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DANGER

HIGHLY TOXIC AND OR FLAMMABLE LIQUIDS OR GASES MAY BE PRESENT IN THIS MONITORING
SYSTEM.

PERSONAL PROTECTIVE EQUIPMENT MAY BE REQUIRED WHEN SERVICING THIS SYSTEM.

HAZARDOUS VOLTAGES EXIST ON CERTAIN COMPONENTS INTERNALLY WHICH MAY PERSIST
FOR A TIME EVEN AFTER THE POWER IS TURNED OFF AND DISCONNECTED.

ONLY AUTHORIZED PERSONNEL SHOULD CONDUCT MAINTENANCE AND/OR SERVICING. BEFORE
CONDUCTING ANY MAINTENANCE OR SERVICING CONSULT WITH AUTHORIZED SUPERVISOR/
MANAGER.
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Copyright © 1999 Teledyne Analytical Instruments

All Rights Reserved. No part of this manual may be reproduced, transmitted, tran-
scribed, stored in aretrieval system, or translated into any other language or computer
languagein whole or in part, in any form or by any means, whether it be electronic,
mechanical, magnetic, optical, manual, or otherwise, without the prior written consent of
TeledyneAnalytical Instruments, 16830 Chestnut Street, City of Industry, CA 91749-1580.

Warranty

This equipment is sold subject to the mutual agreement that it is warranted by usfree
from defects of material and of construction, and that our liability shall be limited to
replacing or repairing at our factory (without charge, except for transportation), or at
customer plant at our option, any material or construction in which defects become
apparent within one year from the date of shipment, except in cases where quotations or
acknowledgements provide for a shorter period. Components manufactured by others bear
the warranty of their manufacturer. This warranty does not cover defects caused by wear,
accident, misuse, neglect or repairs other than those performed by Teledyne or an autho-
rized service center. We assume no liability for direct or indirect damages of any kind and
the purchaser by the acceptance of the equipment will assume al liability for any damage
which may result from its use or misuse.

We reserve the right to employ any suitable material in the manufacture of our
apparatus, and to make any alterations in the dimensions, shape or weight of any parts, in
so far as such alterations do not adversely affect our warranty.

Important Notice

This instrument provides measurement readings to its user, and serves as atool by
which valuabl e data can be gathered. The information provided by the instrument may
assist the user in eliminating potential hazards caused by his process; however, itis
essential that all personnel involved in the use of the instrument or itsinterface, with the
process being measured, be properly trained in the processitself, aswell asal instrumenta-
tionrelated toit.

The safety of personnel is ultimately the responsibility of those who control process
conditions. Whilethisinstrument may be ableto provide early warning of imminent danger,
it has no control over process conditions, and it can be misused. In particular, any alarm or
control systems installed must be tested and understood, both as to how they operate and
asto how they can be defeated. Any safeguards required such as locks, labels, or redun-
dancy, must be provided by the user or specifically requested of Teledyne at the time the
order is placed.

Therefore, the purchaser must be aware of the hazardous process conditions. The
purchaser is responsible for the training of personnel, for providing hazard warning
methods and instrumentation per the appropriate standards, and for ensuring that hazard
warning devices and instrumentation are maintained and operated properly.

Teledyne Analytical Instruments (TAI), the manufacturer of thisinstrument,
cannot accept responsibility for conditions beyond its knowledge and control. No state-
ment expressed or implied by this document or any information disseminated by the
manufacturer or its agents, is to be construed as a warranty of adequate safety control

under the user’s process conditions.
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Model 3350 complies with all of the requirements of the Com-
monwealth of Europe (CE) for Radio Frequency Interference, Elec-
tromagnetic Interference (RFI/EMI), and Low Voltage Directive

(LVD).

The following International Symbols are used throughout the Instruc-
tion Manual for your visual and immediate warnings and when you
have to attend CAUTION while operating the instrument:

GROUND
Protective Earth

CAUTION, The operator needs to refer to the manual
for further information. Failure to do so may
compromise the safe operation of the equipment.

CAUTION, Risk of Electric Shock

> >k
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DANGER
COMBUSTIBLE GAS USAGE WARNING

This is a general purpose instrument designed for usage in a
nonhazardous area. Itis the customer's responsibility to ensure
safety especially when combustible gases are being analyzed
since the potential of gas leaks always exist.

The customer should ensure that the principles of operating of
this equipment is well understood by the user. Misuse of this
product in any manner, tampering with its components, or unau-
thorized substitution of any component may adversely affect
the safety of this instrument.

