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Low temperature (�+/�C) operational test of the battery package

in the Antarctic penetrator
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Abstract: In order to perform seismic explosion experiments in the crevassed area

of the Antarctic ice sheet, a seismometer deployable from the air is desired. We have

developed such a helicopter-deployable system (called the Antarctic penetrator), which

consists of a Ground System Segment (GSS) and an Automatic Data Collection

Segment (ADCS). Its test operation by the .-rd Japanese Antarctic Research

Expedition (JARE-.-) was, however, not successful. The reason was found to be

leakage of -.0mA current from the battery package during transportation. In order

to re-examine the life time of the battery package under an operational environment at

�+/�C, we tested the lithium thionyl chloride batteries in a laboratory cryostat. The

operational scenario is as follows. After initialization of the GSS, it enters into a sleep

mode of ,* days duration. At the ,+st day, the GSS becomes awake and enters into

the switching stage of +, hours-awake and +, hours-sleep modes for the following

,*�-* days. During the awake-period, the radio-telemeter module becomes active and

transmits commands and/or recovers stored data to the ADCS once or twice a day.

The current consumption in the sleep-mode was 0*mA, while it was +-/mA during the

awake-mode. The current consumption attained about ,-*mA during the active

mode, with an associated voltage fall of *./V. With 2 TL/3-* cells in parallel and ,
in serial (cell capacity +3 Ah; Tadiran Co., Ltd.), operation was successful with a life

time of more than /* days. The life limit can be predicted from the time when the

voltage becomes lower than ..2V in the active mode. It was possible to recover the

GSS-stored . event data (.2Kbytes) to the ADCS in about .* s fifty times during the

above /* days.
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Fig. +. Leakage of -.0 mA current through transistor FP+A-M occurred constantly during 0* days’

transportation by the icebreaker “Shirase”.
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Fig. ,. Comparison of specifications of lithium battery cells. The solid curve is for the TL/3-* (+3
Ah), while the dotted curve is for the TL,-** (+0./Ah), both made by the Tadiran Co. Ltd.
(a) Capacity versus current. (b) Voltage versus temperature as a function of load current

(+*, ,*, 0*mA). Dotted curves are not drawn because TL,-** shows almost the same

pattern as that of TL/3-* by solid curves. (c) Discharge characteristics at ,/ C. Curves

for +* and ,*mA are not given in the manufacturer’s catalogue.
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Fig. /. (a) Snapshot of the experiments. The name of each instrument is labeled in the figure. (b)
GSS was housed in a Tabai PL--FPW cryostat under the operational attitude and

environmental temperature at Z+/[C. The radio-telemeter antenna at the top was cabled to
the outside of the cryostat through the hole in the left-side wall. Two cables taken out from

the GSS hole go to the I/F circuit for DMM data triggering and acquisition.
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Table +. Time variation of voltage and current during test

at room temperature.

�a� ������������
�a� Time series data at the beginning stage of the test

Y M D H M S V mA

,**-/*2/,*
,**-/*2/,*
,**-/*2/,*
,**-/*2/,*
,**-/*2/,*
,**-/*2/,*
,**-/*2/,*
,**-/*2/,*
,**-/*2/,*

,**-/*2/,,
,**-/*2/,,
,**-/*2/,,
,**-/*2/,,
,**-/*2/,-
,**-/*2/,-
,**-/*2/,-
,**-/*2/,-
,**-/*2/,.
,**-/*2/,.
,**-/*2/,.
,**-/*2/,.
,**-/*2/,/

+-
+-
+-
+-
+-
+-
+-
+.
+1

*
0

+,
+2
*
0

+,
+2
*
0

+,
+2
*

:-.
:-1
:-2
:.*
:.,
:.1
:/1
:*1
:-1

:-1
:-1
:-1
:-1
:-1
:-1
:-1
:-1
:-1
:-1
:-1
:-1
:-1

:/-
:..
:*0
:,-
:,2
:-/
:-/
:-/
:-.

