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Test of an Experimental Ag — Zn Battery
for the 2,000 m Deep Submergence Research Vehicle
(Report II) Battery System

Sango Tokunaga** , Umon Hagiwara**  Hiroshi Katoh**
Katsumi Tsushima** Takehiko Kurokawa*® | Takeshi Nakanishi*®

The 2,000 m Deep Submergence Research Vehicle (DSV-2K) is designed
to use silver-oxide zinc alkaline batteries (Ag-Zn batteries) as its energy
source.

The battery system is designed to be of an oil-filled pressure com-
pensated type and will consist of two groups of batteries. Each group is
made up of 72 unit cells. The capacity of this battery system is greater
than 285 A hr/group at its 75th cycle of charge/discharge.

The purpose of this study is to confirm the performance of the battery
system under various conditions, and to obtain data for the design of a
battery system for actual use.
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In the last paper, test results of the unit cells were reported showing

satisfactory performance. In this study, on the basis of the test results of

the unit cells, the same battery system as that for actual use was manu-

factured, and charge/discharge performance tests were carried out under

conditions of 1 ata and hyperbaric environment.

Test results show that this battery system performed as was expected,

and it became clear that this system can be used for DSV-2K.
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Specification of battery unit cell
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Type Ag—7n battery
A B 15VX285 Ahr (KHEEEE )
Capacity (at 75 cycle )

Sf ¥ B 388mm f§110m & X 430 mm (FERLE)
Dimention length breadth height battery

B R okg (EEEN, B@MEAD)
Weight includ electrolyte and oil

A .

110
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THE, cell
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Specification of battery system

Vil R BERMEEESR
Type oil-filled pressure
compensated type

B E M 72€ ViES
Unitcell 72cell series connection
= £ ; 108V X285Ahr (FefEE75EH )

capacity at 75cycles
% i, FIREETSME, F70id 14
Life 7Scycle or lyear

<t B £31253mm, §§1,000mm, &

Dimension length breadth height
1,224mm (BHEERE, 727 4
Fo 7 2, ¥AEFEEL )

B & ; 1,140kg (BB, i 2 Sl

Weight includ electrolyte and oil

¥ it 28 BE ; 2,000m( 207 kg/edt )

Diving Depth

B & A BAm+15° #E5m +30°

Angle of Incline heel trim

B % A K AR, LA 60°

Angle of Rolling pitch and roll

BHR2 B B8 1

Battery system
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bladder
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electrolyte tank
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compensate pipe
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insulating oil
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Gas — liquid isoltor
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Summary of test condition

- 7 5 i £
| - 1 #
7N B B\ (A) R R wH (A )
1 25 45
2 K& H 25 K& H 90
3 in air 25 in air 90
4 25 45
5 25 90
6 HEEKA 25 KHI207kg/et | 10~140 | = B & #
7~17 in water 25 in water 90 285 Ahr#aR U /BN
18 25 90
19 25 90 TEHEAC R
20 45 90
21 25 90~300 | EEHEMER
22 X & H 25 A X A 10~140 | £ A A #
23 ~31 in air 25 in air 90 285Ahr R U
32 25 90
33 25 90 TEHEAC R R
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150

140

728 D%RT, COXRD L DT, BAEMDEHI
BRERL—HLTVS, KBHEEBOHED
B, KELFE205VET, WEAF140V
ETORER L -1, HEBOSAICIGHEHEIT
NZUXHD, BRE, BREOBRNLD S
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V, ELE 2.0 Vicie-> 12 E TCORBZEE
& LT

X 7 13K & & 207 kg/ert INFE T O B4 %
H#ELIzdDThD. CONTIEMEICIZEE
AEZEFR SN,
EhOEBARRE2HAD 120, BKRO
BA» bF LETOROEEN AT/ Y2 —

130

#* & 4 E,battery volt (V)

K&H 256 A XE;
—@ FE 2M@B (No. 2 cycle )

