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AOE
BHP
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CODLOD
CODLAG
CODLOG
CODOG
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DDG
DDH
DHP
EHP
EPS

FF

GTG
HED
IEP
IFEP
HP

IPS

LSH
LST
LPH
LPX
PCC
PDSS
PKG
PKM
SFC
SSS clutch
THP

: Combat Support Ship

: Brake Horse Power

: COmbined Diesel And Diesel

: COmbined Diesel And Gas turbine

: COmbined Diesel-electric And Diesel
: COmbined Diesel-electric Or Diesel
: COmbined Diesel-electric And Gas turbin
: COmbined Diesel-electric Or Gas turbine
: COmbined Diesel Or Gas turbine

: COmbined Gas turbine And Gas turbine
. Destructive Destroyer Guided missile
. Destructive Destroyer Helicopter

: Delivered Horse Power

: Effective Horse Power

. Electrically Powered Steering

. Fast Frigate

: Gas Turbine Generator

. Hybrid Electric Drive

. Integrated Electric Propulsion

. Integrated Full Electric Propulsion

¢ Indicated Horse Power

. Integrated Propulsion System

. Landing Ship Helicopter

. Landing Ship Tank

. Landing Platform Helicopter

. Landing Platform Experimental

: Patrol Combat Corvett

. Propulsion Derived Ship Service

¢ Patrol Killer Guided missile

: Patrol Killer Medium

. Specific Fuel Consumption

: Synchro Self Shifting clutch

. Thrust Horse Power
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A study on fuel consumption of combat support ship

according to propulsion system

Kim, Min-wook

Department of Marine engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Last March 26, 2010, at sea near Baengnyeongdo in Republic of Korea, Patrol
corvett Cheonan(PCC-772) which had been belonged to the Republic of Korea
Navy 2nd fleet at that time was hit and sank during performing the duties. This
was the case in the Republic of Korea Navy sailors 40 people died, 6 people were
missed. The Government of the Republic of Korea was composed of civil and
military joint investigation team to investigate the caused of sinking Cheonan.
Investigators from five countries, Australia, the USA, Sweden, UK including the
Republic of Korea experts consisting of more than 20 people, announced May 20,
2010, that the Cheonan sank under the torpedo attack by a North Korean
submarine. After the incident, the Republic of Korea Navy has been provided a
way to improve the ability of anti-submarine naval vessels to prepare for North
Korean submarine attack, so a plan to mount an electric motor that can reduce
underwater radiated noise significantly compared to internal combustion engine had
been discussing as a way to prepare such submarine attack, that hybrid propulsion
system will be installed on next term FFX BATCH-II frigates and AOE-Il combat
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support ship.

Meanwhile, the US Navy has conducted a lot of research in order to cut the
fuel consumption of a large formation of warships in accordance with a fluctuation
of international oil price and reduction of the national defense budgets. For
example, they had developed HED(Hybrid Electric Drive) system which were
installed on the DDG-51 Arleigh Burke-class mechanically propelled destroyer with
four gas turbines in the last early 1990s. Using the HED system, an example of
hybrid propulsion system, is shown as having a high fuel efficiency to reduce the
fuel consumption compared to conventional propulsion system using olny gas
turbines because it operates electric motors instead of gas turbines which are

features of bad efficiency during lower speed range of warship.

Also as electrical, electronic and communication technology are developed
rapidly, aspects of war are being turned conventional warfare oriented naval guns
into electronic warfare. Therefore linked antisubmarine, antisurface and antiair
warfare are required simultaneously, so initial maximum power capacity of next
term warship should be ‘designed much bigger than conventional vessel with
mechanical propulsion system. This is because RADR weapons system such as
AESA(Active Electronically Scanned Array) and PESA(Passive Electronically Scanned
Array) RADAR require much electric power And in order to install and operate
LaWS(Laser Weapon System) such as rail gun, the maximum power capacity must
be considered. Thus, improving quietness of warship to prevent submarine attack
is that reforming survivability of warship, and extending cruising range by making
energy efficiency high is that improving military action and ability of achievement
in case of warship. Accordingly, in this paper, we set up any virtual navy vessel
based on the actual navy vessel that is operating in the Republic of Korea Navy,
with the assumption that the mechanical and hybrid propulsion systems that virtual
navy vessel was to be simulated the annual fuel consumption that occur during

certain operating profile.