Since the use of this instrument is beyond the control of
Teledyne, no responsibility by Teledyne, its affiliates, and agents
for damage or injury from misuse or neglect of this equipment is
implied or assumed.
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Alarm Oxygen Monitor

Introduction 1

Introduction

1.1 Overview

TheTeledyneElectronic TechnologiesAnalytical Instruments(TET/AI)
M odel 3350isamicroprocessor-based Oxygen AlarmMonitor for real-time
measurement of theoxygen content of theatmospheresurroundingitssensor.

TheModel 3350 standardinstrumentisconfiguredtorunfromanAC
power sourceandisalsoavailablewith continuouscharging, DC battery backup
option. Therated battery lifeisapproximately 17 hoursconfiguredinfailsafe
modeand 48 hoursinnon-failsafemaode.

Theinstrumentisdesigned asasafety monitor. However, itistheresponsi-
bility of theuser to establishwhether or not thetotal systemor instrument,
environment, alarmcomponentsandany other relevant deviceswill actually
assuresafety inhis’her particul ar circumstances.

1.2 Main Features of the Analyzer

Accuratereadingsof oxygen content at thestandard 0-25% range.
(Consultfactory for other ranges)

Large, bright, light emitting diodemeter readoui.
Nyloncell holder.
Simplepushbuttonspancontrols.

AdvancedMicro-fuel Cell, for percentanalysis, hasatwoyear
warranty andanexpectedlifeof four years.

Unaffectedby oxidizinggasses.
Fastresponseandrecovery time.

Microprocessor based e ectronics: 8bit CMOSmicroprocessor with
on-board RAM and 16KB ROM.

Aircdibrationrangefor convenient spanningat 20.9%oxygen.

“P\ Teledyne Analytical Instruments
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1 Introduction Model 3350

» Twofactory presetdarms, formCrelay contacts, configuredasFailsafe
orNon-Fallsafe.

»  Sensorfaluredarm,formCrelay contact, configured asFail safeor
Non-Falsfe.

* Threeanalogoutputs: twofor measurement (0-10VDC,and
negativeground4-20mADC) andonefor rangeidentification
(0-20 VDC).

*  Optiona RS232
»  Compactandrugged, wall mounted NEM A-4 rated enclosure.
» CEApprova

1.3 Front Panel Description

All controlsand displaysexcept thepower switchareaccessiblefromthe

front panel. SeeFigure 1- 1. Thefront panel hasthreepushbutton membrane
switches, adigital meter,andanaarmindicator LED for operatingthemonitor.
Thesefeaturesaredescribed briefly hereandingreater detail in Chapter 4,
Operation.
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Figure 1-1: Front Panel

Span K ey: Pushbuttonmembraneswitchisusedto spancalibratetheana-
lyzer:

1-2
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Alarm Oxygen Monitor Introduction 1

DataEntry K eys: Two pushbutton membraneswitchesareusedto
manually changethe span measurement parametersof theinstrument asthey are

displayedontheL ED meter readout:
e UpArrow Increment valuesof parametersupwardsasthey
aredisplayedontheL ED readout.
e DownArrow Increment valuesof parametersdownwardsas

they aredisplayed ontheL ED readoui.

Digital LED Readout: Thedigital displayisal ED devicethat
produceslarge, bright, 7-segment numbersthat arelegibleinany lighting
environment. It hasthreefunctions:

 Meter Readout: Asthemeter readout, it displaystheoxygen
concentrationcurrently beingmeasured.

e Measurement Parameter sReadout: Itdisplaysthespan
calibration pointwhenitisbeing checked or changed.

* AlarmCondition: Itdisplaysintermittently,“ CAUt” andthegas
readingswhenaCAUTION Alarmhasbeeninitiatedand” dAng”
for DANGERAIlarm.

1.4 Rear Panel Description

Therear panel containstheel ectrical input and output connectors. Sepa-
raterear pandl illustrationsareshowninfigurel-2fortheACand DC battery
backupversionsof theinstrument. Theconnectorsaredescribedbriefly here
andindetail inthelnstallation chapter of thismanual.

= ' ﬁ 4-20mA O/P RANGE ID (3 1:::1):E
= LO eg| |eg 9
1= 1=l L=l

100-240~50/60Hz
0.3 A MAX
250V, 0.5A, T FUSE

[o] Ses| ees eesS

q
O\ e puD e ee©

LAt Lot Lo

' -

- i
HI ALARM LO ALARM SENSOR FAIL

Figure 1-2 Rear Panel, Control Unit - AC

(viewed from inside front door)
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1 Introduction Model 3350
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10 - 36 VDC

Figure 1-2 Rear Panel, Control Unit - DC

(viewed from inside front door)

* Power Connection  ACversion: Universal 100-240VAC, at
50/60Hz. Theconnector housingincludes
thefuseholder andthepower switch.

