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Results of field experimentsand laboratory tests of
domestic profiling float (NINJA)

Kentaro ANDO™°®  Kenji IZAWA™"  Keisuke MIZUNO™®  Shigeki HOSODA ™ °
Asako INOUE™?  Taiyo KOBAYASHI ™" Nobuyuki SHIKAMA *"

In the beginning of the Argo project, the most serious issue is that only two companies could manufacture the profil-
ing float in commercial base. Such condition was thought to be undesirable not only for supplying low-cost high quality
floats in future but also for promoting to develop new technology of profiling float. Tsurumi Seiki Co. in Japan had
started the development of profiling float for the Argo project in 2000, and succeeded their first field test in the coastal
region of Japan in September 2001. We, JAMSTEC, purchased several floats, which met to our Argo specification, and
tested on land and in the real ocean. The results indicate that the float has enough ability and functions for using the
Argo project.
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Table1 Specification of domestic float (NINJA).

NINJA-T (TSK CTD sensor)
NINJA-S (SBE CTD sensor)

Model name

Dimensions 16.5 cm dia. x 215 cm long

Buoyancy Engine Plunger type: 350 cc

Mass 32 kg

Operating depth 2000 meters at maximum

H SATELLITE ANTENA

CONDUCTIVITY SENSOR
TEMPERATURE SENSOR

)\ PRESSURE SENSOR

SATELLITE TRANSMITTER
L~ CIRCUIT BOARD

STABILITY DISK

2152

AIR PUMP/VALVE _~ 'r'J

1446

_GEAR MOTOR

LINEAR GEAR
PNEUMATIC BLADDER
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Fig. 1 Conceptual diagram of NINJA float.
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Photo 1 High pressure tank used for the laboratory test of
domestic float.
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Fig. 2 Position of installations of NINJA float and underwater
camerain the high pressure tank.
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Fig. 3 Schedule of controlling pressure in the high pressure tank
during the operation test of the NINJA float.
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Photo 2 The NINJA float installed inside the high pressure
tank with the underwater camera before experiment.

58

HRAGTHEAL, ZHIEDET, MBEREZIT 0
T IEDHET Lodbar (27 o7, BES Y7 D% % H
WL, 7TVIRZEB 70— F—F D%EEE S 2E
T2ET %,

DN ZHEMYKL, BIELEH THIHILE
i8S %o

LRI, 7a—DEEIZHE, T % T 545
YD B 7%, L0 FEH 7 5 E LTNINJAD N 1d 2o
ORI B Do —DIL, A O ILKEDEIZ2000dbar TD 7
GV x—ONEERET LD, H5H L ©1500dbar
ERDINCHEINLT Iy Uy — LB TEBRICE DR
K2R B2 %FHIIL, 2000dbar THEE S 720 DT
Tr—MEEEHETLEVIDBDTH L, TD7D, WHESY
7T ANTIE, WA OELRERIZ1500dbar £ TMELT, 7
U—bDTT Y% — AP EE) & L7 5122000dbar i
WAMEL7ze ZOHOR I EARICH D, BT
H B2 RO F I EEL S THY, 3BEREIC
SIRTW5, Thbb, 750 Vy—DiLEL %2350
192479V HTH %o BARIMIZIE, 2000dbar T35 D1,
1500dbar T34+ ?1, 500dbar T35 DI L 3 ZD7z0,
UL % MRS 5 0LERDY, MERICZ N Z Y 7%
WRET70—1OHAHE T T502 {27200, WL
el 7,

INSDOERIZLY, 7a—tOHI#E Y 7 MIHE T ONT
IR ENBIEZITHIZENTE, T2, ARSI
RO T2, ST THWETLHIETORB 70— CHILE
TYEB T AN 2 AT o720 RAHERRED T AR TIL, &2TD7
O—MCHIfF SN BRI E 1T o720 B, SOTAME, /N
FGATA VT DU K A5 %) 2RI T 50, <5
DLEDTHbo WITATAYTIZHT LG L, FHEDS
(2001) % SIS

73, 20034E i B35 5 H 5 DONINIA D 13, 1500dbar T
OFEFIHIH O F K% 2D, EHEFEAERENTERETS
B I AVANDY R T/AY A (G TAV-

(b) I - & E T AEB 7 A b

BB DI T O T A DB T, R OBRET
TEEROBEMA DD -7 RE TR T8, T—5—IC
KEFRATTAN B 7280, PRFEDRIFEAE) & € — & —% JRE) S &
W TWRFEAE L0, A EE FIEE 7T A& /8
AL7270—FDHIL—EIZOWT, EIETEE 7T AL HE
CHEDHIEOITT, KitEd TELZT FIFC7ue—-to4
TOREPIEFE,»E IO FEhE L7z, Kiiz T
B72012, T WFGERT O DRI X0 HARE Dk &
800Kgk A (BE3) L, #NEFINICANT(GHEAB L
O5), ACHEE T T 72, SHUL, @5 OME TlEKE
1500~2000dbar D KLY %, ZDOEBDOMER, 1EF
VEEh 2 MR T &z, #2, EBIFICTVIARRB SN
T T = D—FIO—TH 5o WHERE (LHKE) DKiA
FERREE L IEH IRV AR CHEB I N2 T LAk SN 7z
KT —5 b5

JAMSTECR, 48 (2003)



3 KR - B TEE) T AMEIZY Y NDKEGHT L0
WA & 7zoke KU CHEA L7,
Photo 3 Purchasing 1,000Kg ice from the Ohata fisherman's union
near the Mutsu Institute of Oceanography of JAMSTEC. The
ice was used to cool water below 3-degree C inside the tank.
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Photo 5 After inserting ice in the tank, the NINJA float was installed.
Then, the high-pressure tank test with low temperature water
was performed.

