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A Study on the Arrangement of Integrated Power System for Warship

Hyun-Min Baek
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Abstract

In the past, the power used in the warships was manpower or wind power. And
until now, steam turbines, diesel engines and gas turbines have been used in order as
the prime mover. But in days to come, especially in case of warship the appearance of
new powerful weapon systems that consumes a large amount of electric power
brought a tremendous change of warship’s propulsion system and power generating
system.

According to IEEE 1662(2009), IPS is a power system where all prime movers
produce electrical power that is shared among propulsion, mission, and ship service
loads. Discriminating attributes of integrated power systems are flexibility of
movers arrangements, mechanical decoupling between prime movers and propulsors,
an increased level of energy conversion and transmission redundancy, and flexibility
of redistributing available electrical power for future electronic weapons.

IPS could have various steps of power that can be produced at optimal load of
movers. So, it 1S possible to produce the extreme power density for electronic
weapons like as railgun tested by US. Navy. This is why IPS have been

considered as the next generation propulsion and power system.
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And IPS is different from existing propulsion system. So, the new evaluation
method 1s required to arrange and optimize the IPS for naval vessels.

In this study, an evaluation method for optimal arrangement of movers was
investigated when an IPS warship is projected. The fighting power and economic
feasibility have been chosen as the evaluation factors. These two factors are
expressed numerically which are the weight of system and the fuel consumption
per year. And also the ways for arrangement of system were studied according to
existence of small diesel generator. The evaluation method that decides the
optimization level is based on the DEA(Data Envelopment Analysis).

As the results, it is confirmed that IPS is not more efficient in economy than the
present system with diesel engine. And it is heaviest system among considered
systems because of increasing weight of generator, prime motors and so on. But it
was cleared that the using of small diesel generator on IPS has the useful effect to
be operated at optimal load respectively. And more numerical studies about another

evaluation factors should be required.
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Table 2.1 Mechanical propulsion system

prime mover
classification :
at cruise speed at Max. speed
D/E - G/T CODOG Diesel Engine Gas Turbine Only
Combination CODAG Diesel Engine D/E & G/T
G/T - G/T COGOG Gas Turbine Gas Turbine Only
Combination COGAG Gas Turbine G/T & G/T

98 d7+e] F/NESS DDGHM (Destroyer, Helicopter Capable Guided Missile)
(WEA) 3,917 &), SHF-FolcAls DDGHM (REA] 5,588%) S9o HAFgo|r] =2 &5
+= C0DOG (Combined Diesel Or Gas turbine) F3 AA= =38t £9 o]sloA= FX

BN

& O el <Jste] 218 AW, =

2g Zstel A £ W A
A8 O 719 A5 AA5T FAEN Jee AEstel AP der



=9] Sachsen FFGHM (Frigate, Helicopter Capable Guided Missile) (%HA|
5,690F) SolA & <20 CODAG (Combined Diesel And Gas turbine) &3 A A= &
& olstoll A= FxE YAl V)l oA F & stal £FEHY oY Hul £

218 A 7133 7F2=ERL 7] 3o] FA ol AEdts FXIA Aot

A9 Hatsuyukisy DDGHM (WEA} 4,267<2), 9= 3] TYPE-42 DDGH (¥HA] 5,283
) oA &8 F<A C0G0G (Combined Gas turbine Or Gas turbine) % A= &
T £9 ool A EF ZhzEule] f&HU 7} £ oo &
H= 7hEERlol FEEH low FAld 8% A e

92 3] MF s DDGHM(HA] 10,000%), W=t 3] Arleigh burkew DDGHM
(WA 9,302% ), Ticonderoga = CGHM (Cruiser, Helicopter Capable Guided Missile)
(RHA10,1172) 53 2ol 10,000 =i %6}5 HE AR & F2A C0GAG
(Combined Gas turbine And Gas turbine) F% A A= & 49 o]sfol|A 7}2=EHo]
sHe A L o] £ s TFAENlS FUMR THsete] sH S AAET
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2.2 IPS (Integrated Power System)
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Table 2.2 A speed-condition profile indicates the percentage of time per year

spent in each battle condition at representative speeds ; this sample profile is

for a destroyer—type ship during peacetime.
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Segmentation
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Division & Prediction
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4
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1,323 KW

Prediction
of Operation Time

Arrangement of System
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1 9% 1 A 5 2
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19 1 o 2
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* Gross tonnage 5,500 Ton / Power Demand 5 MW

