG % 2
18 kts / 15 kts PN X2
31,500 ton / DIG X 4
ACE UK 18kts /15kts | PM x 2
41,000 ton / DIGX 4
T-AKE USA o0 ks /20 ks | PMx 2
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A3 Z A7FA A" FATS BIF R

A7NFHE ol &3te B2 FAA A" A&EA FAHFIE ol 83t
I2E]RS 34 o] 83l= CODLAG(COmbined Diesel-electric
And Gas) ®alal &A= JF2ERIGE o] 8517 A EAdE FAHAEIE

o] &3= CODLOG(Combined Diesel- eLectric Or Gas) ¥2}o] Qlth.
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Table 3.1 Configuration concepts and specificity of hybrid propulsion system

Category of hybrid propulsion system Configuration concepts

Diesel generator

“n

Gas turbine

Gearboxes Electric motor

CODLAG
(COmbined Diesel-elLectric And Gas)




Propeller Electric motor

8 Diesel generator .

Gas turbine

Gearboxes

CODLOG

(Combined Diesel- eLectric Or Gas)

Clutches

3.1.2 IPS +4
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A1) ZAZ o7 WSt AE Hlel Aol 2 RIS s w9
el sE 2dste] FA) Bad A¥e FFUT A=" AL Table 2.2
o} gow, o) wat &3 A7)y, BESS(battery energy storage system)<
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*ﬂiw

GT generator DE generator GT generator DE generator

Battery Battery
Module Module

Moter Moter

Fig. 3.1 Configuration concepts of BESS™




32 58 A2de HAs B AR

9 58 Azdle] HH5 Uk AARE FH A £, 3 AH 28
o]

Bag 20 AY, FY M5-F 52 HAY 5

D Hd &9

Aol M HA FHL AgHE F3 A2de AAste g 2 3
Hasl g3t Al £Eo] xoW wos oY FAHL F&IH
Z74et) =3 B3 slE s ZAgdA AEAS et &5 A F

2) 28 AH

S AA} BXAA e dHog Ao HAHE AuE G2 S
o} olo] wel Au] 8o st AL Frlste FATh

Fig. 3.2¢F o] A &A @A F7IY A7 29k 22 1EY JHAE A

&3hs FIIAAE A eMe nEge HAdrrF Basith @ 49
2 100km ©o]3e] A F4L R3] fsll Bad A= oF 1,000 kW
olfel =Y AUATt a7EHe= Aoe® 4¥HA vt o= DDH-1I Tx~7] 1
el g3 REe oy et

o XEHY FAAAY FAAAE HEEHOE 28] AT FAAA
7} BFA7FQAA NG dA% o]d nEHe] FIAAE RE FH A&
7@ AR BUEssith A28 Aol HEshA] T o2 31 AlHlo]
O 8&4d F Jdva 5 F Utk oo B =&dAs 48 HYo &

$4 Azel golM Folzl WMol Ry Aul MR WAL WS F
A

&ty & WS O vE /A Jhsd AHle £ golAa T yle A



0.4AMW  04MW 2 MW 30 MW 20 MW

‘.// Active k
| Denial |
System / - =
\v/ AFAY A F71AA
e soi (0.7MW-2MW)
woapons i threl b B BE Adel oa avy
1 ol 59
Lo £ RS 7)%6.5MW-30MW)
{ ectro w Free \ = _
| Magnetic J\ Electron } A7) £ T3 2 SHAT] FI1AA
(6% oJulol 200NM ¥ AE B4 718

-] ol
WE 9F BA, FH% AN AF B
Aol Fhsa Al2d
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Table 3.2 Process of measuring effective horse power

Category of
process

Process of measuring Reference
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Table 4.1 Specifications of actual vessels™

Propulsion Generator
Class | Length |Displacement| Propulsion Speedknots)

power power
& type | (m) (ton) system

kW) max | quising &W)

