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On the weight adjustment of profiling float

Kenji IZAWA*"  Keisuke MIZUNO** Motoki MIYAZAKI** Asako INOUE*®* Kentaro ANDO*
Yasushi TAKATSUKI**  Taiyo KOBAYASHI** Kensuke TAKEUCHI*S

In order to park a profiling float at an appointed depth, relevant method of ballasting is examined from a view of
hydrography and statics. It is shown that the weight change of float by 1gram makes around 10m parking depth differ-
ence, athough it keeps that depth stably in the case of tropical and subtropical Pacific Ocean. It is pointed out that the
buoyancy (i.e. bladder volume) of present APEX type float is not adequit in a certain area of western equatorial Pacific
and eastern tropical Indian Ocean. Also, a method of ballasting using high pressure tank is described in detail, and cal-
culation of ballasting weight is explained by giving an example. A software of the calculation for ballasting weight is
shown in appendix.
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Fig. 1 Schematic mission of Argo float.

F7u—MIVEMBINZEDEL, Hohz7—51%, 13213
VT NIALTEBEMICEMED T b, £2ERD2000mET
DHFEDOREFDUTIZI0HZ LIS IR 55T TH o
COFN TR T 7O —MIBAEL  3HHH 5 AT, 1EH)
D JFEIIZ[F — TR21IR T E DORFE & B S8 CTi%
T EMET5IEIEFIRHIEEZ 1T Thbb, 7a—1
RN D SIEERC D BT Ty ¥y — il E A LTHEN
WL, W7 T 57— ERMFICR LTRSS
OO T7O—MET TSR ER W IRE (B100mE <) %
WHRETLHZLDIIHIEINTEBH (Swift and Riser
1994) \WOCEZT | Tl 45 58 O s T W IR IS /NS
BA SN2 FERD H-T (Davis et a. 1992, Davis 1999), 4=
CHT L EA TR AR\ 23, ARFHE TIlE2000m % HHE 1 72 1
RELL, o BRI WEREE) &8 LTT— 2 23S T
&2 70— FIHTAHILLL TV S,
COEMIZIXE B O T - AMEH SN DHHY, I D7z
DVTVE MR- 70 0 AL % SIS He AT 19 7 R R % o0
FHLTBIEDPUETH D, T, 70—MIHRTHIESR
JEICEEFD, ORI E LTl E L2 Bl 7 — 5 %
BECELILHPHEETH LD, WHENO7T—ME, B OM%
BrEHRTL-0BMOWFLINEZDLEHY, KT
WML TT Iy —2 RS HIIBNZHETLO
T, NI bbb 7 Iy —FmIETELZF /NSRS
NTEY, M L->TUIR NIRRT HI LD H 5 (Swift

182

L— Air Pump

D =—

L Gear Motor

— Single Stroke Pump

_— Piston

1~ Hydraulic Oil

% i Hydraulic Bladder

Air Bladder

X2 Fur74)r77a—bofHA
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Photo 2 Weights for rough ballasting (rings put on the anntenna).
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Photo 3  Chain with attachment to the float.
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#1 FHRBT—5
Table1l Ballasting Experiment data

BEES E)] ¥ LEEEE F1-VEE HER

Measurement Pressure Rising length Chanin Weight Total ballast

Number [dbar] [em] [a] [a]
1 1920.1 38.8 31.35 35.69
2 1818.4 31.2 25.21 29.55
3 1727.7 24.2 19.55 23.89
4 1623.4 16.2 13.09 17.43
5 1526.6 9.4 7.60 11.94
6 1427.5 1.4 1.13 5.47
7 1477.2 4.8 3.88 8.22
8 1578.5 12.6 10.18 14.52
9 1675.8 19.8 16.00 20.34
10 1773.4 27.4 22.14 26.48
11 1871.8 34.6 27.96 32.30

(F) f1VEE LB EF I DERBICHMELZE
WEE ! Fr—EE+7IMb+REEE
*Chain Weight : Calculated from rising length of the chain
s Total Ballast : Weight of (Chain + Ring + Attachment)

ZOF—F25M(p) O—KERE KDDL,
M (p) [g] = 0.061099 [g/db] p [db] —81.79[g] - - - (6)
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Fig. 6 Anexample of ballasting curve obtained by the experiment.