:-+
:-+
:-*
:-*
:,3
:,3
:,2
:,1
:,1
:,0
:,0
:,/
:,/

/4,+0
04/**
04-+,
04.0/
04--,
04/2,
041+/
041,1
041..

041-,
041-3
041-1
041..
041.-
041--
041-0
041,0
041.1
041/2
041,3
041-1
0410+

+224/
+0.42
,/043
+0-4-
,/+4*
+*.42
/34/-
/34/0
/340/

/34-1
/34-+
/34,0
/34++
/34-+
0+43+
/34+-
/34+/
/34,*
/34--
/34,+
/34+-
/243/

�b� 3� +,��� !"���# ���$%& -$'()*	#
�b� Sample data during Sep. +, while memory data were retrieved three times.

Y M D H M S V mA mode

,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,
,**-/*3/+,

*
0
1
1
2
2
3
3
3
3

+,
+,
+,
+,
+,

:.2
:.2
:.2
:/2
:*2
:+2
:-2
:./
:.0
:/0
:-0
:.-
:./
:.0
:.1

:*/
:*.
:*.
:*-
:*+
:*+
:**
:,*
:/*
:/*
:.3
:/,
:,,
:,+
:/+

041-1
041/2
041/.
04003
040,*
040,0
040,,
04/2.
04..2
04/1/
04//*
04/,+
04.,*
04/+1
04.+/

/24-3
/24-.
/24-.

+,*42
+//40
+-,41
+--4+
+/,43
,+14/
+-24-
+--4.
+/-4/
,+14.
+/24/
,+14-

A

A

A

B

C+
B

B

C+
C,
B

B

C+
C,
C+
C,
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,**-/*3/+,
similar current data are given during the epoch

,**-/*3/+,
,**-/*3/+,
,**-/*3/+,

+,

+3
,*
,-

:/1

:*1
:*1
:*1

:/+

:/*
:/-
:/-

04///

04.,.
041+-
041.,

+-24,

+-,4/
/24,1
/24./

B

B

A

A

�c� ������	
�� 
� �� C�������
�c� Time-series data during data retrieval

Y M D H M S V mA Cumulative number of C mode

,**-/*2/,*
,**-/*2/,*
,**-/*3/++
,**-/*3/+,
,**-/*3/,,
,**-/*3/,.
,**-/+*/+.
,**-/+*/,*
,**-/+*/,+
,**-/+*/,+
,**-/+*/,+
,**-/+*/,+

+-
+-
+*
3

+/
+/
3

+,
3

+*
+*
+*

:-2
:.,
:+,
:.0
:/.
:.*
:/-
:*2
:/1
:+2
:,/
:.*

:*0
:,2
:*3
:/*
:,3
:,1
:.0
:.1
:,0
:-0
:+3
:+-

04-+,
04--,
04.0-
04..2
04-2*
04-1.
04-.-
04**0
/42.,
/42.1
/41-+
/40-0

,/043
,/+4*
,*-4*
,+14/
,+24+
,+-4*
,--4*
,1*4,
,+343
,*34/
,,/4/
,,14.

+
,
-
.
1

++
+/
+1
+2
,+
,.
,1

� , �+/�C�������
��
��
Table ,. Time variation of voltage and current during test at �+/�C.

