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Abstract — With the strengthening of carbon neutrality policies and environmental regulations, the development of
eco-friendly ship technologies and related equipment is expanding. Electric propulsion systems offer advantages
such as low vibration and noise, excellent maneuverability, and high design flexibility, and are increasingly being
applied to various vessel types. However, the domestic technological foundation for electric outboard propulsion
systems remains limited, highlighting the need for performance verification and reliability assessment of localized
systems. In this study, a 70 kW-class electric outboard propulsion system developed with domestic technology was
evaluated in terms of performance and electrical safety. Motor performance tests, temperature rise tests, insulation tests,
visual inspections, penetrant testing (PT), and IP tests were conducted. The results showed that the motor exhibited
stable output characteristics and thermal stability, and that insulation performance, structural integrity, and waterproof
capability satisfied the required criteria. Therefore, the system is considered to have secured operational stability
and reliability under actual operating conditions, and is expected to contribute to the localization and commercial-

ization of electric propulsion systems for small vessels.

Keywords: Electric outboard propulsion system(%7]412]7] %1 A| 28, Motor performance(EE 45),
Electrical safety(17]4] F:4d), IP test(IP A1 &), Reliability verification(21 £]4d 73%°), Carbon neutrality(E-4%5)
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Addressing climate change
Over a decade of regulatory action to cut GHG emissions from shipping

feviced . 2023 IMO Strategy + Review of short-term

+ Revised procedure on ) measure

q 5 on reduction of Net-zero GHG

Committee outputs 3?;?:"::"‘ ofimpacts  GHg emissions * Approval of basket of emissions by or
from ships mid-term measures around, i.e.,

« Consideration of mid-
term measures + LCA guidelines
* Biofuels circular

close to, 2050

+ 40% reduction of CO; per
transport work

Energy efficiency
regulations

Initial IMO Strategy on + 5% uptake of zero-emission fuels,

for ships: EEDI reduction of GHG Short-term Comprehensive striving for 10%
and SEEMP DCS regulations  emissions from ships measure: EEXI, Cll impact + Indicative checkpoint: 20%
assessment reduction of the total annual GHG,
1 l 1 striving for 30%

2011|2012 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Implementatlon SR Fuel consumption 47 1MO EEXI survey Im:icative checkpoint:
report to DCS GHG Stud 70% reduction of the
GHG Study v Collecionat total annual GHG,
EEDI and SEEMP c:rbe:nllon':e(;slty striving for 80%
Aggregated data (ClI) for
results of the existing ships
et 2019 fuel
and guidance consumption
EE—  evicieniCa:based EEDI Phase 1 EEDI Phase2  9at3
decision making b
= - EEDI phase 3 for remaining
Y\ ship types
e
EEDI Phase 3 for certain
ship types

Fig. 1. IMO and EU GHG regulation roadmap for shipping.
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Table 1. Annual Environmentally Friendly Ship Supply Plan and Budget
Year 2021 2022 2023 2024 2025
Input Budget (KRW 100 million) 2050 3838 3623 2422 2223
Supply plan (ship) 39 39 60 75 81




B Ao T 714 7NkeE ke 70 kW
FAAAELS Ao g As gl obdA] AES 5,:5}}3]-_1_’_, U
A719)7] FRA 28 A8 Thss 716H Nede
skazf it
.2 E

2.1 HI|ML7] FEINAH JHL

A719)7) FAA 2T T2 Fe T4 Q2 Fig 20
ERASITE A8 A7) Fl=, S35 B s 2RAR 3 EH,

S Rl SAleke o REjsh QfE] Ul 7] A Ale) 1
Fo] E3hrle] glrk. 7 HE) P Wl e o) 33} 24
g 85 2ol fieleh, A5 75 AS ol 2 Aol Algk
Q) F7l0] 7Psdle] -8 23t e B AT 5 ek,
3] A7) 8)7) FRAANARERE A SIC 71w 1 E] W 3t
o 7leS A8sl] La g e Fusigion, sel 7l
st e 1EY W] 8 A 716 3
A 7)E4] APEAE S et S R
W27 wiR H o] glo, s L‘“ﬁxﬂ% 1e
2y g FAE o] =S uAA| 7T}

TAHsE

éﬂqu

o

2

267
AR AR A
3.1 A AI2E 2N

A& A|2ELL- 70 kWi H7]1419)7) 3% 1/\1*
A4 g © 714 kS

wlo] 2 54, 28,
FH 0w B s T
Aslit A FF ARoll A FFE AL IMEIS B3] HER
Aekee], REoA Bhsk 71A1A e tolnuleE B i
3 7o) WA % Aelgleh. mE 12 247)(WT3000), 54
25 AA 9 % AAE o]fsfo] A|AEI] el Hg 1l
a8 549 189 &4 209 AR
sFAtE A8 Al AE1O] AA FAE Fig. 3o YERAITHKIm er
al.[2018]).