V>V (p'lp) {1=plp) —yp+a (t—ts)} «-.n. (8)

PRON D, 28T UAMHAERIE, W12 B 5 AR T

#2 NIAMEROFHE OB
Table2 Specification of ballast weight calculation

1E B (item) ZC5(symbol) B (value) g (remarks)
OFBERERED p 2000 [dbar] EEICHTE
pressure at parking depth arbitrary
QiFTEEREKE t 2.0[C] HEE

in-situ temperature at parking depth estimated
QEFEFERERE p (s, t,p) 1.03687 [g/cm®] HEE

in-situ density at parking depth estimated
@70— MIEES M 25050.5 [g] FAlE

initial weight of float measured

®OF z — P HURKIESE me 0.808 [g/cm”] FAlE

weight of chain per unit length(in water) measured
®7z— bKPEE(REIAA) Mw 4.34[q] EHlE

weight of attached ring weight(in water) measured

@7 0— MERRE P 6.90X10-5 [/C] ThIDHRRE R
coefficient of thermal expansion of float property of alminum
®%>7REN p 2000 [dbar] DERL

tank water pressure same as D

@z > 7RKE to 9.20 [C] ERlE

tank water temperature measured

0% > 7RDOKOEE £ (0, to, p) 1.00916 [g/cm®] REEAHRERX

tank water density equation of state
&> 7ARMKEE meh (t, p) + My 40.4 [g] EEREHRLY
added weight to the float ballasting curve
Ra>7RA70- MEEE M 25090.9 [g] Mg+mch(p)+m,,

total weight of the float

@& IR 70— MEFE Vo (1-y p) 24863.1 [cm?] M p (0, to, P)

float volume in the tank

MIRET 70— MECREL) Vo 24974.5 [cm?] EEREMREL Y
float volume in air pressure ballasting curve
OEEFRETO7O— M Vo 24850.7 [cm?] Vo (1-y pra(t-ty))
float volume at parking depth

OEERETHO7IO— FES Mh 25767.1[g] p (st PV,

float weight at parking depth

@MINS R FER My 716.6 [g] M - My

ballast weight
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Fig. 7 Annua mean probability of surfacing from 2000db for floats with 260cm? bladder oil volume (with a safety margin of 20%).
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Fig. 8 Left panel : An example of vertical temperature/salinity profile observed by a profiling float.
Right panel : Contribution to buoyancy of float by heat expansion effect (thin line) and decompression effect (thick line) at

the observing (rising) phase shown in the left panel.
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0db 500db 1000db 1500db 2000db
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10C 0 0.00237190 0.00470730 0.00700697 0.00927170
20C 0 0.00227730 0.00452054 0.00673051 0.00890797
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y=2.23x10%/db, V,;=24975.5cme L, p=0TM(p)=0 &%),
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Fig.A1 Theoretical ballasting curve (solid line) and fittest linear
curve by least square method (dashed line).
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Table A2 Fitness of linear fitting curve in terms of tank water tem-
perature

Temperature (C) Error (RMS)

0 0.50
10 0.45
20 0.42
30 0.41
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Fig.Cl Graphica user interface of a program for ballasting experi-
ments using pressure tank.
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DATA 1818.4,31.2,31.2
DATA 1727.7,24.2,24.2
DATA 16234 ,16.2,16.2
DATA 1526.6, 9.4, 9.4

DATA 14275, 14, 14

DATA 14772, 4.8, 4.8

DATA 1578.5,12.6,12.6
DATA 1675.8,19.8,19.8
DATA 17734 ,27.4,27.4
DATA 1871.8 ,34.6 , 34.6

DATA 0.808 ' Fr—YOHNHIYO TR
DATA 4.34 "I A MO
DATA 25050.5 " 7a— by

DATA 9.2 ALY i

O.TEMP# = 2# R RSP
O.SALT#=34.6# TR LR A
TP# = 20004 IR EEIE )
T.SALT#=0# "y NG
AL.TXP#=.000069# "7V IR

ZB0# = .824493#

ZB1# = -.0040899#

ZB2# = .000076438#
ZB3# = -.00000082467#
ZB4# = .0000000053875#

ZC0# = -.00572466#
ZCl# = .00010227#
ZC2# = -.0000016546#

ZD0# = .00048314#

ZA0# = 999.842594#

ZAl# = .06793952#

ZA2# = -.00909529#
ZA3#=.0001001685#
ZA4# = -,000001120083#
ZA5#=.000000006536332#

ZFO# = 54.6746#
ZF1# = -.603459#
ZF2# = .0109987#
ZF3# =-.00006167#

ZG0# = .07944#
ZGl#=.016483#
ZG2# = -.00053009#

ZI10# = .0022838#
ZI1#=-.000010981#
Z12#=-.0000016078#

ZJ0# = .000191075#

FERHE D720 DRE +#xxx

2230 ZMO# = -.00000099348#
2240 ZM1#=.000000020816#
2250 ZM2#=.00000000091697#
2260

2270 ZEO# = 19652.21#

2280 ZEl# = 148.4206#

2290 ZE2#=-2.327105#

2300 ZE3#=.01360477#

2310 ZE4# = -.00005155288#
2320

2330 ZHO# = 3.239908#

2340 ZH1#=.00143713#

2350 ZH2# = 0001160924

2360 ZH3# = -.000000577905#
2370

2380 ZKO# = .0000850935#
2390 ZK1#=-.00000612293#
2400 ZK2#=.000000052787#
2410"

2420"