2 BIELT, 7T AID20486D 7 11— b AR il 55 3R 12 B
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Table 2 A part of profile data during ascending (decreasing pressure)
as an example, which was measured during the high-pressure
tank test of NINJA float with ARGOS ID 20486.

Pressure Temp. Sal.
(dbar) (9) (psu)
1990.9 2.328 0.0360
1889.3 2.330 0.0360
14924 3.605 0.0380
1, 992.7 3583 0.0380
- S " 7929 3589 0.0380
S : 694.1 3596 0.0380
HBEL 7NV RTK, 2=y —RME, ¥ o7 Y Di#lC 5955 3616 0.0380
KBEALBEVINZE STV BT, MERIZIZS 495.7 3647 0.0380
Photo 4 Iceinside the tank. The blue vinyl sheet was used to protect 396.3 3.653 0.0380
dropping ice inside the groove of the tank. 297.0 3.699 0.0380
1979 3.743 0.0380
99.7 3.768 0.0390
49.7 3.757 0.0400
9.1 3.738 0.0420
5.3 3.875 0.0420
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Table 3 The current status of field tests of launched NINJA floats as of the end of June 2003. Grey colored |Ds indicate no report
after launched, blue colored IDs indicate no transmitting after certain numbers of profile, and yellow colored |Ds indicate

in observation as of the end of June 2003.

TNVITAID | krH— BEAH SR | BEEM B fii%
20200 TSK 20024F- 6 H 0 3H B L a4 7Y —HMAR ?
20231 TSK 20024F 6 A 55 3H 54 A Hithh
10864 TSK 20024£107 39 3H 47 H wigh, ERFEI A
11087 TSK 20024£107 38 1H 27 A wigh, ERFEI A
10867 TSK 20024£107 0 3H Bl L ERAEIR?
20480 SBE 20024£107 89 1H 37 A wigh, ERFEI A
20486 SBE 20024£10/ Bl 10H 9 » A TR (20034F 6 F HIAE)
11064 TSK 20034 2 H B 3 H 4 5 HCRIE (20034F 6 HHAE)
12194 SBE 20034 2 H B 3 H 4 5 H BRI (20034F 6 HHAE)
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Fig. 4 Location of floats (Upper panel), and time(number of profile)-

depth sections of temperature (Middle panel) and salinity
(Lower panel) of the ARGOS ID 20486 NINJA float with the
Sea-Bird CTD sensor (model:SBE41).
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Fig. 5 Comparisons of the temperature and salinity data from the first three profiles of ARGOS ID 20486 NINJA float with
the shipboard CTD data. Top left panel indicates the comparison of temperature data on the pressure surface, and top
right panel indicates the difference of temperature on the pressure surface. Middle left panel indicates the same as the
top left panel except for salinity, and middle right panel indicates the same as the top right panel except for salinity.
Bottom left panel indicates the comparison of temperature and salinity on the T-S diagram, and bottom right panel
indicate the comparison of salinity on the temperature surface.
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Fig. 6 Same as the bottom right panel in Figure 5 (T-S comparison)

except for enlarging below 3 degree-C.
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Fig. 7 Location of floats (Upper panel), and time(number of profile)-
depth sections of temperature (Middle panel) and salinity
(Lower panel) of the ARGOS ID 10864 NINJA float with the
TSK(Tsurumi Seiki) CTD sensor. The datareceived before the
end of March 2003 were used to plot.
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Fig. 8 Comparisons of the temperature and salinity data from the first two profiles of the ARGOS ID 10864 NINJA float with
the shipboard CTD data. Top left panel indicates the comparison of temperature data on the pressure surface, and top
right panel indicates the difference of temperature on the pressure surface. Middle |eft panel indicates the same as the
top left panel except for salinity, and middle right panel indicates the same as the top right panel except for salinity.
Bottom left panel indicates the comparison of temperature and salinity on the T-S diagram, and bottom right panel
indicate the comparison of salinity on the temperature surface.
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Table 4 Contents of technical messages from NINJA float. Inthe 18

pieces set of messages, the message numbers of 1, 16, 17 and
18 includes the technical information listed in this table.
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Fig. 9 Examples of technical messages. (a) Time series of main bat-

tery voltage, (b) time series of parking depth changes in each
profile and (c) ascending speed measured as the average speed
in the 1900 and 1800 d-bars (solid), the 1400 and 1300 d-bars
(dashed), the 400-300 d-bars (dashed with dots) and the 200-
100 d-bars (dotted).
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