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CTD =% 6,800 meters f
R #1 sensor (10,000 psia) 6,885 meters

;2 Bf sensor (SBE 3) 6,800 meters

G a3+ (SBE 4) 6,800 meters

F.i# (SBE 5) 6,800 meters

M3k D AR AT R R A R SR AE FRA R E

# A& HE3 (sea Tech SNG611) 2,000 meters
(sea tech SNG80() 4,000 meters
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5=+ A(CTD # sensor £%%)

6,800 meters

R A it e B sy 0—10,000 psia
0—6885 d—Bar
¥4t mR A (with tenp comp) S/N 2675

modulo 12P

S/N MOD12P—0180

AD590 M(enter in seacon)

0.01156

ADS90 B(enter in seacon)

—8.67340

. JE 3 (SBE 3-02/F)

S/N 03(cfe)

T4 & 3 (SBE 4-02/0)

S/N 04(cfe)

%% (SBE 5-02)

S/N 050131

A/D BAEREE

0—5 k4% DC

@45 EPROM Version 1.0

Hodem SfdmzE A%

Modem #&i=#]2% Version 2.0A P/N 11124

GO 1015 Rosette Hr @i o H

s X (B EEE sensor ¥pfik &= Frequency) :

IFrequency 0 Temperature
Frequency 1 Conductivity
Frequency 2 Pressure

F BRI




97iplus CTD

SBE

sENERAL SPECIFICATIONS

| ‘leasurement Range Conductivity
| Temperature
| Pressure
[' ) A/D inputs
' initial Aceuracy Conductivity
Temperature
Prasgsure
A /D inputs
Typical Stability (per month) Conductivity
Temperature
Pressurc
AJD inputs
Resolution (at 24 Hz) Conductivity
Temperature
Pressure
AJSD inputs
Time Response Conductivity
Temperature
. Pressure
AJSD inputs

Weight in air, lbs (kg) SBE 9pfus {aluminum)
SBE 9plus (titanium)
SEE 1lipius

SBE 17plus (aluminum)
SBE 17plus (titanium)

Weight in water, Ibs (kg) SBE 9plus (aluminum)
SBE 9plus (titanium)
SBE 17plus (aluminum)
SBE 17plus (titanium)

Dimensions, Inches (mm) SBE 9plus

3BE 11plus
SBE 17plus

MISCELLANEOUS SPECIFICATIONS

SBE 9plus power available for auxiliary sensors
SBE 11plus AC power requircment

| Seacable inper conduclor resistance

f Subearrier modem baud rate

: SBE SEA-BIRD ELECTRONICS, INC.
arazazzzs, 1808 136th Place NE, Belleyue, WA 98005

Nta T E-‘.ir:.mén.q,-‘mtttr {0-70 mmbofem)

-5l + 35 C

up lo 15,000 psia, depending on configuration
0to +5 volts

0.0003 5/m (‘Dm3 mmha fem)
0002 *C

0.015% of full scale

0005 wolts

00002 5/m (0.002 mmhbo/cm)
0.0003 *C

L.N15%: of full scalce

0.001 volis

0.00004 S/m (0.0004 mmho/cm)
0.0002 *C

1.001% of full scale

00012 volts

0.040 second
0.060 second
0.001 second
3.5 Hz 2-pole Butterworth Low Pass Filter

55 (25)
64.7 (29.4)
23 (10.4)
18 (8.2)
26 (11.8)

35 (16)
45 (20.5)
82 (3.7)
16.1 (7.3)

45 (1143) X 13 (330) X 12 (305)
52 (132) X 17 (432) X 17 (432)
28 (711) X 1.9 (99)

1 amp at +15 volis

130 watts al 115 or 230 VAC 50-400 Hz

0 to 350 ohms

300 baud (30 characters per second, full duplex)

Telephone (206) 643-9866
Telex 292915 SBEI UR Telefax (204) 643-9954
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SEASQFT.CON

The correct instrument type for your instrument is SBE 911plus CTD System.

SEACON 4,201 Wednesday July 14, 1993 3:28 pm

T I U Ty

e S ik

= P It: m L—;
e ﬁ =
ﬁ'l_"@ select Instrument Type
e e

IS
%TL.HWM. i TE SEE-F 1l wm;&y;:m

s e SBE 911e CTD System
w |H
Im!m"rlllllml_mm |||||'|1H||m§§ SEE ?.IP” CTD System
5 J:E.IliiHiIEI ]

SBE 16 SEACAT
SBE 1¥ SEACAT Profiler

SBE 21 Thermesalinograph
SEE 25 SEALOGGER CTD

SBE 31 Mulrti-Channel Counter|:

MIEEEHE-I‘ s
i e
[IHE s By m iy i

i i
"”'LI ::=::: '-E_“
<Esc> Return €

it
«F1> Help; <Enter> Seleéct the Imstrument:

the Main Menu,

The correct settings for the configuration of your instrument are documented below:

SEACON  4.201 Friday July 30, 1993 2:10 pm

SBE ®1iplus CTD System (12 words, 2% Wz}

Nurber of Fregquency Channels to Suppress = 2

Nurber of Voltage Words to Suppress = &

Computer Interface = RS-232

Surface PAR Voltage Word Added by $BE 1lplus = Mo

WHMEA Tnterface Installed = Ha

Data Format = . sPress Entar to Modibys

Frequency 0 ‘terperature
Frequency 1 conductivity
Frequency £ pressure

<F1> Help; <Enter> Edit the Field; <Esc» Exit Editing.



BFE A" B €4E A ® (seasoft.con) 5% » @ (seasoft.con) s
21347 (seacon.exe) R A% » ET ST LIS L > B LA
(.con] e8lfE o —fa CTD BHETRALSHF S LML Z M » Mz
g afanmsd stz S/N $REEBE LA (koo con) » Hlde
1234 .con e

Emzhey s SBE 17 Plus SEARAM 21832+ upload F# 2 Tissbsg
A s Bl (Terml7) & E4#44 A SBE 17 Plus = s8¢ i 8. 0L & H A
THE# A R upload Ao FHZ M8 » W b2 A B kA
(Terml7.cfg) #E M o £ 847 upload FHef » HA#T (TernlT)
2 T (F2) 48 & (TermlT.cfg) ¢9AZE » &7 LR B G AT
2 &) Bha i IR F R B BIE T o

(seasoft.con) #f [Terml7) A&y T EF44 90 o @ sensor {&#=
ALE + GHEE "SBE 9 Plus Bi2 212k o "ERYMKTE —&5z2
BB o

s

ST ERITESETEEEHR (Ternl7. cfg) #5% Bl
(Terml7) X LT upload BH ; ERITESE T R2EIEREN
[seasoft.con) #¥&3 » Bl (seasave) > (Derive] » (Datenv] Y58
IEEHEEEEE o

-1 Rl

SBE 911 Plus CTD £ % &4 7 SBE O Plus K F 8 3p43 8 SBE 11
Plus Deck Unit st SBE 17 Plus SEARAM ici&52424n » 7 SEARAN B
Z7> SBE 9 Plus #ifT "HE &8 T4 o
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EETHEMTHREALEREI o

2 SEARMM PIBrZ EHRETHMRE » A THAFH SEARAM Az 54
RIEREA » R THBEE I3 THAEL o

A A4 SBE 9 Plus R FE B ZIBMFEFHER

1-2 Rt AR

KTFIGIEIE > T —@AHRBYHE ARFEHEAE  FHEE
BAETAH &I T o ALk sensor B Xz T 45488 e 2
o R

i b= @384 T SBE 11 Plus Deck Unit #=E 4 ¢

A BELikeF (9 Plus/17 Plus #4846-85) » kB L MEFTE—
4% 1/0 #& (DB-25S #| RGM-4FS) #fo—{E{L4h & 7|38 2 THE o
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Sea-Bird Optional Equipment

SEARAM
DATA 11O

SEACARLE
CONNECTOR

ALLILEARY
SENSOR .
CONMECTORS

SBE13 H

D.0. SENSOR b
pH SENSOR

MAIM
HOUZING —

Optional Third Party Sensors

—

1=
.?_JJ
e

SBE 17 plus SEARAM
(OPTIONAL) N |

FUMP . |
[SBE &)

PAR SENSOR

MAJN SENSORS
AND PLWP i ﬁ
CONMECTORS

g
Ei
H

T&C SENSGR PAIR
(55E 3 & SBE 4) ’u—

TC DU

L

FLUOROMETER

TRANSMISSOMETER |

Figure 1. Primary components of the SBE gplus.

{through the oxygen sensor manifald if 2 DO sensor has been instailed) to the top (exit) of the conduetivity
c:_r;z:[. To protect the pump bearings from excessive wear when they arz not waterubricated, control
mn::uiny‘ inside the main housing keeps the pump from running until salt water enters the conductivity
sensor, i.a., the pump does not run when then the CTD is in air. To facilitate priming of the pump, this
circuitry also forces a 60 secand delay before providing pump power. Accordingly, the GTD should be

2




SBE 9 Plus 4# 8 SBE 4835 kitm= 2 A3t (SBE 3) A EE =3t
(SBE 4) » Bl&# CTD R FERZ KSR » £—18 "L" #lehsae bt » &
Gpidtefi—EEAaalt AR Ao B
EHAERE sensor XWEA EERENLTAHE o RFE 4
AEREEE sensor EEE > TEREHA—FEHx L AlesE
25 FT AR 48 sensor FE4L o

R sensor =% CTD KA FHy =8 A 4 CTD A TFHi £
B RS A —Ah R B ARG AR o

A-RARBARARMEEREE RS TEAN » mAFZ R RiER
A CTD ERAEFL TSN o SFHOEMRH L5 > LdlE—
VORESE o MARMEAL  RENFELA (BaER sensor B
T wRALFEER sensor 85 | ) BHETHEEH EZ oo

AETHEREMKE &KL EMAEL T8 T4 Bic HE a4k
HANEEE S CTD K THHERANTHRETESER» A58
KEAEEAHA o Fliog CTD AZA T AT EHBTES
HEEH - SRt L EHIRMUEREER delay 60 ¥+ BD CTD
AKE=HE | oiEEFE LR EIT FREIRE -

WwREELE (FR) DOsensor: AEEFREATER oSl ")
Hixmz b e (LM F)

1-2.72 SBE 11 PLSU CID Deck Init

SBE 11 Plus & —4% “Rack-Mountable 2 FtEE" R@E 1 BEA
2i DC €iRk& CTD =844 FRAASLESI TG AMAER R
#TAEXALEH > ERETHIEH > SBE 11 Plus #1458 T8
FH 120 volt AC st 240 volt AC 50/400 Hz & » £ B & — $4s
BTE THRTEGEIEEHHEMEFZ Rav data AR § S8z
LED ¥ o




TH TG [EEE-488 # RS-232 MEXAX » A SMRD
ST 45 B A AR AR B R A o

SBE 11 Plus =T ¥k "Averape FH" KT EH » vl 8 E ¥
REZ TN

1-2.3 SBE 17 Plus SEARAM

SEA tE/EifE A SBE § Plus KF:HMRER@Eh—ALHE » LEARLE
B — {81 A g4 2] SBE 11 23 F Deck Unit rrdgft> & Hm
BIEEFEH 0 £ LIRS SEARAM ; SEARM =S H 2 BR %A 12 @T
AEXZLLTH  EAEE TS CHOS 2188 A - & CTD 4450 »
IR A THT UL G RS-232 I ThS o

1-3 — i BR/EHm

B CTD X 34E 30 i tm 67 2 X F MM SR AR E (STD 84) - # ¥k
W MTRBESIANA > FFMUALFRE 4 4o

1-3.1 CTD &S+
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T E i BRI AR S sensor M ardnd —4EHA R B0 0 4B
BELEf  BdEd PHF > FHZHMERRNZIR ot sn it 5
EEL "R ZEHEART oSSR MEESE SBE 11 Plus Deck
Unit» &g Deck Unit B2 AL RISI8 2RI ©