KEY WORDS : Naval vessel, combat support ship, Hybrid propulsion system, Fuel
efficiency
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Table 1 Republic of Korea navy ships in operation [8,9]

Figure Description
* Seoae Ryu Seong-ryong (DDG-993)
* Sejong the Great—class

* Destroyer

* Commissioned in 2011
* COGAG system

* Incheon (FEG-811)

* Incheon-class

* Frigate
* Commissioned in 2013
* CODOG system

* Yoon Youngha (PKG-711)
* Yoon Youngha-class

* Patrol Kkiller

* Commissioned in 2008

* CODAG system

* Dokdo (LPH-6111)
* Dokdo—class
* Amphibious assault ship

* Commissioned in 2007
* CODAD system

* Hwacheon (AOE-59)

* Chunji-class

* Fast combat support ship
* Commissioned in 1998

* CODAD system
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Table 2 List of navy ships installed hybrid propulsion system [8]

Figure \ Description Nation
F - HMS St Albans (F83)
* Duke-class (Type 23)
* Frigate

* Commissioned in 2002
* CODLAG system

UK
« HMS Bulwark (1.15)

* Albion-class
* Amphibious transport dock
* Commissioned in 2004

* Diesel-electric system

* Aquitaine (D650)
* FREMM
* Multipurpose frigate

* Commissioned in 2012
* CODLOG system

France

* Dixmude (L9015)

* Mistral-class

* Amphibious assault ship
* Commissioned in 2012
* Diesel-electric system

* HNLMS Karel Doorman (A833)
* Karel Doorman-class

* Multi—-function support ship Netherlands
* Commissioned in 2015

* Diesel-electric system

* Carabiniere (F593)
* FREMM

* Multipurpose frigate Italy
* Commissioned in 2015
* CODLAG system
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Table 3 Type of naval vessels [8,9]
Type of vessel Main task
=]
T 9, 0 A% A4e S
DDH, Destroyer Helicopter = . _
B+ dE F2Y A5Y
DDG, Destroyer Guided missile THY T $4Y AF
3R Ay, 1ol
=% 5o ol =z 3
. AERe gAst F2 &dd
FF, Fast Frigate -
AR g 35 5o 9F i?ﬂ
- o= so3ke] AT o 4 g
2A% 5Yg 2ol o - 23l
PCC, Patrol Combat Corvett _ B
2AYFE 53
%%
PKM, Patrol Killer Medium FE2 A -2 ArdFE T
PKG, Patrol Killer Guided missile
Pt
ey We, wob 59 ogen eue
LPX, Landing Plantform Experimental 2 gz wy
LPH, Landing Plantform Helicopter
= =
= e, wok 52 #o) setol}
LST, Lanc?mg Smp Tank AR o A5
LSH, Landing Ship Heavy
B71zke] AN A&l
FHEALY o -
A% £ A3 7, Bk, A5
AOE, combat support ship -
59 #FEAE By

Collection @ kmou



2.2 AL FAAAY FF7

2.21 71A FAA

NA FAAAEL 712 28 2 tirhse] At 8 gl A= o] k.
dxow T AAL olgstd F& HAAA T medes) ue] FUYL
BT ASE EAA U2 5 5 Aok E ST FHI o] 149
2Heo] Wed Aol JfoEN AW gL nEYe] 0B BAIS
o ¢8s7lE BTk A AP JaEE A 2o FAv|HEe Aoy
Aol A Ralos BefstA % e 4171719 g glo] oA 2
SAAND RN FNES DAY o] old Bae] FUAAE F1A F

ZI A Al (mechanical propulsion system)’ #kat $+cH10,111.

TS GutH o g 279 H& VHAA Yo sl Fd 2
o] Fx7|#e] ddEH #dAHE A FAAAL] FRA= <3 2 1%
T 2% gAd S A8k CODAD (COmbined Diesel And Diesel), <=
g g 3 FIhoA BF 7F2ERL RS A8 COGAG (COmbined Gas
turbine And Gas turbine), & &% FloA= HAd AxS AREst &
T A= HA AR Zh2EW XS ¥4 A83t= CODAG (COmbined
Diesel And Gas turbine), Z18]al &3 £8 FihoA e tA AWES ALsta
g FolA = Zh2ER AZITE ARESEE= CODOG (COmbined Diesel Or
Gas turbine)7} S1t}.
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Table 4 Type of mechanical propulsion systems [8]

Classification Configuration Operation
Diesel engines
Gears Diesel engines Cruising
* CODAD system speed
Propeller
* DE and DE
* installed on Clutches Diesel engines
AOE, LST ect. Fropeliar :E:‘ Maximum
Clutches
speed
Gears
Reduction
gearboxes
Reduction Cruisi
gearboxes Tuising
— Clutches — Gas turbines speed
* COGAG system Propeller
* GT and GT
* installed on Clutches — Gas turbines frera
DDG ect. Propeller )
Maximum
Gears Ll Clutches — Gas turbines speed
Propeller]
Contoaot, Brossconnect
propeller
f Diesel engines ..
Con;:ncl:]able . Cru181ng
propeller Crossconnect Z;;';gg:s‘s’
* CODAG system gearbox speed
A Diesel engines —
= eduction
*DE and GT Gas turbines C gearbores
H umsDeed Controllable
* installed on carboxes e Closcames
PCC ect. 0 l’ [a] lesel engines i
0 Reduction \J@i M ispeed Maximum
gearboxes [&] earboxes spee d
Reduction
gearboxes
Reduction Gas turbines
gearboxes C .
. TuISIn,
. Gas turbines Pr | Diesel engines g
« CODOG syst Reduction e =" speed
system gearboxes
*DE or GT Clutches
« installed on Propeller Diesel engines Reduction Gashrbines
gearboxes
FF ect. 0 Maximum
Clutches Propeller
speed