2430 *HFEE ALY T wkEEk
2440

2450 *MAIN

2460 '

2470 - F—=F Dk -

2480

2490 READN

2500 DIM PRESS#(N), HLEVEL#(N), LLEVEL#(N), M.CHAIN#N), V.CHAIN#(N)
2510 DIM DX(N), DY(N), CAL#N) , MASS#(N), DEN#(N), VOL#(N)
2520

2530 FORJ=1TON

2540 READ PRESS#(J)

2550 READ HLEVEL#(J)

2560 READ LLEVEL#(J)

2570 NEXT J

2580

2590 READ W.CHAIN# ' Fr— ORI EHIVOER
2600 READ M.REMOVE# "I AOER
2610 READ INIT.MASS# " 7w — i) il
2620 READ T.TEMP# ' & oy KR

2630

2640 " --- Fr—YEVTAMOERFI -

2650 '

2660 FORJ=1TON
2670 M.CHAIN#(J) = (HLEVEL#(J)+LLEVEL#(J)/2*W.CHAIN#+M REMOVE#
2680  NEXTJ

2690
2700

2710" - H/NETEFIC LD BRI OGS -
2720

2730  FORJ=1TON

2740 DX(J) = PRESS#(J)

2750 DY (J) = M.CHAIN#(J)

2760 NEXT J
2770 GOSUB *KAIKI

2780 AA=A CNGRATAYTH—T Y
2790 BB=B ' faist

2800 STD.DEV =DEV ' FEifEfRE

2810"

2820" --- VI NDOEEDFI -

2830"

2840 T#=T.TEMP#
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2850
2860
2870
2830
2890
2900

S#H=T.SALT#

P# = TP#1 10#

GOSUB *DENSITY
T.DENS# = ZRSTP#/ 1000#

" WHERIEOHK O E DR -

2910

2920
2930
2940
2950
2960

T#=O.TEMP#
S#=0.SALT#

P# = TP#/ 10#

GOSUB *DENSITY
O.DENSH# = ZRSTP# / 1000#

2970"

2980"

- VRUE T 70— MERE GREE OFFE) -

2990

3000
3010
3020
3030
3040
3050

T#=T.TEMP#

S#=0

P#=0

GOSUB *DENSITY

INIT.DENSH# = ZRSTP# / 1000

INIT.VOL# = (INIT.MASS#+ AA ) / INIT.DENS#

3060

3070
3080
3090
3100
3110
3120
3130
3140
3150
3160

G BADRHE

T.MASS#= INIT.MASS# + BB*TP# + AA
T.BALLAST#= BB*TP#+ AA

T.VOL#=T.MASS#/ T.DENS#

D.VOL#=T.VOL# (O.TEMP# - T TEMP#)*AL.TXP#
O.VOL#=T.VOL#+ D.VOL#

O.MASS#=0.VOL#* O.DENS#

C.MASSH# = O.MASS# - T.MASSH
O.BALLAST#=T.BALLAST# + CMASSH#

3170

3180
3190
3200
3210
3220

*DISP
PRINT USING " Fmt i # llif M(P)[g] =ts Plob] +####" ; BB,AA

PRINT USING "f#{fi 7% ####[g]" ; STD.DEV
PRINT

3230

3240
3250
3260
3270
3280
3290

PRINT "#i fER EEIE T ;
PRINT USING " ###tt [db] " ; TP#

PRINT " 1E4 BE K T "
PRINTUSING"  #####" ; O.TEMP# ;
PRINT "[C]"

3300

3310
3320

PRINT "Si £ VR4 47 "
PRINT USING " ##.### [psu]" ; O.SALT#

3330"

3340
3350

PRINT " 52 L By % BE ",
PRINT USING " ###### [g/cm™3]" ; O.DENS#

3360"

3370
3380

PRINT " 71— b H 5 i "
PRINT USING " ##tHt#[d]" ; INIT.MASS#

3390"

3400
3410

PRINT "= —> HfiAh Rl "
PRINT USING " ###.#### [g]" ; W.CHAIN#

3420

3430
3440

PRINT "7 A MKHER (HEAR) ",
PRINT USING " #####[g]" ; M.REMOVE#

3450"

3460

PRINT "7 10— MARTI e "
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3470
3480

3490

3500
3510
3520
3530
3540
3550

3560

3570
3580

3590

3600
3610

3620

3630

PRINT USING "
PRINT "[/C]"

#HE-05" ; AL.TXP#* 100000# ;