SEA-BIRD Tﬁ’}ﬁ. 'I'L“«tfmﬁ Fétz R EEME R AN 8 HZ‘?’%‘&ZFL
6 AE AR 0 B sensor vA—# R E 4 2R & T > sensor z.ﬂsth"’é
BUAEFFAFE I FC oz hBE GEMS C.(ERAE) T.GRA)
#oP(RA) RFER— S E/EH | B2 > sensor &?ﬁi#ﬂ:étﬁwﬁ
& Deck Unit =8y A 3iik » @GR EAEmFiaEEEL R » THA
HhE#AEG) sensor AL B SEEEEFTHEL R o

HEY SBE 4 (GA{LIAS SBE 3) HRMFIESmZ3¥fReE  FEFEG M
miEZ "ERESTRERSE o (R o)

SBE 9 Plus CTD Lsei= SBE 3 $& SBE 4 sensor» %3 #A SEA-BIRD
2 IC 2 hFREAREEIREE iR EgmEEy
Sensor ¢ EEEM E o ‘%‘ﬂﬁﬁmﬁ‘ HEEEFEHMzAFELES —C
b0 RAMERHZFHE » TR — M RARGEREEEE L

LR & A AR LY o

EZNFMME EASS” F 15 F A5l TC ExRREERS
& o (RBfigx B)

1-3.2 #HBf sensor

£ CTD =) channel E » 484 DO-~pH~ &%~ FRLEE jt:r

FTERTRBRZ AW MESEE sensor ALl d =48 % o

db» i sensor HARZABA E B AG G i *Iﬁ]JFE,A
A/D 3% > LEBE 0 3 15 volt> @ A/D $hhx B4R A G
0 %] 4095283 0 3] 45 volt = EREBI o A/D (s #E04
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S CTD = S 7] FH P RTUAH 260 "R 8" a4 R8T £ 1%
ié-:";_n:u

k

¥

2-1 FHSThp A

ATHER TR R T E B s R A dc®| CTD 4% + CTD 24 TiF
TR ARRBE R EZAES cERALA LG —8 IBM PC/AT
RAEZEH - H 552 seasoft FEM “Quick Start” &FE o

Seasoft Z4E T #H “Epe+” Deck Box # "M E" 4 E SEARAM Z
o HAEREFEE K Fmboil 1/0 HE » $4 48R CTD F4eis
BEREAEFERE THAERNRE CTD Himd4 > 35ER SBE 1]
Plus Deck Unit Ed SCARAM FH EF » SHSSS BRSNS E o

2-1.1 7% SEA 11 Plus Unit

BixAT £ cable 458 (2-pin XSG-2BCL "JT1” ON TOP END
CAP) 2 Deck Unit "sea cable” 4B ®mmikia® > # /M P/N §059]
test cable (RMA-2FS to MS)» B4 F M TRMEBEAT A8 E
SR | BT 120V BREEFIEHE SBE 11 Plus T 240 V BEESE
HEEEE * €T RiEE Deck Units MAE “data” B2 T HE0 s 1L
B “error” 2T RG> ko TR CTD KFH4 25 ETe{eid
T4 Bk Deck Unit EF4Ek» AT EHwRAHEASEL» &
Jﬁﬁmﬁi‘giﬁé”] o




* JF Deck Unit k= i5dsraniis s 0> BETEMTAEFBAE sensor
BEZAERME - w4 R 9000 £ 11000 Hz (ZETF) » #8888
o BldAFE T EH o

¥ REIRAMREN 1 ATEFESA 2 HE AFATF(0 20
A K#5k 2800 Hz o

X AFEMFHREE 2 BB TR TR S sensor ZHEE BEHA
32000 2] 40000 Hz o

*FAERRRE 3 A 4 MBEFE B  EHRH 2R bR
FAEE scnsor #HEHETAE (o

¥ MR A 5 MBEATE NI LE L BHEE A/D s
< channel ( » Fi#69#F 3 channel 1+ #|F 3 @5 Bz & (6-8)48
REHF T4 A/D channel » £ % ¢ channel Z M3 E sensor i

W AFEET 4095 > sha¥F ASD BILXMZRA ( volt # o

¥ BIRWIRTE B oy EDBELANIBELE sensor Z AR{E B

B AF#E B F€8HE T “toduln” HELEE 0 & Deck Unit
M#8F » Deck Unit ABRH RS ®REHE § 48 scan » 12 “modulo
Cmm”Rﬁﬁﬁﬁfﬁﬁmﬁmﬂrﬁiﬁ%mﬁskﬁ%o

“modulo Count” & —{@4s35] % BALE § Anisd () 2

£ 20 RBRE 0~1-2-%> 524 CID £8pE L » £ 8 89 &
B AET 7 & o

* taesdE] Co PrdRT 4 IEEE-488 ZHEEET(@dEA 20500
® CID ¥ #t42:1® IEEE-488 £& > Deck Unit T #4A buffer
o TR FEMREEHAEA CID A - B FE LA o

RHERYEF BT A EE— @M E T 20500 - THREGETH
TRABMEREREH AL -

TRAHZHEE (TA seasolt AER) T REr S5 284
f o
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3Em D TAGAEE A EEEEH » 22 AR5 RS-232 » &k % 5]
232 =¥ 5B 58S 8000 byte o

¥
S-

* 1%
% R
Deck Unit H 3% nmodem Mg K#IEHHE » B AEH nodem {RIyiLis
&0 AN B 45T Deck Unit E#) modem ZZue s CTD A F 250 M
modem 4248 = 5% o

Rosette #ydsiiiea]Bikie 2k T 884258 JT4d » & “enable” &bix
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e IR o
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BREIEMERS SEARM EX B 718 ERER - F5%:F SEARAM FfB o

2-1.3 M FERSEEEEREH (CTD Bl Deck
Unit)




@ik M CID = sea cable #9/E3% R MR 2-pin L #3 > EMT R
(+,cable Z A &p4&30) Ld.) 2469 pin (L&) 84E (—, cable
armor) £d X = pin (&6)e

REAT A AT i ERRIEIHRZEH > AR A IETE AL
REALE (+) BEAEE—FRER-_BRETH > BRI cable #iE
BRegi ik 0 T RIEE CTD R 7848l o

AT HLNEHRETH e84 » SEA-BIRD %7443 A cable
armor o

HIAE A IR SR 24 cable armor # CTD 2 j338 > B> & 4Gikis
KT 42 sea cable » 3w E £ cable &% » 42 fikalisr &
Bl ABE > sk R EH A cotter Bt BEAME TS o

sea cable F|HEBLMFIRL AN SEIE— HS 23 (B 0 ¥S
31064 12 S-3P SBE P/N 17529 » #2 SBE 11 Plus FlEF3R4L) » cable
armor (—) A4fEiE34 NS pin A, BI8¥F cable 3288 (+) F 45 FE 32
MS pin B

EE!! (+) 250 volts DC £7F sea cable }#8E> pin B.

& cable FlAzeqf%d > #H5E4% sea cable armor NS pin Mz
BT AEMEI ALY o

% CTD Deck Unit Ei4rMZE “ON" ,m “data” BT 2R e

oo (e RAKTHGCEHGHE > Lot mmE) LA ER— ks
ZRELNG L4 RAENFUZTBERL » AFH AL — L% o

2-1.4 Z*2E SBE 9 Plus fA General
Oceanics Rosette (Fp/KZEE)
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SBE 9 Plus & TR EXEH — R modem 3= Rosette Ry » {FiTrd] 4
Bk AHETF] (General Oceanics Rosette Pylon) » &y SBE 11
EwmdiR ERABETH LETHEH o

Rosette B:Pikik SBE § Plus JT4 » ¥t — cable # fizigiz » pin &
pin» XM LA E (Negative) #9 =45 -

ECFMAERARESE 35 1 (Note 35) SiEFIHRIERE SBE 9 Plus
BUEPIfalE s 2 En o (RBHEE D)

2-1.5 BReEE

FETRBRARI/LER DL EAKTEN LR N EEEMm
ETEARRKRTEMR 13 & 26 2F =il 4T H Sea Bird 53
R ERTABRE CID #ESEH L » iR EIaibF £
BHERZ BT » ol THRET o

2-1.6 i

KT EREBR A FEERE » ERAHOKFTZH » #4512 Tvgon
TR RMAT cell F% M) » B2 TEMHIUAME L4 S K2k
E2dR3 CTD L4 M7 SEARMN  BERE THO T » R 068848
CREBTE -

ek SEARAM FBekE thz45eA o

RTERBEPAAERT P2 HIFR L o



1990 = 1 A 1 B dm=z CID B R HErk T it » @5
MEF I o

WANLE S EETERE T OAKE  RATEE delay 605 » s i ed
HERATRREEAN TR GHAILEEE » FH3ER CTD Akig » B2
KER | oz ETHETREEES TR 2AESLEFEE 8
ETHEEZONTASZZERFERBERS o

i

FREKERE (Rosette) B firc fkiizh » &chlg CTD T
71 EEJ'J'C?-FE fire Z# 60 H?Eﬁii}l B MBEERNE
SBE-BIRD /B#Y modem Z Rosette RERFHHIWEEZIE 60 # o

SR EZENERE T AL (down cast) » 5L sensor &
AR RAE R A EOK o ik L (up cast)iBAF > sensor AN E
MEBLZAIEL » KR ET TR o

SBE 8 Plus = sm{Edfdfiesia £4 0.5-1.5 W/S» R EH 5
sensor» ERERSLTZERE TR E - KiEzm i rfatms
ALEFRMEATZAZHBIAEG L2 U&E » .oy B ag
RE) e

% CTD Fi®&deF m-ﬁ%-fff&ﬁﬁ%iﬁiﬂiﬁ&ﬁﬁiﬂ%ﬁﬁﬂ HEE ko

FRAA(EREULTIE » B EGTIRAE Rk EEEE
i o

fiizt :

BIRKIRRIE fire 0% - FhEf CTD TiHE » EEHUERZS S =
FEEL 2 Do

BAHT HIER sensor AT “FEAM" (IR0 FH 2L R R
W EEH ) o ARl &Y o 244k A SBE-BIRD ## modem/Rosette - F
BAF o BT ey o




4o & &4 | -PAR (Photosynthetically Active Radiation) sensor »
ERHHRTREE o

&t : HREIBIERIE#ILTE sensor o

42 M " soaker st 'pH sensor f#h CTD cast £ E

2-1.7 [EUSERRTN

PRIET—18 cast RBAH CTD: TR AIFT CTD 83308k F

EFRAARERELE UM Typon $HSHTHRY + g —2EF —
SRR LA RS HAAR R CTD LHIESR sensor» Lo T4 b,
RE@ifz o

2-1.8 BB IRE

SEA BIRD CID KF £ 2 RER (3400 & 6800 ¥ =) L2 |4
FH —F aluminum AR M sea cable TR TRl Al Ramee
F ARG o

is FREHE MR FARS E RS FLS R RE 2B - Lz estfEe%E
RPN -

gy CID BREHAZHMEEM  TRAALEAER » BH L TH B2
Shat e BRM AL CTD EHREH LB LT\ M8 » 220 F %
A~ ST 48 W R ST i shA24EAR 2] CTD = 15 volt &% » 4ok 2 €458 T 4,
T ARdY o




2-2 PRE

REIZZHAFAE CID 24528 & EAREINBAERTHK
BB B ot F Rtk > Ttk CTD ZF4 o

2-2.1 JEERTHEBA

EEEAKTEZETRE bR J BB EHEAR TR EE » 132618
EEBENRELTHET UARTHLH T o MAAKTER LU E
B AP 2 A SR EE £ 3 Al Never Seez i#iE o Never Seez & —#%
HAEE AT SR RNARAE ) BAURE RS TEREEE AU
P mirZMEfdt s dAELRGLETE T AAERFR
o R A A B B RS IR o