CODAD |4 x 10,400

LPH 199 18,800 |4 s pip)| = 41,600

23 18 |4 x 2,500

CODOG | 2 X 3,525
DDH-1 | 1354 3,885 @ X DIE|2 x 21,697 30 18 |4 x 1,000
2 X G/D| = 50,444

CODOG | 2 X 3,525
DDH-1I | 149.5 9,520 2 X DIE|2 X 21,697 29 17 |4 x 1,200
2 X G/D| = 50,444

COGAG |4 x 21,697

DDH-II | 167.9 | 11200 | " "oyl - g6.788

30 20 |3 x 3,127

CODOG | 2 x 2,255
FF 102 2,300 2 x DIE|2 x 20,000 34 15 4 X 425
2 X G/D| = 45110

CODAG | 2 x 3,240
PKG 63 970 @2 X DIE| 2 x 4470 | 40 15 2 X 247
2 X G/D| = 15420

CODAD | 2 X 4,706

LST | 1127 | 4300 | ," T pe Lo a0y

16 12 3 X 425

CODAD | 2 X 4,706

ACE 136 %113 (2 x DIB)| = 9412

20 15 4 x 580
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Table 4.2 Specification of supposed vessels

. S knot; .
_ Propulsion peed(knots) Capacity of
Displacement
Class & type power generator
(ton)

kW) max | cruising kW)
LPH 18,000 40,411 23 18 10,000
DDH 11,000 85,752 30 20 9,381
FF 3,500 53,630 30 18 4,000
LST 4,300 9,412 16 12 1,275
AOE 9,000 9,334 20 15 2,320
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Table 4.4 7M3d-gel £2n|8d] wE X E3skel CODAD, CODOG, COGAG,
CODLOD, CODLAG, IPS Al=®l9] 3 AHS Yepd Aolth e fAduS
2t A3 CODAD 4o 7% 17 50 %Y Wl HEe 794 %
7} @tk o] AAFAA F7HHS A57]E AEFFh CODOG Ao AS Hx
£59] 60 % 7t He AlFo HADRIANA JF2ERICRE A ZEdh o

AEEE 216 %olth COGAG Ao A$ 7o gko slxERlo] 47}
dx 5o ta HEEE W 25 %9 AR R FUteke S£EHHlE 63 %
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Table 4.4 Engine load according to the vessel’ s speed'”

Speed (%) 0 10 20 30 40 50 60 70 80 90 | 100
Engine Load
nguzo) 0 | 01|08 | 27|64 125 216 343 512|729 100
0
Gap
01107 19| 37|61 91 127|169 | 21.7 | 27.1
%)
100
. 83.4%
80
&, P
£
=
g 60
3 sop’
% 50
r_ﬁ 40
30 (-7
. mm21.§,§t?"
Engine load b
according to 1L S gl 63%| 79.4% 90.9% |94%
the vessels 03 10 2;_ 30 40 50 eo. 70 ‘su a0 100
speed Vessel speed(®)
CODAD
CcCODOG
COGAG
CODLOG
CODLAG
IPS