Fig.3.3 Procedure of generator selection for IPS
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Weapon System
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Man power
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Noise & Vibration
RC (Running Cost)
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UPC (Unit Production Cost)
(Energy Efficiency Operation Indicator)

kA 2 oA

SFC (Specific Fuel Consumption)
EEDI (Energy Efficiency Design Index)
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Table 3.2 Classification of Power for Ship’s Propulsion

Power Symbol Content

P = CPui'Vipnz
- P : Mean effective pressure [bar]
-V, : Swept volume [m]
- n ' Engine speed [RPM]
-z  No. of cylinder
- C : Constant

Indicated power P [kW]

Pg = Pr. Nu
Brake power Py [kW] - Mu : Mechanical efficiency.
80~85% ( in Diesel engine )

PS py PI * n’)/[ = 2]’[T5H/6O
— 7)'m : Mechanical efficiency.
Shaft power Py kW] (included shaft bearing loss)
- Ty : Torque [N-m]
- n : Shaft speed [RPM]

Pp = P .
Delivered power Pp [kW] ’ i

- N1 : Delivery efficiency

Pr = Pp.
Thrust power Pr [kW] ! o T8

- M : Propeller efficiency
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Table 4.2 Cam of various naval vessels

Brake Dead Weight | Max. Speed C R K
“CH power (Py) (k) (Ton) (kts) adm emar
Al 37,389.52 5,588 29 153
A2 37,389.52 5,947 28 143
A3 39,000.88 6,145 28 140 CODOG
A 43,417.2 3,917 30 115
A5 47,020.38 7,163 31 175
B1 38,524.93 5,690 29 150
CODAG
B2 28,610.59 5,375 26 140
C1 78,330 10,455 30 122
C2 74,600 9,302 31 131
COGAG
C3 64,156 10,117 30 146
C4 76,211.36 10,160 30 123

Ls \

——

Fig.4.1 Comprehension for different Pg presume
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Main Supply Frequency E- Propulsion
Generator Switchboard Transformer Converter Motor *
100%
Engine 3%, 0,2% 1% 1,5% 3% - 4%
Power (Pg)
*) not applicable if eg. ") Synchronous: 3%
converiers with Active Induction: 4%
Front End are used Fh
= = =
o~ b - 2 ~
= = ] - 5]
(] <L -— <_C ®
= $ 2

Heat losses

Fig.4.5 Electric propulsion plant of standard electrical components

; Typical losses
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4.3.1 CODOG Alx=#le] +A4

C0DOG Al2=H& &7 HHdA = 3318 tA 73S ol &sta Hi FEHoxE F
218 7F2=EHl 73S ol &t AAR & 3l 5

AHE-E AL Qi Table 4.3 7H3EG (REAlE 5,500, Hol A= 87 5M)ell
A8 C0D0G Al=®le] AE7] 5 Al 59 g =
28 FY MWE Axbslz] 91kl C0D0GE] v AAlE 4tie] g Al o]
A FEl 9492 T-E=ol F 5,291kWe] AlE wE S Akl EdE vhAES 5,500%
o] 7HdEAgol =3 £¥<l 15kts®E Tl flsA FXE YA v)de] HA Fa)
%R FsEo]l & 5,230kWe] THs AAbetH, HAL £ (30kts)dM = FXE TR
Wl 7]3o] 100% H-8F= & 41,840kWE A AFsiTh.

Table 4.3 Arrangement of prime mover for CODOG propulsion system

Propulsion for electric power for Propulsion
System D/E Generator | G/T Generator | Diesel Engine Gas Turbine
Quantity 4 0 2 9
CODOG Pf 1%2)@ 5,629 6,792 41,840
a (4 -
(Mechanical Load (1,407 = 4) (3,396 * 2) (20,920 * 2)
Propulsion)
A 5,201 i 5,230 41,840
" Load | at 94% at 77% at 100%

B Ege 7 lwe] AR aH FAC we A Ba THo] ASAES @ Qe
FHoz AA Jlwe]l AN BH P, Fu wol g o P4 2 2] e

_39_



IPS &3 A" 74

4.3.2

b1 915tel

5

IPSe] &9 A&l 243}

el

TYPE-45

FAIRE,

7]z Fslel el 3

2

4t €]

—_—

x
alz
Hlo
4.

)

op

o)
HA

o

Al gHo <

oAM=

Ak, wEhA

B!

0

—_—

5

]

o

QA o]

3} o] 5

A

3
=t

TYPE-45

7

I3
“

Zrslazl g}, TYPE-45

(A-2-N)

ki3

o] IPS H8 A28 ML Fig.4.6%837 rom o)A Fig.4.794 &7

e

.

