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A Study on the Analysis of R&D Trends and
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Abstract Ship propulsion systems are classified as core equipment within weapon systems, as they not
only provide propulsion but also serve as integrated energy sources. Domestically and internationally,
ships are transitioning from conventional mechanical propulsion systems to electric ships equipped with
integrated power systems, in accord with the goals of integrating energy sources, improving survivability,
increasing efficiency, securing power sources for weapon systems, and achieving environmental
friendliness. However, acquiring propulsion systems for domestic ships depends heavily on foreign
suppliers. Engines and generators are acquired through technological cooperation agreements, while
shafts and propellers are domestically manufactured. Nevertheless, operational difficulties are common,
as evidenced by malfunctions from 2006 to 2012 in submarines (KSS-I and II) equipped with
foreign-made electrical propulsion systems. In fact, the electrical and internal combustion sectors of
propulsion systems accounted for 72% of all malfunctions. This paper proposes a plan to increase
domestic self-reliance and operational efficiency by promoting the localization of submarine electric
propulsion systems and focusing on technological trends, application statuses, and development cases of
domestic and international propulsion systems. In addition, it suggests localization strategies for electric
propulsion systems suitable for future ships such as the KDDX (Korea Destroyer Next Generation) and
should contribute to establishing R&D plans for future ship systems.
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Table 1. Main Trends in Naval ship

Factors

Enhanced anti-submarine capabilities due to diversification
of the ship's missions

Reduction of ship operation cost due to reduction in
defense budge

Increased power demand due to changes in the weaponry
system onboard the ship

Reducing the number of people on board and increasing
the convenience of maintenance by applying the automation
system
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Table 2. The features of Naval ship

Factors

Special performance requirements such as shock resistance,
vibration resistance, noise reduction, Electro Magnetic
Interference(EMI) shielding, and underwater radiated noise
control

High power quality requirements such as minimization of
harmonics due to the installation of precision electronic
equipment

Survivability requirements such as equipment redundancy
and distributed layout design

Requirements for light weight and miniaturization of
equipment due to weight and installation space limitations
General logistics support requirements such as maintenance,
supply, education and training
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Table 3. Advantage of IEP

Factors

- Reduction of ship operating and maintenance costs by
reducing fuel costs, improving operational efficiency,
reducing maintenance requirements, and minimizing
operating manpower

- Low noise and vibration characteristics reduce underwater
radiated noise and improve ship survivability by facilitating
system redundancy

- High power availability that can use propulsion power as
ship's own power

- Future scalability in preparation for performance improvement
by additionally mounting high-power armament/sensor

- Engine room design flexibility due to reduction in length
of propulsion shaft and reduction in number of engines

- Eco-friendliness that can reduce air pollutants such as
sulfur oxides and nitrogen oxides
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Table 4. Development Trends in IEP ship

Factors

The trend of increasing voltage level (from low voltage to
high voltage)

Solutions starting to include advanced energy sources
alongside traditional and intelligent energy management

The ship's electric propulsion system delivers capabilities as
a complete system rather than as individual pieces of
equipment.

Integration of propulsion load and ship load to cope with
future increase in ship load

Power quality maintenance using an electric propulsion
system to accommodate momentary high-capacity shock
loads such as pulse weapons
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Table 5. Overseas electric propulsion ship for Naval

Propulsion | Displ p| Max
Ship Name Nation ré)pL: sion 1sp(tace)men Speed
ystem on (knot)
Queen
Elizabeth U.K. IFEP 65,000 24
Type-45 UK. IFEP 7,350 29
DDG-1000 USA IFEP 14,500 30
LPD
(HMS Albion) U.K. IFEP 18,500 18
T-AKE USA IFEP 41,000 20
i Hybrid
Type-23 UK. (CODLAG) 4,500 28
Hybrid
F125 Germany (CODLAG) 6,800 27
~ Hybrid
LHD-8 USA (CODLOG) 41,335 20
) Hybrid
FREMM France (CODLAG) 5,600 29
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Table 6. Domestic electric propulsion ship for Naval

