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A study on the fuel saving effect of bidirectional power
conversion in hybrid electric propulsion system of naval
ships

Choi, Dongil

Department of Marine Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, the navies of many countries around the world as well as
the U.S. and the U.K. have made efforts to apply hybrid electric
propulsion system and Integrated electric propulsion system as
energy-saving system to naval ships in order to reduce the life cycle
cost of ships in line with the reduction of defense budgets and

continued high oil prices.

In particular, the U.S. and European navies are studying ways to
reduce the cost of ship fuel by applying Bidirectional power
conversion technology to naval ships equipped with hybrid electric

propulsion system.

There are no domestic and foreign cases of Bidirectional power
conversion technology being applied in combat ships. However, the U.K.
and Norway Logistic support vessels as combat support ships, which are

highly installed with commercial equipment, are equipped with a hybrid

_Xi_
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electric propulsion system with Bidirectional power conversion
technology to save fuel.

Hybrid electric propulsion system has been applied to naval ships,
such as Frigate and Logistic support vessel in Korea, but
Bidirectional power conversion is not applied and is used only as a
motor at low speeds. Therefore, 1t 1s necessary to study the energy
savings effect of the application of Bidirectional power conversion on
hybrid electric propulsion system in order to apply Bidirectional

power conversion to domestic naval ships in the future.

In this study, the effects of Bidirectional power conversion on the
hybrid electric propulsion system for Aegis destroyer, Frigate and
Logistic support vessel, which are the representative naval ships
applied with the hybrid electric propulsion system, were analyzed. The
annual fuel saving effect and the maintenance cost reduction effect
were analyzed for each naval ship by considering the operational
profile of the ship, the annual operating time of the ship, and the

concept of operation of the generator.

Although the effects vary slightly depending on the type of the
propulsion system, the ship operation profile, and the operation
concept of the generator, it has been confirmed that the effect of
saving fuel and reducing maintenance cost 1s very high when applying
the Bidirectional power conversion on the hybrid electric propulsion

system.

KEY WORDS: Hybrid electric propulsion system, Bidirectional power conversion,

Fuel saving effect, Naval ship
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Table 1 Electric propulsion system

p Isi Typical Propulsion
Topusion ypica, s Application case
system Configuration Cruising EE
i Loyt speed. | Max. speed
.| 2 Diesel generator, Type-45(UK),
Full electric | =y 51 generator | MOtOT Motor DDG-1000(US)
4 Diesel generator, Aquitaine(France),
COPLOG 1 G/T engine Motor GIT Type-26(UK)
4 Diesel generator, Motor Bergamini(italy),
CODLAG 1 GIT engine Motor + GIT Type-23(UK)
4 Diesel generator, . F-110(Spain),
CODOE 2 Diesel engine WU e Holland(Netherlands)
improved
cocLaG | * fg /feenfr;tgr’ Motor 54%57% ATAGO(apan),
g Asahi(Japan)

; ?
o e

MA
*
[
1]

-

g

PC1
PWM
CH2

il

AIM

; ¢
L1

8

SERVICES
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SERVICES

[]

PC2
PWM
l CH1

2 PC2
PWM PwWM
l CH3

AM

STBD

2 x 4.16kV switchboards

2 x 2IMW generators

2 x 2MW generators

2 x Ship service Transformers
2 x 20MW AIM motors

2 x HV harmonic filters

2 x LV active harmonic filters

Fig. 5 Integrated propulsion system of Type-45
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Table 2 The status of combat ship electric propulsion system

s cuss | Ul 520 [ Maxieging | Commision | Propin
DDG-1000(US) 15,995 30/13 2016~2020 Full electric
Type-45(UK) 7,570 31/18 2009~2013 Full electric

Aquitaine(France, 6,096 27.5/15 2015~2023 CODLOG

Morocco, Egypt)

FFX Batch-TI(ROK) 3,650 30/13 2018~ CODLOG
Type-26(UK) 6,900 28/15 2026 CODLOG
Type-23(UK) 4,267 28/15 1991~2002 CODLAG

Type-125(Germany) 7,316 26/18 2017~2020 CODLAG

Bergamini(ltaly) 5,980 27/15 2013~2021 CODLAG
F-110(Spain) 6,170 26/15 2023~2027 CODLAG
Meteoro(Spain) 2,675 20.5/12 2011~2018 CODOE
Holland(Netherlands) 3,810 22/16 2012~2013 CODOE
Sigmal0514(Indonesia) 2,365 30/18 2017~2018 CODOE
Sigmal0514(Mexico) 2,570 27/18 2019 CODOE
ASAHI(Japan) 5,100 30/ 2018~2019 COGLAG
improved ATAGO(Japan) 8,200 30/ 2020~2021 COGLAG
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f i S8
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/e N N Yl
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Fig. 8 CODLAG propulsion system
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Fig. 9 The status of combat ship electric propulsion system
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Fig. 12 Full load displacement of hybrid electric propulsion ship
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Sensor and Weapon System Power demands will soon rival Propulsion Power demands