- G/T Generator

. Rolls—Royce WR-21 X 2

(20MW+ 10%) X 2
- D/E Generator

: Wartsila 12V200 X 2

(CMW) X 2

- Motor

. Converteam advanced

induction motor X2

Type 45 Integrated Electric Propulsion
High Voltage Power Generation and Propuision (4.16kV)

Rnnk

v

Ship"s Services
440y
15V

v

Ship 5 Seirvicin
440y
sy

S S

Fig.4.6 Arrangement of TYPE-45 (UK navy) propulsion system

_40_



ol A

LOO

ol
of

)

369%
A-4-N

28%

D/E Generjtor

o
4
A-3-N

[y
|
|

3%
33%

33%
A-d-¥

7

4]
S

H

&

ax
-k
. ©
¥ .

D/E Genenator
25%

.

AEEET

1770

o
A2

Fig.4.7 Arrangement for IPS (alteration in D/E generator)

6 71

o

=

of mWebA FEH7] g A- FEHE Fig.d.73 2o
— 41 —

)=
T

719

]

A
Tl

dl
=

(¢}

TEe 2d, 34, 4t =

o



2 oavBe o AU-hoz T 5 9l

Total Fuel Consumption /year

= PB(k‘VV) X Optimal Load Rate (%) X Fuel Consumption Rate (g/kWh) X Operation Time [ year (h)

(4-1)
Table 4.4 Fuel consumption of CODOG at each operating mode
tity Operating Brake .Pf)wer at Opt. SFC (/kWh) Fuel Consumption Total
M driving (kW) (Ton/h)
ode R Fuel
D/E D GT | D D
Rate) | DB e L | Gen & ? Bl e L ar | YF | pe | qr | D
Gen. (94%) (7T7%) | (100%) | Gen. Gen. (Ton)
(551(% 1 0l 0 | 133 | 0 0 02147 | o0 0
(2§%) 2 2 | o | 266 | 52% 0 0493 | 0974 | 0
(2(?%) 3 2 0 3,968 5,230 0 1865 | 1862 | 2175 | 0.740 0.974 0 11,536
(5(2%) 3 0 2 3,968 0 41,839 0.740 0 9.09
(SD%) 4 0 2 5,201 0 41,839 0.987 0 9.09

A2 E vigo R Folglom,) A4 s T2 AREEE BdE gA 7|3 MTU i)
7}2~ER1 7]ZHGE or RR)& ZHz} ok 200~210g/kWh, 210~220g/kWh ¥H9le] 5 4AH]ES
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Table 4.6 Fuel consumption of IPS at each operating mode

Brake Power at Opt.

Quantity Operating driving (kW) SFC (g/kWh) ol Total
PS Mode — Costian Fuel
(Rate) Smmall D/E G/T Small D/E G/T Small D/E G/T fyear
D/E D/E Gen. Gen. D/E (Ton/h)
Gen. | Gen | Gen Gen. | W% | aww | Gen Gen. | Gen, (Ton)
(8’513?70\; 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 - 186.5 - 1.512
(20%) ’
A-2-Y (25%) 1 2 0 1,323 | 8110 0 186.5 186.5 1.759 11,830
(5(270) 0 2 2 0 8110 | 39578 - 1865 | 217.1 10.106
(5D% ) 1 2 2 1,323 | 8110 | 39578 | 1865 186.5 | 217.1 10.353
STBY 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 - 186.5 - 1.512
A-3-Y B 1 2 0 1,323 | 8110 0 1865 | 186.5 1.759 11,749
C 0 3 2 0 12166 | 35522 - 186.5 | 217.1 9.982
D 1 3 2 1,323 | 12166 | 35522 | 186.5 186.5 | 217.1 10,229
STBY 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 ® 186.5 - 1.512
A-4-Y B 1 2 0 1,323 | 8110 0 1865 | 186.5 1.759 11,667
C 0 4 2 0 16221 | 31,468 1865 | 217.1 9.858
D 1 4 2 1,323 | 16221 | 31468 | 186.5 1865 | 217.1 10,104
STBY 0 1 0 0 1,323 0 2114 0.280
A 0 2 0 0 8110 0 187.4 - 1.520
A-2-N B 0 2 0 0 9,433 0 - 186.5 1.759 11,951
C 0 2 2 0 8110 | 39578 1874 | 217.1 10.114
D 0 2 2 0 9433 | 39578 1865 | 217.1 10.353
STBY 0 1 0 0 1,323 0 210.5 0.278
A 0 3 0 0 8,110 0 194.1 - 1.574
A-3-N B 0 3 0 0 9,433 0 - 190.8 1.800 11,989
C 0 3 2 0 12,166 | 35522 186.9 | 217.1 9.987
D 0 3 2 0 13483 | 35522 86.5 2171 10.229
STBY 0 1 0 0 1,323 0 210.0 0.278
A 0 4 0 0 8,110 0 2004 - 1.516
AAN B 0 4 0 0 | 943 | 0 _ | w7 1762 | 1905
C 0 4 2 0 16221 | 31,460 186.7 | 217.1 10.082
D 0 4 2 0 17544 | 31,460 186.5 | 217.1 0.328
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Table 4.7 Weight of prime mover & generator of IPS