DC Battery Backup Version: , 10 to 36
VDC. Suppliedby universal 100-240VAC.
FuseHolder: Replacingthefusesis
describedin Chapter 5, Maintenance.
I/O Power Switch: Turnstheinstrument
power ON (1) or OFF (0).

* AnalogOutputs 0-10 VDC concentrationoutpuit.
0-10 VDCrangelD (or optional
overrange) outpuit.
4-20 mA DC concentrationoutpui,
negativeground.

» Digital Output RS232 (optional).

* AudibleAlarm Outputfor standardinterna or customer
suppliedexternd audiblealarm
(12vDC@5mA).

* AlarmConnections Alarm1(CAUTION),Alarm?2
(DANGER), and Sensor FailureAlarm
connections.

¢ Sensor Connector Sensor Connector.

1-4 “#\ Teledyne Analytical Instruments



Alarm Oxygen Monotor Operational Theory 2

Operational Theory

2.1 Introduction

Theanaysisisspecificfor oxygen, i.e.,themeasuringcell will notgenerate
anoutput current unlessoxygenispresent inthesamplegas. Thus, theinstrument
hasan absol ute zero and no zero gasisrequiredto operatetheanalyzer.

Themeasuring cell hastheability torespond accurately tothe presenceof
oxygenirrespectiveof flowrate. TAl recommendsusingambientair asaspan
gasor, if thatisnot possible, using aknown calibration gasof about 80% of the
rangeof interestvalue.

Themeasuringcell (U.S. Patent #3,429,796) isasolid-statemai ntenance-
freestructurethat carriesaTAI guaranteefor performanceandusablelife. The
cell consumesoxygenfromthegassurroundingitand generatesaproportional
microamperecurrent. TheControl Unit processesthesensor output andtrans-
latesitintoelectrical concentration, range, and alarmoutputs, and apercent
oxygenmeter readout. It containsamicrocontroller that managesall signal
process ng, input/output, and display functionsfor theanal yzer.

2.2 Micro-Fuel Cell Sensor

2.2.1 Principles of Operation

Theoxygensensor usedintheModel 3350isaMicro-fuel Cell designed
andmanufacturedby TAI. Itisaseal ed, disposabl eel ectrochemical transducer.

Theactivecomponentsof theMicro-Fuel Cell areacathode, ananode,
andtheaqueousK OH electrolyteinwhichthey areimmersed. Thecell converts
theenergy fromachemical reactionintoanelectrical potential that can producea
currentinanexternal el ectrical circuit. Itsactionissimilar tothat of abattery.

Thereis, however, animportant differenceintheoperation of abattery as
comparedtotheMicro-Fuel Cell: Inthebattery, all reactantsarestoredwithin
thecell, whereasintheMicro-Fuel Cell, oneof thereactants(oxygen) comes
fromoutsidethedeviceasaconstituent of thesamplegasbeinganalyzed. The
Micro-Fuel Cell isthereforeahybrid betweenabattery andatruefuel cell. (All
of thereactantsarestoredexternally inatruefuel cell.)

“P\" Teledyne Analytical Instruments 2-1



2 Operational Theory Model 3350

2.2.2 Anatomy of a Micro-Fuel Cell

TheMicro-Fuel Cell ismadeof extremely inert plastic (whichcanbe
placed confidently inpractically any environment or samplestream). Itiseffec-
tively seal ed, though oneendispermeabl eto oxygeninthesamplegas. At the
permeabl eend ascreenretai nsadiffusion membranethroughwhichtheoxygen
passesintothecell. Attheother end of thecell isaconnector and temperature
compensation network (restrictorsandthermistor) onaprintedcircuit board.

Refer to Figure2-1, Basic Elementsof aMicro-Fuel Cell, whichillus-
tratesthefollowinginterna description.

M <«— Electrical Connector

CircuitBoard
with temperature compensation network.

Figure 2-1. Basic Elements of a Micro-Fuel Cell (not to scale)

Atthesensingendof thecell isadiffusionmembrane, whosethicknessis
very accurately controlled. Near thediffusionmembraneliestheoxygensensing
element—thecathode.