Fig. 17 Sensor and weapon system power demands
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Fig. 18 Ship high power demands
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Fig. 31 PTI mode of LSV
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Fig. 32 PTO mode of LSV
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Fig. 33 Estimation process of fuel consumption rate
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Fig. 34 Efficiency of electric propulsion system
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Fig. 36 Algorithm of fuel consumption calculation for naval ships
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LOEN Yes

change ?
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Fig. 37 Load sharing algorithm of bidirectional power conversion
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Fig. 38 Process of simulation
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Table 5 Specification of parent ship

Specification Aegis destroyer Frigate Auxiliary oiler
Class DDG-51 FFX Batch-II LSV
Full load 9,200 ton 3,650 ton 27,500 ton

displacement
Overall length 160 m 122 m 183 m
Maximum speed 31 kts 30 kts 18 kts
Propulsion COGAG + HED CODLOG CODLOD
system
4 GE LM2500 G/T | 1 R/R MT30 G/T 2 6L46F diesel
. 3 GI/T generators 4 MTU 12V4000 D/G 2 6L32 DIG
Machinery
2 motors 2 motors 2 motors
2 CPP 2 CPP 2 CPP
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Missiorn @
AAW, ASW,
ASuW
O @ @ Required speed 5
ochor [ et Depatire | gagition | (D0 eepter o I
Propulsion Under 7kts Cruising speed 10 kts Cruising speed
system on (10~18kts) (10~18kts)
Surface
surveillance
5181 misson”
Replenishment
@ Prepare and turn on propulsion system for navigation at sea
@ Move at a low speed of 7kts or less until leave the pier milatis
@ Move at cruising speed to the destination
@ Move to the speed required to the perform the mission
® Return to the base at cruising speed after mission completion o ive ﬁ@ ®
® Maneuver at a low speed of Tkts or less until arrive at pier anchor pler Inport 1+~
@ Turn off propulsion system Propulsion Under 7kts
system off

Fig. 39 Functional flowchart of naval ship propulsion system
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Fig. 40 Propulsion system of the aegis destroyer
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Fig. 42 Speed-time profile A by operation mode of aegis destroyer
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Fig. 43 Speed-time profile B by operation mode of aegis destroyer
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Table 6 Propulsion operation of the aegis destroyer

Profile (%) . No. of No. of operating generator by mode
Speed Propulsion | (oo rating
(kts) A B mode : GIT generator mode
engme + generator
1 0 0 0 2 2
2 0 0 0 2 2
3 5.4 0 0 2 2
4 1.6 0 0 2 2
5 15.8 0 0 3 3
6 1.2 0 0 3 3
motor
7 4.9 0 0 3 3
8 2.6 28 0 3 3
9 0.8 7 0 3 3
10 11.3 0 0 3 3
11 1.8 8 0 3 3
12 5.4 0 0 3 3
13 4 10 2 2 1
14 35 0 2 2 1
15 13 14 2 2 1
16 3.7 0 2 2 1
17 2.4 13 2 2 1
18 44 0 2 2 1
19 0.8 11 2 2 1
20 9.8 0 GIT 2 2 1
21 0.3 4 2 2 1
or
22 2.6 0 2 2 1
generator
23 0.5 3 2 2 1
mode
24 0 0 2 2 1
25 2.2 0 2 2 1
26 0.3 0 4 2 1
27 1.2 0 4 2 1
28 0 4 2 1
29 0 4 2 1
30 0.1 2 4 2 1
31 0.4 0 4 2 1
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Table 7 Propulsion operation of the frigate
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Fig. 53 Speed-time profile B by operation mode of auxiliary oiler
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A oA =T=E, T, oA

Table 9 Specification of aegis destroyer, frigate and auxiliary oiler

Specification Aegis destroyer Frigate Auxiliary oiler

Max. speed 31 kts 30 kts 18 kts

Propulsion system COGAG+HED CODLOG CODLAD
Propulsion engines 4 Gas turbines 1 Gas turbine 2 Diesel

P negm (16 MW) (40 MW) (7.5 MW)
Generators 3 Gas turbines 4 Diesel 2 Diesel

(3 MW) (1.4 MW) (3.17 MW)

Propulsion motors 2 Motors 2 Motors 2 Motors
P 1.5 MW) (1.65 MW) 1 MW)
Max. speed by motors 12 kts 15 kts 8 kts

Shipboard load 4,500 kKW 1,500 kW 3,566 kW
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Fig. 55 SFC of engine in aegis destroyer
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Table 10 SFC of diesel engine and generator for auxiliary oiler

Load (%) Diese(lkg/rll(g“ifrﬁe) SFC Diesel (izr/l;;a}llt)or SFC
25 0.2101 -
50 0.1895 0.193
75 0.1864 0.182
85 0.1811 0.181
90 0.1857 -
100 0.1865 0.184
110 0.1943 -
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et gk,

MEgre= (2120410 ®)z" — (4.2297 x 107 %)z® + (3.1155 < 10~ *)z? (22)
—0.10262 + 317.1609
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Fig. 61 SFC of engine in auxiliary oiler
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Fig. 62 SFC of generator in auxiliary oiler

P, = 0.0759v" — 0.44460° + 22.8248v" — 7.4447v + 0.4129 (24)
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Fig. 65 Fuel consumption rate by speed of aegis destroyer
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Fig. 67 Fuel consumption by speed of aegis destroyer-profile B
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