Brake Tendency of Quantit Total
uanti
Power (kW) Weight (kg/kW) Y (Ton)
Small
1,407 19.0 1
D/E Gen.
D/E
A-2-Y 4,314 18.2 2 327
Generator
G/T
19,789 3.63 2
Generator
Small
1,407 19.0 1
D/E Gen.
D/E
A-3-Y 4,314 18.2 3 395
Generator
G/T
17,761 3.76 2
Generator
Small
1,407 19.0 1
D/E Gen.
D/E
A-4-Y 4,314 18.2 4 462
Generator
G/T
15,734 3.76 2
Generator
D/E
5,018 17.9 2
Generator
A-2-N 324
G/T
19,789 3.63 2
Generator
D/E
4,783 18.0 3
Generator
A-3-N 392
G/T
17,761 3.76 2
Generator
D/E
4,666 18.1 4
Generator
A-4-N 459
G/T
15,734 3.88 2
Generator
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Table 4.8 Fuel Consumption of IPS at each operating mode

Brake Power at Opt.

Quantity Operating driving (kW) SFC (g/kWh) Pl Total
S Mode — Corsnpiion Fuel
Rate) || Smell | p | o | Smll | DR GT Smll e gy vear
D/E DE Gen. Gen. D/E (Ton/h)
Gen. | Gen | Gen. Gen. | % | aom | Gen. Gen. | Gen, (Ton)
?g‘o';&; 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 - 186.9 - 1.516
(20%) '
B-1.1-Y (25%) 1 2 0 1,323 | 8110 0 186.5 186.9 1.765 11,822
(5((:70) 0 2 2 0 8922 | 3766 - 186.5 | 217.1 10.082
( 5D% ) 1 2 2 1,323 | 8922 | 376 | 186.5 1865 | 217.1 10.328
STBY 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 - 187.8 - 1.533
B-1.2-Y B 1 2 0 1,323 | 8110 0 186.5 187.8 1.770 11,825
C 0 2 2 0 9733 | 3796 - 186.5 | 217.1 10.057
D 1 2 2 1,323 9733 | 371956 | 186.5 186.5 | 217.1 10.303
STBY 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 9 189.0 - 1.533
B-1.3-Y B 1 2 0 1,323 | 8110 0 186.5 189.0 1.780 11,835
C 0 2 2 0 10544 | 37,144 - 186.5 | 217.1 10.032
D 1 2 2 1,323 | 10544 | 37,144 | 1865 1865 | 217.1 10.278
STBY 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 - 190.4 - 1.544
B-14-Y B 1 2 0 1,323 | 8110 0 186.5 190.4 1.791 11848
C 0 2 2 0 11,35 | 36334 - 186.5 | 217.1 10.007
D 1 2 2 1,323 | 11,355 | 36334 | 1865 1865 | 217.1 10.254
STBY 1 0 0 1,323 0 0 186.5 - 0.247
A 0 2 0 0 8,110 0 - 191.8 - 1.556
B-15-Y B 1 2 0 1,323 | 8110 0 186.5 191.8 1.802 11,862
C 0 2 2 0 12,166 | 35522 - 186.5 | 217.1 9.982
D 1 2 2 1,323 | 12166 | 35522 | 186.5 186.5 | 217.1 10.229
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Brake Power at Opt.