Theanodestructureislarger thanthecathode. Itismadeof leadandis
designedtomaximizetheamount of metal availablefor chemical reaction.

Thespacebetweentheactivee ementsisfilled by astructuresaturated with
electrolyte. Cathodeand anodearewet by thiscommon pool. They eachhavea
conductor connectingthem, through someel ectrical circuitry, tooneof the
external contactsintheconnector receptacle, whichisonthetop of thecell.

2-2 “P\ Teledyne Analytical Instruments



Alarm Oxygen Monotor Operational Theory 2

2.2.3 Electrochemical Reactions

ThesamplegasdiffusesthroughtheTeflonmembrane. Any oxygeninthe
samplegasisreduced onthesurfaceof thecathodeby thefollowingHALF
REACTION:

0, +2H,0 +4e~ . 40H- (cathode)

(Four electronscombinewith oneoxygen mol ecule—inthepresenceof
water fromthee ectrolyte—toproducefour hydroxyl ions.)

Whentheoxygenisreduced at thecathode, |eadissimultaneoudly oxidized
attheanodeby thefollowingHALFREACTION:

2(Pb + 20H") - 2(Pb** + H,0) + 4e- (anode)

(Twoelectronsaretransferredfor eachatomof lead that isoxidized. TWO
ANODEREACTIONSbalanceonecathodereactiontotransfer four el ec-
trons.)

Theelectronsrel eased at the surface of theanodeflow tothecathode
surfacewhenanexternal electrical pathisprovided. Thecurrentisproportional
totheamount of oxygenreachingthecathode. Itismeasured and used to
determinetheoxygenconcentrationinthegasmixture.

Theoveradl reactionfor thefud cell istheSUM of thehalf reactionsabove,
or:

2Pb+0, ~ 2PbO

(Thesereactionswill hold aslong asno gaseouscomponentscapabl eof
oxidizinglead arepresentinthesample. Theonly likely componentsarethe
hal ogens—iodine, bromine, chlorineandfluorine.)

Theoutput of thefuel cell islimited by (1) theamount of oxygeninthecell
at thetimeand(2) theamount of stored anodematerial.

Intheabsenceof oxygen, nocurrentisgenerated.

2.2.4 The Effect of Pressure

Inorder to statetheamount of oxygen present inthesampleasapercent-
ageof thegasmixture, itisnecessary that thesampl ediffuseintothecell under
constant pressure.

If thepressurechanges, theratethat oxygenreachesthecathodethrough
thediffusingmembranewill alsoincrease. Thed ectrontransfer, andthereforethe
external current, will increase, eventhoughtheproportion of oxygenhasnot
changed.

Fortunately, Dalton'sLaw confirmsthat every gasinamixturecontributes
thesamepressuretothemixturethatitwouldexertif itwereal oneinthesame

“#\ Teledyne Analytical Instruments 2-3



2 Operational Theory Model 3350

amountinthat samevolume. Thismeansthat aslong asthetotal pressureof the
sampleremainsconstant, themixturecan change, but thediffusionof theoxygen
will beaffected only by theconcentration of theoxygen.

For thisreason, thesampl esystem supplying samplegastothecell should
bedesignedtokeepthepressureonthediffusion membraneconstant.

2.2.5 Calibration Characteristics

Giventhat thetotal pressureof thesamplegasat thesurfaceof theMicro-
Fuel Cell inputisconstant, aconvenient characteristicof thecell isthat the
current producedinanexternal circuit of constantimpedanceisdirectly propor-
tional totherateat which oxygen mol ecul esreachthecathode, andthisrateis
directly proportional totheconcentration of oxygeninthegaseousmixture. In
other wordsit hasalinear characteristiccurve, asshowninFigure2-2. M easur-
ingcircuitsdonot haveto compensatefor nonlinearities.

80

60 —

Cell Output (uA)

40 —

20

\ I I
10 20 30

Oxygen Concentration (percent)

Figure 2-2. Characteristic Input/Output Curve for a Micro-Fuel Cell

Inaddition, sincethereiszerooutput intheabsenceoxygen, thecharacter-
isticcurvehasan absolutezero. Thecell itself doesnot needtobezeroed.

2-4 “P\ Teledyne Analytical Instruments



Alarm Oxygen Monotor Operational Theory 2

2.3 Electronics

2.3.1 General

Thesignal processingusesan|ntel [1 microcontroller withon-boardRAM
andROM tocontrol al signal processing, input/output, anddisplay functionsfor
theanalyzer. Systempower issupplied fromauniversal power supply module
designedtobecompatiblewithmost international power sources.