Clutches
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Fig. 9 Specific fuel consumption curve of Gas turbine
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HE WA He 9% A4aAZ A ol Fd R 7 EL
Hejol Eajt Fdqte A o e AHS 7ML Ak =7 e
of ZAAA EAZ HFHEA s ol Tst= Aaqhs) At
b ZsE e, 53 FAAA S o8 vlE 7t=E
Ad 5 9o A&KHoz A7 H AEEH T2 13] FF ek AW
s A - AR 7] 71go] A wet O a3+

il
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ok

S
O% wsd Ao Bl

23t FRAAL Z=FHo= CODLOG (COmbined Diesel-eLectric Or Gas
turbine)®} CODLAG (COmbined Diesel-eLectric And Gas turbine)”} ot o] +
7R AL B £ £ olstY w gA AHV|E o] &l FIE HEU]

17, 2% FRA FhaEN A

o2 A FXHEE WY 943}
© W2& CODLOG, 38 AF7let 7h2EN AXE 25 83 H2s

CODLAG®}aL gttt

F 02 ez B3t 3719 452 HEDF At
Zuho] ul=o] DDG-51 &#e] W= (Arleigh Burke)d =3¢
% TH HeE 7|Eo JA FHAA HNEIE
.

G A AR avFS AEFSE Zo] 1 BHo)

COGAG FZAAE Mzt A8 &S & PAolgta & & JduHl4]
3 FAAE 49 Ad g 2 £9dd w2 gA48 FA8e
Adelrog gggtoan Bk a8 &3] 7hssith & Eof HdA
T % &8 gt A& FhAAME HE7E, A& PR "A <dzlo
U 7Bl QRS o] 8Eta, AE Fee Hd 2How st F, o
& RER 758 & gtk Table 5+ &3 FIAAAY 79 5HL U
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Table 5 Type of hybrid propulsion systems [8]

Classification Configuration Operation
Diesel generator Electric motor
* CODLOG
system Diesel generator Electric motor | """ Gas turbine ==0 Cruising
*PM or GT Q (55590 speed
- installed on Propelll Gas turbine E==0 .
TYPE_ZS(FF, -. Diesel generator Electric motor
UK) g Propeller === Maximum
Clutches
FREMM(FF, Gearboxes ] speed
France)
-. Gearboxes
Diesel generator Electric motor
* CODLAG
system Diesel generator Electric motor | """ Gas turbine == Cru151ng
«PM and GT Q BT | speed
. Propell
* lnsta]led on TOREISE G— -! Gearboxes
TYPE-2 G(FF, Diesel generator  £10c4ric motor
UK) g provellerGas turbine @Esmg | MXimum
Iy
FREMM (FF, | - m =80 | speed
Italy)
- Gearboxes
Electric Machine Turbine Generators
Gas Turbine
Electric Machine Turbine Generators E i _@E] CrUiSing
* HED system x Gas Turbine speed
*PM or GT
* installed on -EE Electric Machine  Turbine Generators
DDG_SI(DDG’ Gas Turbine
USA) X— O | \faximum
Augmented electric power distribution network Speed
2.2.3 A7) FRAAA

MY FAAA 71%0]
golA FZ)AA LaWs, @Y7

o] B MY aTSE AHSo] ATHL glom, 1 F U¥E
AT Y= ARl olo] wer AT AFFHIAME A
gAE FRole Y apFnt 953 we d¥o Wasit.

Collection @ kmou

=
-T-

daetHA thy 2 FAMYE o] Hojr <l AMDR,
A A @l A (free electronic laser) &
FAl &

Z1 A A 7}

o] ¥4
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/
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A S A2 SEHI| 2INMA
(6= O|LHOl 200NM el EHA Jbs)
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Magnetic
Rail Gun
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T2 A8 2%, =X SAU LS EIZ0| st
MeXEL

Fig. 10 Increasing electric power demand on naval vessel [15]
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2 #AEHAG g4 g JtAEA Adzle] TR &S FEHA HHY, &8
AYEe] 72 gAnt ol dXY A g FIE&s 2ASA HAo S,
stde]l 428 HAYF wakAd DG ((Diesel Generator)2} GTG (Gas Turbine
Generaton)g Ag|d oz &34 Hrt.