Figme | 2800 | copioe |5 YL T
Susili?;’“ 10,000 CODLAD |4DE 0.0MW Z?Ziiﬂw
Submarine 1,200 IFEP  |4DE 1.7MW 314%
Submarine 1,800 IFEP %?g SéMM:’)VV 317I;\1/\I/[W
Submarine 3,000 IFEP 3?2 88% 517%
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Table 7. Ship propulsion motor core technology

Category Factors

O Design methodology
- Load distribution method/magnetic circuit
design
- Numerical analysis, CAD application
- Introduction of optimization techniques
O High efficiency technology
O Small/lightweight technology
O Stator and rotor cooling technology
O Vibration/noise reduction technology

Design

O Silicon steel plate technology

- High magnetic permeability, low iron loss
O Permanent magnet technology

- High energy density, heat resistance
O Insulation material technology

Ingredient

O Electromagnetic field finite element analysis
technology

O Thermal, fluid, structural analysis technology

O Graphic technology (pre/post processing
technology)

O Programming technology (analysis S/W)

O CAD application technology

Analysis

O Core processing technology
- Core division, stacking/fixing technology
O Winding technology
O Shaft machining technology
O Assembly technology

Production
&
Manufacture

O Motor characteristic measurement technology
- Torque-speed characteristics
- Temperature constant, dielectric strength,
EMI
O Motor characteristic evaluation/verification
technology
O Standardization/certification technology

Test&
Evaluation

O Sensor technology

O Bearing technology

O Fault diagnosis technology

O New structure motor design technology
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Fig. 4. Global Electric Propulsion Ship Market Size

7,000.0

Cooling

+ Cooling of seawater-fresh water

+ Cooling of motor and power
conversion

housing

+ Fixing/supporting motors and
components Modularized structure ™™
+ Large capacity thrust, journal

bearings

Control and Monitoring

* Propulsion system control

+ Interlocking with inboard
equipment

i

Power conversion
+ Controls motor propulsion
+ Modularzed structure

Propulsion Motor
+ Generating propulsion

Fig. 6. Composition of propulsion system
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Fig. 5. Global market size of electric motors for ship
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Table 9. Performance of propulsion motor

Category Factors
Fig. 6% o] 2345 PRES o2 — o
= 5l A" Q_ > = 0]Oo. A 0] Motor . (Permanent Magnet
& FEo5HH Table 83 22 ERAAE 4 & Aot (Induction Motor) synchronous motor)
[9,10]. Phase 12 or 15
Type - Integrated or Separated Drive Unit
P - Water-cooled
Table 8. Ship propulsion motor core technology Rotation Speed - Rated : 150 rpm
- Maximum : 180 rpm
Category Factors Output ) i/[iii‘im 252%
. ) Sté.itOI" core Efficiency (%) ) )
Propulsion |- Winding assembly @ Rated Output - 93 or higher - 98 or higher
Motor - Rotor conductor Powe Fact(l))
~ Rot wer T _ . ~ .
otor core @ Rated Output 0.9 or higher 0.93 or higher
- Frame Input
-+
~ Brackets Voltage/Current +6,000 Vdc / 2,500 Adc
- Shaft assembly
Housing - Bearing assembly
- Elastic mount -
- Rotation gear device 40 Zl % 7]—4 o ]—4 }\]'Oc} oﬂ BHE_U-:I Table
- Inverter cage 10_-]74_ ZE]—]:]—
- Main controller
- Power element assembly department
- Control power supply Table 10. Performance of Motor Drive
Power - Encoder
Conversion |- Power input part
- Inverter connection part Category Factors
- Inverter assembly part - 15-phase
- Terminal box Type - 3-level NPC PWM inverter
- Water-cooled
- Heat exchanger
. - Stator cooling system - Rated @ 28 MW
Out;
Cooling - Inverter cooling device utput - Maximum : 30 MW
- Cooling controller Efficiency Rated Output: 98% or higher @ 28 MW
- Propulsion motor controller Total Harmonic
Control& - Operation controller Distortion (THD) - Less than 5%
Monitoring |- Condition monitoring device
- Rotation check device Input = 46,000 Vde / 2,500 Ade
Voltage/Current - ’
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