Thepower supply circuitry isonthe Power Supply PCB, whichismounted
verticaly, just behindtherear panel of theControl Unit.

Thesignal processinge ectronicsincludingthesensor amplifier,
microcontroller,analogtodigital, and digital toana og convertersarelocatedon

theMainPCB, whichismountedvertically, just behindthefront panel of the
Control Unit.

2.3.2 Signal Processing

Figure2-3isablock diagram of thesignal processing el ectronicsdescribed
below.

f e Mot RS 232 (optional)

Output
TEMPERATURE

COMPENSATION | | »/ SENSOR
)| NETWORK ON —‘3 AMPLIFIER ADC E | CONV 4 20mAde

SENSORPCB ||
H Microamp : )
: Output : Concentration
T 0 10Vdc
Sensor R
DAC RANGE ID
MICRO-
CONTROL-

LER

AUDIBLE
ALARM

DISPLAY

KEYBOARD

RELAYS ALARMS

Figure 2-3: Block Diagram of the Signal Processing Electronics
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2 Operational Theory Model 3350

Inthepresenceof oxygenthecell generatesacurrent. Thesensor hasan
internal thermi stor compensationnetwork.

Theoutput of thesensor isconvertedtomillivolts. Thisoutputisfedtoa
volatgeamplifier. Theinterna thermistor network providestemperaturecom-
pensation of thesensor output. Theresistanceof thenetwork changeswith
temperature, compensatingfor thechangesof themicrofuel cell output totem-
perature.

Theoutput fromthetemperaturecompensationamplifierissenttoan
anaogtodigita converter (ADC), andtheresultingdigital concentrationsignal is
senttothemicrocontroller.

Thedigital concentrationsignal aongwithinputfromthefront pane buttons
(KEYBOARD) isprocessed by themicrocontroller, and appropriateoutput
signalsaredirectedtothedisplay andalarmrelays. Thesamedigital information
isalsosenttoal2-bitdigital toanalogconverter (DAC) that producesthe0-10
V dcanalog concentrationsignal andthe0-10V dcanaograngel D output. A
voltageto current converter (E-I CONV) producesthe4-20mA dcanalog
concentrationsignal.

2.4 Alarms

Whenthea armsetpointsareproperly adjusted, they providean opera-
tional bandthat coversall acceptableoxygenconcentrations. I1f theoxygenlevel
at thesensor crossestheadj usted setpoint of oneof thealarms, that alarmwill
causetheswitchingof relay contacts. Normally open(N.O.) andnormally
closed (N.C.) circuit connectionsat theinterconnectionterminal stripwill be
reversed. Thus, acircuitthatisopen (turnedoff) inanon-alarmconditionwill be
closed (turned on) whenitsalarmisactivated, andvice-versa.

Asper OSHA specifications, thestandard factory setting of thetwoalarms
providesa“ CAUTION” (Alarm 1) alarm at 20% oxygen (at thesensor) anda
“DANGER” (Alarm2) darmat 19.5% oxygen. Tocover special cases, a
limitedamount of adjustmentispossible.

2-6 “P\ Teledyne Analytical Instruments



Alarm Oxygen Monotor Installation 3

Installation

Installation of theanalyzer includes:

1. Unpacking the system.
M ounting the Control Unit to awall
InstallingtheMicro-Fuel Cell
Connecting the battery
M aking theel ectrical connections.
6. Testingtheinstallation.

a bk~ DN

CAUTIONS: Read this chapter in its entirety before installing the units.

The Micro-Fuel Cell sensor electrolyte is caustic. Do not
attempt to open it. Leaking or exhausted cells should be
disposed of in accordance with local regulations. Refer to the
Material Safety Data Sheet in the Appendix.

Any damage or scarring of the delicate permeable membrane
on the sensing end of the cell will require cell replacement.
Prevent contact with membrane by any solid object.

3.1 Unpacking the Analyzer

Assoon asyou receive the instrument, carefully unpack and inspect
Control Unit, and any included accessoriesfor damage. Immediately report
any damage to the shipping agent. The analyzer is shipped with all the
materialsyou need to install and prepare the system for operation.

CAUTION: Do not disturb the integrity of the cell package until the cell is to
actually be used. If the cell package is punctured and air is
permitted to enter, cell-life will be compromised.