Table 4.5 The vessel’ s speed according to engine load

100
90
80
g 70 s
>
8 60 e
The vessels | & o
speed g * y
according to | 5 *° 7
engine load el i
20 J"
10
0
0 10 20 30 40 50 60 70 80 90 100
Enging Load(%)
Engine Load
@ 0 10 20 30 40 50 60 70 80 90 | 100
0,
Speed
@ 0.0 | 464 | 585 | 66.9 | 73.7 | 79.4 | 84.3 | 88.8 | 92.8 | 96.5 | 100
(1)
Gap
@ 464 1121 | 84 | 6.8 | 5.7 | 49 | 45 4 3.7 | 35
(1)
LPH| 0.0 | 10.7 | 135|154 169 | 183 | 194|204 | 214 | 222 | 23
Speed [DDH| 0.0 | 139|175 20.1 | 22.1 | 23.8 | 25.3 | 26.6 | 27.8 | 29.0 | 30
(knots)
in:;/;::;; FF | 00 | 139175201221 | 238|253 | 26.6 | 27.8 | 29.0 | 30
the
displacervent| ST | 0.0 | 7.4 | 94 | 10.7 | 11.8 | 12.7 | 135 | 14.2 | 149 | 154 | 16
difference
AOCE| 0.0 | 93 | 11.7 | 134 | 147 | 159 | 16.9 | 178 | 18.6 | 19.3 | 20
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Table 4.6 Power demand of propulsion system
CODAD CODOG
1: L ——power demand / 1:: L = power demand , /
==engines load / ——engines load l /
0T ~—generator load / e ~—generator load ’ /
/g |/
/ |5 [/
‘%m / ‘gw ’ /
7 [/
2 / 0 /J/
W / - P~
I e
‘ 0 5 10 15 20 25 30 35 40 45 50 S5 60 65 70 75 80 85 90 95 100 ’ 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10C
Vessel speed(%) Vessel speed(%)
COGAG CODLOG
100 E—— 100 s ’ /
S s T ||
& generator load /_/ | ~=—generator load I /
5. /&, I/
S 50 J 350 ’ /
% “ s g [/
= 7 e |/
RS |/
20 £\ -
10 - /
Vossol spood®®) o 5 015 2 2 0 3 “"\}eﬁséfsf‘feé‘h(«i‘i)* 75 @ a5 %0 s 0
CODLAG IPS
lj: ——power demand /7 1: . ——power demand /7
=—engines load // ) //
80 +— generator load 80— =——engines load
o I / . -
o/ 1/
2. -/ S 4
g, l/ g, [/
= L/ =, 4
20 !// 20 /
0 ; 1'0 1‘5 Z‘D 2‘5 3‘0 3'5 %eéssesl‘osi‘;eéﬂd(;) 7‘0 7‘5 B‘O E‘S 9‘0 9'5 1$D 0 5 10 15 20 25 30 35 %elzseslosseeﬁﬂd(;) 70 75 80 85 90 95 100
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CODOG, COGAG, CODLOG, CODLAG, IPS&= ¢ uf

ot} F7hHQ WHAE AB] W A%I} FAHeR AEsE AX
.

o] w3t Table 4.67 #Z& Fxg =io] 1A
o %

FR 5 15} o o] £alo] TAEA Atk A
AEYo] F=Fol A2 w7AAe] oA E4L 7.7 % ~ 9.7 % A=l
S

Main Supply Frequency E- Propulsion

Generator Switchboard Transformer ” Converter Motor ?
Engine 3% Q 0,2% |j> 1% Q 1,5% Q 3% - 4%
Power (Pg)

. t
) not apphca‘.)\e if g.g. *) Synchronous: 3%
converters with Active Induction: 4%

Front End are used .

Air 0.1%
Air 0.2%
Air 1.0%
Air 1.0%

Water 1.5%
Water 2-3%

Water 2.9%

| Heat losses |

Fig.4.1 Electric propulsion plant of standard electrical components
; Typical losses
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Table 4.7 Propulsion system of supposed vessels
Class max . Propulsion Generator
& Speed s Istergl Configuration power power
type | Gnots) | Y &W) &W)
4 X DE
CODAD 4 x DG 40,411 10,000
19,561 -
CODLOG ‘i [ g(T}
40,411 10,000
LPH
23 17,347 -
4 X DG
CODLAG 1 % GT 33,703 10,000
51,050 -
IPS 4 X DG 54,262 -
4 X GT
COGAG 3 % GTG 85,752 9,381
29,668 -
CODLOG j 9 2&,}
85,752 9,381
4 X DG
CODLAG 4 x GT 71,517 9,381
96,489 -
IPS 4 X DG 103,304 -




% DE 11,584 4,000
CODOG % GT
% DG 53,630 4,000
16,688 -
CODLOG . 2?
53,630 4,000
EF 34
13,751 -
X DE
CODLAG e 44727 4,000
58,478 -
IPS % DE 62,740 -
X DE
CODAD o 9.412 1.975
3,502 _
CODLOG » 2&,}
9.412 1.275
IST | 16 2986 i
X DE
CODLAG o 7,850 1.275
10.836 -
IPS x DG 11,584 _
X DE
CODAD ol 9.334 2.320
4,528 -
CODLOG . 2(;
9.334 2,320
AOE | 20 4,017 i
X DE
CODLAG e 7785 2.320
11.802 -
IPS % DG 12,543 _
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Table 4.8 Fuel consumption of supposed LPH

Quantity Operating (EA) Engine load (%) SFC (g/kWh)
Operation Total
Propulsion| speed Opere?tlon FueI‘ fueI‘
ratio consunption | consurmption]
system | range

&) @ | DE | DG | GT |GTG| DE | DG | GT | GIG | DE | DG | GT | GIG| @B | for year

(ton)