FEAl sensor MR AG  BIFSE > SHEEREFEA R
o

AFHSEMERMERETEARAY » LALFIEESE » Tl
ZoRY (HE) SHTHMEEHMAR PVC 1 » A BEIFHR
Shag F i > EFES E R b B B R ARG @ o — AR B3 43k B4R
Ko ARMMEENT » BT LRTEIEL o
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2-2.2 #9H ARUCHC (R =

o ERASEHEEEBAENZ SR LT EE Lok
# LB BT pin 2B LEAEF4 - THET FETLEL
U 25 & L #2348 silicon b (DOW CORNING DC-4 siaf ) -
RRMAE BRI 4G F s 3s8 » KBS L4 A bulk head s AR
M—mA R ALHERGF T LS pin WEFBA > A3 A
%ﬁi&ﬁs%ﬁmﬁmhiﬁﬁs%ﬁﬁﬁﬁﬂ*ﬁ%mﬁﬁﬁﬁ&
FiFK o

Tl

o

SRR (TR 2 Bk

A —EFHTE AR BTRAKKRETEE R 5 hERZ
RIESFMERS S S ;34 Iﬁ c (RMigg O

Eﬁﬁ*—ﬁ&ﬁ%ﬁ%@ﬁ#ﬁ%&im!%#ﬁﬁiﬁsmmr%
Bk Fdiyisahis g s flde

WRIEEARBRETEE TGt MESak) » TTRNERAE B Lk
RIPRZ(FMRBAR) » EHERBILTAZ KRG » BRTIA LR
ﬂmm}%ﬁ%ﬁ*ﬁ%%%ﬂﬂﬁﬁﬁﬁ—%=ﬂﬁﬁ$ﬂ*iﬁ
%o do REHAHAEREMT » AN 1 % = Triton (L2 2 2)
HIE 100 42 » 2RBEEMSA o

Triton BRFTHZAERERE(ZabimSsdhiTa) ., TEA ] {#E
AHEEREEREY  LHEHEE -
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2-2.4 Y8 sensor ZHE

S sensor FETFIURS 100% ZABSHEEIRE - B4fes 524 CD
TAERE » # D0 sensor ZHEFE» AXBEFuoH st i
RRBREBRR  REAGRBATELES » i 100 % 48828 o

BEOE T b TEHELLEE A sensor AR » w b TS
P H 4T A 694 4k o

Triton 7T AR AR DO sensor » At > Ral{FAETHS =2EEE

DO sensor e

BOARA 12 F48 - EFRETHEMEEEEEE » b5 A sensor
AR RZ o

2-2.5 pH sensor ZByikHi{RE

% pH sensor iﬂsﬁﬁ] e &b “soaker” i F AR

Z BT LEPE DI 48 BTG BT LA L
RZRAE#% J‘-%ffﬁf.% AR R Bagok » i EBAE L F54AE o Soaker
A pH 4 Z B M BN R T BTG AR SRS
o A o
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2-3 HIE

Sea-Bird sensor ZARE » B ENBACZHEEST » AE
sensor ZRB FAAFTIFHEAFELSEH AR I HEH 2
BE TEERZREANETH » Snesor BREAREE » A4 B SEPLEMET
AESREM » JZF sensor AKE (FHEL) AEFERE REAE(A
A (BOC4E) R AXERARE TR — ot RZHmEE (S0C
1E) °

BAFBARARAMBAITEARI RN sensor » TTETF EE EEA
HKIRELFEF CTD ¥# » 428 Vinkler i & iksbk4E ¢ 48 A
seasoft ATtz Oxfit # K ¢

pH sensor AR £z 8 ad# A4 E (4/- 0.02p0) » pH sensor =1{&
AFEBRENZ g dm(—fE pH 78288 -

SBE Z»&]3%3t sensor ZAREFFHEZEALEM > KMokt AL E
ERAZHERN—EX AR A ETHEZ I/ HREBREELEF
AT ERE LR ERF DR -

sensors 7 KLiEE SBE i##E NRCC (Northwest Regional Calibration
Center) #4TRE » AL TR TEMFERAE o

e RIRFE A 0 B Sea-Bird Tl E PC ElamEs= R AL RS -

92-3.1 sensor ZIFHuFGIE

B EAEZ sensor HR4E4E - R TRF B d » & i h ik
B MAEIEERZ — % MG IR FE TAHRM pine BAMTEE H sensor
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A— BRI A4 A B R » AREERE AT T g 90° L5
sensor ¥ AAAB R Ak o

{& A7 iE 8.8 pH sensor ¢ TR FE T LK EE B sensor o

illl

ool

BRI ETRIE

TEAHALSGN—BRZZHETABEFiT3 cell » & cell REF
AP HASEEMKET » B sernsor ZEBR LR TR E> B T4

BoHEERAREHS | Hz A2 ARG CEEHAKI LIRS
ARBRERAFZSEN » ERASSGMLE ST 2548 L& 1R
Hak cell A&4 2 "H4ET o

£ 2 HIBRBEBRARTHEI TS RE RS A T4
R gAALERE I cell MATREFENESE SR AT EE
WG E R R ARRFZ o

BTEREAF - A EZ RN AARETEE - 7 2 ¢
sensor PHRENE A RZF A FT 2B RkAE e dhis Rl h TR o

2-3.3 MmEETZIRIE

BRMMELGBEEIERGNEREAMZEL  £F—FRBFH
aBtoaz—& > RHJMERZ MG sensor EHREFETHSE
MEBZHE -—FRasRMATE » i sensor #HMTR AL &K
HAEFRZARMEBEET —FEHPTZIBREC > A L[ ERELEZS
AR A EEMETEMY o
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IDIGIQUA

ok T TR A L

SERIES 4000

» ASSOLUTE RANGES OF 0-2.000 psia, 0-3.000 psia
0-6.000 psia, 010,000 psia

FEATURES

* D.005% REPEATABILITY

& 13X 107 FS RESOLUTION

& LOW POWER CONSUMPTION

& DUARTZ CRYETAL FREQUENCY OUTRUTS

* CALIBRATED OVER WIDE TEMPERATURE RANGE

APPLICATION AREAS

s DCEANOGRAPHY

* RESESVOIR ANALYSIS

® INTEAFERENCE TESTING

* GEOTHERMAL RESEARCH

= | ABORATORY STANDARDS

* PRESSLIAE CALIBRATICON SYSTEMS

& ENERGY EXPLORATION AND WELL TESTING

The SERIES 4000 DIGIDUAETZ® HIGH PRESSURE
TRARSDUCERS provide laboratory accuracy in a small,
low powar design, Excelient performance is achisved
lhreugh the use of a quartr erystal resonator whosa
lrequency of oscillztion varies with pressure incuced stress,
Thesz arecision pressure transducers also provide a quariz
crystal temperalure signal for full thermal compensation
cver 8 wide temperature rangs. Typical accuracy undes
difficult environmental conditions is 0.02%. Rugged dasign,
small size, and high reliability make the SERIES 4000
igaally suited for field and remcte applications. Fraquency
oulputs allow ease of interiacing with counters, computers,
ar cther digital data acquisition and control systams,

The SERIEE 4000 CIGIQUARTZ® HIGH PRESSURE
TAANSDUCERS ara used in apalications which require
Superior repaatability and resolution cver 2 wide pressure
range. These sensors can measure pressure changes as
small 2= 0.1 parts per milion. They are well suited for
Interdzrence lesting. reservoir analysis, and repeat larmation
testing, as well as deep sea oceanography and laboratory
transier standards,

Whan interfaced with the SERIES 700 CIGIQUARTZ®
PRESSURE COMPUTER the autput of the nigh pressure
fransducer is automaltically temperature compensated and
displayed in erginesring wnits of your chaolce. Thesa
Iransducers are zlzo available in the standard BS-232
aulput SERIES 1000 INTELLIGENT TRANSMITTZRS.

MODEL RAMNGE

e rpa s e e ey S g 018 2,060 psia (138 MPa)
KT L e L e H0ad T plia i20LT NP ]
T e e S e e DR DO el (R R
BI0ET 4 nilcbsannnan e mn neens s OHOOOD. Ssia 1ER0:MPa)
PERFORMAMCE

Y o o i m i B T i 4.01 ppm
el TRt L o S| 1 1 0.005% F3
FRREIERRIE " e L e R AR DDOS% FS
Pressure Conformance . ............... g B 0.005% FS
Aeceteralion Sensitiviy (3 axis average) oo, ... 0,008% FSig -
Suppry Voltens SeeSRvily .. .o ooniiievisries vann o Megligible

CHARACTERISTICS
Mominal Pressure Fraguency

[(zorolo ull scale] ... vivninnins Ve 34 KMz 10 38 kHz

Mominal Temparature Frequensy ... ... .. L AT2 ez = 50 ppm/®C
Calibrated Temparature BANGS ... uiiiiviaanrioais 0 ta 125°C
Pawer Requiremams ......o..cocooet a0y ... 61035 vdg, G.OOZA

Shgnal QUIBUE .. .. il een iohes coes s . SaUas Wave, 8V pop
Size {with shock mount] ....ccverriiiiineces 138 in dia = 4.25 ir.

[3.51 cm dia. = 10,8 cm)
Wierght [willi Shock Mour) oo crer i ciir e snamas 7 oz (200 gm)
Cregipressure Ceiasscaiaiiiiasar s desans s T2 % Full Scale

LA s
W R
di‘:l@;ﬁf!hfﬁﬂ, |

e 14T

« 4,321,500 - 4,372,171

& Copyright 1986 by PARDSCIERTIFG, INC.

2 _"'i'l:.-g.l-.a."-,.L |
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2-3.4 BRJ] sensor K1

Paroscientific s 5 R B A sensor SIEH = B 845 B 2 Tl
MR ETFTHEGHEY  FFARERATNEREIREINT o (BT
HA TR ET BT ELERZAAANAES — L BB o
ARG BX > TABawhA T offset s KP4 =R E2H L 2 B
A% CTD A8 +(ERGFER) » AN EHHAETOE -Gz
offset #IH LR E » I E Tl seasolt A HiEEMEE o

EENMRERABRES AL IHEFE LR L ERE L H(— B
4) 1/8 = OD #AEEE ) 2 EH silicon A » B b€ H sbid b
EORmA— 5/16-24 2 EFEHBEB R > AT HLOLERAE
H v s fiiE AT A— 0 ring #% v 40 Swagelok-200-1-0R : &
EoMERRBOG L hERFEAUREMEA silicon & (Dow
Corning DC200 # % » 200 #3558 ) o

”fﬁ.ﬁ]'_‘ 2 u% 2]. ﬁ{ﬁffﬁiﬁkﬁ%ﬁz_ilngﬂ‘]iéﬁﬁﬁa_ﬁﬁﬁ . Mi:%z_
:é%ﬁﬁ;%%ﬁ%ﬁﬁ& lr"lg “_i"'f" 3 -ﬁu_\}bﬁ%_%j’%i;ﬁ?}ciﬁh -

BABEZEBEASARE —BARGO LT RLTAFEKEA -

2-3.5 ¥4, sensor WIF

do M 64 BAE R ARAR SR AL AR gk 100% B E IR
T iEF sensor ZHERMeRE T TR EZHITRALE D Sea-Bird
At~ BRI AERAT RN PHATE » ENE
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RFRZAE AAHZIM(EETHLT  TFESEYT RIS
FREFHEETR) 0

BEIRMZABET » RE—CHBANAARAT A TH —thfokigis
FEAMERT s AELEE > LA TSR EREEZ CID F
o ARSI ER s TUl{ER Oxfit 28 F 47 o

2-3.6 pH sensor MIE

PH sensor “TeAvAH 2425 XA 8 858 R AR E S OUMAMIEZ » T4
B 2 LA~ BRI EEEEH M pH sensor i » HTLE T Ll
X EREM » AA—HBE sensor LBBHZIBILE » B 5 —32
RABRF » Rin TR EZEHHE +/— .02 p Z4E > &7
T AL > LR ER B EEN 0.5C o

pH €4 L FRARFHFE > 8% F @AM K24 EF 4o

AL SRR 4y p @A 4> AREFNARMARIEE  FARATH
pH 42 4 8 F A7 i R 2 o

24 BITHEE

AHETHESF REEZ sensor > CID BRE B EE AGFTH o Es ¢
e allic B R

B FARGAEAZT R HMHAR (R B PR PR ERLT ST
FipElirz o
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2-4.1 OK&)AFIREZRC Ek