25A charge in air

120 —-“ 7 19[EE (No. 19 cycle)
- @ 7 33EH (No. 33 cycle )
110
100 1 L 1 - 1 L 1 1 1 1 1 1 L 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26
OB B R, charging time Chr)
X4 *& B F H

Charging characteristics

A& P I0AKE ;

90A discharge in air ;
I WE 2B
= —-—-(9 v 1@\
: ——@y - 33EE
b
o . ®
- \C@ \\\\
i ®
100
¥
B g0
B
1 Il L ! Il i !
0 1 2 3 4 5 6 7
w E B M, discharging time Chr)
K5 WM & % #

Discharging characteristics
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discharge capacity (Ahr)

600}

500+

4001

300} E k & 2 ,needful discharge capacity, 285Ahr , 75cycle !
200r
100
I | L L I | ! | I | 1 | 1 | |
10 20 30 40 50 60 70 80
FHEEE , cycle
—— B®M  unit cell, -———-- BB battery system
K6 FHEY A2 VicHTINERE
Discharge capacity for cycle
140
g
2
»
g
_‘g
o
=3
¥ 100- @R
e
& 904
1 1 | L 1 I\ L
0 1 2 3 4 5 6 7

M ® B [, discharging time Chr)

@® 207kg/cm?® sk (in water), 90A % (discharge), 18EH(18cycle)
_____ 6 K& (inair), 90A H® (discharge), 32[HE (32cycle)

7T REHEEET O BERE

Discharge characteristics in air and in water of 207kg/ci pressure
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110
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By
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i E s, discharging time(hr)

K8 FEHARCKIT AHERNE

Discharge characteristic for typical pattern
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<, ZEL TV 5,
3.2 EMIRED I
3.2.1 (R
BHONET, HERERIL, 207kg /ot (2,000
*z4

Generated ga

mBEHEY ) OFEJIFTITw, IR
BIKIOBAR LR E L ETEIEL 72,

Z DGR, mEiice CEEER L, WEER
YWEWPEIFTHD L EDFERT X, T2,
H ARSIy * 2 TR & OBRKITIL
T, HBFRRKGT OB {, BBKTHD
HEME T § BKIZERD bk - 12,

FERRIR A A A

s volume

HAFEHEERE (cc)

TR A g
£ K O| & number - e
of times S = s .= % . &
average maximum minimum
KA P RE £ £ B 7 12,630 25,520 6,160
a
A 285Ahr 778 11 6,950 10,610 2,800
K oH R EIE K OE 2 1,770 2,400 1,150
in water
285Ahr 8 9 750 1,200 0
KA |, W& 6 5,300 6,490 3,460
1n air
285Ahr HE 11 4,460 5,590 1,230
BEKPHRE S K =& 3 1,640 3,280 100
285Ahr W 12 290 1,200 0
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3.3.2 HRFEHE

FHERFD A A FER2FE 410K T,
HERFOA 2 EIL, HEMRBRED /3~
/2 Thbo CHUINTNLD 2 & vD B
DFEEMA.05V Eg -T2 X2 FEKIEEL,
TRTOBEBMOSAERIEET Z THEEINTO
BN HTH B HETHERO T 2 RIIFE
Kb ddied, HEMARKEEIIAETH
b0 TEETHER TR ISPV, ZD
FER, BENEBHORETHIH ZARITIEDD T
BIN T EDDD S 120

HThbo, HEMMOY -7 BR S E3IETE T
Ho1o T2, RBKTHR, BHRNZLOER
Wy A L IR R, BRI EERI TS
CBHINT, [IRSHEHEE OAESHR S
NIz. 0B, WHBHMITOVT S, FSIWRT L
ST, BEAEEBL TN EDHL»E
AW A

