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Abstract: This paper describes a hybrid electric propulsion system consisted of an engine-driven system
and an electrically driven system. Generally, small special purpose ships such as coast guard patrol ships
and environmental patrol ships are propelled by water-jets driven. If these vessels adopt a hybrid electric
propulsion system, they are only propelled by the electric propulsion system using the electric energy
stored in the battery in the low-speed operation mode. Therefore these ships can achieve high efficiency,
zero emission, and silent navigation in the low speed operation mode. As the electrically driven system
is consisted of a rechargeable battery charging pack system and a motor-driven propulsion system,
charging and discharging characteristics of rechargeable battery are very important. Hence, we analyzed
the charging and discharging characteristics of the battery in detail using the generator system and motor
driven system. Especially, the charging efficiency of the proposed rechargeable battery is compared with
conventional commercial charging system to reveal feasibility of the proposed system.
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Fig. 1 Conceptual diagram of the H-EPS
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Fig. 2 Battery charging system for H-EPS

Table 1 Specifications of the tested system for

battery charging

Component Value
Rated power : 5 [kW], Pole number : 4
SEIG Output : 24021 [V/A], 120/42 [V/A]
Maximum rotor speed : 12,000 [rpm]
Rated power : 7.5 [kW], Pole number : 2
Motor Rated speed : 3,600 [rpm]
Input : 380/15.3 [V/A], 220/26.5 [V/A]
Rated power : 12.2 [kVA]
Inverter | Input : 200~230/48/3 [V/A/¢]
Output : O~input/32/3 [V/A/¢]
Input : VAC 90~264 [V]
ﬁVR VDC 127~370 [V]
ChAarger | output : 27 [V], 56 [A]

Inverter

Diode module [

(a) Inverter, IM, SEIG and diode module

Battery pack =
(70Ah*2ea)

(b) AVR charger and battery pack
Fig. 3 Real experimental apparatus for the battery
charging system
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Table 2 Specifications of the tested system

forbattery discharging

Component Value
Capacity : 12 [V], 70 [Ah], 2EA
Battery Weight : 20.3 [kg], deep cycle
3 phase | Rated power : 750 [W]
M Rated speed : 1,730 [rpm]
Power AC 220 [V], 1¢
Converter | Constant Voltage Constant Frequency
VFD AC 220 [V], 3¢
(VVVF) | Variable Voltage Variable Frequency
Torque oo i
Meter Capacity : 49 [N - m]
Powder Maximum load : 32 [N - m]
Brake Voltage : DC 24 [V]
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Fig. 4 Experimental system for analyzing

discharging characteristics
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Fig. 5 Power source system for IM driving

Battery
pack
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(b) AVR charger and SEIG induced power source
Fig. 6 Experimental results of charging test with 12
V Dbattery
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(b) AVR charger and SEIG induced power source
Fig. 7 Experimental results of charging test with
24 V battery
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Fig. 8 Discharge characteristics of voltage and
current versus loading variation in the case
of 0.75 kW
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