RTERAFILRREB MM AL BSR40 | 8
ppm » BEAZ — 5 94835 1 ppm o A Z RZH R EE L A E -, —
2t 10 FR=ZEZLEF44 3.5 ppm VAR °

2-4.2 BEBRIEEHITHERR

ELEFRGGHEAE R A RITE » B2 F sensor F 4y cable s PA—Tk Bib
%0 HIEIF sine WK FHA 88 0.5-10 volt MR AR
#IME TI% L sensor cable» & X404 » didteady Deck Unit it

=
2-4.3 A/D BEESITHER

£k 0 2l 45 V MIAERIFRT 658 —0.1% V Z B R

BHRAGEERBHRE > & A/D BT » BRLAIEATEE LTI o fr
PAAEAT 2 — S0 A5 3950 388 A e R 2 o

ﬁmsmmriﬁi:ﬂ@é%Umz&éﬁﬁﬁﬁ@aﬂﬂﬁiﬁ
53R o
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3-1 SBE 9 Plus ZIhEeHish

CHEAE - BEAe Paroscientific e9BAER At » 3 2 waas k- A
RReSRZEFTAARHATRAGRAN 75 X85> WHET —41

Avn ) 1L#ﬂlﬁﬁiéiﬁq B

& % sensor HELEHZETEANE » BUAMA = sensor HTHL
FlEFSLakitl » & % sensor A 2 18 12 bit &#H &% > —EAL
## sensor & 1/24 M B Mt FAK > 5 @RS
WA R HBARE —{EE ( FA sensor SRR o

3—1.1 sensor JEFRVFEZRE]

FEFBETARIEE 4096 o F A 0FM Nr.3t2324 ON 055 1/FS>
% Nr #£ 6,912.000 Hz - &= Fs & 6,912.000/4096 > % 1B87.5
Hz » X sensor #&FZ Ns 3tz . — — R ABiB4096 » AT6L Fs =

> 42=4096/(1/24)=98,304 Hz o

3-1.2 7347t (CTD #5E)

28

;,E‘_‘_




CTD ARAF 3 MME » I F L7 o HR AT 2UURER) » 1l £ A4
—?‘E'_*f'%'ﬁ*:é & B ﬁ;#ﬁ&;,?%ﬁ_?‘x;{hr%ﬂ!?)

>

Fs & sensor #8% ~Fr & CTD £ #4#%
(6,912,000Hz ;@A ~ T & &)

(27,648,000Hz - B A )

Z 2 kHz» 24 e R/H4 - LRHMAES 0.0069 Hz/bit o

£ 98 kHz » AZ45E 0.34 Hz/bit» BRATHEL > BIFE > #0912
2L “BA” 0 Flde Hz/°C 2EF TALE 52 BEAR 4% 3048 5 o
HERERARIEIEE A8y o

{& Bl 245 ChLAE NS EE FREA Bz R EE8 it geoe s
% sensor FAMEARIRA THRHAEE > #EE SBE 11 Plus Deck unit
% SBE RAM 4 o

w3 D —1"C»Fs = 6 kliz» Sensitivity B& = 146 Hz/°C» 424
& = 0.00014 °C per bite

31 "C,Fs = 12 kHz » Sensitivity & = 233 Hz/°C» AT E =
(.00018 °C per bit-e

TR EZ . 1.4 Siemens/meter(S/M), Fs = 5 kliz » Sensitivity =
1900 Hz/(s/m)

B (10,000 psi $4% sensor> ks B T4 1.46 psi/meter
BRAT AL sensor FLibf|RL gt o

ZEHRFT (0N E)» Fs = 33.994 Hz, Sensitivity &2 = 0.728
Hz/m+ 47 E = (0.041 m/bit o

3-1.3 TREE
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AR BN REAIER sensor T HBAH ML RIS BT A 4 >
WE Fs.Fs £ 0 2 50 °C AR » 4885 2 ppm wA A » 4472 Fr 4%
REHE Fso % Fs = 12,000 Hz T4 5 ppn = 4838 Fro ¢ g
0.006 Hz =& % » REE®EA 0.000d °C 2R ABERE » &
0.00007 s/m 2 EFFREL o

& scnsor #AE » REL L 40,000 Hz Fosa%®mEL (.2
Hz » g 4riR AR ZES 0.3 ¥ (#10,000 psi B H sensor) o

3-1.4 A/D 538 (§ B A)

wE 8B 0 2 45 volt 9 ERIMES » HEF L2 28 G CHOS #
SREBASEGUL 12 bit B3 o

B AD RETRER » AMBOE—RIF > MBS 50 us >
£ MESREA T —18 50 us &R » 2AsbERd o

£ A/D #8iBE A —{8 2 3L= Butterworth Anti—Aliasing @& R
RBERSBEAKE ©

A/D BIBBBAABZ TR G (MOS A B4 0 RIESL 2 422
A/D BIREZ R B BT HEHASE o

3-1.5 HEMTE(EE A/D IEE)
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BETRIMAREH 0-4+5 V AH LB FYEARBARITY
A/D HiRE X 2 BIERP o

mAD AR 0-10 Vo 28 £ S L84E > A3 4095-0 =
Moo EAEATE 10V/4098 = 0.0024 V/bito

3-1.6 MEMEGES A/D E)

Micro Networks SN MK5206 A/D $238 % & ¥ T4#4% 12 bit 4658
B EAa&FTHE-

B EBREAMS AR B L BN TREAKEELEEAH G2 E
Bl A ABARBREE 0.1% =455 o

3-1.7 CTD ZFEEERHER

AT CTD KT 28 THM LA S o

ity Deck Unit LB #4448 IEEE-488 & RS-232 : i :&54ies 4
7 A A8 Deck Unit F# o SEARAM 89 3R4y » 4K SEARAM +
it =

18 byte £ 8 bit AHELTRS - BAEZHEINL - £ -1
byte» 4 THT 4 18 bit 4B ) - BEEAHBEREESHRR T "
#MAE" o F =48 byte AR @i MFAZH scan BleyFH oK
Ao Jhdk 15 18 byte L EHAELMEFRALSE - TEERBRAZ

dl



F—E¥zF#Ed 12 bit =
gL®] 3 1B bytee

AD BiEE2z » R+ HE—Hd o

BT £58 output = FHMBH 4 F |

BYTE |AZE

1 8 MSB =R ~mEMMK |

2 4 L8Bs = R ~ BB » il ~ K
AR~ IRAKBAED - BUEMKE bitoe

3 modulo & o

4~6 mE(EERY)

7~9 CHEAE(ZREY) o

10~12 |BF o

13~15 |BE(HE —1@) o

16~18 |EEE(F =)

18~30 |12-bit A/D #§i@ (-7 o

31-36 |FwAFH(eAh 0o

#—k scan A4 36 byte = ¥# > #3 IEEE-488 #x &b Esta

30 Deck Unit £ EE—k scan # 2## s MOLULO byte » a7 2k
scan = fdg o

3-1.8 &ERLE

Al Bz
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SBE § Plus Af & #] % #i2 % SBE 11Plus &4k RS-232 NRZ = i#t
W tEiERI B (1 18 "START" bit:§ {8 "data” bit» 1 48 "END"
bit) » 3 B4 Al 34560 Hz carrier-modulated differential-phase-
shift-keving (DPSK)

FRART R BIMRE Deck Unit AMAARIE] » BB EE NRZ F

#t» SBE 11 Plus % cpu € A&EH > —RELAMIEMNESERAOL
IAE » R EHEAI NRZ T4t o

3-1.9 CID /K NEHEES

- ERBAEER A B A Deck Unite BE4E A A
{24 ~ SMBE T LEBITOEZ T FRBEE -

AR REREAEREN R EEAT Y sea cable = cross
wiring e

sea cable AN A FHFRALERA L2 8ib L EHARAIZLEH
8 £ o

KT ERZIME > ASFETA ~ H sea cable TREAMALLEY » 4o
B Bk AR A — R BBk o

SBE § Plus H— "TA—MESE" » T3] sea cable TEZ 170
Vrm DC—DC e S-THAALE +15V~ +8V-> 45V~ 8B —15V &
W ° sea cable Tif#H A 200 ma (FEAH-HHprmaeE) o

Deck Unit = 250V DC 4& M 3 sea cable» T[4tk A (250—170
V)/200 ma = 400 ohms = cable o
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OCEANOGRAPHIC THERMOMETER SBE 3

DESCRIPTION

The SBE 3 thermometer is modular and self-
contained permitting easy installation, service, and
calibration. Two choices of sensor respansa time (fast
or slow) and three depth ratings are offered to suit
differant application requirements. Model SBE 3 /F
pravides a “fast® response time of 70 milliseconds and
S3E 3 /5 has a “slow" response tlme of 580
miliseconds. The standard aluminum housing [s rated
0 3400 metars. Optionzl aluminum or titanium
fhousings provide 6,800 or 10,500 meter capability.
The power/signal cable and CTD mounting hardwars
aie availlzble separately.

The SBE 3 has a proven record of reliability and
atcuracy with 17 years of field use and calibrations
by MNorthwest Regional Calibration Center {an
independent U.S, government contractar). The SBE 3
s a primary sensor for Sea-Bird's SBE © CTD
- Underwater Unit and SBE 25 Sealogger CTD and is

also well suited to many custom Instrumentation
agplications,

APPLICATION

Secause of the SBE 3's low noise characteristics,

fybrid frequency measuring technigues (used in Sea-

Bird's CTD Instruments) may be used to abtain rapid

sampding with very high reselution. A pubiished article

{1] describes how a resoluticn of 40 ©#°C per bit may
- be obtained at a 6 Hz sampling rate.

The SBE 3 Is an ideal oceanographic toal for
obtaining horizontal data with towed systems or
- vertical data with lowered systems. Its small size
makes it especially useful for portasle CTD systems
- and underwater vehicles. Having also  found
2pplications in many laboratories, the SBE 3 is
Beginning to be applied to  industial  and
emvironmental temperature monitoring applications,
like hydroturbine inlet and outlet temperature or
effluent discharge temperature monitoring.

AL LT

CONNECTOR : X3G-3-BCL-HP
PIN SIGHAL

(1) COMMON
(2) SIGNAL
(3) +INPUT VOLTAGE
MODEL | DIM.A | DA B |
22in, | .032in. |
SBEZ P | moom | M8 mm) |
33 in. 083, |
SOEHIS 1 wn ey | G4 men) |
DIAMETER B S
—1.25 In.—
(3.2 cm)

Fower required: 10 - 20 VDC, 10 ma

Signal output: 0.7 V {rms) sine wave

Materials {3400/6800 m): Anodized aluminum
(E0E1-TE or 7075-T&)

Titanium {SAI4V)

0.63 kg (1.4 lbs) in air

0.28 kg (.63 Iks) in water

0.90 kg (2.0 Ibs) in air

0.55 kg {1.23 lbs) in water

Materials (10,500 m):
Weight (Aluminum);

Weight (Titanium):

 sPeciFicaTIONS!

~ Measuremant Range: -5.0 to +35 °C,

Mecuracy/Stability: = 0.004 *C per yeat {rypical)

£ 0.01 *C per 8 manths (guarantesd)

Raselytinm® 0.0003 *C. @ 24 sarmples par sacond
k'[‘I“r‘l!vl't‘-d specilications, rafarenced 1o NBS-traceable calibration,
o (oNieved with Sea-Bird's SBE & CTD. In custom applications,
= Time to reach 53% of final valuw foliowing a step changes in t

Response TimeS (Fast): Q.C72 gec. (1.0 mfa watar velacity)

0.CB4 sac. (0.5 mys watar velocity)
0.580 sec. (1.0 mys water velacity)
0.690 sec, (0.5 m /= water velocity)

<0001 *C i still water (only 7210 3wan
is dissipated In the thermisiar)

< 2.0 seconds ta within 0.008 °C of final valus

Responsa Tima® [Show):

Sell-haating Errar:

Warm-up Time

and applying ever the enlire ceranographic range.
resolutien will dapend on Lhe frequency measuring technigque usad.
amperalure.

