Deep Ocean Standards Thermometer SBE 35
(CELECLLL

The SBE 35 is a laboratory standards thermometer with the unique ability to be used both in fixed point cells and at depths up to
6800 meters (22,300 ft). It is unaffected by shock and vibration encountered in shipboard and industrial environments, making
it ideal for use in calibration laboratories in the range of -5 to +35° C, and in the thermodynamic method of measuring hydro
turbine efficiency. The SBE 35 communicates via a standard RS-232 interface at 300 baud, 8 data bits, no parity.

DEEP OCEAN APPLICATIONS Real-Time Spsration:

11plus—9plus CTD —I—Carousel

The SBE 35 can be used with the SBE 32 Carousel Water Sampler and one of 46

the following CTD systems:

e Real-time (bottles closed by command from ship)
SBE 9plus CTD with SBE 11plus Deck Unit, or |
SBE 19, 19plus, 19plus V2, or 25 CTD with SBE 33 Deck Unit 35

33-Carousel-19, 19plus, 19plus V2, 0r25 CTD

e Autonomous (bottles closed based on programmed pressures or times) o
SBE 9plus CTD with SBE 17plus V2 SEARAM, or Autonomous Operation:

SBE 19, 19plus, 19plus V2, or 25 CTD with Auto Fire Module (AFM) 9plus CTD —17plus —_ Carousel
The SBE 35 makes a temperature measurement each time a bottle fire 35
confirmation is received, and stores the value in EEPROM. Each stored value
contains the time and bottle position in addition to the temperature data, |19.19plus,19plus V2,0r25 CTD —AFM—[—CarouseI
allowing comparison of the SBE 35 record with CTD and water bottle data. 35

Using one SBE 35 eliminates the need for reversing thermometers, and provides
higher accuracy temperature readings at lower cost.

INDUSTRIAL OR LABORATORY APPLICATIONS Remove
temperature
guard for

The thermometer’s digital output can be displayed in real-time and logged to a computer file. The aborairy
SBE 35 is standardized in water triple point (TPW) and gallium melting point (GaMP) cells, applications
following the methodology applied to a standards-grade platinum resistance thermometer (SPRT).
Unlike SPRTs, it does not require an expensive resistance bridge, making the SBE 35 a dramatically
cost-effective alternative. For measurements in fixed point cells, the protective guard is removed and
a brass and plastic tip bushing is attached to give the SBE 35 the length, diameter, and thermal
averaging characteristic of an SPRT. The SBE 35 resolves temperature in fixed point cells to
approximately 0.000025° C (25 pK). Accuracy is better than 1 mK.

The SBE 35 is supplied with a small desktop Interface Box that is connected between the SBE 35 and
a computer for setup and lab use. The Interface Box is 110/220 VAC powered, provides 15 VDC to
the SBE 35, and buffers the communication lines to minimize interference from external noise.

User-selectable operating modes are:
e Sample continuously and output real-time data (data is not stored in EEPROM), or
e Take a single sample, store the data in EEPROM, and output real-time data.

SOFTWARE AND DATA UPLOAD

SEATERM, the terminal program in our SEASOFT“-Win32 software suite, provides easy SBE 35
setup and data uploading. Calibration coefficients stored in EEPROM allow the SBE 35 to transmit
data in engineering units. When configured for a real-time ocean application, the SBE 35 can use the
system modem channel for two-way communications; it is not necessary to change cable connections
to communicate with and retrieve data from the SBE 35.
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MEASUREMENT METHOD ,,".6 ] 2.\
Temperature is determined by applying an AC excitation to reference . ® H
resistances and an ultrastable aged thermistor with a drift rate of less than \’ o, L
0.001°C per year. Each of the resulting outputs is digitized by a 20-bit ) Trenaer -

A/D . . . Standard Optional Wet-Pluggable Connector
converter. The reference resistor is a hermetically sealed, temperature- Eonhaciog MCBH-6MP (WB), AL
controlled VISHAY. The switches are mercury wetted reed relays with AG-306-HP-SS (3/8" length base, 1 1220 thread)

a stable contact resistance. AC excitation and ratiometric comparison using Pin Signal
a common processing channel removes measurement errors due to parasitic 1 Ground
thermocouples, offset voltages, leakage currents, and gain errors. Maximum 2 Receive from SBE 9plus, SBE 33, or Interface Box
. . . . . . 3 Transmit
power dissipated in the thermistor is 0.5 microwatts, and contributes less than 2 NC
200 pK of overheat error. 5  Bottle fire confirmation from Carousel
6  Power +9to +16V

Sensor Output (raw counts) = 1048576 * (NT - NZ) / (NR - NZ)
where NR is reference resistor output, NZ is zero ohms output, and NT is thermistor output.

Each measurement acquisition cycle takes 1.1 seconds. The number of cycles per measurement is | 48mm|
programmable. Increasing the cycles increases acquisition time while reducing RMS temperature noise. In a (1.91in.)
thermally quiet environment, the temperature noise standard deviation is 82 * sqrt (1/n cycles) [uK]. [] ¥

79 mm
II I] (3.11in.)

LINEARIZATION AND CALIBRATION
Following the methodology used for SPRTs, the SBE 35’s calibration is accomplished in two steps: 1
1. Characterize the non-linear temperature vs resistance response of the sensor. Temperature is computed
using the Steinhart-Hart polynomial for thermistors (Steinhart and Hart, 1968; Bennett, 1972) which is
based on thermistor physics (n = SBE 35 output): 209 mm
(8.25in.)
toor = 1.0 - 273.15
a0 +atn(n) + a2n?(n) + a3in®(n) + a4in* (n)
Carried to fourth order, this equation characterizes the SBE 35 output to an error of + 50 pK. v
Unlike SPRTs where the basic non-linear calibration equation has fixed coefficients that apply to pure ] t
platinum, thermistors require individualized coefficients to the Steinhart-Hart equation because the
thermistor material is an individualized mix of dopants. The individualized SBE 35 calibrations are
performed at Sea-Bird in a low-gradient temperature bath and against ITS-90 certified SPRTs
maintained at Sea-Bird’s primary temperature metrology laboratory.
2. Certify the sensor by measurements in thermodynamic fixed point cells. The water triple point
(0.0100 °C) and gallium melt point (29.7646 °C) are used because the SBE 35 is designed for ocean
range temperatures (-5 to 35 °C). Like SPRTs, the slow time drift of the SBE 35 is adjusted by periodic 387 mm
recertification corrections. (15.25 in.)
too = Slope x tgq + Offset [deg C, ITS-90]
SPECIFICATIONS
Measurement range -5to+35 °C
Initial accuracy 0.001 °C Note: T
: 15 o ote: Temperature
Typlcalistablhty (per year) 0.001 °C sensor quard
Resolution 0.000025 °C not shown v
. . - -
Sensor calibration -1.5t0+32.5°C 55 mm
Data storage Up to 179 samples (2.15in.)
; v
Real-time clock Watch-crystal type I Ee——.
External power 9-16 VDC remove tip t
Current bushing When\‘ 78 mm
On power application (= 1 minute) 140 — 160 mA using SBE 35 (3.06 in.)
Operating 60 — 70 mA at sea
Housing materials Aluminum, rated at 6,800 meters (22,300 feet) - fe
Weight 0.5 kg (1.1 Ibs) in water, 0.9 kg (2 Ibs) in air 7 Im
(0.28in.) 02/09
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13431 NE 20™ Street, Bellevue, Washington 98005 USA Telephone: (425) 643-9866

m Website: http://www.seabird.com Fax: (425) 643-9954




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