IPS7F &8 AA FAF T HEAHA AR = oA &3 U+e
TYPE-45 DDGHM (Destroyer with Guided missiles, Helicopter hangar and
surface-to-air Missiles)¥ ®]= 2ol Al & F<1 DDG-1000 o] ATHSL o]

AFEPAEL 7BHo e AEe a7sis dojy ¥7)g u

rot
52
rlo
=

re
o o m M o

A RAAAZL FAEC] glom, ShaEu dzle] HiH Fe A AER &
89 % glol A7) FAAAY ojde AUHT & Ak Fig 11 A7 52
AAE &AF v slwe] DDG-1000¢ JehfI low, Table 62 27 3

ARl &8 WAS ZreFs) Ueha glek,

Fig. 11 DDG-1000 Zumwalt class destroyer [8]
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Table 6 Type of electric propulsion systems [8]

Classification Configuration Operation

* IPS
* [EP system

+ IFEP system
* only PM

GTG GTG Cruising

speed

* installed on ‘l’ \1'

DDG-1000 s senices
(DDG, USA)
TYPE-45
(DDG, UK)

Maximum
speed

23 THALFY & R A

TFALES s ok ed 71 T AAe Y of ASF, &2
A T2 WFlA BREste 9ge FIH. 2 TI3tel A o s BE
of HtEAl Haghd|, oju Hgo] a3k Ao ZHste thd FHo] o=
st T EFS BE 5 Adste Aol LAY oIt 17].

T Afels dutF s 5 7hx] Wl e, 44 Z1A el Fuiv A
A st 283 Ade we Ae S A AL ol sk, sl
A ZeAd el i e HIske I B B AdS s e
S e o A oEhal j S 2 A 22 Ae A £
2 TeAdde] FaskA &7 wiEe] AAZJ] FHoAAE olds ZHAT,
S0l = Z1AANA T Bgo] o] Fo|x]7] wZdl sdelM 2 Tl I
1A 2 A orrt st A AR s zka . o] s Ad=ee o
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Fig. 12 Replenishment of HMAS Sirius [16]

232 = - 9 & A% H Ad
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A gl FFols AOE AAF &4 34e F4xYstozm L4735
AL Utk 1991 dell AOE-57 HA S Al#te. =, 1997 ol AOE-58 v g9k, 1998
doll ACE-59 313 3te] A= AxHA. i@ A3t oF 4,200 ton, THAY
°F 9113tonolH, Fx7#oZ YA <zl 267t 2789 Fell 747 A2
AT FE AR W B we FEHdA &3 F e M | Aehe
8,300kmelH, Hx &£ £ £=2 Z47 20knot, 15knotZ A = AT
Table 7, 8& =] - ¢
Ehi o it

szold 85tn e odd FEAYF AYe
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Table 7 AOE chun-ji class combat support ships of ROK Navy [8,9]

AOE-57 AOE-58 AOE-59
Name .
Chun-ji Dae-cheong Hwa-cheon
Figure
Commission 1991 1997 1998
) CODAD (COmbined Diesel And Diesel)
Propulsion . .
svstem Diesel engine X 2 EA [ Shaf t X 2EA
v 6,400 HP (approx. 4,800 kW) each
Displacement
P 4,200 (light) / 9,113 (full)
(ton)
Speed 20 knot (max.) / 15 knot (cruising)
Length 136 m
Beam 17.8 m
Draught 6.5 m
Range 8,300 km / 4,500 nm
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Table 8 Propulsion system of naval support vessels [8]

Propulsion Name Displacement | Max. speed | Engines &
Operator
system (Type) (ton) (knots) Generator
(iortl v‘litonat UK 32,800 20 2 Shaft
ep. epls men ) DE X 1EA
oiler)
R llger'h}i1 G 20,240 20 2 Shaft
erman
€p. e.HlS ment y B DE X 2 EA
oiler)
R Dlu rgr;ce F 17,800 19 2 Shaft
rance
(Rep e.ms ment ) DE % 2 EA
oiler)
o 94
2 Shaft
or Karel Doorman |\ ands 28,250 18 a
(Support ship) Diesel-electric
CODAD
T 2 Shaft
owada Japan 15,000 22
(Support ship) DE X 2 EA
- 2 Shaft
Hwa-cheon Korea 9,110 20
(Support ship) DE X 2 EA
Et 2 Shaft
o na : Italy 13,400 18
(Auxiliary ship) DE X 2EA

Table 7, 814 ST & Yol WAl MGEFS A1 £, F3 1)@

o M5 BelAE Afol7t A FAAAE GEE

1= 77 FAAAE G E

3l WRel A5 @ Are &E P 5L 9l
%

sty AEr= Fxs

rr

23 3
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Table 9 Propulsion system of frigates and destroyers [8]