ZBLA]
H 1

ol

3.2 BE| 4SAIE

2B ASABE A7) FRN 0] A 23 2ol
Qe 2 29 A0 AT 5 AT AT 9
sol algich. 53] At g Tediele HASE Fl
W} 27 Fap} MG A OR SN, R golie 7

2 8l A 29 A7 Pl B2 8 E 5AS ARk
Zo] FTositt. meEp Aol IS E Mgl uE B4, &
- (®)Drive Force

J

g oluEq

ﬂﬂﬂﬁﬁ\\ﬁ\\
N\

ODB Control

-
ol

;'h L =+
— PEE/ZEREY

Fig. 2. Structural configuration of electric outboard propulsion system.

Table 2. Key Specifications of Electric Outboard Propulsion System

Item Description
Dimensions 1.48(H) x 0.78(L) x 0.53(W)
Weight 148 kg, ABB plastic cover applied
) Head Base plate, converter, Dual motor, inverter, electrical/electronic components, cooling fan
Outboard int Intermediate Shaft Heat exchanger, drive shaft, submerged tank, pump
Configuration
Lower Assembly Bevel gear, drive shaft, propeller
Motor Output 70 kW
Motor Speed 2400 rpm




268 AR - APEE AW
Temperature

and flow meter

IVR
Current
Transducer

Insulation
Resistance tester

Dynamo meter

QIHE

Hel 23 FX
(Inverter)

(Power Supply)

Withstand I
Voltage tester | |

WT3000

Tacho
meter

Fig. 3. Test configuration diagram of electric outboard propulsion system.
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Table 3. 140 kW Dynamometer Specifications
Equipment photo Item Specification
Rated. Torque 500N'm (+ 0.1% accuracy)
Rated. Speed 2 800 rpm
Max. Speed 7 500 rpm
Rated. Power 140 kW
Table 4. Specifications of IP55 Test Nozzle and Dust Test Chamber
Equipment photos Item Specification
Size @ 6.3 mm nozzle
Test Flow Rate 12.5L/min + 5%
Size 2300(W) x 2100(D) x 2500(H)
Capacity 4001/min
Spray Pressure -758.5 mmHg
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Table 5. Performance Data

Speed(rpm) Torque(N-m) Voltage(V) Current(A) Input(W) Output(W) Efficiency(%)
500 184.7 7.476 2251
2400 279.0 326.5 147.6 71202 70 172 98.6
2400 298.9 329.0 158.6 76 386 75182 98.4
Table 6. Motor Temperature Rise Test
Temperature [°C] Test Time
ftem Specimen Surface 1~ Specimen Surface 2 Water Supply Water Discharg [min]
Minimum 26.2 26.5 23.1 23.5
Maximum 349 343 25.7 27.2 60
End 34.7 342 24.3 26.4
Table 7. Dielectric Withstand Voltage Test
Test Object Test Voltage [kV] Test Time [min]
U, V, W 1.50 1
X,Y,Z 1.50 1

(a) Torque & Output Power Characteristics vs. Speed

350 90
—@— Torque (Rated)
-~ Output Power (Rated) Max: 298.9 N'm 80
300 75.18 kW

Rated: 279.0 N'm

70.17 kw 70

250 Low Speed
High Torque , 60
—_ (184.7 N'm) ,/
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g 150 . 40
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(b) Efficiency Characteristics vs. Speed
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Rated: 98.6%
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5. Comparison of torque, output, and efficiency under operating conditions.
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Fig. 7. Locations of temperature measurement points (specimen sur-
face 1 and 2).
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Table 8. Insulation Resistance Test

Time(min)

.
-t

Test Object Test Voltage [kV] Test Time [min] Insulation Resistance [GQ]
U, V,W 500 1 67.8
X, Y, Z 500 1 162.9
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Fig. 9. IP55 test results.
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