2 b L O g

'SBE SEA-BIRD ELECTRONICS, INC.

Telephone (206) 643-9866

13808 136th Place NE, Bellevue, WA, 98003 USA, Telex 292915 SBEI LR Fax (206) 643-9954




CPERATIOM

The sensing element is a glass-coated thermistor bead, pressure-protacted by a stainless steel tube. The sensor outp
frequency ranges from approximately 5 to 13 kHz corresponding to temperature from -5 to +35 *C. The outpu.
frequency is inversly proportional to the square root of the thermistor resistance which contrals the output of a patented

Wien Bridge circuit [2]. The thermistor resistance is exponentizlly related to tamperature. The approximate relationshig
batween output frequency and temperature is given by:

e 1790 - 273, ')
£n (4,34x10%) —tn (1)
where T is temperatura [*C] and ¢ is frequency [Hz]. The resulting output has a non-linearity [3] of about 1% over the
range of 0 10 25 *C (for precise wark, use the equation descrited in the foliowing CALIBRATION section).
The sensitivity of the circuit is approximately:

=150

273+T
ar G S 6 B il

— B

aT (273 + T

[(Hz/°C]

- ang varies from 146 [Hz/°C] at -1°C ta 233 [Hz/°C] at 31°C.
CALIBRATION

Each sensor is calibrated from -1.0 tc 31 °C by the Narthwest Regiona! Calibration Center (NRCC), operating under
contract to NOAA. The following equation, derived from Bennatt's formula [4], is used:

T = ’ =273.135, [°C)
A+BE(Ey/f) + Cea®(£/F) + Den’(f,/1)

where &n is the natural log function, T s temperature [*C ], {, is the frequency [Hz] at thas lowest termperature calibratic
point and the constants A, B, C, and D are determined by computer. The residuals are typically less than 0.002°C,

SAMPLE CALIBRATION DATA FOR SENSOR SERIAL NUMBER 1034

~ CALIBRATION DATE:; 020990 s

T 1 1 i
; | | i
& = 357103129s-03 b = 5.989807518.04 | '
g = 1.50737431 p-0% d = 2.45574291e-06 ; | I
i = 5525.14 0.01a i ;
| BATH  INST  INST  RESIDUAL O ' |
TEMP  FREQ  TEMP  (INST . BATH) — g
[kHz]  [°C] [l = 0.000 . » . . i T e C $
1058373  27.0424 000052 2 © { l i
0s5.77 190324 Doooar 4 ' | F ]
TI00SE 110958 o000sd ¢ P !
847582 30264 -0.00043 : f
4711 @ore2 000038 !
§706.07 230212 000010 i [
335529 150488  0.00067 ST l :
TOGG.38 FOIB3 00004z -5 a g 10 8 20 25 3a 35

582514 09731 0.00029

TEMPERATURE [°0]

[H] AM. Paderson, *A Modular High Resolution CTD Systern with Computer-Cantrallzd Sample Rale”, praceedings of Interational STD Confarencs
and Werkzhop, pp. 41-47, 1964,

| U5, Patent Number 3,675 454
Lnearity detarmined by deviation from the best straight lina fit
A3 Bannett, “The Calibration of Thermiztors Char tha Temporature Bange -3

'SBE SEA-BIRD ELECTRONICS, INC. Telephone (206) 643-9866

Rttt |308 136th Place NE, Bellevoe, WA, 98005 USA. Telex 292915 5BE] UR Fax {206) 643-9954

0*C%, Daep Sea Research, Vol 19, po. 157163, 1972,




CONDUCTIVITY SENSC_)F{

DESCRIPTICN

The SBE 4 conductivity sensor is modular z2nd self-contained,
permitting easy Installation, service, and calibration. The
sensor has a frequency output of approximately 3 ta 12 kHz
corresponding to conductivity frem 0 to 7 Siemens/meter
[3/m] {optionally 0 to 0.6 S/m)j, covering the full range of
frash water and oceanic applications. The cell design confines
electric fislds to the inside of the cell, making maasurements
and Instrument calibration independent of the calibration bath
size or proximity to protective eages or othar objects; a
distinct advantage over inductively coupled or "open” axternal
field cells. 3,400 meter depth capability is standard. Dptional
housings provide 6,800 or 10,500 meter capahility. Tha
power/signal cable and mounting hardware for Sez-Bird CTDs
are available separately.

{ XSG - 3BCL - HP)

APPLICATION PIN SIGNAL
The SBE 4 is an ideal sensor for vertical profiling with lowered (1} CcoMMON
systems or horizontal profiling with towed systems, Its smail (2 SIGNAL

size is well suited for maeorings, partable CTD systems,
underwater vehicles or through-the-ice work. it has a proven (3) +POWER
record of reliability and accuracy with 17 years of field uss
and calibrations by the Northwest Regional Calibration Centar
{an independent U.S, government contractor).

The SBE 4 is a primary sensor for Sea-Bird's SBE 9 CTD
Uncerwater Unit and SBE 25 Sealogger CTD and is alsa easily
adapted to custom applications. The SBE 4's low noise
charzeteristics allow the use of hybrid frequency measuring
techriques to obtain rapid sampling with very high resclution.
A published article [1] descrioes how a resolution of 1 x 1078
S/m may be cbtained at a 6 Hz sampling rate.

OFERATION

The flow-through sensing element is a glass twbe {cell) with
3 intermal platinum electredes. The resistance measured
between the center elsctrode and end electrode pair Is
determined by the cell geometry and the specific
conductance {conductivity} of the fluid within the cell. The
cell resistance controls the autput frequancy of a patented
Wien Bridge circuit (2]. An internally-fieed conductivity offset
enables measurements down 10 0 conductivity.

Power reguired: 10 - 20 VDC, 10 ma

Signal output: 0.7 V (rms) sine wave

Materials (3400,/6800 m): Anodized alurminum
{(6061-T6 or 7075-TE)

Materials (10,500 m): Titanium (BAl4V)

Weight (Aluminum): 0.7 kg (1.6 |bs) in air

0.34 kg {75 lbs) in water
Weight (Tianium): 1.1 kg (2.4 Ibs) in air
0.7 kg (1.5 |bs) in water

SPECIFICATIONS' Aceuracy/Stability: + 0.0003 5/m/moanth (typical)

Measurement Range: 0.0 to 7 Siemens/metar {S/m) - £ 00471 3/m/month (guarantesd)
(2.0 %0 70 mmnha /em) Time Respense” (pumped):  0.085 sec. (0.5 m/s drop)

Resalution:2 L.000C4 5/m @ 24 samples per sacond 0.070 sez. (1.0 m/s drop)

[na pump): B.170 sae, (2.0 m/s taw)

; Typical spacifications, referanced 1o NBS-racsable calibration, and applylng over the entire sceanographic range.
Achiwwved with Sea-Bird's SBE 3 CTD, In cusiom agplications, resolution will depgand an tha frequency measuring technique used,
Mot applicabls in areas of high biatouling aclivity, highly contaminatad walers ot if grocedures in Application Bulletin 20 are nat lellowed,
Time ta reach 63% af linal value fallowing a sten changa in eonductiviey,

SBE SEA- BIRD ELECTRONICS, INC. Telephone (206) 643-9866

(e LLd 1808 136th Place NE, Bellevue, WA, 95005 USA. Telox 197015 SHET IR Fax (20¢) 643-9954




The approximate relationship between output frequency and conductivity is given by:
f=Ha+d [Hz,

where f Is output frequency, H is a constant detarmined by the cell geometry and circuit components (H =4400), o is
conductivity in [S/m] and d is the conductivity offset (d =0.4).

The sensitivity of the circuit Is approximately: 8f/dc = 0.5 H/(a + @)% [Hz per 5/m] and varies from 2700 [Hz per
5/m] at 0 §/m ta 850 [Hz per S/m] at6 S/m.

CALIBRATION

All instruments are calibrated from appraximately 1.5 t0 § S/m by the Northwast Regional Calibration Center {MRCC),

operating under centract to NOAA, Using a least squares fitting technigue, the following equation is fitted to the NRCE
data and the instrument’s zera conductivity frequency:

af™ + bf* 4+ ¢+ dr
Conduetivity = [S/m]
X 10 {1 - (3.57x10°%) p)

where [ Is the instrument frequency [kMz], t Is temperature [*Cl. p Is pressure [decibars] and a, b, c d & mare
coetficierts listed on the calibration cerificate. Residuals are typically less than 0.0009 S/m. A published article [3]
describes user experisnce and aiso discusses instrument noise level, cell maintenance and calibration methods, Users
rave since imarovad performance by using ant-foulant 1o protect the cell from biological growth. After a 5 manth moaring
at depths of 80 to 290 meters. four SBEds with anti-foulant protection showed drifts of <0.0015 & /™ over a year's interval
between calibrations. An optional anti-foulant device, specifically developed for moorings, consists of anti-fguiant

impregnated eylinderical attachments at each end of the cell. Thesa anti-faul cylinders are effective for 3 10 12 months
in waters with high rates of Bio-fouling growth.

SAMPLE CALIBRATION DATA

CALIBRATION DATA FOR SENSOR SERIAL NUMBER = g77
CALIBRATION DATE: 52389

0002 _ -
Practical Salinity Scale 1578: C(35,15,0) = 4.2914 [Siemens /mater] i | i
|

2 = 21016638905 b =3.929911 2501 i
© = -37ET4024TE400  d = 1.5348414de05 0.0o1 T
m = 3.8 | |

L ] |
EATH  BATH  BATH INST NST  RESIDUAL 3 {
TEMP  BAL COMD  FRED COND {IMST - BATH) o - . ! !
FEl - feetl  [3/m] (] fs/mp o (yim 2 0000 §— g o B v i e
bUine 150ae auoms oorusd 250007 ool B i
121355 150404 218085 a@.08073 18880 000015 L |
110895 150332 1.81543 747017 181531 000012 i , - _
d0062 150338 1.46294 5.834567  1.43284 0.00000 : |
310877 350571 £96006 1288879 555011  0.00005 ,
230432 350782 E.11331 1179726 511322 0.00009 f
145669 150776 429664 10.98952 426660 000004 o | | | | =
6.8513 350768 352152 9.95016 352154 000002 S 1 2 3 4 ] &

10729 350762 281736 201093 281747 000011

COMNDUCTIVITY [Sim)
0.00C0 00000 000000 311027 000003 000003

REFEREMCES

{1] A.M, Pedersan, “A Modular Figh Resalution COTO System with Camputer-Controlled Sample Rate”, proeesdings of Interrational STD Canferance
and Woarkshep, pp. 3147, 1984,

[2] U.S. Palent Ma. 3,675 484

(3] AM. Federsen and M.C. Greag, "Development af a Small In-Sity Conductivity Instrurment”, IEEE Jaurnai of Cegan Enginearing, Vol, DE-1, N
d.pp. BE-TS, July 1979,

SBE SEA-BIRD ELECTRONICS, INC. Telephone (206) 643-9866
ARARALLL. 1208 136¢h Place NE, Bellevue, WA, 92005 USA. Telex 302915 SBEI UR Fax (206) 643-9954



SUBMERSIBLE PUMP SBE 5

e Al muﬂ_gy:_

S 2 2 T i e

The SBE 5 submersible pump is a compact, modular unit
consisting of a centrifugal pump head and a long-life, L
brushless DC, ball bearing motor contained in an underwater 14 e
housing. The pump impeller and electric drive motor ara
coupled magnetically through the pressure  housing,
eliminating moving seals and providing high reliability.