Propulsion Displacement | Max. speed | Engines &
Name(type) Operator
system (ton) (knot) Generator
FFX Batch-1 DE X 2EA
K 3,250 30
(Frigate) orea GT x 2EA
Lupo DE X 2EA
P 3,000 35
CODOG (Frigate) e GT x 2EA
L DE X 2EA
George§ eygues France 4,500 30
(Frigate) GT x 2EA
F-124 G - 300 %9 DE x 2EA
erman ,
CODAG (Frigate) y GT X 1EA
F-310 DE X 2EA
) Norway 5,290 28
(Frigate) GT x 1EA
FREMM EM x 2 EA
(Frigate) France 6,000 27 DG X 4EA
rigate
GT x 1EA
CODLOG M X 2ER
TYPE-26
Frigate) UK 8,000 26 DG X 4EA
rigate GT % 1EA
TYPE-23 EMP2EA
(Frigate) UK 4,800 28 DG X 4EA
rieate GT x 2EA
F_1%5 EM x 2 EA
CODLAG (Fricate) Germany 7,200 26 DG x 4EA
reate GT x 1EA
FREMM EM x 2EA
Frivato Italy 6,700 29 DG x 4EA
reate GT x 1EA
DDG-1000 EM X 2EA
USA 14,500 33
(Destroyer) GTG x 4EA
IPS EM X 2EA
(?;YFEE 45) UK 8,500 30 DG X 2EA
estroyer GTG X 2EA
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Table 10 Propulsion system of naval support vessels [8]

Propulsion Name Displacement | Max. speed | Engines &
Operator
system (type) (ton at full load) (knots) Generator
Berlin
. 2 Shaft
(Replenishment Germany 20,240 20
. DE X 2EA
oiler)
Durance
_ 2 Shaft
(Replenishment France 17,800 19
. DE X 2EA
oiler)
Etna 2 Shaft
. _ Italy 13,400 18
(Auxiliary ship) DE x 2 EA
Towada 2 Shaft
) Japan 15,000 22
(Support ship) DE x 2 EA
Absalon 2 Shaft
. Denmark 6,600 24
(Support ship) DE X 2 EA
Hwa-cheon 2 Shaft
) Korea 9,110 20
(Support ship) DE x 2EA
Osumi
(Landing shi J 14,000 22 2 Shaft
anding shi apan ,
CODAD g ship p DE x 2 EA
Tank)
HMS Ocean
(Landing 2 Shaft
UK 21,500 18
platform DE X 2EA
helicopter)
Galicia class
. ; 2 Shaft
(Landing Spain 13,815 20
DE X 4 EA
platform dock)
San Antonio
class 2 Shaft
. [S8) 25,300 22
(Amphibious DE X 4EA
transport dock)
Dokdo class
. 2 Shaft
(Amphibious Korea 18,800 23
. DE X 4 EA
assault ship)
Mistral class Azimuth
(Amphibious France 21,300 18.8 Thruster X 2 EA
PS assault ship) DG x 4EA
Rotterdam 2 Shaft
(Landing Netherlands 14,000 19 DG X 4EA
platform dock) EM x 4 EA
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sequential turbocharging: MAN V28/33D STC

Fig. 13 MAN V28/33D diesel engine [18]

Table 11 Engine specification [18]

Bore 280 mm
Stroke 330 mm
Cylinders 12

Power output 6,000 kW

Output/cylinder 500 kW
Speed 1,032 rpm

Mean effective pressure 28.6 bar
Mean piston speed 11.35m/s
Specific fuel consumption 194 g/kWh
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Fig. 14 GE AIM (Advanced Induction Motor) [19]

Table 12 Motor specification [19]

Stator voltage 3,000 ~ 4,000V
Frequency range Typically up to 15Hz
Power factor Typically > 0.8

Power 5,000 ~ 40,000 kW
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= T4s Z]'é'\—-j}_%
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Ya_"B_"p 2)

wp Tg4 Ny

A FA A n ok npe 72 710] A9k BY ol(teeth) o] M4E YER I,
Aol 71o)7} Bolx 71AZ 3ol &(mechanical advantage)e 2] (33} o] F
71019 E= 79 BE JeRE 5 UTHS,201

mA=2="2 3)

Tq4 TNy

2) 22 X|(clutch)

FEHY AololA LT 29A o] TR A AAZE, FHA= Y
G o] AFZY FAY S AGst= FAZ AHEHT

FHAE YL ALeE =7 dgits 28 ol HEAHoRE B £ 9
I, F L o)dFAY "Hojuls F&FS AFEA FIAE 5+ d7] wEA
AolMe & Zdo g A= b8 FA7HE 28T o g&E7]d, 5 F
o2 FYS& AFAY At FHOoE AE-ST21]

Elements of basic
SSS Clutch

B CIut:hTeelh E Input Shaft

G Sliding Component F Out mmclmmmng
D Helical Splines. G Ralchet

L#”E“ ﬁ

Hg. 16 SSS clutch for marine propulsion [22]
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314 &4 4 =244