0~6 40 1| 1[0 ] 0 |022]9% | 0] 0 [237]18| 0| 0 | 0460

6~12 20 1 2 0 0 599 94 0 0 | 211|186 | O 0 1.388

CODAD | 12~18 20 2 3 0 0 |27.74] 94 0 0 |19 | 186 | 0O 0 3.449 | 15,267

18~21 10 4 3 0 0 ]65.75] 94 0 0 | 187|186 | 0O 0 6.293

21~23 10 4 4 0 0 88 | 94 0 0 | 187|186 | O 0 8.373

0~6 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.857

6~12 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 1.714

oG | 1218 20 0 4 0 0 0 94 0 0 0 |18 | 0O 0 3429 | 18,234

18~21 10 0 2 1 0 0 94 (65.75| 0 0 |18 | 237 | O 8.008

21~23 10 0 2 1 0 0 94 |87.52| 0 0 |18 |221| O 9.542

0~6 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.760

6~12 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 1.520

CODAG | 12~18 20 0 3 1 0 0 94 334 0 0 |18 | 284 | O 5479 | 20,404

18~21 10 0 2 1 0 0 94 [79.16|] 0 0 |18 |227| 0O 7.577

21~23 10 0 4 1 0 0 94 100 | O 0 |18 | 217 0 | 10.370

0~6 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 2.378

6~12 20 0 1 0 0 0 94 0 0 0 |18 | 0O 0 2.378

IPS 12~18 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 4.756 | 23,576

18~21 10 0 3 0 0 0 94 0 0 0 |18 | 0O 0 7.134

21~23 10 0 4 0 0 0 94 0 0 0 |18 | 0O 0 9.512




Table 4.9 Fuel consumption of supposed DDH

Quantity Operating (EA) Engine load (%) SFC (g/kWh)
Operation Total
. et Operation Fuel fuel
Propulsion| speed ratio . .
system | range T T
o %) DE | DG | 6T |GIG| DE | DG | 6T |GTG| DE | DG | GT | Grg| GooM | for year
(ton)

0~10 40 0 0 1 1 0 0 046|100 | O 0 | 541 217 | 0.894

10~15 20 0 0 1 2 0 0 |723]|100(| O 0 ]300 (217 | 3.221

COGAG | 15~20 20 0 0 2 2 0 0 ]19.85| 100 | O 0 | 267|217 | 5911 | 28,233

20~25 10 0 0 2 2 0 0 |42.19| 100 | O 0 | 223|217 | 9.437

25~30 10 0 0 4 3 0 0 77 {100 | 0 0 | 229|217 | 17.134

0~10 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 1.300

10~15 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 2.600

QoDLoG | 15~20 20 0 4 0 0 0 94 0 0 0 |18 | 0O 0 5.201 | 28,681

20~25 10 0 2 2 0 0 94 (42.19| 0 0 |18 | 223| 0 [ 10.679

25~30 10 0 2 4 0 0 94 |77.03| 0 0 |18 |229| 0 [ 17.697

0~10 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 1.094

10~15 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 2.189

CODAG | 15~20 20 0 3 2 0 0 94 (23.901 0 0 |18 | 254 | 0O 7.618 | 31,572

20~25 10 0 2 4 0 0 94 [50.79| 0 0 |18 | 250 | O | 11.267

25~30 10 0 4 4 0 0 94 (92.74| 0 0 |18 |219| 0 | 18879

0~10 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 4.527

10~15 20 0 1 0 0 0 94 0 0 0 |18 | 0O 0 4.527

IPS 15~20 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 9.054 | 44,885

20~25 10 0 3 0 0 0 94 0 0 0 |18 | 0O 0 | 13.582

25~30 10 0 4 0 0 0 94 0 0 0 |18 | 0O 0 | 18.109




Table 4.10 Fuel consumption of supposed FF

Quantity Operating (EA) Engine load (%) SFC (g/kWh)
Operation Total
Propulsion| speed Opere?tlon FueI‘ fueI‘
ratio consunption | consurmption]
system | range

&) @ | DE | DG | GT |GTG| DE | DG | GT | GIG | DE | DG | GT | GIG| @B | for year

(ton)