PRINT "% > 2 NJE) ;
PRINT USING " ####ttt[db] " ; TP#

PRINT "% > 7 il 1 ",

PRINT USING " ###titatitt " : T.TEMP#
PRINT "[TC]"
PRINT "% > DK D "

PRINT USING " #.#### [g/lcm™3]" ; T.DENS#

PRINT "% > 7 A IR 5t ",

PRINT USING " #####[g]" ; T.BALLAST#
PRINT "% »Z7 N7 00— m "

3640 PRINT USING " ####t## [q] " ; T.BALLAST#+ INIT.MASSH
3650 '

3660 PRINT "% >N 70—k ",

3670 PRINT USING"  ###### [cmn3]" ; T.VOL#
3680 "

3690 PRINT "15JE T 70— MAR GRIE0)
3700 PRINT USING"  #tt# [cmn3] " 5 INIT.VOL#
3710

3720 PRINT "HifEiRECoO7O—MAR
3730 PRINT USING " ##ttt# [cn3]" ; O.VOL#
3740

3750 PRINT "fifERECO7O—MER ",
3760 PRINT USING " s ## [g]" ; O.MASSH#
3770

3780 PRINT "/NF AN "

3790 PRINT USING" ##### [g]" ; O.BALLAST#
3800

3810 END

3820

3830 " Fxxx JR/NESEEEIC KB AL *errx
3840

3850 *KAIKI

3860 ZX =0

3870 FORJ=1TON

3880 ZX = ZX + DX(J)

3890 NEXT J

3900

3910 ZY =0

3920 FORJ=1TON

3930 ZY =ZY +DY(J)

3940 NEXTJ

3950 "

3960 ZXY =0

3970 FORJ=1TON

3980 ZXY = ZXY + DX()*DY(J)

3990 NEXT J

4000

4010  ZXZY =ZX*ZY

4020

4030 ZXX =0

4040 FORJ=1TON

4050 ZXX = ZXX + DX(J)*DX(J)

4060 NEXT J

4070

4080 IF (N*ZXX - ZX*ZX)=0 THENB=1:A =0: GOTO *KAIKI2
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4090

4100
4110

B = (N *ZXY - ZX*ZY)/(N *ZXX - ZX*ZX) ' fdif}

A =ZYIN -B*ZXIN ks

4120
4130

4140
4150
4160
4170

ok ok Kk g%{ﬁ%@ﬁ«l—ﬁ ok kok Kk
*KAIKI2

DEV1=0

DEV2=0

4180

4190
4200
4210
4220
4230
4240
4250
4260

FORJ=1TON
CAL#J) =B *DX(J) + A
CE=CAL#(J) - DY()

DEV1 = DEV1 + CE* CE
DEV2 = DEV2 + CE
NEXT J
DEV = SQR((N * DEV1 -DEV2* DEV2)/N/(N-2))
RETURN

4270
4280
4290

4300

okkk KR D EH L *rxak

4310"

4320

Yo st K T#, JEJ) PRED K OB L% FHL 5,

4330"

4340
4350
4360
4370
4380

*DENSITY
T2#=TH#TH#
T3#=T2HT#
TA# =T T#
To# = TA#* T#

4390"

4400
4410
4420

ZRW# = ZAO# + ZA1# TH# + ZA24* T2# + ZASH T3# + ZA4#* T4A# + ZASH To#
ZRSTO# = ZRW# + (ZBO# + ZB1#* T# + ZB2#* T2# + ZB3#* T3# + ZB4#* T4#) * St
ZRST0# = ZRSTO# + (ZCO# + ZC1#* T# + ZC2#* T2#) * SH\(3/2) + ZDO#* SH* St

4430

4440
4450
4460

ZKWH# = ZEO# + ZE1#* T# + ZE2#* T2# + ZE3#* T3# + ZEA# T4#
ZAW#H = ZHO# + ZH1#* T# + ZH2#* T2# + ZH3#* T3#
ZBW# = ZKO# + ZK1#* T# + ZK2#* T2#

4470

4480
4490

ZAH = ZAWH + (ZI0# + ZI1# TH# + ZI2#* T24)* St + ZI0#* SE\(3/2)
ZB# = ZBWH# + (ZMO# + ZM 1# T# + ZM2#* T2H)* St

4500"

4510

ZKSTO# = ZKW# + (ZFO# + ZFL# T# + ZF2#T2# + ZF3#* T3#)* S+ (ZGO#
+ ZG1# TH# + ZG2H T2H)* SH\(3/2)

4520

4530

ZKSTP# = ZKSTO# + ZA#* PH# + ZB#* PH#* PH#

4540

4550
4560
4570
4580

ZRSTP# = ZRSTO#/(1# - PHZK STP#)

" PRINT S#, T#, P#

" PRINT USING " ####H H#H A A ZRSTPH | ZKSTP#
RETURN

4590
4600
4610
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