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Abstract

“SHINKAI 6500” is a manned submersible which is owned by JAMSTEC (Japan Agency for Marine-earth Science
and Technology). The “World~-class” deep sea vehicle can dive to 6,500 meters depth, covering 98% area of entire
world ocean. Since its first launch in 1991, Silver-zinc batteries had been used as a main battery. In 2004 they
were replaced with the Lithium—-ion batteries. Lithium—-ion batteries have unique equipment, metallic bellows in
theirs cells and a rubber-bladder in a battery, in order to tolerate high pressure in deep sea. In 2011, the vehicle
completed the major upgrade to change the main thrusters and motors. And in accordance with its improvement,
the housing of the batteries was changed from titanium to CFRP. The material change of housing makes a contribu-
tion to small and lightweight. It could consequently improve the motion and control performance of the vehicle.

Hereafter further contribution to ocean research is expected by dive research of upgraded “SHINKAI 6500".
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Fig. 1 Appearance of “SHINKAI 6500".

Fig.2 Appearance of cell “LFL400".
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Table 1 Specification of “LFL400" cell.
Items Contents
Nominal capacity 500 Ah
Rated capacity 400 Ah
Nominal voltage 36V
Operating voltage range 3.0-40V
Dimensions W 138 mm

D 138 mm

H 457 mm
Mass 18.5 kg or less
Energy density 97 Wh/kg

195 Wh/I
Life 3 years or 200 cycles
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Fig. 3 Discharge curves of “LFL400" cells under nor-

mal pressure and high pressure.

Charge : Multistage constant current to 4.0 V at 25 °C
(Current:80A-40A-20A-10A)

Discharge: 90 Ato 3.0 Vat 25°C
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Fig. 4 Discharge curves of “LFL400” cells under nor-

mal temperature and low temperature.

Charge: Multistage constant current to 4.0 V at 25 °C
(Current: 80A-40A-20A-10A)

Discharge: 90 Ato 3.0V at0 °C, 25 °C
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Fig.5 Pressure equalization principle of “LFL400-30"
battery during diving.
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Fig.6 Pressure equalization principle of “LFL400-30"
battery during surfacing.
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Table 2 Specification of “LFL400-30" battery.

ltem Upgraded-type  Old-type
Dimensions W 1097 mm 1001 mm

D 1117 mm 1158 mm

H 755mm 986 mm
Housing material CFRP Titanium
Mass 980 kg or less 1140 kg or less
Rated 400 Ah X 108V  «

Fig. 7 Appearance of upgraded-type “LFL400-30"
battery with CFRP case.

Fig. 8 Appearance of old-type “LFL400-30" battery
with titanium case.
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Fig.9 Acceleration characteristics of the “SHINKAI
6500 vehicle.

Table 3 Comparison of “SHINKAI 6500” vehicle
motion performance.
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Fig.10 Stop control characteristics of the “SHINKAI
6500" vehicle.
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