Quantity Operating driving (kW) SFC (g/kWh) . Total
S Mode ‘ : Corsnpiion Fuel
Rate) || Sl | pp | ogp | Smll |ODE | GT ) Smal e gy /year
D/E D/E Gen. Gen. DE (Ton/h)
Gen. | Gen | Gen. Gen. | W% | aww | Gen Gen. | Gen, (Ton)
E’STO]% 0 1 0 0 1,323 0 213.0 0.282
A 0 2 0 0 8,110 0 188.5 - 1.529
(20%) '
B-1.1-N (25%) 0 2 0 0 9,433 0 - 186.8 1.762 11,957
(5(272)) 0 2 2 0 8922 | 3766 187.3 | 217.1 10.088
(5D% ) 0 2 2 0 10244 | 38766 186.5 | 217.1 10.328
STBY 0 1 0 0 1,323 0 214.3 0.284
A 0 2 0 0 8,110 0 189.9 - 1.540
B-1.2-N B 0 2 0 0 9,433 0 - 187.5 1.769 11,969
C 0 2 2 0 9733 | 37,144 1872 | 217.1 10.063
D 0 2 2 0 11,065 | 37,144 186.5 | 217.1 10.303
STBY 0 1 0 0 1,323 0 215.6 0.285
A 0 2 0 0 8,110 0 191.3 - 1.551
B-1.3-N B 0 2 0 0 9,433 0 - 188.5 1.778 11,985
C 0 2 2 0 10544 | 37,144 187.1 217.1 10.038
D 0 2 2 0 11,866 | 37,144 186.5 2171 10.278
STBY 0 1 0 0 1,323 0 217.3 0.287
A 0 2 0 0 8,110 0 193.6 - 1.570
B-1.4-N B 0 2 0 0 9,433 0 - 190.4 1.796 12,014
C 0 2 2 0 11,88 | 3584 1869 | 217.1 9.996
D 0 2 2 0 13207 | 3584 186.5 | 217.1 10.237
STBY 0 1 0 0 1,323 0 218.3 0.289
A 0 2 0 0 8,110 0 195.2 - 1.583
B-1.5-N B 0 2 0 0 9,433 0 - 191.8 1.809 12,034
C 0 2 2 0 12827 | 34862 1869 | 217.1 9.967
D 0 2 2 0 14150 | 34862 186.5 | 217.1 10.208
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Table 4.9 Weight of prime mover & generator of IPS

Brake Tendency of Quantit Total
anti
Power (kW) Weight (kg/kW) B Y (Ton)
Small
D/ G, 1,407 19.0 1
B-11-Y | D/E 4746 18.0 2 340
enerator
. G/T 19,383 3.66 9
enerator
Small
D e 1,407 19.0 1
B-12-Y | D/E 5.177 17.9 2 352
enerator
. G/T 18,978 3.68 9
enerator
Small
e 1,407 19.0 1
B-13-Y | D/E 5.608 17.8 9 364
enerator
G G/T 18,572 371 2
enerator
Small
e 1,407 19.0 1
B-14-Y | D/E 5.608 176 2 375
enerator
G G/T 18,572 3.73 2
enerator
Small
D e 1,407 19.0 1
B-15-Y | D/E 6.471 17.5 2 387
enerator
. G/T 17.761 3.76 2
enerator
D/E 5.449 17.8 2
Generator
B-1.1-N o 336
T 19.383 3.66 2
Generator
G D/E 5.881 17.7 9
enerator
B-1.2-N o 348
G G 18,978 3.68 9
enerator
. D/E 6.312 17.6 2
enerator
B-1.3-N G/T 359
G 18,572 371 2
enerator
G D/E 7.025 17.3 9
Bo14-N enerator 378
G/T 17.902 3.75 2
Generator
G D/E 7527 17.2 2
enerator
B-1.5-N o 391
. 17.431 3.78 2
enerator
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4.6 CODOGH IPS =8 A|2H”9] v|w

4.6.1 98 ¥ 8|
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4.7 COGAGE IPS =8 A|2H”9] v|w

CODOG A A<k 1PSe] A F4e] wluet Fde HHgor /MIgAS dAl = 3
TolA &8 F9 Fig.4.119¢ HZi<
o m 7Hgste] C0GAG AAIE IPS A 4435 Bluskltt. COGAG FXIAAE o] &
e ATUS oA 2 FHTL Adl9] FHE JtaEN VHew FHES Aitstar
3] HAE JhaERl v|Ho R FIAAe 4 Ul Hash dEs A,

C0GAG % AAE 4t FH18 7t=HW 713 &8 Frxof upeba olefe] 47)
€ Zrg fLEEY.