APPLICATIONS

The SBE 5 is a primary component in Sea-Bird's SBE 9 CTD
Underwater Unit and SBE 25 Sealogger CTD. It is also used as
optional equipment on the SBE 16 Seacat and SBE 19 Seacat
Profiler. The pump flushes water through the conductivity cell
at @ constant rate, independent of the CTD': motign,
improving dynamic performance. Tha pump is also suitable [N SGNA

DUAL CONNECTOR

: - T COMWoH
for many custom epplications, where pressure heads are Jess T CATA RECENE % ﬁ"“.:':u—
DATA TRAHSMET

than 300 cm of water and flow rates are less than 100 mi/sec. gl e Pty kS
3] DATA TRAMSL™

CONFIGURATION l:} Eglcmm“m ! G e

The SBE 5 is confligured for various applications by selacting e | #

pressure hnusing,connecmr,supplyvultagc,mmorpuwer.and LRy _ e ea]

speed options. Aluminum and titanium housings are available s ni 173, \,H_‘g_,f'a

for depths of 3400, 6200 or 10500 meters. A single connector o {d.d =)

WiEW BB

7 7 i

(as used on the SBE 9} is for pump power. Dual CONNECIOr  Comemmn abssHe
pumps are used on SBE 16, 19, & 25 CTDs. Power and datz
lines from the CTD enter the pump housing through the first

PN SHENAL
connector. The datal/O lines are wired to the other connector P
which serves as the CTD system's I/O port. Supply volage @+ POWER
options are either "standard” or “low voltage". Motor power x”ff\‘\l
options are determined by the windines used on the mator, ( et
High power motors use &3 windings, low power motars use =5 \,L,f
windings which draw less currsnt ar a given speed. Speed MEW o
options of 1300, 2000, 3000 or 4500 rpm have been established b e LA SR - 1
for most Sea-Bird applications. Other speads are possible.
OPERATION

Motar speed and pumping rate remain nearly constant over the entire input voltags range {less than 1% change
in speed for 2 1 volt change in supply voltage). The unrestricted flow rate with no head s approximately 100
ml/secand at 2000 rpm. The pumping rate may be set internally by adjusting the motor RPM with a
potentiometer. Flow changss are nearly linear with changes in speed., With unlimited power supply current,
turn-on surge is about 1.8 amperes {maximum} which drops to steady state in about 0.25 seconds. I power supply
current is limited to approximatelty 200 milliamps, the motor will come up to speed in about 0.30 seconds, A
series diode is installed in the input power line to prevent damage if the wires are accidentzlly reversed. Pumping
rates and motor current for Sea-Bird's various applications are given in on the next page.

SFECIFICATIOMNS

Weight (aluminum). 1.1 kilos (2.4 Ibs.) in air, 0.5 kilos (1.1 Ibs.) in water
Weight (titanium): 1.5 kiles (3.3 1bs.) in air, 0.9 kilos (2.0 |bs.) in water

Standard Yoltage input range: 12 - 18 ¥VDC
Low Voltage input range: 6=135VDC
SBE SEA-BIRD ELECTRONICS, INC. Telephone (206) 643-9866

23333333 1308 136th Place NE, Bellevue, WA, 93005 USA. Tolex 292915 SBEI UR  Fax (306) 643-9954




&00 —

CURRENT DRAW [ma] + 10%

oo —~

SBE

CURRENT DRAIN

Lo

(5|

}  —e— #3 STANDARD VOLTAGE
—e— #3 LOW VOLTAGE
—&— #5 STANDARD VOLTAGE
~—0--- #5 LOW YOLTAGE
—&— FLOW (: 10%) COND. CELLONLY /I '
—&— FLOW (: 10%) CELL + TC DUCT / !

FLOW RATE
—150

e =

/

i

FLOW [ml/sec.]

— 18

| :
1000 2000 3000 4000 5000 BO0O

. =0
E PRESSURE (: 10%)
(ALL PUMPS)

|

g
[T I 1

PRESSURE HEAD [om water]
g

I P T

1
I
L]
[
i
i
5
]
¥
T
i
i

S S [ I

i

1000 2000 23000 4000 5000 ECOD
PUMP SFEED SETTING, NG LOAD [RPM]

=] Lk &~
PRESSURE [psl]

=

:
:

KTV

PUMP SPEED SETTING, NO LOAD

SEA - BIRD ELECTRONICS, INC.

1308 136th Place NE, Bellevue, WA, 58005 USA. Telex 2

4000

g\lllllllj_,_l]lllll‘llll

SOC0
[RPM]

Telephone (206) 643-9866
92915 SBEI UR  Fax (206) 643-9954



ffE% B

"0 EMERERRHRA -




S BE SEA-BIRD ELECTRONICS, INC.

% ¢z 1808 - 136th Place MNortheast, Bellevue, Washington 98005
AR L Telephone: (206) 643-9866 Fax: (206) 643-9954  Telex: 282815 SBE| UR

APPLICATION NOTE NO, 15

Revised - Julv 1991

"TC" DUCT ASSEMBLY AND INSTALLATION INSTRUCTIONS

OYERVIEW

The plastic TC duct (Delrin) comes in two pieces; a "T" duct that {its insides the temperaturs sensor guard
aver the sensor needls, and a "C” duct that Fits into the conductivity cell. The two duct pieces are joinad
with Flexible plastic tubing (Tygon) w form the TC duct assembly, The "TC" duet is designed o fir tha
SBE 3 temperature and SBE 4 conductivity sensors used on the SBE 9 CTD and SBE 25 SEALQGGER
CTD only when equipped with the standard sensor mounting brackst.

SCOPE OF WORK

The "TC" duct Retro-fit Kit can be installed withour modification on SBE 2 temperature sensocs

manufactured after Movember 1988, Older sensors have a sensor needle of a larger diameter and will
require drilling the "T" duct te make it £it the old stvle sensor.

To retro-fit the TC duct, the temperaturs sensor must be repositionad in the mounting bracket so the end
of the sensor guard extends beyond the end of the conductivity cell guard. On some older SBE 9 systams,
the horizontal arm of the "C" duct may nesd to be trimmed fo the proper lengrth before installation. In
this case, the bore of the trimmed end should be tapered as shown in the following instructions.

CAUTION - Many of the mocification and installation steps described in this instructian reguire
extreme care and precision to insure maximum CTD accuracy and prevent damage (o the sensors
during installation. Carefully read through these instructions BEFORE beginning work and
make sure the appropriate work plaze and toals are available.

—_——_l—-“ R = ]
TOOLS REQUIRED

——  Sharp knife or sealpel for cutting short langths of Tygon fubing

— straight edged ruler for measuring and cutting scraight lines

—  Pin vise for drilling the "T" duct (if nacessary)

_ fine-toothed backsaw (approx. 50 teeth per inch or Finer) for cutting the "C" section (if
necessary)

— 10 degree (approx.) tapering tool (ie. sharp pencil)

400 grit (very [ine) sand paper

S

PARTS AND SUPPLIES INCLUDED IN KIT

new temperature sensor guard with "T" duct installed

"C duct

0.0492" (1.25mmy} drill bit for modifying the "T" duct

Tygon tubing: 0.25" ID, 0.03" wall, 1 length: 1.0° (25mm) approx,
Tygon tubing: 0.25" 1D, 0.125" wall, 1 length: 1.0" {25mm) approx.
Tygon tubing: 7/16" ID, 1/16 wall, | length: 2.0 (30mm) approx.
Silicone grease




STANDARD INSTALLATION PROCEDURES

Fitting the "T" Section of the Duct
Figure 1

Work with the CTD cage lying horizontally so the conductivity and
iemiperature sensors are on top.

Loosen the sirap that secures the temperature and conductivity sensors in
the sensor mounting bracket and slide the temperature sensor so the end of
the sensor guard extends beyond the conductivity cell guard abour 0.7
inches. Re-tighten the strap enough to secure the sensors but still allow
them to be slid and rotated in the mounting brackat,

Unscrew the temperature sensor guard. Avoid touching the fragile
temperature sensor needle,

Refer to Figure 2: note which type of sensor needle vou have.

Figure 2

HEW STYLE SENSOR NEEDLE OLD STYLE SENSDR NEEDLE

|

3) If you have an old style
sensor needle with a
stepped diameter shafr,
go to the Special
Installation Procedures,

i Modifying the “T" duct,
L - on page 4. If you have a
S | , new style sensor needle
L \ l with a thin shaft, go o
| _|\T z step 6,
| PLASTIC *T* DUCT f PLASTIC *T" DUCT
E A3 SUPPLIED FOR : i DRILLED TO FIT
{| NEWSTYLESENSOR | OLD STYLE SENSOR




Figure 3
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FHOULD HOT PMYOT Of
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RETAINING SCREW

EHW 3 M ACES
SCOTCH B8 OR EOUN,

{IF RECLERED)

8)

§) Apply a small bead of
silicone grease to the
lemperature senscr nesdle
OMNLY where it makes a snug
fit in the "T" section (0.%"
from the base). DO NOT get
grease on the neadle tip.

Install the new temperaturs
guard {with the "T" duct
installed in it) inserting the
temperature sensor nesdle
gently into the base of the
duct. Do not bend or tarque
the needie in any way.

Make sure the guard is screwed on tightly (by hand only) and the base of the "T" duct seats against

th:z face of the tempelrature sensor housing and does not move. If it does, shim the base of the duct
with Scotch 88 electrical tape (or equiv.) {(Shimming is usually not required}.

Fitting the "C" Section of the Duct

o
Figure 4 )
o (=)

- | GLASS CELL
i

@@—A SHOULDER
|

jil—-— ¢ DUCT

<D
T ousT {_\‘
i
£ 10)
| CONDUCTIVITY GELL
E S— smaon.
T ,
- : SHOULDER
NEEDLE i=—— LARGE 0.D.
|
PLASTIC T DUCT <+—— PLASTIC ¢* DUCT
: 11}
i
. i [1.25-2.50 mm)
TEMPERATURE
I % +— SENSQOR
. GUARD

Figure 5

Insert the small CD end of the "C"
duct into the intake of the
conductivity cell until the duct
shoulder butts against the end of the
cell and rotate the horizontal arm of
the duct toward the temperature
sensor. Due to variations in the 1.D,
of the conductivity cell intake, the
“C" duet may not Fit into some cells,
DO NOT FORCE the fit. Doing so
will braak the cell. If the duct does
not fit, 2o to the Special Installation
Precedures, Modifying the "C° duct,
on page 4.

Slide and rotate tha tamperaturs
sensor until the horizonral arms of
both ducts are perfectly alignad,
leaving a gap of .05 - 10" betwean
the ends of the T and C ducrs. Refer
to Figure 5. On some older systems,
the duct arms will overlap. In this
case, go to the Special Installation
Precedures, Modifving the "C™ duct,
on page 4,

Gradually tighten the screw on the
sensor mounting block, checking for
changes in alignment and the gap
batween the T and C duct ends, As
the temperature and conductiviey
sensors are tightened into their
mounting block, the "T" and "C"ducts



usuzlly move closer together, reducing or eliminating the gap betwaen the horizontal arms. DO NOT
continue to tighten the mounting block after the gap has been eliminated. Doing so will break the glass
conductivity cell. If the duct ends are touching and either of the sensors are not secure in the moURTing
bleck, The C duct will have to be trimmed. If trimming is necesary, go to the Special Tnstallation
Precedure, Modifying the "C* duct, below. When the sensors are securely rightened and there is still 2
small gap between the ducts (.02 - .05 in.), proper fit has been verified and Final assembly can be done.

Final Assembly

Figure 6 12) Remove the "C" duct and cut the
i three pieces of Tygon tubing (A B.C)
per Figure §,

0.187 In. (5 mm) 13) Push piece A (.32° x 25" [D x .03
will) over the large OD end of the
"C" duct and flush with the and,

4y Push-pigee B G137 £ 25" D x 1258
wall} over the smal! OD end of the
"C" duct sliding it over and well pas:
the duct shoulder,

- . 5) Slide piece C (1" x .437 ID x .042
A=_3210n. on, 25 In. .03 In, wall co

- g g wall} over the end of the conducrivity
cell. Leave about 0.20 inches hanging
G = 1.0in. (25 mm) Tygon, 437 in. ID 2 0.082 in. wall off the end of the cell.