“P\ Teledyne Analytical Instruments 3-1



3 Installation Model 3350

3.2 Installation

The 3350 is designed to be wall-mounted, in ageneral purpose, area.
Theunit should beinstalled at viewing level in asheltered area, if possible.
Theinstallation consistsof installing the MFC, connecting therechargeable
battery (if applicable) and connecting theinstrument to AC power..

Refer to the Outline diagram D-70679 for the physical dimensions of
theanalyzer.

For CE Compliant Installation: If theunitisinstalled without the
power cord, aswitch or circuit breaker must beinstalled in close proximity to
the analyzer to break both sides of the linewith arating of 3A at 250V~
minimum. The minimum recommended wireis 16 AWG 250VAC.

3.3 Installing the Micro-Fuel Cell

TheMicro-Fuel Cell isshipped separately from theinstrument and must
beinstalled before operating theinstrument. Turntheinstrument off and
disconnect the AC power.

Toinstall thecell inthe probe assembly:

1. Removethe probefrom itsholder on the outside of the
instrument case and removethe cell fromits sealed shipping
package.

2. Unscrew the cap from the top of the probe assembly.

3. Removetheshorting clip fromthecell.

4. Placethecell inthe probewith theterminal end facing down
toward the probe contacts and the soft membrane surface facing
theoutside.

5. Replacethe probe cap, making surethat it isall theway down
and seated on the probe body, then replace the probe assembly
intoitsholder.

3.4 Electrical Connections

Figures 3-1 through 3-4 show the two alternate Model 3350 AC power
connections. Thefirst illustration fig. 3-1 showsthe AC powered version,
and the second illustration fig. 3-2 showsthe DC battery backup version.
Both versionshaveidentical connectionsfor the External Probe, alarms, and
both digital and anal og concentration outputs. For detailed pinouts, seethe
wiring/interconnection drawingsin the Drawings section at therear of this
manual.
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{ ﬂ 0-10vDC
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Figure 3-1 Electrical Connectors for AC Control Unit
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Figure 3-2 Electrical Connectors for DC Control Unit

3.5 Power and Signal Connections

AC and Battery Backed Standby Power

This 3350 is designed to operate from 100-240VAC @ 50/60 Hz
power. Connect theincluded power cord to the AC power as shownin Fig.
3-3for standard AC unit and Fig. 3-4 for battery backed standby power.

35.1 Primary Input Power (AC version): The power cord
receptacle, fuse block and Power switch are on the Control Unit. A 6-foot,
standard AC power cord is supplied with the analyzer.
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POWER IN

Figure 3-3 AC Input Power Connections

The universal power supply allowsdirect connection to any 100-240
VAC, 50/60Hz power source. The fuse block, to theright of the power cord
receptacle, accepts two 5x20mm 0.5 A, 250V IEC type T fuse. (See Fuse
Replacement in chapter 5, Maintenance.)

The Power switch islocated on the right-hand end of the Control Unit
power sourceinput receptacle assembly.

3.5.2 Battery Backed Standby Power

An optional Battery Backed Standby Power Configuration isoffered on
the Model 3350 for potential power failure or "brown out”" conditions.
Power outageswill not interfere with aproperly-working Model 3350
oxygenaarmif itisinstalled and used correctly. The standby power source
usesarechargeablelead acid battery. If the AC power istemporarily im-
paired (“brown-out”) or interrupted, the stand-by power supply takesover
and keepsthe analyzer in operation.

®L©J: . ©®
D

W@DDH elelel

e

—O]

POWER IN

Figure 3-4 DC Battery Backup Input Power Connections
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Periodically test the condition of the battery pack by pressing the
“BATTERY TEST” pushbutton inside theinstrument’ s control panel and
note the battery condition by viewing the "battery low" LED on the front
panel. Releasethe pushbutton to return to the normal sampling mode. The
battery test providesonly anindication of the battery state under the test
conditions; itispossiblethat abattery might test well but performfor only a
short timeunder actual operational conditions(acharacteristic of the battery,
not theanalyzer), soitisvery important that power outages be corrected
without delay. Furthermore, TAl recommendsthat theinstrument betested
periodically by operating it for several hourswithout AC power (that is,
under battery power).

The optional battery backup version of the Model 3350 isdesigned to
operate on standby battery power for at least 17 hours in Fail Safe mode and
48 hoursin Non-Fail Safe mode (if conditionsarefavorable, i.e., conditions
are not extreme and the battery iswell charged and in good condition).
Under actual conditions, however, these factorswill awaystend to evolve
toward theworst caseif |eft unattended. Therefore, the user must always
ensurethat battery condition, charge and other related factorsare monitored
with sufficient frequency to prevent problems. Most importantly, DO NOT
DEPEND UPON THE LONGEVITY OF BATTERY BACKUP, but
correct problemsas soon aspossible.