0~6 40 1| 1[0 ] 0 [060] 94| 0] 0 |237[18| 0 | 0 | 0192

6~12 20 2 2 0 0 ]16.23| 94 0 0 1219|186 | 0O 0 0.762

CoDOG | 12~18 20 2 2 0 0 |75.13] 94 0 0 |18 | 186 | 0O 0 1.972 4,352

18~24 10 0 3 2 0 0 94 343 0 [ 239|186 | O 0 0.526

24~30 10 0 4 2 0 0 94 | 729 0 [ 239|186 | O 0 0.701

0~6 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.731

6~12 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 1.463

QoDLoG | 12~18 20 0 4 0 0 0 94 0 0 0 |18 | 0O 0 2.925 | 16,829

18~24 10 0 2 2 0 0 94 (343 0 0 |18 | 281 | O 6.638

24~30 10 0 2 2 0 0 94 1729 0 0 |18 |232| 0 [ 10517

0~6 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.603

6~12 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 1.205

CODAG | 12~18 20 0 4 0 0 0 94 0 0 0 |18 | 571 | O 2411 | 16,015

18~24 10 0 2 2 0 0 94 (413 0 0 |18 | 264 | O 6.085

24~30 10 0 4 2 0 0 94 (95.74| 0O 0 |18 | 218 | 0O | 11.733

0~6 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 2.750

6~12 20 0 1 0 0 0 94 0 0 0 |18 | 0O 0 2.750

IPS 12~18 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 5499 | 27,260

18~24 10 0 3 0 0 0 94 0 0 0 |18 | 0O 0 8.249

24~30 10 0 4 0 0 0 94 0 0 0 |18 | 0O 0 | 10.998




Table 4.11 Fuel consumption of supposed LST

Quantity Operating (EA) Engine load (%) SFC (g/kWh) ol
. Ot
P et | " 2l
system range
o) %) DE | DG | GT |GIG| DE | DG | GT |GIG | DE | DG | GT | GTG | Gou | for year
(ton)
0~4 40 11| 0| 0 020|900 [238|186| 0] 0| 007
4-8 20 2| 2] 0] 0527/ 94| 0| 0 |232]18] 0 | 0 | 0.264
CODAD | 8~12 20 2| 2] 0] 0 [2441) 94| 0 | 0 |211|18 | 0 | 0 | 0.633 | 1924
12-14 10 2| 3] 0] 0 |54|9| 0| 0191|180 | 0 | 1188
14~16 10 2| 3] 0] 0|8 |9| 0|0 |239]18]0 /| 0| 2075
0~4 40 ol 1o ofo|9| 0| o] o018]0]| 0| 0205
4-8 20 0| 3o o |0 |9%| 0| 0] 018|000/ 0614
oo | 8712 20 0| 1] 1] o0 | 0| 94 2441 0 | 0 [18] 0 | 0 | 0.205 2398
12-14 10 0| 2] 1] 0| 0| 94|5364 0 | 0 |18 |247| 0 | 1656
14~16 10 0| 2 1] o] 0| 94|84 0| 0|18 |225]| 1 | 2152
0~4 40 ol 1o ofo0o || 0| o] o0o|18]0]| 0| o017
4-8 20 0| 3o oo 9| 0| o] o0o|18]0]| 0| 0523
COOAG | 812 20 0| 1] 1] 0| 0| 94293 0| 0 [18[209| 0 | 0863 | 2931
12-14 10 0| 2] 1] 0] 0| 94 |6458 0 | 0 |18 |[238| 0 | 1554
14~16 10 0|l 2] 1] 0] 0| 9|992 0] o0/|18]207| 1 | 2042
0~4 40 ol 1o ofo|9| 0| o] o0o|18]0]| 0| 0508
4-8 20 ol 1o ofo|9| 0| o] o0of18]0]| 0| 0508
1PS 8~12 20 ol 2]o0o] oo |9| 0| o] o018]0]| 0| 1015]| 3809
12-14 10 o|3]ofofo|9|0o|o0o]| 018|000 1523
14~16 10 ol 4o ofo || 0| o] 0188|0020




Table 4.12 Fuel consumption of supposed AOE

Quantity Operating (EA) Engine load (%) SFC (g/kWh)
Operation Total
Propulsion| speed Opere?tlon FueI‘ fueI‘
ratio consunption | consurmption]
system | range