3.2.4 BELER
FEROBERAREZOF 2K 9 + X
K101z Rd o

IR R HRTROEMAE B R 2 o —CEHEIL

3.2 3. #giEH 123D TdH %o 500Ahr MR DIRE FFIS,
R EE LT, BHAOHEZII DO TH
x5 HEEHOARERBREZEOEEL
Quality change of insulating oil after test
H B B Al FHERE ( 6 A ) &
item before use ofter 6 months discharge test
# B H fi(Qom) 2.03X10™ 1.96 ~ 8.00 X 10'2
insulation resistance
. - 0.880 0.881 ~0.882
specific gravity
51k RK(TC)
flash point 146 148
. E(CceSt) 12.4 12.2 ~ 12.4
viscosity
& B {£(mgKOH/g) 0.014 0.014 ~ 0.020
perfect oxidation
7K %( ppm ) 66 61 ~ 77
water
60 ;:E!ft‘/*fZ,thermographz
BE+ Y 2, thermograph 2 BEEY 3, thermograph3
50 BE Y3, thermograph 3 ~
: Ezttjff:::iig;liiijiéifj = % B 1
— b thermograph1
3 407 =
N BEEY, v 40
= thermograph 1 E o
5 301 __ I ; T T
g Tt T £ 30y HGRE
a ISURE = air temperature
E arr temperature -
= 20 (tg
v w20
H S
£ P
; 191 B 10
#
0 T . v 0
0 4 8 12 16 20 o 1 3 3 i & ¢
FEoEME , charging time (hr)

B9 25A RERFOBEMMNERE

Temperature of cells during
charge of battery at 25 A

EBER , discharging time (hr)

X 10 90 A B EERF DB MR A
Temperature of cells during
charge of battery at 90 A
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FEEFI0C, WEROCEETHH, BIMIE
DB & A RIIAIET S & DL DORBZER
XbOHTINE,

WERORE FRICO0VT, HEL L L
MER & DRARZ NIRRT,

KM T O % Biid30~40A ThH b, HE
BITIEHE 285Ahr & LTV ADT, WEBOR
BERIZEDDT/PHNIN,

BEtEY2

201 thormograph 2
£ 370Ahr
L
I
b
a
£
2
- 101 270Ahr
3
_q
08
L]

136Ahr
0
0 100 200 300

WEER , discharging current (A)

K11 MESER & R ORE ER OB
Relations between discharging currents
and temperature of cells during discharge

BB OAEIC & 2B IS T &R
WBATZHS, I 5 ITEMA OB BEMIRE D416 %
HET 2709, FEHRB JOHERORBE
DIREZ2HE Uito FHERBE D S DREES
124 L 13ITRT,
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Moy oBEEME, VHREL D &L, 3272
SX 7 2D, ZOMONFREICEL T
HEMITFHEE L b ${E. bR
3ha L, BBHNEEOEMHESERINT
3.2 5 {RSPEH

FEB L TEEACREL, EREEL L O
2 VT EOEERXERL, ZHEg {HETE
DT EDHERTET,

KM, HR, Denh, Bk, TEMECE
EDRSFEE ZISOIFMBEC EfTH &0 &
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EIZWL, 6ERIKbii- TEETFHE»S
», 33ADFHE2IT-> 121 bbb 5T, £
HER KA D E CIEB MR ZR Y, 4 R
?’C“Zﬁ? 170

D
- -08 |-18
0.2
108 |+12 <07 |03
X
N8 +0.7]
K5 ®
I = 1+05 +1.71+15 +1.2 -0.5
N
§§ +1.2
mn
+02  [+15 aY |os
-2, -13 -08 |-23

(D BSO~OFBE L H—DFESERT -
®O~® are thermograph numbers

12 BEMOAIE 254, 25FH FEE O
R (FHREZ0 &35 )

Cell arrangement and temperature
distribution after charging at 25A
in 25 hours-

(average temperature as zero)

-19 |09 09| |24
-04
w11 1 +11) 04
<
D= 11
F2koal patfral lal o los
N
% E 1.1
n\)
f04] 2 21| |og
-290 |09 -09| |19

13 BAEMOEE £90A, 555/ HEE“ D
MRS (SEERE»0 &35 )

Cell arrangement and temperature

distribution after discharging at

90A in about 55hours.

(average temperature as zero)
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