LxH*W 165 X 21 X6
, - Light : 7,700 Ton
Displacement
- Gross : 10,000 Ton
Max.
7. 30 kts
Crews 300
T ey | oD ulsion COGAG
R e i N i System

Fig.4.11 Specification of Sejong the Great class DDGHM

1) Locked Shaft (Emergency)
- 1F9] 1919 F38 7FAHRIT AdE o] 55 v

- SO A £8 A

=2 "] 95 (Locked)

r[m

2) Trail Shaft (Economy)
- 150l 19 5318 7F=EnInt A4y o] J-Fstal t}
7hAu ] 22w e] 322k (Pitch Angle)Rt 24
- £ DDG-519] A<, 12 kts o]3} 98
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< 7|0 ndd dH e
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3) Split Plant Mode (Cruising)
o] 338 7taERle] AAE

4) Full Plant Mode (Boost)
- Y £8& A% Ru2 & =9 7 2t F3
4 719 & R F HA 29l Locked Shaft REE A 9|3tar 71AEHA o] A=}
4 FE=Z= Table 4.103} o] 714 3sSt).

rE=

Table 4.10 Supposed ship’s specification & operating mode

Displacement Operating | Speed | Power | Rate
10,500
(Gross Ton.) Mode (kts) (kW) (%)
Max. 30
STBY 0 1,500 50%
Speed Midium 21
(kts) Min. 12 A 12 | 3,000 | 40%
Anchoring 0
Max. 9,000 B 21 6,000 0%
Power
Demand Midium 6,000
0 ,000 5
(kW) Min. 3,000 ¢ 3 9 %

g 249, P A4 74

oA AR vl s
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Table 4.11 Fuel consumption of COGAG & IPS at 4 operating mode

. . Brake Power at Opt. . Fuel Consumption
Quantity Operating driving (W) SFC (g/kWh) (Ton/h) Total
Mode Fuel
(Rate) G/T G/T G/T G/T T fyear
G/T Gen. G/T G/T (Ton)
Gen. (100 %) (100 %) Gen. Gen.
(Sgo‘% 1 0 3127 0 0,689 0
A 1 1 3,127 2,393 0.689 0.917
(40%) ’ ’ 217.5
217.1 ~ 17,412
B 3832
(5%) 2 2 6,349 10,689 1.379 3.007
(BC%) 3 4 9,624 62,327 2.068 13.554
. . Brake Power at Opt.
Kk
Quantity Operating driving (W) SFC (g/kWh) . Total
S Mode Corsanpt Fuel
on
(Rate) Small D/E G/T Small D/E G/T Small DE G/T ( /year
Ton/h)
D/E DE | Gen | Gen | DE (Ton)
Gen. Gen. Gen. Gen. (4% | aoo% Gen. Gen, Gen,
ig% 1 0 0 | 3127 | 0 0o | 185 | - - 0592
A - -
40%) 0 2 0 0 5,676 0 - 186.5 1.058
A-2-Y 14,626
(515:70) 0 0 1 0 0 17,519 - - 2454 4.30
(5(270) 1 2 2 0 8110 | 39578 186.5 186.5 217.1 14.706
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Table 4.12 Weight of prime mover & generator of COGAG & IPS

COGAG Brake Power Tendency of Quantit Weight (Ton)
anti el on
(kW) Weight (kg/kW) ity 5
G/T Generator 3,175 4.3 3 41
Gas turbine 15,582 0.89 4 56
Total - 96
IPS (A=2-Y) Brake Power Tendency of Quantit Weight (Ton)
(KW) Weight (kg/kW) Ay clanton
Small D/E 3,377 18.4 1 62.1
Generator
D/E Generator 3,019 18.5 2 111.7
G/T Generator 30,063 3.02 2 181.6
Total - 356

AA A3, C0GAG A A7F ARG ZH|=S 17,412Ton o™ IPSe A4

°. =
(A-2-Y) F49] AzF 9858 AHES 14,626Tong 937F oF 2 800Tond] =S A7t

C11d WA 71 Az 259 A7/ 30d 28 A 7509 A7) & 4 Qo A
T8 A|2"Y A F7MES oF 260Tono.® o]® Qs FAHo Hu £He o

o}
0.1~0.2kts 7% 2 Ho w2 HAdHc, A4 T4 & T F

et F An £402 P4l 7]
Fohe A%t T nES AN 2or gy AR grE 2 FHIE
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4.8 WAESS Ak wrE IPS A3 v

2 Ao M= 7o wAESE 5,500-10,500Ton, €4 W Ho A8 4%
SMW~10MW ] H el Z+zf 1,000Ton, 1MW 2 WHSHAIZ|HA A8F vt A=

TEe tgeR HAg wasttt. Hlal Ve VIAA FAA S CDAG A AIE
ARk, CDAG AAlE =oHe= AA 71¢ AA 5 d5 2H=FS 58 AJ=79
able 4.13&
o Al

