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ABSTRACT

One of the most important devices in an underwater vessel is a propulsion system. It should be a quiet and
efficient system for stealthy operations in the large mission area. Hence lead-acid battery system has been used to
supply the energy to electric motor. Recent technological developments and improvements, such as polymer
electrolyte membrane(PEM) fuel cell and lithium polymer battery and have created the potential to improve overall
power and propulsion performance. An underwater vessel always starts their mission with a limited energy and is
not easy to refuel. Therefore design of energy elements, such as fuel cell and battery, and their load distribution
are important to increase the maximum operating time of underwater vessel. In this paper, the lead-acid
battery/PEM fuel cell and lithium polymer battery/PEM fuel cell were suggested as propulsion system and their
performances were analyzed by modeling and simulation using Matlab/Simulink. Each model concentrated on
representing the characteristics of energy element depending on demand current. As a result the effect of load
distribution between battery and fuel cell was evaluated and the operation time of each propulsion system was able

to be estimated exactly.
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Table 1. Comparison of lithium polymer and lead-acid

battery
Lithium polymer Lead-acid
Wh/kg 130~180 30~40
Wh/ ¢ 300~400 60~75
Wikg 7100 180
Cycle >1000 500~800
EfF.(%) 99.8 50~92
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Table 2. Lead acid battery(LAB) maximum capacity and normalized capacity

Current | Ref. Data () Discharge 1 h Discharge 3 hrs | Discharge 5 hrs | Discharge 10 hrs
(A (Ah) (AD) Qo | MO Gow | Gow | MON. Gow| Gow | NOF. Gow| Cow | MOF. CGou
126 12600 12527.6 126 129.8 378 389.3 630 648.8 1260 1297.6
244 12200 12199.1 244 258.0 732 774.1 1220 | 12902 | 2440 | 2580.4
565 11300 11398.8 565 639.5 1695 19184 | 2825 | 31973 | 5650 | 6394.6
1040 10400 10429.6 1040 12864 | 3120 | 38593 | 5200 | 64322 | 10400 | 12864.3
1850 9250 9230.7 1850 | 2585.6 | 5550 | 7756.8 | 9250 | 12928.0 - -
2800 7163 8328.1 2800 | 4337.5 | 8400 | 130124 - - - -
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Table 3. Specification of LPB(20 Ah)

Nominal Capacity > 20 Ah
) Volume 312 Wh/L
Energy Density
Mass 164 Wh/Kg
Operation Voltage Range 3 ~42V
Charge 0.5 C (10 A)
Standard -
Discharge 0.5 C (10 A)
Max. charge current 1.0 C (20 A)
Max. Discharge Current(continuous) | 3.0 C (60 A)
Operation Charge 0 ~ 40 nC
Temperature Discharge 20 ~ 60 C
Mass Max. 480 g

Fig. 3. Experimental set-up for LPB
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Fig. 4. Voltage response for pulse current
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Table 4. Fuel cell power 300 kW

LAB+FC LPB+FC
FC Energy 7,200.0 kWh 7,200.0 kWh
FC eft. (cell) 734 % 734 %
Bat. Energy 7,421.5 kWh 7,399.5 kWh
Bat. SOC 0.023 0.056
Stop Time 24 hrs 24 hrs
Table 5. Fuel cell power 200 kW
LAB+FC LPB+FC
FC Energy 31.9 kWh 2,784.0 kWh
FC eft. (cell) 75 % 75 %
Bat. Energy 6,450.0 kWh 7,774.2 kWh
Bat. SOC 0.139 0
Stop Time 9.58 hrs 13.92 hrs




Table 6. Fuel cell power 100 kW

LAB+FC LPB+FC
FC Energy 10.7 kWh 999.3 kWh
FC eff. (cell) 77 % 77 %
Bat. Energy 6,041.7 kWh 7,771.2 kWh
Bat. SOC 0.167 0
Stop Time 6.45 hrs 10 hrs
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