&) @ | DE | DG | GT |GTG| DE | DG | GT | GIG | DE | DG | GT | GIG| @B | for year

(ton)

0-5 40 1| 1[0 ] 0 [010] 9| 0] 0 |238[18| 0| 0 | 0104

5~10 20 2 2 0 0 |527| 94 0 0 | 232|186 | 0O 0 0.317

CODAD | 10~15 20 2 2 0 0 2441 94 0 0 | 211|186 | O 0 0.684 3,278

15~18 10 2 3 0 0 |56.15] 94 0 0 |19 | 186 | 0O 0 1.301

18~20 10 2 4 0 0 86 | 94 0 0 | 187|186 | O 0 1.902

0~5 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.397

5~10 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 0.794

QG | 10~15 20 0 1 1 0 0 94 (2441 0 0 |18 | 0O 0 0.397 4,563

15~18 10 0 1 1 0 0 94 [56.15| 0 0 |18 |245| O 1.678

18~20 10 0 1 1 0 0 94 |85.74| 0 0 |18 |222| 0 2.177

0~5 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.352

5~10 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 0.704

CODAG | 10~15 20 0 1 1 0 0 94 129.39|] 0 0 |18 |29 | 0 1.035 5,176

15~18 10 0 1 1 0 0 94 | 676 0 0 | 186|235 | 0 1.591

18~20 10 0 2 1 0 0 94 100 | O 0 |18 |217| O 2.397

0~5 40 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.550

5~10 20 0 1 0 0 0 94 0 0 0 |18 | 0O 0 0.550

IPS 10~15 20 0 2 0 0 0 94 0 0 0 |18 | 0O 0 1.099 5,450

15~18 10 0 3 0 0 0 94 0 0 0 |18 | 0O 0 1.649

18~20 10 0 4 0 0 0 94 0 0 0 |18 | 0O 0 2.199
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Table 4.13 Fuel consumption of supposed vessels

Total fuel consumption for year (ton)

Class &

type

Mechanical CODLOG CODLAG IPS

LPH 15,267 18,234 20,404 23,576
DDH 28,233 28,681 31,572 44,885
FF 4,352 16,829 16,015 27,260
LST 1,924 2,398 2,931 3,849
AOE 3,278 4,563 5,176 5,450
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Table 4.14 Fuel consumption changes data according to change of max. speed

Change g;gx speed |, 3 -2 1 0 A ¥ 3 "
CODAD
o 10,948 | 11,876 | 12,902 | 14,031 | 15,267 | 16,615 | 18,080 | 19,668 | 21,382
C?E;?G 10,953 | 12,529 | 14,277 | 16,181 | 18,234 | 20,510 | 23,345 | 27,683 | 35,716
WP oA
o 11,503 | 13,416 | 15,531 | 17,857 | 20,404 | 23183 | 26,204 | 29.475 | 33,009
(ii) 13,291 | 15,502 | 17,945 | 20,633 | 23,576 | 26,787 | 30,277 | 34,057 | 38,140
CigﬁG 20,728 | 22,406 | 24,213 | 26,154 | 28,233 | 30,455 | 32,826 | 35,350 | 38,031
C??L?G 18,670 | 20,909 | 23,319 | 25,908 | 28,681 | 31,646 | 34,808 | 38,175 | 41,751
DDH I —oha
o 20,552 | 23,016 | 25,669 | 28,519 | 31,572 | 34,836 | 38,317 | 42,023 | 45,960
(ii) 29218 | 32,721 | 36,493 | 40,544 | 44,885 | 49,524 | 54,473 | 59,741 | 65,339
CEES)G 3511 | 3699 | 3901 | 4119 | 4352 | 4,601 | 4867 | 5149 | 5450
C?E;?G 10,955 | 12,269 | 13,683 | 15,202 | 16,829 | 18,569 | 20,425 | 22,400 | 24,499
FF
O?EE?G 10,425 | 11,675 | 13,021 | 14,466 | 16,015 | 17,670 | 19,436 | 21,316 | 23,313
(ii) 17,745 | 19,872 | 22,163 | 24,624 | 27,260 | 30,078 | 33,083 | 36,283 | 39,682
CigﬁD 1188 | 1334 | 1,504 | 1,700 | 1,924 | 2,177 | 2463 | 2,781 | 3,136
C?E;?G 1012 | 1286 | 1,606 | 1976 | 2398 | 2,876 | 3414 | 4,015 | 4,683
BT —oniac
o 1,236 | 1572 | 1,963 | 2415 | 2931 | 3515 | 4173 | 4,908 | 5724
(ii) 1624 | 2064 | 2578 | 3171 | 3849 | 4617 | 5480 | 6445 | 7517
CigﬁD 2228 | 2448 | 2695 | 2,971 | 3278 | 3,618 | 3991 | 4,399 | 4845
C?E;?G 2336 | 2802 | 332 | 3912 | 4563 | 528 | 6,073 | 6,940 | 7.885
AOE hiAG
o 2650 | 3179 | 3,773 | 4438 | 5176 | 5992 | 6890 | 7,872 | 8944
(ii) 2790 | 3347 | 3973 | 4,673 | 5450 | 6,309 | 7.254 | 8288 | 9417
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Table 4.15 Fuel consumption changes according to change of max. speed