ODAGS] A1 #

TEFS s WA O—outputo] HAQl FH Al~®lojtt. Fig.4.12¢}
CODAG, CODOG, COGAG, CODLAG ¥} ¥4 25 IPSe] ofe] FA4<t 5 4
wH AlRRe] TR HUw 19 gk 0 AfolollA A7 X Ekdk ¢
S AH(O) 22 1PS HA 49 O-outputs TS TAIEFE 4 W A 2

Tl welk AL Aol

AT

«

0.290
Weight Index (0~1)

0.370 B \@\/ &\.\ww

6 MW

0.350 -
7 MW

0.330

0.310

0.290

L 6,500 T
~ O—output 10 MW
' 550071

0.270

Fuel consumption Index (0~1)
] 1 1

CODAG - ' ' ' '
0395 04 0405 041 0415 042 0425 043 0435

Fig.4.12 O-—output by gross tonnage & power demand
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Table 4.13 O—output by gross tonnage & power demand

Gross
Tonnage 5,500 6,500 7,500 8,500 9,500 10,500
Power Ton Ton Ton Ton Ton Ton
Demand o
5 MW 0.552 0.552 0.551 0.549 0.547 0.545
6 MW 0.543 0.543 0.542 0.541 0.539 0.537
7 MW 0.534 0.534 0.534 0.533 0.531 0.529
8 MW 0.526 0.526 0.526 0.525 0.524 0.522
9 MW 0.519 0.519 0.519 0.519 0.517 0.516
10 MW L 0.513 0.513 0.513 0.512 0.511 0.510
A3NE A Ed, A4 wAETTE SUkstar e Y QAo SUESE

]
CODAG*% 7]%Qi§l‘ O— output < CODAGoﬂ E.E]' %@3}71] % . O]‘—E— @'@O] rﬂ%‘ﬂ'ﬂ
oaGE)AHE s IPSe] gt S7bds omlgitt. 53], CODAGe
2

P~
Az 875s F3

T
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Table 5.1 Crews of Naval Vessel

Gross Tonnage Crews Propulsion
(Ton) (including officers) Crews / Ton System

Al 5,588 218 0.039

A2 5,947 235 0.039

A3 6,145 236 0.038 CODOG

A4 3,917 185 0.047

A5 7,163 232 0.032

Bl 5,690 294 0.051

B2 5,375 170 0.032 CODAG

C1 10,455 300 0.029

C2 9,302 300 0.032

C3 10,117 372 0.037 COGAG

C4 10, 160 336 0.033
AVERAGE 0.037 Mechanic

D1 4,267 181 0.042

D2 7,316 110 0.015 CODLAG

D3 5,980 145 0.024

El 6,096 130 0.021 CODLOG
AVERAGE 0.026 Hybrid

F1 7,570 191 0.025

F2 15,494 148 0.0095 1
AVERAGE 0.017 IPS
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AAZ IPS7H g, Azl $gHE T4 At T8 A7) grd $49 x
) AZ Mg L S8 fA NS P F4E F glek A% PSe] AF F

W gAY 7] 95 HE&S AA ARE S8 48 95 50 A54(0MO0D) ¢

Table 5.2 Comparative Costings

COGAG CODLAG E-ship

UPC )
(Unit Production Cost) Baseline t£2.6M * £IM

RC .
) + £5.3M + £1.3M Baseline
(Running Cost)

Total + £4.3M + £2.9M Baseline
Discounted Total (6%) + £1.5M + £2.2M Baseline
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USN T-AGOS-19 Victorious (Catamaran)
(Electric Propulsion)

USN LCS Independence (Trimaran)
(Water—jet Propulsion)

Fig.5.2 Catamaran & Trimaran vessel of U.S navy

olg AEL 2IAZFES HaAA HHY AsE WAL HeidP Mono hulDell
Hlal QbAAdel Fal AR FRFES BA o8& & vk =3 s Ao o
ew Arle] sty 7hsetel ol mE ARle] ko] golsit. spAnt o
F3t s AAY AEwdA Alefo] WA sl wjgko] F A= ARFEHA &
t}. Victorious 2 THAIEF¢] ¢F 3,300Ton ©]H, Independence &2 YHA|E0]
oF 2,780 Ton o &3}k