Aot z2AYE FIAVROERY YA TS FYow W= o
TS gtk gutd o2 Ad oy Ry AFak R 22 A s
zzHg Iyt nAFHS e ‘1A ¥x Z=24 (FPP, Fixed Pitch
Propeller)” & A&, sl Aolv oM, EEXM, WA 53 Zo] =F
Aol FasAY H3 o] Brled 7F2EN AT gAE Afeles T2
He] e 45E vbE 4 e VM 3% =242 (CPP, Controllable Pitch
Propeller)” & A X3t}

“

Fig. 17 Fixed pitch propeller Fig. 18 Controllable pitch propeller
ZzAt JAY we o] BHFOR o)FsE At AAR o5 Ag e
ztol7b WAstH olE <¥ (lipelgtal gt WHA|E rof oy Z=deo |
AL dYE 2AAS W, Z2AY 4L 4 De 22 dAE =
[8,23].

Np—=V, J

Slip(%) = xlOO(%)zl—E 4)

P

A7IA Ny o|EFSE Yozt Ad, V& AAZE Yozt Ag, J= HX
A<= (advance coefficient), p= 3 x| ¥] (pitch ratio)E n|slH, o714 Jo} p=
521 o]t}
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AAAS J= Z2d8 3 £x9 A4, 2ga Al met FoiA= &

J= (%)

w3 W28 pe A @) go] Zzel WH sk A7 Holh.

=2 9 T3 205 2R AF HAS 243 97 229
A D 8A% N, 281 A £E Vel BF Feolnh. Z2ad 3 7

A Mz BT 5 823

ND v gD
7= pV2D?f,( v ), fo( VaD)7f3( 2 )] ™

fie AR Agel g &<, f,& Reynolds o] tig+ &<, f,-& Froude &
of thgt Fharolm, dukARl oAl foF f,2 EF fo Blgte] Foh o}
Al o1& o 4 (8)F 2ol et & 4= QT

ND
V

a

T=pVD*x<f,( ) €)

zzdy 9 7HY Z2Ae BEF 15 4 (99} o] s Yehd ¢
AUTHS,231.

ND
V

a

T=pV, D’ f( ) 9

el e
S
o
o|N

A F AN pe AT FAY BEE Utk AT e
743oll whet AR, dukA o2 1,024~1,030 kg/me] Mol &3
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At g Z243t= X d wela ztolzt AW, FA/H D FZ7)d wet
s8He Adtstes ol &3 2o 28t

1) A Au}=g (HP, Indicated Horse Power)

Zge) AA YRolA WS e sk AYAEe] WAL Al
& 78 4 Jor mAvHoBRE Frh AAnELe A 107 2o] vhehd
T4l

P, XL X AXN

IHP= p75 [PS] (10)

(P astd (Pal, 1,374 [m], 4490 @94 [m’], VED3] - [rpm))
2) Al =n}= (BHP, Brake Horse Power)

adaz gvdld A% YO, ANRA AAE, Wojw Fo 7
B £ AT 7% FYe] viEe ojrsie 4 (1D 2ol vehit,

BHP|PS) = [HP—loss = IHP « 1, 11
AZNA = ZIAEECIAL, A (12)9 o] AlFut=E st A utE o] Hlo|t),

BHP

Mo = Tzrp (12)
3) M=ul= (DHP, Delivered Horse Power)

ABrigo] ZeAex ADHs] Ao Wl WolP, Avul# FolA WA
12 ASNG Ao o8 APuiolstn Atk YAHOE ZzAu
AgHE fow 4 (37 Lo BAY & Aol

DHP|PS) = BHP—loss = BHP « 7, 13)

AZIM m= AEEE0laL, 4 (149 Zo] AEntz s AlFvte o] vojth
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DHP

= BEp (14)

3.22 zzHg
1) 3=z} (THP, Thrust Horse Power)
z2Ag7E st F¢ 7o o5t Aol £¥ V.E ST, o

Jiﬂ‘ﬂioﬂ/ﬂ B WS FntHelga k. 2 (504 ERe] Uprol
npE o] thelZ FH] f5te] 229 tH24]l.

=)

B

Va
THP = [PS) (15)

75
2) +&v}= (EHP, Effective Horse Power)
FAol od &9 V2 Histua & o o3 FHoE 2 (163 Zol
AL = Qo RS AA| A golt,

R<V,
EHP=

== [P (16)

3) F+21& 4 (P.E, Propulsive Efficiency)
FRAEEL F2A5 (P.C, Propulsive Coefficient)eti = &bar, 2z o} A
Ao #AE UetH, dAA o] Rolal £9 V.2 AT o g PE o]

g3to] 2] AN} gol ANT F oM, BF FUELEL ME FAHE &
lEw Fa71wel ojstel wAE AFTY (FriviE)e] men @ 5 o
[24)

