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A Study on the Adoption of Power Take Off Operation Mode and
Fuel-Saving Effect in the Hybrid Electric Propulsion System for a Warship

So-Yeon KimT

Abstract

Hybrid electric propulsion systems (H-EPSs) are an intermediate step for integrated full electric propulsion
warships. H-EPSs are a dynamic combination of mechanical and electrical propulsion systems to achieve the
required mission performances. The system modes could adapt to meet the requirement of the various operation
conditions of a warship. This paper presents a configuration and operating modes of H-EPSs considering the
operation conditions of a destroyer class warship. The system has three propulsion modes, namely, motoring
mode, generating mode [power take off (PTO) mode], and mechanical mode. The PTO mode requires a careful
fuel efficiency analysis because the fuel consumption rate of propulsion engines may be low compared with the
generator’s engines depending on the loading power. Therefore, the calculation of fuel consumption according to
the operating modes is performed in this study. Although the economics of the PTO mode depends on system
cases, it has an advantage in that it ensures the reliahility of electric power in case of blackout or minimum

generator operation.
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Fig. 2. Example of destroyer class warship’s load profile for 17-days sailing.
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Fig. 3. Assumed propulsion power(DHP) for a warship.
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TABLE I
ELECTRIC POWER LOADS ANALYSIS AND
CONFIGURATIONS OF GENERATOR-SETS

Classification Maximum electric power(kW)
Ship Service B
Electric Loads 2500kW/0.99/0.96 = 2631kW
Propulsion _
Electric Loads 4146kW/0.90/0.96 = 4799kW
Sum o
(including Margin) 8256W(10%6)
Pulsed Loads 3000kW
Options Configuration of Gensets
I 4500kW x 3sets
Gas-turbine Generator
1 3000kW x 3sets
Gas—turbine Generator
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TABLE II

TYPES OF EXISTING HYBRID CONFIGURATIONS

Type Example

CODLOD

COmbined Diesel-eLectric

Or Diesel-engine MARS Tanker(UK)

CODLAD

COmbined Diesel-eLectric

AOE-51(K
And Diesel-engine OE-51(Korea)

CODLOG

FFG-818(Korea)
Type-26(UK)

COmbined Diesel-eLectric
Or Gas-turbine

CODLAG

F-125(German)
FREMM((Italy)

COmbined Diesel-eLectric
And Gas-turhine
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Fig. 4. Layout of hybrid electric propulsion system.

TABLE I
GENERAL OPERATION MODES OF HYBRID EPS

Operating Conditions Operation Mode
EPS mode(©)
® In Port GT mode(A)
) EPS mode(O)
® Transit GT mode(2)
3 Anti-Submarine Warfare EPS mode(O)
(Silent mission) GT mode(2)
] EPS mode(x)
@ Combat Readiness GT mode(©)
] EPS mode(x)
@ EPS Failure GT mode(@)
, EPS mode(x)
® Generator Failure GT mode(©)
, . EPS mode(O)
@ | Propulsion Engine Failure GT mode(x)
TABLE IV
OPERATION MODES OF HYBRID EPS WITH PTO
Operating Conditions Operation Mode
EPS mode(©)
® In Port GT mode(2)
) EPS mode(©)
@ Transit GT(PTO) mode(4)
3 Anti-Submarine Warfare EPS mode(O)
(Silent mission) GT mode(2)
, EPS mode(x)
@ Combat Readiness GT(PTO) mode(©)
, EPS mode(x)
® EPS  Failure GT mode(©)
) EPS mode(x)
® Generator Failure GT(PTO) mode(O)
) . EPS mode(O)
@ Propulsion Engine Failure GT mode(x)
EPS mode(x)
Large Pulse loads GT(PTO) mode(©)
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Fig. 5. Power flow in propulsion mode.
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100

a0
80 4
70 /

g, L/ -
-En s0 / ’."’/ ”
£ w0 -T%Sh@tsneec
20 .\..- ‘-\r Fite
10 = Id}e&h speed
: |
1 2 3 4 s 6 7 g 9 10

Control Lever Position

Fig. 7. Combinator curve of CPPs.

2
In
il
ol
Qo
o,
([
i)

W13 A2zge ASIAE 7}
1

2Bl 3o o 3 &9 Aol Jhssfop R
7hiE A edn s A8sta vk ¥ 72 ARl
A4H3 9lE CPP I|AAe] ©x=zd 3 £93 =

v A& debdTh )
%2 tjv] 30%¢! Control Lever Position 3(2F 10knots)
olgtoll A= FRI5e] FHEHL ofo] 5 FHE A
shiA 2y Fjx)vk 24shc) webA] 10knots ©]81e]



Mechanical Propulsion
Train

Electric Propulsion
Train

PTO $4EE 4§ 9 AR4d &% A7 45

Electricity Generation
Train (PTOQ)

Electricity Generation
Train (Genset)

P. Loads(kW) Demanded P Loads(kW) Demanded
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SS Transformer Efficiency SS Transformer Efficiency
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Alternator Efficiency Harmonic Filter Efficiency

[nverter Efficiency

Converter Efficiency

Harmonic Filter Efficiency
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Converter Efficiency
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A 4 ¢

P. Loads(kW) Generated [by GT] || P. Loads(kW) Generated [by DG]

E. Loads(kW) Generated [by DG] | | E. Loads(kW) Generated [by GT]

Fig. 8. Transmission process for propulsion power loadings.
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TABLE V
SYSTEM EFFICIENCIES(ASSUMPTION)

Classification Efficiency Values

Shafting system(ng)

%%
(including R/G) ’

Electric Propulsion Motor 88.1% ~ 96.5%

Variable Speed Drive

05 ~ 0,
(Inverter & Converter) %6.8% ~ 98.8%

Harmonic Filter 99%

Ship Service Transformer 99%

Alternator(Generator) 90% ~ 96.9%

1.00
—~ 0.95 o — = it

——
@_ /&__.s"‘*
a 0.90 ﬁ_/?'*'
@ 0.85
2t " ]
& b +— M. propulsion train
" ——E. Propulsion train
2 0.75 —e— E. Generation train
PTO train
0.70

0 10 20 30 40 50 60 70 80
Load (%MCR)

90 100 110
Fig. 10. Assumed total transmission efficiencies.

deiell A 96%94 A4 3 Heagm, F4
% H:,]_

C-DC O“HHQ} DC-AC ZHEE ghalalo]
%ﬂH 988/ qu & v‘i‘i

& oo 88 AT 2L fok



46 The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 1, February 2019

900
800
700
600
500
400 :
300 .
200

100

—e— Gas-Turbine for Propulsion (25MW)
—e— Gas-Turbine for Generator(4.5MW)

—e— Gas-Turbine for Generator(3MW)

Specific Fuel Comsumption {g/lkWh)

0 10 20 30 40 50 60 70 80 90 100
Load (%MCR}

Fig. 11. SFC characteristics of gas-turbine for propulsion
and generation.
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