B =187 in (5 mm) Tygon, .25in. 10 x 0.125 in. wall

“16) Reinsert the "C* duct into the conductivity cell. Seat the shoulder of the duct against the cell and
slide piece B toward the cell until it seats against the end of the cell and inside piece C. This
hermetically seals the joint. Slide piece A until it is cantered aver the jeint between the horizonis
arms of the "T" and "C" ducts. A small flar blade screw driver is useful in sliding and mating ths

Tygon pieces. CAUTION - Use great care niof (o apply force perpendicular to the end of the glass
cell. Doing so will break it!

SPECIAL INSTALLATION PROCEDURES
Modifying the "T™ Duct

If your temperature sensor has the old style needle with a stepped dinmeter, the ™1™ duct must pe
removed from the new sensor guard, drilled as indicated in Figure 2 and reinstalled in the sensor
guard (see Figure 3}, Use a pin vise to hold the §.0492" (1.25mm) drill bit supplied in the kit and
enlarge the hole by hand. Do not use a drill motor. The high speed will likely cause poor precision
and over-enlargement of the hole. The sensor needle must fit snugly (not tight) to pravent flow
leakage through this joint. A loose fit will degrade data quality. A fit that is tco tight may cause
accelerated corrosion around the joint or cause damage to the sensor needls,

Modifying the "C" duet

Some older systems have a different sensor mounting bracket, causing the duct arms o averlap, This
will require the horizontal arm of the C duct to be trimmed. Refer to figures 7 & § and the related

i instructions on page 5. Occasionally, the LD. of the conductivity cell intake falls on the low sida of
the tolerance limit and the small 1.D. end of the C duct will not fit into the cell. This will require tha
O.D. of the duct to ba reduced. Refer to Figure @ and the ralated instructions on page 3.

4



Trimming the Horizontal Arm of the C Duct

L 1} Rotate and/or slide the temperature

gsensor until the center lines of the
m W horizontal duct arms are parallel, Mark

the end of the "C" duct for trimming as
shown in Figure 7, leaving a gap of
0.05to 0.1%,

2} Remove the "C" duct, trim off the end

. with a fine-toothed backsaw, sand or

| file the cut square and flat and remove
any burrs. Be careful not to crush the
thin walled duct while cutting.

Chamfer the inside edge of the trimmed end of the "C" duet at an
angle of approximately 10 degrees. Be careful not to taper all the way
to the outside edge of the duct. Leave about half the wall thickness
between the end of the taper and the outside of the duct wall (see
Figure 8). A sharpened pencil, wrapped with 400 grit sandpaper

Feinsert the trimmed "C™ duet into the neck of the conductivity cell
and move the temperature sensor until the center linss of both ducts

Figura 7
\‘\.
Ve
- k e F !
o + —_—
| [
[=ci
.
4 L
Figure B 5
3)
'rne;é._""‘--—h.______h__
makes a good chamfering tool.
4)
B i
Frpe—

"Reducing the 0.D. of the "C" Duct

Figure 9

are perfectly aligned (refer to Figure 3). Resume Standard Installation
Procedures at step 10, If a second trimming i5s required, do not remove
more than (.10 inch.

1) Use a #3 or 13/64" drill bit and wrap 1 or 2 layers of
Scotch tape (#810 "Magic tape” or equal) around the bit
to cover the sharp edges and build up the diameter to
create a snug friction fit inside the small ©.D. end of the
T duct:

2) Chuck the bit in a drill press and spin the duct slowly
(100-200 rpm). Use 400 grit sand paper with a flat
metal backing and light pressure to reduce the small
0.D, section of the duct a little at a time, Test the fitin
the end of the conductivity cell frequently until the
small O.D. of the duct fits all the way into the cell
without resistances,

3] Clean the duct with water after sanding to remove dust
and grit and resume the Standard Installation Procedure
at step 3.
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SBE SEA-BIRD ELECTRONICS, INC.

e 1808 - 136th Place MNortheast, Bellavue, Washington 98005

AR S e T Telephong: (206) 643-9866 Fax: {Eﬂﬁ} 643-9954 Telex 2924915 SBE| UR
APPLICATION NOTE NOQ. 34 Januarv 1992

CONDUCTIVITY CELL FILLING AND STORAGE DEVICE P/N 30087
INSTRUCTIONS FOR USE

Figure 1 Sea-Bird recommends keeping the conductivity cell
full of purified water (except in freezing

environments) during periods when the CTD is not
being used. This is important in keaping the cell
free from eonntamination and in keezping the

. % : electrodes wetted and ready for immediate use

o) CTDs with pumped conductivity cells (SBE 911, SEE
7 25 and some 3eacats) are shipped with syringe and
L tubing assembly (P/N 50087) as an zccessory for
filling and storing the conductivity cell. The tubing
assembly consists of a length of 1/4 inch LD, tube
connected o a short piece of 7/16 inch L.D. tube by
a plastic reducing union.

To fill the conductivity cell, draw about 40-80 cc of
purified water into the syringe, connect the plastic
tubing te the TC ducr intake on the temperaturs
sensor [Figure 1], (or to the open end of the
conductivity cell on systems without the TC duct
[Figure 2]) and inject water into the cell and pump
plumbing.

.For CTDs with a TC duct, remove the plastic
reducing union and connect the smaller diameter
tubing directly to the TC duct. For CTDs without
a TC duct, leave the reducing union and large
diameter tubing attached and carefully connsct the
tubing directly to the end of the glass conductivity
cell [Figure 2],

After filling the conductivity cell, loop the rubber
band around a bar on the CTD cage and back aver

the top of the syringe to secure the apparatus for
storage.

Figure 2 REMEMBER TO REMOVE THE SYRINGE AND
TUBING ASSEMBLY BEFORE DEPLOYMENT !
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SE SEA-BIRD ELECTRONICS, INC.
_ = 1808 - 136th Place Northeast, Bellevue, Washington 98005
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APPLICATION NOTE NQ, 35 FEBRUARY 1332

INSTRUCTIONS FOR USE OF SBE 911p/us CTD WITH GENERAL OCEANICS ROSETTES

The Sea-Bird SBE 811 plus CTD system is electrically and mechanically compatible with standard, unmodified
rosefte water samplers made by General Oceanics (G-0). The SBE 911plus can be ordered with the
optional modem and rosette interfaces. These items allow the SBE 914 plus to-control thie.operation of the'
rosefte direcily and without interrupting the data from the CTD, The use of the SBE 91 1plus in this manner
eliminates the need for the G-O deck box.

Mechanical Interfacing

Vertical mounting of the CTD to the rosatte pylon is shown in figure 1. The CTD underwater unit (SBE g}
s removed from its stainless-steel guard cage and a special clamp (Sea-Bird #24083, General Oceanics#
C1015-8B-2) is fixed just under the CTD's top endcap flange. Four heavy threaded rods pass through this
clamp and secure the CTD assembly to the rosetta's lower bottle plate. An extension stand must be used
to provide sufficient height to protect the CTD sensors when the rosette is on deck  Cansult Ganeral
Cceanics for the extension stand appropriate for your rosetta. Motg that the CTD will be in the 'wake' of
the rosette during the upcast; the rosette will modify the temperature of the water as it passes through, and
tha CTD will respond accordingly. Optimum data quality cannot be obtained under these conditions and

only the downcast data should be used. If the 'TC Dusl’ is employed, the plumbing connections are the
same as without the rosette.

Horizontal mounting of the CTD may be feasible where the rosatte frame is of sufficient diameter. {figure
2), a somewhal smaller diameter will suffice if the CTD is removed fram its cage and mounted with suitatle
clamps. Notice that the pump position is altered and the 'return tubing’ deleted; in the horizomal
configuration there is no vertical component to the water in the system. This makes the system inherently
insensitive to ship's motion induced vertical accelsrations. By positioning the TC Duct intake close 1o the
rosette frame's periphery and out of the wake of the pylon/bottle assamhbly, it may be possible 1o obtain
good upcast In addition to downcasl data,

Electrical Interfacing

The SBE 9plus is conrected to the G-O rosette using a three pin jumper cable (P/N 17195, reverse polarity
cable). When using this cable the switch in the rosette pylon should be set for raverse polarity’, 1t is
possible to use a rosette set for 'normal polarity' by connecting a different cable (F/N 17533, ncrmal polarity
cable) between the G-O pylon and the CTD rosette connector.

Note that with the SBE 9p/us there is no Y-cable between the sea cable termination. the CTD and the rosette
as is used with older SBE 9 systems and EG&G CTDs. The sea cable is connected directly to the CTD at
connector JT1. A jumper cable Is then used between CTD connectar JT4 and the connector an the rosette
pylon. (see S3E drawing no. 50076 or 50077 and figure 3)




CTD/Rosette Operation

The firing of the bottles on the rosette can be accomplished by three different methods. During the display
of real time data using SEASAVE, function keys [CTRL) F3 can be used to enable and fire bottles (if the
computer serial port is connected to the modem port on the SBE 11pfus). The buttons on the front panel
of the deck unit can be used in a similar manner whether or not the primary logging computer has its serial
port connected to the modem port. A third option is to connect a second computer to the modem
communications port on the SBE 11p/us and use the program TMODEM to contral the rosette aperaticn.

It the bottle has been enabled, sending a fire signal will cause the immediate closing of the enabled botile

on the rosette. If the bottle has not been enabled sending a fire command will initiate a 15 second arming
sequence followed by the firing of the botile.

When the SBE 8plus underwater unit detects a bottle confirmation from the G-O rosette it:

1) sends a confirm message to the computer connected to the modem port
2 sets a bit high in the modulo weord for 1.5 sec. The confirm bit is a permanant mark in the
CTD data streamn for later ID and processing of the rosette bottle data and is used by
SEASAVE to keep track of the number of bottles fired.

Mote: i the rosette pylon has been enabled, turning off the deck unit power will cause the pylon to

fire. This situation can cause bottles to trip in unexpected locations. Tripping a bottle on deck may
be hazardous.



Figure 1

hydro-wire (ermination
S8E # 17027 (RMG-2FE)

\ . I =
mounting bracket = )

S8E # 24083

SBE = 20087

-~ 1 air vent valve for the
\ 3\ // inertia balarcs plumbing

inertia-baiance
plumbing arrangement

TC' duet
SBE # 20085

VERTICAL MOUNTING of the SBE-9 CTD to the General Oceanics rosette pylon, The
CTD is removed from the SBE guard cage and the CTD top end bolted ta the bottom
of the pylon with a special mounting bracket (SBE #24083). In this figure inertia-
balanced plumbing has been installed; the pump is mounted with the pump head up
and connected to the conductivity cell through a air vent valve (SBE #90087). The filter
and orifice assembly, normally between the conductivity cell and pump have been
removed. In addition, the 'TC' duct has been installed on the sensing end of the
temperature and conductivily sensors.

Inertia-balanced plumbing removes pump speed Ructuations induced by accelerations
of the CTD package. The duct improves salinity by channeling the same water past
both sensors, and precisely controlling the dynamic response and time lag between
measuremeants of both sensors.



TC" dust
SBE # S0085
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GO rosatte pydon —

stainiass stesl
cand ciamp

1 horizontal bars added to the rosette imme

10 support the 3869 CT0

Meurt the SBE-2 CTD so that the TC" cuct
[er conductivity cail) intake has a clear
and uncbsiructed view of the water along
a vertical lina through the rosetts frame.

Figura 2

HORIZONTAL MOUNTING of the SBE-8 CTD in a General Oceanics rosette frame. Tha
C70 is left in the SBE guard cage and the guard cage is clamped to horizontal bars
at the bottom of the rosette frame. The pump Is mounted in a straight line behind tha
conductivity cell with the base of the pump exhaust port oriented straight up (so that
all trapped air in the pump chamber can escape). In this figure a 'TC' duct has been
installed on the sensing end of the temperatura and conductivity sensors, consequently

the fiiter and orifice assembly between the conductivity cell and pump have been
removed,

Cne advantage of the harizontal mounting Is the ability to collect CTD data on both the
down and up profiles. Ta abtain the best data, mount the CTD so that the "TC' duet (or
conductivity cell) intake is as close to the edge cf the frame as possible while
maintaining an unobstructed view on a vertical line through the intake (so that the frame
or rosette bottles do nat disturb the water that the CTD samples).