EHP THP DHP  EHP

pE= THP DHP BHP  BHP a7

323 &8my 2= WY

7 SN FR7 Bl e
Bl elol AEAL AN ke A SABE o v

[
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Calculation of admiralty coefficient Estimation of maximum horse power
by AOE-59 Hwacheon requirement of target vessel

« A=9,113 (ton) © Cogm = 295

* V =20 (knot) I « A=9,500 (ton)
 [HP =12,800 (HP) * V =20 (knot)
*  Caam = 295 « [HP = 16,085

Fig. 19 Calculation of maximum horsepower requirements

Coim® 29591 212 At o= s Aol oF 1509 C,,= 2zt Aol Bist
W oA & @A, FEAYEES Y 71 A Fol RAS (Replenishment
At Sea) ¥ FAS (Fueling At Sea) &9 31 ¥FAYLE Fd3t7] wiol I4
o Fiol AFFAIAE ta A7t A& AR s, =3 AL
Ny gEx49 sl A C, 00 9F 230-2709] FHe zhe= Mol st A4k
Ao wet s Al G, 2952 AA SRS

Fig. 20
7} \ sl2e 724A-EE USS Juneau (LPD-10)9) )4
t mgolth ARE Batel T 349 @l Aol7t 9l
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3.3 W7} Ao A3 B viw ¥

AESE e FAol ZFolol T v F 7 SMAEolol T R Aol
o QuE o Aol AR =, WAL, doln 5o A we
ARHE A 59, g ARAY 5L AR 5 5 vk FEU AL

AR i 3 AEFYH BYGEEH, AVde FAe FEFH AZE7] o
o Edlo] =23 (trade off)7} A3y,

gol A sz olFate W de Aot AL ov VY 4
9 8 5, FAAAN gk 2ARHE 155 23 4%, 44 A% A
B A AN WNE AFsgow BRELH, o9 A9 S uF F
o olno] met FHARE FRAAF] GPo] A A FRolRL T
& qlek

TAF &ololl A RCEM) o APAQ orls, od dFy S sl
of slol Fof & ARE I 7led Aol wet AAeA ALgst= Zolt o
2hA s dAol A= 2 8 F8 e met g@AE FAA A A HE
FAAA, AFE AT &4 3 54 AA, 28 2T ¥, 74 - B9
Zagk v 5 F7), A, &84 MAY Fo] x3d Zojn. =3 I
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Table 13 Method of comparison and analysis of simulation

Collection @ kmou

Propulsion Propulsion Operating Fuel
engine system profile Consumption
= \
DE X 2
Comparison
CODAD system Short-term duty &
[ It 1 = Analysis
//-\
PM X 2 = /
DEx2 | = - ET=
CODLOD/ CODLAD
AN Long-term duty




A 43 7R ' AlEEHCIA 4A

41 7183 4%

B ER AL @I Pl 85T Y A4 FHE NP A
doldel dade AAa Table 14E D@ slrdd £gatw 3
+ AOCE-59 #Age] AdES BT gt

Table 14 Specification of Hwacheon(AOE-59) [9]

Figure
Name Hwacheon (AOE-59)
Type Chunji—-class fast combat support ship
Commissioned in 1998
. Full 9,113
Displacement (ton) Light 2.200
. Oil 4,200
Load capacity (ton) v 150
Length (m) 136
Beam (m) 17.8
Draught (m) 6.5
Propulsion Engine Two Diesel engines (CODAD system)
P Power 12,800 HP (9,548 kW)
Maximum 20
Speed (knot) Cruising 15
Max. cruising range 8,300 km (=4,481 NM)
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e

6°)

=2

X

N

)

I

CODAD FZIAA= 6,000 kW TjA <zl 2df, CODLOD % CODLAD FZIAA|
= 1,500kW HE7] 2tie 6,000kW TlA <z 2thE g§A3 Aos HAA
oh g wAjul RS 9,500 tonolH, Ha £33 &3¢ £ ZhZF 20 knot,

15 knoto] o},

Table 15 Specification of virtual vessel

Classification Virtual vessl
CODLOD CODLAD
Type CODAD system
system system
PM X 2 EA PM X 2 EA
Propulsion 1,500 kW each | 1,500 kW each
DE X 2 EA at lower speed at lower speed
Power
6,000 kW each DE X 2 EA DE X 2 EA
6,000 kW each 6,000 kW each
at higher speed at higher speed
Configuration - i
Displacement
9,500
at full load (ton)
Maximum 20
Speed (knot)
Cruising 15
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Fig. 21 Operating profile of naval vessel [26]
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Fig. 22¢} #o] A3ttt
AN FEB MAR APR MAY JUN JUL AUG SEP  OCT NOV  DEC

& | | | | | | | | |
AOk-SF fe—t— P | I 1 ! ! |

ST'BY Long-term duty ST'BY Short-term duty Maintenencs

20558 fomtfef |t e ———s
Maintenence ST'8Y Long-term duty ST'BY Short-term duty
s e ||
Short-term duty Maintenence ST'BY Long-term duty ST'BY
Fig. 22 Set operating profile of virtual vessel
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Table 16 Operating profile of combat support ship