�a� � !"�	�#$���
�a� Time series data in the beginning stage

Y M D H M S V mA

,**./*+/*/
,**./*+/*/
,**./*+/*/
,**./*+/*/
,**./*+/*/
,**./*+/*/
,**./*+/*/

,**./*+/*0
,**./*+/*0
,**./*+/*1
,**./*+/*1
,**./*+/*2
,**./*+/*2
,**./*+/*3
,**./*+/*3
,**./*+/+*

++
++
++
++
++
+,
+2

*
+,
*

+,
*

+,
*

+,
*

:.2
:.3
:/*
:/*
:/2
:*2
:*2

:*2
:*2
:*2
:*2
:*2
:*2
:*2
:*2
:*2

:+,
:.,
:*+
:-2
:.1
:.1
:.0

:./
:.3
:.2
:.1
:./
:..
:.,
:.+
:-3

040/*
04/01
04.*.
04-3/
040*0
041+0
041+/

04,1-
04,,*
04,+-
04,++
04,*3
04,*3
04,*2
04,*3
04,*3

,,243
+.-42
,.14+
,-.4,
1+4+,
0,4-,
0,4,-

0+4/1
0+402
0+4.3
0+4,1
0+4/2
0+4,/
0+4/2
0+4/.
0+40-

%&'()*���
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�b� ��� ON���	
 +� ,0��������
�b� Sample data during Jan. ,0 when rf is awake

Y M D H M S V mA mode

,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0
,**./*+/,0

*
0
1
2
2
2
2

+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+,
+2
,*
,+
,-

:*.
:*.
:/.
:*+
:++
:,+
:-+
:,-
:,/
:,1
:-+
:--
:-0
:-2
:-3
:.3
:/3
:*3
:*3
:**
:**
:**

://
://
:/.
:+/
:+-
:+-
:+-
:-/
:*/
:.3
:,1
:**
:-1
:,*
:/3
:/3
:/3
:/3
:/2
:++
:+*
:+*

04,+0
04,+/
04,+/
04+*/
/431-
04*-.
04*-0
04*,2
/422,
/432,
/413+
/433+
/4133
04**,
/42-1
04*+.
04*.2
04*.0
04*.0
04*/1
04,+1
04,+/

0+4,-
0+4-*
0+4,1
0+4-

+-041
+.-40
+-*4*
+-*4+
+034+
+3040
+3.43
,-/43
+3.42
,-/42
+224/
,++43
+-*40
+-*4/
+-*4+
+-*4*
0,4*.
0,4**

A

A

A

A

B

B

B

B

C+
C+
C+
C,
C+
C,
C+
C,
B

B

B

B

A

A

�c� ��������� ��� �� C��� !�"
�c� Time-series data during data retrieval

Y M D H M S V mA Cumulative number of C mode

,**./*+/*/
,**./*+/*0
,**./*+/,0
,**./*+/,1
,**./*+/,2
,**./*+/,3
,**./*+/-*
,**./*,/*+
,**./*,/*,
,**./*,/*-
,**./*,/*.
,**./*,/*/
,**./*,/*0
,**./*,/*3
,**./*,/+,
,**./*,/+2
,**./*,/,-
,**./*,/,.
,**./*,/,.
,**./*,/,.
,**./*,/,/

++
+*
+*
3

+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
3

:/*
:*,
:--
://
:.1
:,/
:,*
:**
:,,
:*0
:-2
:+3
:,,
:+*
:+-
:,,
:,*
:*2
:+*
:+,
://

:*+
:+,
:**
:/1
:*1
:*/
:/.
:.3
:-+
:*1
:./
:,1
:/,
:++
:+/
:,/
:.3
:+0
:+1
:--
:*0

04.*.
/4120
/433+
/4313
/43.-
/43*2
/4130
/423/
/413*
/42-+
/42*+
/42-,
/412
/42/3
/40+/
/4.--
.420,
.40.-
.4.0.
.4.0+
.4-0+

,.14+
,/,43
,-/43
,++42
,,14+
,*143
,,043
+3-41
,-04*
,+,4+
,,043
,*141
,,14/
,*.4.
,.,43
,,*4-
+3341
+2/4*
,+*40
,+*4+
+114.

+
.
2

+-
+/
+1
,*
,/
-*
-+
-/
-0
-3
..
.2
/+
/-
//
/0
/1
/2
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data transfer failed

radio link failed

radio link failed
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