- Aydro-wire terrmination
\a\ 1/ S8E # 17027 (RMG-2F3)
:_Il



Seacable to SBE
9plus bulkhead

LEE s S —— connector JT1
.._\_‘_\_\_\_\_‘_‘:—-_._\.__r. itamm s e :.--'-""’F{

——

{
(. ot e
o W =5 o o
— ’ !
by ‘,—‘—'
|

PN 17818 or 17533 ——

General Oceanics 1015 Raosette plyon to
SBE 9plus bulkhead connector JT4

= _rF:-:I—- ———— ..-._-.

i : ta  my o i

I | 1

bl
| W s )
i i1

| (CABLES NOT SHOWN)
I

— -

I

{

Figure 3 SBE 9plus to 1015 Rosette interconnections
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APPLICATION N NO. 36 February 1993

PH 23548
ANODE RIMG——

INSTALLATION OF PN 50094 CONDUCTIVITY CELL TUBING CONNECTOR KIT

[ E

4 (PN 23555 for 1/2" tubing)
(PN 30537 for 38" tubing)

2 (PN 23557)

1 (PN 23547C)

X = location of cld cell tray spacér

cell tray
cell guard removed——7F——

]
L
¥
i
v
L]
1
1
1
1
[}
L}

Remove conductivity sensor from the CTD and remove the cell guard from the sensor
housing (4 screws).

FRemove the anode ring from the top of the sensor housing and install the new flat-sided
anode ring in its place,

Remove the two screws at the top of the cell tray and take the cell tray spacer out from
between the cell tray and the sensor housing.

Screw the male tubing connector (item 2} into the connector bracket,

Insert the connector bracket at the location of the old cell tray spacer and measure the
length of tubing (item 3, 7/16 ID x 1/16 wall) required to connect the cell end and the
connector.

Remove the connector bracket, cut the appropriate length of Tygon tubing (7/16 1D x 1/16
wall) and push one end onto the tubing connector.

Feinsert the connector bracket between the cell tray and sensor housing, carefully pushiog
Tygon tubing onto the end of the conductivity cell. Make sure the tubing is not bulged,
out of line, or putting any stress on the cell end.

Beinstall the 2 screws through the holes in the cell tray and connegtor brackat.

Replace the cell zuard.

Insert the hose barb end of the female tubing conaector (item 4] into the end of the Tygon
tubing (item 5) leading from the pump intake. Secure the tubing to the connector with
nylon cable ties as shown (item 6).

Push the male and female connectors (items 2 and 4) togsther until they lock. Push the
metal tab on the female connector to unlock.
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Application Note 38 December 1992

Fundamentals of the TC duct and pump-controlied flow
' used on Sea-Bird CTDs

Scientists are interested in salinity and dansity, but CTD probes measure the pressure, temperature, and
electrical conductivity of the ocean warter. Because salinity and density are computed from the C, T, and
P values, it is obvious that the C, T, and P measurements must be made on the same parcel of water,
otherwise the computed salinity and density will be wrong and “spiking” will result (the pressure sensor can
ba above or below so long as its physical displacement is taken into account).

Many CTD probes fail to measure C and T on the same water parcel because the C and T sensors are
physically separated, or because the C and T sensors have different time responses. Especially, the time
respanse of their conductivity cells depends on the CTD drop rate, with more time required to fill the ceil
at slower speeds. Unless the CTD profiling speed is known and constant (it almost never is constant

because of ship motion), the response time of these system's conductivity cell will be continuously changing
and serious spiking will resuit,

To reduce salinity and density spiking to the lowest possible level with out Joss of resolution caused by data
averaging, Sea-Bird uses a TC duct and a pump. These two features ensure that the measurement of
lemperature and conductivity are made on the same parcel of water as follows:

TC duct; all the water sensed by both the temperature and conductivity cell must pass through a
single small (0.4 em) diameter opening.

Pump: the electronically controlled pump forces the seawater to flow at a constant 30 cm*/second
speed to ensure that the C - T time responses are constant.

The physical arrangement of the Sea-Bird T and C sensors with TC duct is shown In Figure 1. As the CTD
descends, water is taken in at the duct opening (the opening points downward) and its temperatura is
immediately sensed. After a small time delay of 0.073 seconds during which the water flows through the
duct, the water enters the conductivity cell. The 0.073 second delay Is constant because the pumping speed
is fixed. This delay is automatically corrected in real-time by the SBE 11plus Deck Unit.

IS

] f

CONDUCTIVITY ]
SENSOR w0

| \ CONDUCTIVITY

CELL

Figure 1. TC DUCT PHYSICAL ARRANGEMENT



Note that the downward exhaust of the pumped water (Figure 2) eliminates any "ram” effect that would
cause the flow rate to be affected by profiing speed.

PUMP INTAKE

GUARD
CAGE

STRUT
CABLE

i e

FIGURE 2. EXHAUST PATH OF TC DUCT WATER



Data taken with the Sea-Bird CTD show that the pumped and TC ducted lemperature and conductivity
sensors both exhibit the same time response of about 0.060 seconds. The Sea-Bird time responses have
been measured and verified in a series of sophisticated and comprehensive field measurements by Dr.
Michael Gregg of the University of Washington (Gregg's findings are supported by independent
measurements in the North Atlantic by Dr. Thomas Maller of the Institute fiir Meerskunde / Kie! which
demonstrate the 911plus CTD's fast and accurate responses (see beiow).
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Containing very sharp temperature and salinity gradients that are stably stratified in density, the
Mediterranean Outflow in the North Atlantic Ocean presents one of the world's most demanding challenges
to CTD dynamic performance. It was here that the Institut fir Meereskunde (Kiel, Germany) conducted CTD
intercomparisons demonstrating the dynamic accuracy and resolution of Sea-Bird's 81 1pius CTD. The Sea-
Bird's superior performance was confirmed by:

A salinity spiking errors less than £ 0.005 PSU throughout the prafile and rms spiking error lessthan

0.001 PSU;

B corresponding density spikes of less than = 0.005 Kg/m”;
density inversions in the entire record that are always less than 0.003 Kg/m’;

two prominent features identified by an algorithm as salinity spikes that are in fact signatures of
active oceanographic mixing and not salinity or density error;

- sensor time-responses of 0.060 seconds (+ 0.010) that are confirmed by the spatial resolution of
the sharpest TS steps in the record,

The 24 Hz data (processed with SEASOFT 4.0) have been time aligned and corracted for cell thermal mass.
No other filtering, averaging or editing was performed and no data have been replaced or removed.




The following questions are often raised about the operations of the Sea-Bird CTD:

Does the TC duct act like a filtar?

On conductivity there is a small filtering effect that increases the conductivity time response from 0.035
seconds to 0.06 seconds. The effect of the TG duct on lemperature is to improve its time response
slightly (also to 0.06 seconds) and make it completely independent of profile rate.

Tha total volume of the TC duct and conductivity cell is about 6 em’, Since the pump volume rate is
30 cm?/second, isn't the conductivity time responsa about 6/20 (0.20 seconds)?

No. The 2.2 cm” volume comprising the TC duet and the short length of cell ahead of (upstream from)
the first cell electrode is not part of the cell's active measuring region. The time required to fill this
volume (2.2 cm? divided by the pump volume rate of 30 cm®/second) is 0.073 seconds and represents
a delay that is constant for all conditions, Including variations in CTD profiling speed. The SBE 11 CTD
deck unit automatically subtracts this delay so that the conductivity and temperature data passed to the
computer are correctly aligned in time and truly represent the same parcel of water,

The time response of the cell once the water has reachad the first electrode Is determined by the time
rate of filling of the call's 2 cm® active volume which comprises only the parnt of the cell inside the cuter
electrodes. The time to completely fil the active volume is only 2 cm® /30 cm’/second or 0.067
seconds. The water in the 1.8 cm® upper (downstream) velume of the cell is beyond the cell's active
area. The filling of this volume plays no rale in the determination of the conductivity sensor's respanse.

Where does the water taken in by the TC duct come from?

Each 24 Hz scan measured by the SBE 911 CTD represents the conductivity and temperature of 2 “rod”
of water immediately underneath the TC duct inlet (see Figure 4).
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FISURE 4. SOURCE OF WATER MEASURED BY TC DUCT
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The dimensions of the rod depend on CTD profiling speed and are shown in the table balow.

Profiling Speed (m/s) Rod Diameter (cm) Red Length (cm)
0.25 1.24 1.04
0.50 . 0.88 2.08
0.75 0.71 313
1.00 0.62 4.20
1.50 0.50 B.25
2.00 0.44 8.23

Using the TC duet, the Sea-Bird CTD provides batter spatial resolution than any ather CTD.

While the analytical description of the flow is somewhat complicated, the simple cylindrical geometry
is easily understood by the following argument: If the pump draws water into the TC duct at exactly
the CTD drop speed, then water entering the duct must come from a cylinder having a diameter exactly
equal to the inside diameter of the TC duct intake (0.4 cm). The CTD in this case “sweeps" new water
at just the rate that its movement downward is causing new water to be "presented”. The CTD can also
be thought of as falling down a long 0.4 em diameter “rod” extending from the surface of the water
column to the bottom. The volume of water taken from the “rod” each second must equal the volume
flow rate imposed by the pump. In the SBE 9 CTD, this volume is 30 cm’/second. As speed of the
CTD changes, the diameter of the "rod” will become larger or smaller to meet the water volume
demanded by the pump.

All water that enters the TC duct comes from inside this cylinder and none comes from outside the
cylinder. In addition, it is easy to see that for the Sea-Bird's 24 Hz sample rate, each measurement
corresponds to a cylinder of ocean water with a length that is 1/24 of the distance that the CTD moves
In 1 second. As shown in Figure 4, Sea-8ird conductivity measurements taken using the TC duct
correspend ta discrete cyiindrical samples of about 0.6 cm diameter stacked end-to-end along the path
of the CTD. Each data scan generated by the Sea-Bird CTD thus represents the true temperature and
conductivity of a parcel of water typically less than 1 ¢m in diameter and less that 5 em long.

Why don't other CTD systems use a TC duct and pump?

The conductivity cells (electrode and inductive types) used on other CTD systems have partly external
electric fields. Any object (such as a duct or tubing leading to a pump) brought near these cells will
cause large errors in conductivity, The designers of other CTD systems were not complately aware of
the importance of time response matching and therefore chose cell configurations that are not
compatible with TC ducts and pumping.

What happens when the Sea-Bird CTD is not moving? Doesn't the pump stir up the water?

Mot very much. Even after 15 minutes, the most distant water taken in by the TC duct will be from less
than 20 cm away. At-sea resuits obtained by the Institute fir Meerskunde at Kiel show the Sea-Bird CTD
to be very accurate and sensitive (providing quiet, low-noise data) even when held at one depth for 40
minutes. Other CTD systams were shown to be less stable and less quiet.

‘When the CTD is not moving (for example, hanging above the ccean bottom waiting to close a deep
salinity bottle) the water entering the TC duct comes from a collapsing sphere centered on the duct
intake. This point-sink low pattern is well documented in fluid dynamics texts (Batchelor, 1967) and has
been verified for the TC duct by dye tests in a laboratory tank. The flow field can be visualized as a set
of concentric spheres collapsing on the duct intake at a volume rate equal to the pump rate.

Tests conducted in the North Atlantic by Dr. Miller of IFM/Kiel demonstrate that the pump and TC duct
do not cause errors on a non-moving Sea-8ird CTD. The CTD was suspended under the ship at a
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depth of approximately 4635 meters for 43 minutes. Al 62,000 measurements of temperature and
salinity during this test are plotted in Figure 5 and show that the measurerments are within + /-0.002 °C
and +/-0.0012 PSU of the local mean gradients.
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FIGURE 5. QUIET DATA WITH SBE g STATIONARY
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