Battery servicelife depends on the number of discharge cycles, depth of
dischargeand ambient temperature.
Cycleservicelifeinrelation to depth of discharge:

e 180 cyclesat 100% discharge
e 450 cycles at 50% discharge
e 1200 cyclesat 30% discharge

The battery isdesigned for usein standby operation for approximately 3-5
yearsunder normal service conditions. Anideal service conditionwill be
realized when the battery is operated at an ambient temperature of 20°C
(68°F). Operation of the battery at higher temperatureswill reducethe
battery life.

3.5.2.1 Connecting the Rechargeable Battery

Connect the battery asfollows:

1. Slide"quick connect" lug attached to the black wire onto the
negative (-) lug of the battery located closest to the opening of the
enclosure.

Analog outputs should not be connected to any AC line
sour ce, or any sour ce of hazar dous voltages.
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3.5.3 Analog Outputs
Therearefour DC output signal connectors with screw terminalson the

panel. Recommended wire: 22 AWG minimum with 300VAC insulation.
There aretwo wires per output with the polarity noted. The outputs are:

0-10 V % Range: V oltageriseswithincreasing oxygen concentration,
from OV at O percent oxygento 10V at full scale
percent oxygen. (Full scae=25%0,).

0-10V RangeID:  03.33V = Low Range, 06.66 V = High Range,
10V = Air Cal Range.

4-20 mA % Range:  Current increaseswith increasing oxygen concentra-
tion, from 4 mA at 0 percent oxygen to 20 mA at full
scale percent oxygen. (Full scae=25%0,).

AudibleAlarm: Factory installed to internal buzzer, may be used for
customer interconnectionto 12V aBuzzer (12-
15VDC, 4.3mA Max.).

The RS232 terminals must not be connected to
any AC line source, or any sour ce of hazardous
voltage.

3.5.4 RS-232 Port (Optional)

Thedigital signal output isastandard RS-232 serial communications
port used to connect the analyzer to acomputer, terminal, or other digital
device. Thepinoutsarelisted in Table 3-1.

Table 3-1: RS-232 Signals
RS-232Sig RS232Pin  Purpose

RD 2 Received Data
TD 3 Transmitted Data
COM 5 Common

Thedatasent isstatusinformation, in digital form, updated every two
seconds. Statusisreported inthefollowing order:

* Theconcentrationin percent
* Therangeinuse
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Each status output isfollowed by acarriage return and line feed.

TheRS-232 protocol allowssomeflexibility initsimplementation.
Table 3-2 lists certain RS-232 valuesthat are required by the 3350 imple-

mentation.

Table 3-2: Required RS-232 Options

Parameter
Baud

Byte

Parity

Stop Bits
Messagelnterval

Setting
2400

8 bits
none

1

2 seconds

Alarm Relays must not be connected to any voltage
source greater than 130VAC. Minimum recommended
wireis 16 AWG with 300 VAC insulation

3.5.5 Alarm Relays

Thethreealarm-circuit connectorsare screw terminalsfor making
connectionstointernal alarm relay contacts. Thereisone set of contactsfor
each of 3 different typesof alarm. Alarm 1 (CAUTION), Alarm 2 (DAN-
GER), and Cell Fail. Contacts are Form C, with normally open and nor-
mally closed contact connections capabl e of switching up to 3 ampereat 130
VAC into aresistiveload (3A for 30 VDC) maximum.

Thealarmrelay circuitsare designed for fail saf e operation, meaning the
relaysare energized during normal operation. If power failstherelaysde-
energize (alarmsactivated). Alarmsarealso availablefactory configured for
non-failsafe operation which would extend thelife of the battery standby

power if applicable.

The contact connectionsareindicated diagrammatically ontherear
panel asNormally Closed, Common, and Normally Open. Figure 3-5
explainshow these act in fail safe operation.

S

=

=

=l

L

This side is closed when IN ALARM /
condition OR unit is NOT POWERED.

N This side is closed with NO ALARM
condition AND unit IS POWERED.

Figure 3-5: Contact ID for FAILSAFE Relay Operation

“P\ Teledyne Analytical Instruments
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The specific descriptionsfor each type of alarm areasfollows:

Alarm #1 (CAUTION) Factory preset for OSHA Standards at 20%
Oxygen.

Alarm #2 (DANGER) Factory preset for OSHA Standards at 19.5%
Oxygen.