LPH DDH
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0000
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CODLAG fooe
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35,000 +—{—=1PS p -

Total fuel consumption for year (ton)
Total fuel consumption for year (ton)

4 E 2 1 o 1 +2 3 4

4 3 2 Bl 0 41 +2 3 +4
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Table 4.16 Fuel consumption changes data according to change of electric load

hange of
Change o 0 50 100 150 200 250 300 350 400
electric load (%)
CODAD
o 15267 | 17,950 | 20,634 | 23318 | 26,001 | 28685 | 31,368 | 34,052 | 36,736
on
CODLOG
o 18234 | 20,790 | 23346 | 25901 | 28457 | 31013 | 33569 | 36,125 | 38,680
on
LPH
CODLAG
o 20404 | 22,960 | 25516 | 28072 | 30,628 | 33,184 | 35739 | 38295 | 40,851
1PS
o 23576 | 25749 | 27,921 | 30094 | 32,266 | 34439 | 36,611 | 38,783 | 40,956
COGAG
. 28233 | 31,599 | 34,965 | 38331 | 41,696 | 45062 | 48428 | 51,794 | 55,160
CODLOG
o 28681 | 31,079 | 33476 | 35874 | 38272 | 40,669 | 43,067 | 45465 | 47,862
DDH
CODLAG
o 31,572 | 33970 | 36,368 | 38765 | 41,163 | 43560 | 45958 | 48356 | 50,753
1PS
o 44885 | 46,923 | 48,961 | 50999 | 53036 | 55074 | 57,112 | 59,150 | 61,188
CODOG
o 4352 | 5323 | 6294 | 7266 | 8237 | 9208 | 10179 | 11,150 | 12,122
CODLOG
o 16,829 | 17.852 | 18,874 | 19,89 | 20019 | 21941 | 22,963 | 23,986 | 25,008
FF
CODLAG
o 16015 | 17,139 | 18264 | 19,388 | 20513 | 21,638 | 22,762 | 23.887 | 25011
on
1PS
o 27,260 | 28,129 | 28,098 | 20867 | 30736 | 31,605 | 32474 | 33343 | 34,212
on
CODAD
o 1924 | 2249 | 2575 | 2901 | 3227 | 3553 | 3879 | 4205 | 4531
on
CODLOG
o 2398 | 2702 | 3006 | 3310 | 3614 | 3918 | 4223 | 4527 | 4831
on
LST
CODLAG
o 2931 | 3235 | 3539 | 3843 | 4147 | 4451 | 4756 | 5060 | 5364
1PS
o 3849 | 4061 | 4272 | 4484 | 469% | 4908 | 5120 | 5332 | 5543
CODAD
o 3278 | 3842 | 4405 | 4968 | 5532 | 6095 | 6658 | 7.222 | 7,785
CODLOG
o 4563 | 5274 | 598 | 6698 | 7400 | 8121 | 8832 | 9544 | 10255
AOE
CODLAG
o 5176 | 5947 | 6718 | 7489 | 8260 | 9030 | 9801 | 10572 | 11,343
1PS
o 5450 | 5954 | 6458 | 6,962 | 7.466 | 7970 | 8474 | 8978 | 9482

