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A Study on the Application Forms and Development Trends of
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Abstract The propulsion system of a military ship is a critical component that plays a crucial role in
military operations and maritime safety. In recent decades, these propulsion systems have been
transitioning from mechanical to electric, presenting significant opportunities to enhance the performance
and efficiency of military vessels, resulting in better military operational capabilities. Electric propulsion
systems replace diesel engines and mechanical reduction gears and are systems centered on electric
motors, generators, and power electronics. These systems offer numerous advantages, including high
efficiency, operational flexibility, ease of maintenance, and environmental friendliness, and are
recognized as a critical factor in improving the performance of military ships. The modernization of
ships using electric propulsion systems is progressing domestically and internationally, significantly
enhancing the operational performance of military vessels. This paper covers the types and development

status of these propulsion systems and aims to present a plan for future application to military ships.
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Fig. 1. Structure of DC Motor
(a) DC Motor (b) Rotor
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Fig. 4. Permanent magnet synchronous motor
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Fig. 8. Structure of IM&PMSM
(a) Same stator (b) Different rotors

Table 1. Comparison Between PMSM and IM

Permanent Magnet
F 1 i I
actor Synchronous Motor(PMSM)| nduction Motor(IM)
A magnetic field is generated in the stator of the
Method | motor depending on the frequency of the power
supplied to it, causing the rotor to rotate.
- Always rotates at - Speed decreases with an
Rotor synchronous speed increase in load
Speed |- Speed is independent |- Always less than
of the load synchronous speed
- Needs to be initially . .
- Self-starting torque is
rotated at synchronous o
. generated, eliminating
Starting | speed before
L . the need for a separate
synchronization with . .
starting device
power supply
- Requires a separate
. quir para - No need for a variable
Drive variable speed drive . .
. speed drive device
device
- Higher than an IM - Lower than a PMSM
Efficiency| with the same with the same
output/voltage output/voltage
- Mechanical retention of|
magnets is necessary |- More heat generation
Reliability|- Low heat generation and complex cooling in
- Possibility of magnet the rotor conductor
demagnetization
- Higher cost than an IM|- Lower cost than a PM
Cost with the same output with the same output
and rated voltage and rated voltage
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Table 2. Performance Comparison Between PMSM
and IM (Based on DDG-1000 Performance
Testing Criteria)

Permanent Magnet

Factor Synchronous Induction Motor(IM)
Motor(PMSM)
Qutput
W) 36.5 34.6
Torque Ratio 125 % 100 %
Dimensions
(Length x Width 4.7x5.5x4.5 7.2x5.6x4.5
x Height, m)
Weight
(ton) 127 173
Air Borne Noise
(dbA) 60-70 90-100
Full Load 99.0 % 97.5 %
Efficiency
Cruise Mode 96.0 % 85.0 %
Efficiency
Total Harmonic| 1 0o than 5 % 10 - 20%
Distortion
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Table 3. Comparison of specifications of propulsion
motors with a capacity of 19~25 MW

M
(AIM,
20MW)

PMSM
(Jeumont,
20MW)

DC unipolar
(GA,
19MW)

SCSM

Factor 25 MW)

efficiency(%)
(rated speed)

Weight (ton)
Size (m3)

technology

97 97 97.5

61.2
15

In progress

70
18.5
Maturity

65
17.2

60-70
11.3

Maturity |In progress
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Table 4. Domestic and international high-output
propulsion motor research and development

trends
Country Develop
(Major Development Spec ment
Institutes) Year
- 20MW, 150 r/min AIM
Ghs |- 36MW. 150 r/min AIM oot
- 5~20MW, 150 r/min PMSM
USA - 5 MW-class HTS Motor 1990s
- 10 MW-class HTS Motor
(AMSC, Navy . 2007
Research Lab) | 36.5 MW, 120 r/min 2006
HTS Motor (for Ship Propulsion)
- 1.1 MW-class PMSM(Wind Power)
G - 3.9 MW-class PMSM(Wind Power) 2000
(Séﬁlﬁﬁé - 2 MW-class Permasyn(Submarines)
- 4 MW-class Permasyn(Submarines) 2019
- 6 MW-class FLEX PM(Submarines)
- 2 MW-class PMSM
- 6 MW-class PMSM
France - 20 MW-class PMSM 2000
(JEUMONT) |- 40 MW-class PMSM
- 3 MW-class MAGTRONIC
(FRMM Hybrid Escort Ship)
South Korea
(KER%{%SOOS&H - 1 MW-class HTS Motor 2000
Industriyes - 5 MW-class HTS Motor 2009
" |- 6 MW-class PMSM(Submarines) 2010
Hyosung Heavy
Industries)
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