Fig.5.3& AW 3217](Azimuth Thruster)o|th. AH$FA7|E= 15x9 RE d

3 FRES W 4 v FVIE ALY FxIvko] opd WSS 9%
sl AT A FX7IE TEsh] s E B HA7IEE7E AR EH
A7IEHE R o8 AA|ste] s W3 Ags 2¥ oAl H+= Z-drive system ¥
A7I|BHE 2oz AXsle] g5 W [d3S 19y 847 s L-drive system

(rudder)7} EHQ3t7] W&o F4AITS 2T § il B F5S 9% Hi
F37to]l B 3kA 7 HPU(Hydraulic Power Unit), CAU(Cooling Air Unit) & %
Al dule] F7F miXE §1g Fito] Stk QY ¥ FHO I} Eole Tt
s ojopste}, d Al S 1o Hdl AL T892 did o MW=, 1] FHS
Akt 7lell = HFeke] Aol A Bl FAe $1A4 A AA (DPS, Dynamic

%23t Lo FRAAAR AFgo] 7H5E )



Fig.5.3 Azimuth Thruster
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IMOOI A FFAlSHE dEA Q] F3l w72+ 2427F2R0 CO, HARAFSHE(NOy), 4t
32(SOx), YAAEA(PM, Particulate Matter) 5°] St}

W% 7b2o wlE Aot vlE AFS Table 5.31913} Fig5.4!%01e} rom o]= n}
go R JA FX, B3 F31, IPSOlA AzF HAE= COL9F NOx el 7
= Table 5.49F 2t} GWP(Global Warming Potentia)S 83t} 3= CO.E A9
gt &7 T A F2dstel A= Bl COz9 HIS(7T7%)e BlsiA 53] Aom
W& 7tme] 4 T COp HlEo] T AR nls 84 &7 wie A ggo] o
A A5S AHESHA S A5, FAY &3] Sl MAE Y A5 2R F

T
Aga 2 5 gk,

s
.
%

RLL

42

fUFI

Table 5.3 Fuel-based exhaust gas emission factors used in the 2007 inventory

o Emission factor o
Emission ] Guideline reference
(kg emitted/tonne of fuel)
CcO 7.4 CORINAIR
NMVOC (Non-Methane VOC) 2.4 CORINAIR
CHy 0.3 IPPC 2006/ CORINAIR
\P10) 0.08 IPPC 2006/ CORINAIR
Residual fuel oil 3,130 IPPC 2006
COq
Marine diesel oil 3,190 IPPC 2006
Residual fuel oil 54 CORINAIR
SO,
Marine diesel oil 10 CORINAIR
Slow—speed diesel 90/78(85)" B
engines
NOx Medium-speed 60/51(56)" _
diesel engines
Boilers 7 -
Residual fuel oil 6.7 CORINAIR
PM
Marine diesel oil 1.1 CORINAIR

* NOx Emission factors : non-regulated/subject to IMO NOx regulation
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8 Tier I (80% of Tier L Global) J

NOx Limit, g/kWh

[ Tier m (20% of Tier I NOx ECA) |

1200 1400 1600 1800 2000 2200

1200 1 <

Rated Engine Speed, RPM

Application NOyx Limit
Date n<130 (rpm) 130=n<2,000 2,000=n
Tier 1 2000.1.1. 17.0 45 X n-0.2 9.8
Tier II 2011.1.1. 14.36 44 X n-0.23 7.668
Tier III 2016.1.1. 3.4 9 X n-0.2 1.93

Fig.5.4 Regulation of ship’s NOx emission

Table 5.4 Propulsion system-based CO; & NOx emission (per year)

Goss | | CODAG CODOG | COGAG | CODLAG IPS
Tonnage Derrand O NO "
AN
2 X B
(Ton) €Oz | NOx™ | CO, | NOx | COp | NOg | COz | NOg | COz | NOx
5,500 5 MW |[ 36,260 347 36,600 331 39,400 221 37,000 347 37,540 278
6,500 6 MW |[ 41,300 398 41,680 380 44,850 257 42,200 398 42,740 320
7,500 7 MW || 46,200 448 46,600 428 50,100 293 47,175 448 47,770 361
8,500 8 MW |[ 50,940 496 51,391 475 55,200 328 52,000 497 52,700 400
9,500 9 MW |[ 55,570 544 56,000 520 60,140 363 56,700 545 57,450 440
10,500 10MW |[ 60,100 591 60,645 566 65,000 397 61,370 591 62,125 478

* Supposed NOx Emission by IMO NOx limit line
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