— 41
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Table 4.17 Fuel consumption changes according to change of electric load

LPH

DDH

Total fuel consumption for year (ton)
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Table 4.18 Fuel consumption changes data according to change of displacement

£
 Change o -40 -30 20 10 0 +10 20 +30 +40
displacement (%)
CODAD
o 12593 | 13200 | 13963 | 14,619 | 15267 | 15912 | 16560 | 17,213 | 17,876
on
CODLOG
o 15499 | 16207 | 16,893 | 17,566 | 18,234 | 18903 | 19577 | 20261 | 20958
on
LPH
CODLAG
o 14,650 | 16,166 | 17,621 | 19,030 | 20404 | 21,754 | 23087 | 24407 | 25721
1PS
o 17,129 | 18798 | 20415 | 22002 | 23576 | 25153 | 26,743 | 28356 | 29,999
COGAG
. 23505 | 24815 | 26034 | 27,169 | 28233 | 20,248 | 30,248 | 31275 | 32.385
CODLOG
o 24534 | 25608 | 26648 | 27,668 | 28681 | 20696 | 30,718 | 31,756 | 32.812
DDH
CODLAG
o 23951 | 25968 | 27.884 | 20,737 | 31572 | 33447 | 35431 | 37609 | 40,075
1PS
o 32,600 | 35788 | 38866 | 41,887 | 44,885 | 47.886 | 50,914 | 53984 | 57,112
CODOG
o 3700 | 3871 | 4035 | 4195 | 4352 | 4508 | 4,663 | 4820 | 4978
CODLOG
o 12,687 | 13787 | 14,837 | 15849 | 16,829 | 17.786 | 18,729 | 19,669 | 20618
FF
CODLAG
o 11510 | 12,695 | 13:833 | 14,936 | 16,015 | 17,075 | 18,124 | 19,165 | 20,204
on
1PS
o 19,805 | 21735 | 23604 | 25439 | 27.260 | 29,083 | 30922 | 32786 | 34,686
on
CODAD
o 1588 | 1,679 | 1765 | 1846 | 1924 | 1,998 | 2071 | 2141 | 2209
on
CODLOG
o 1781 | 1,941 | 2096 | 2248 | 2398 | 2547 | 2696 | 2845 | 299
on
LST
CODLAG
o 2106 | 2323 | 2531 | 2733 | 2931 | 3125 | 3317 | 3507 | 3697
1PS
o 279 | 3069 | 3333 | 3502 | 3849 | 4106 | 4366 | 4629 | 4897
CODAD
o 2695 | 2848 | 299 | 3138 | 3278 | 3417 | 3554 | 3692 | 3830
CODLOG
o 3397 | 3,705 | 4000 | 4284 | 4563 | 4840 | 5121 | 5412 | 5721
AOE
CODLAG
o 3723 | 4105 | 4472 | 4828 | 5176 | 5519 | 589 | 6197 | 6534
1PS
o 3959 | 4345 | 4719 | 5086 | 5450 | 5814 | 6182 | 6555 | 6,934
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Table 4.19 Fuel consumption changes according to change of displacement
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Total fuel consumption for year (ton)
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Table 4.20 Specification of modified supposed vessels

Capacity of )
Max Speed Displacement
Class & type generator
(knots) (ton)
kW)
initial value 23 10,000 18,000
LPH
modified value 20.7 30,000 18,180
initial value 30 9,381 11,000
DDH
modified value 27 28143 11110
initial value 30 4,000 3,500
FF
modified value 27 12,000 3,535
initial value 16 1,275 4,300
LST
modified value 14.4 3,825 4,343
initial value 20 2,320 9,000
AOE
modified value 18 6,960 9,090
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Table 4.21 Fuel consumption of modified supposed vessels

Total fuel consumption for year (ton)

Class &

type

Mechanical CODLOG CODLAG IPS

LPH 23,366 24,007 25,197 25,992
DDH 25,945 30,573 32,741 41,091
FF 7,595 16,428 16,251 23,481
LST 2,888 2,975 3,367 3,672
ACE 4,959 6,193 6,882 6,015
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