Speed [knot] Time [%]
0~6 5 §)
6~10 35 25
10~16 40 50
16~18 15 15
18~20 5 5
Classification 2 months I=_l(1)r41§1§O }E:Elsl = 2:51‘?’00 minutes 15 days Eggg thotl(:glmd:ilotg minutes

Fig. 232 7}2=HW <lzlo] &xj¥ DDG-51 T3] 43 &3 Z=E
BN} 3 913, Fig. 24= HED7} 2 x® DDG-51 7=3e] 43w 93 mes
R T 91,

A2 93tH & (inport), E¥FA] (anchor), HA] (cond 1l and V), ZHA
(cond 1) 59 &4 wet 4z & &3 REr A 85H= S & + Aok
T3 HED7F AX"E A, A ¢ 12knot7hAl= 7] 3¢ 2=E]o]¥

(electrically powered steering) R=2 23S & F JTh
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Cold Iron or Aux Steaming

Auxiliary Steaming

Condlland V .
Undenear Trail Shaft

Cond|(General
 Quaters) Full Power

Sea & Anchor
Underway Full
Replenishment Power

0 5 10 15 20 25 30
Speed, kts

Fig. 23 Operation mode of DDG-51 (not HED) [27]

Cold Iron orAux Steaming

Auxiliary Steaming

Condllland V ) - ml

Cond | (General

Quarters)

Sea & Anchor

N
Underway
Replenishment

0 5 10 15 20 25 30
Speed, kts

Fig. 24 Operation mode of DDG-51 (HED) [27]

2 =&dA= 714 F2AA Q] CODADS] 7 -5

= ZA
ZE &9 F7olA 2019 fA e BT LXde oz A }
g F7AA < CODLOD % CODLADS] 7-%-o F2AdGF719 tA <
WAle] w3 REE Urdnh Table 17, 182 v sfie] AFE
=0 U FHe &% REE YL
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Table 17 Operation mode of DDG-51 and CG-47 class

Operating mode

Description

Trail shaft mode

1 Propulsion engine on

Split plant mode (Two engine)

2 Propulsion engines on

Full power mode (Four engine)

4 Propulsion engines on

Table 18 Operation mode of virtual vessel

Propulsion system Operating mode Propulsion engine
CODAD Full power mode DE X 2
Low speed mode PM X 2
CODLOD Cruising mode DE x 1
High speed mode DE X 2
Low speed mode PM X 2
Cruising mode DE X 1
DLAD ;

co High speed mode DE X 2
PM X 2

Full power mode
DE X 2

27} syl CODAD =+ = 5
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AE 5 4 dvH24]
R, = f xSV [Ibs]
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70-]
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40- P

30 i

Engine Cutput(3:)

20 |
10+

0 | | ! | 1 1 | ! ! !
o 10 20 30 40 50 60 70 BO 90 100
Vessel Speed(Se)

Fig. 26 Froude propeller ~s law

AR 2RF2 7] 90 nlEstEz 54 073 2 A7 &anlE

(SFC, Specific Fuel Consumption)& ¢ 72 A8 v FS A 4 Q)
o A 28 Tt 58 &% £HoAe ds ARFES & F A, 1 4
IE BT ot F 985 AMFS & F Ik
Fuel Consumption X, [g] = SFC[g/kW « h] X P[kW] < H|[h] (28)
Total Fuel Consumption = Y, X, = X, + X;++ « + + X, (29)
i=1

y = 322.894— 3.14841z +0.018262° (30)
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Specific fuel oil consumption*

MAN V28/33D Diesel engine SFC curve

230

215

210

205

200

N

195
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9/kWh

185

200 300 400 500

kW/eyl.

Fitting by NI LabVIEW

J
Fig. 27 Fitting on SFC curve [18]
Fig. 282 LabVIEWE o]&3t HIs F24& JgzZ=2 yehd A

50
Engine Output(s%)

Fig. 28 SFC curve for simulation
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Fig. 29 Flow of simulation for CODAD
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Fig. 30 LabVIEW diagram of simulation for CODAD
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Fig. 31 Specific fuel consumption curve
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Fig. 32 Specific fuel consumption curve fit
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Fig. 33 Operating profile of short-term duty
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Fig. 34 Specific fuel consumption of each speed section

See Fig 359 2ol MR Bt 10%uhch 7o F#e FHAL
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Fig. 35 Averaged speed section by percentage
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Fig. 38 Efficiencies in diesel-electric plants[11]
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Fig. 39 Flow of simulation for CODLOD
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Fig. 50 Result of simulation for CODLAD system
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Fig. 51 Deviation of fuel consumption between propulsion systems
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