Sensor Fail Actuates when the output of the Micro-Fuel Cell sensor
fallsbelow the acceptablelevel (0.05% Oxygen).

CAUTION: There could be hazardousvoltage at the alarmstermi-
nals, even when power isremoved from theinstrument.

Internal Sensor Wiring: Thereceptaclefor the sensor cableislocated
in the lower left-hand corner of the Control Unit rear panel. The 6-pin
polarized connector iskeyed to fit only one way into the receptacle. Do not
forceit in. The other end of the cableis connected to the top of the sensor in
the sensor housing

3.6 Calibration

Prior to operating thisinstrument for thefirst time, the Oxygen Monitor
must be calibrated. If thisinstrument isto be used asasafety monitor,
routine calibration should be carried out on aweekly basis.

If itisnot feasibleto use ordinary air asthe calibration gas, then clean,
compressed instrument air can be used. It will probably be necessary to sed
the sensor in the piped-in calibration gasto isolate it from the surrounding
atmosphere. A flow-through adaptor can be purchased from TAIl asan
accessory for those applications. Although aspecial calibration gascan be
used, the calibration resultswill be meaningless unlessthe oxygen concentra-
tion of the calibration gasisknown, and the analyzer is adjusted to indicate
that concentration. To eliminate any error caused by the calibration gas,
alwaysuse acertified composition with an oxygen concentration between
80% and 90% of thefull scale meter reading of the analyzer.

NOTE: Calibration in the sameatmospherethat isbeing moni-
tored can result in seriouserror. Theanalysis per-
formed and thealarms, if any, generated by thisinstru-
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ment when calibrated using the monitored atmosphere
or a span gas of unknown composition, will be meaning-
less.

Preliminary—If not already done: Power up the Analyzer and
allow the LED reading to stabilize.

Procedure:

1. Exposethesensor to ambient air or instrument gradeair (20.9%
oxygen). Allow timefor the analyzer to achieve equilibrium.

2. Pressthe SPAN button once.

3. Immediately (within 5 seconds) presseither the A or [ button
until thedisplay is stable and reads 20.9%.

Theunitisnow calibrated. (also see section 4 operation)

Note: The alarms will be disabled for about 25 seconds after the SPAN
button is released. Disabling the alarms allows air to be cleared from
the sensor without tripping any alarm set below span (20.9%).

® ®

r
‘PN TELEDYNE ANALYTICAL INSTRUMENTS

Series 3350 Oxygen Monitor

J

ALARM LED CONDITION
CAUTION - PULSE

DANGER - CONTINUOUS

T =

® €

Figure 3-6 Front Panel Membrane (Control Unit)

3.7 Operation

Oncetheinstrument has been installed, calibrated, and the power turned
on, it will continuously monitor the oxygen level withintheenvironmentitis
placed. The oxygen level isdisplayed on thedigital meter. The response
time of theinstrument will depend on the actual Micro-Fuel Cell (MFC)
installed. WiththeclassB-3 MFC installed, theresponsetimeislessthan 15
seconds at 25°C. Thetable below indicatesthe response time for some
MFCstypically used in the Model 3350.

“P\ Teledyne Analytical Instruments
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Class Response  Warranty Application
Time(Sec) (Months)

B-3 13 12 Intermediateresponse/longlife

3.8 Cell Warranty

The Class B-3 cell used inthe Model 3350 iswarranted for 12 months
of service. Under normal operating conditionsthe Class B-3 cell should last
12 monthsinair. For special applications, optional cellsare available.

Customers having warranty claims must return thecell in questionto
the factory for evaluation after obtaining an RMA number. If itisdeter-
mined that failureisdueto faulty workmanship or materias, the cell will be
replaced free of charge. If acell wasworking satisfactorily, but fails short of
itswarranty period, the customer will receive credit, on aprorated basis,
toward the purchase of anew cell.

NOTE: Evidenceof mishandlingwill render the cell warranty
null and void.

3.9 Safety Checklist

Thefollowing checklist is offered only asaguideto assist theuser in
verifying anumber of important factors; it isby no meansacompletelist of
safety-related items. The proceduresand precautionsrelating to the use of
theinstrument in the user’ s process must be developed by the user. Itisvital
that the operator understand and test the operation of thetotal system.

Verify:

1. Instrument power isactive and adequate.

2. Instrument functionsareoperational .

3. Alarmindicatorsareeffectiveand produceintended results.
4

. Unauthorized personnel are prevented from tampering with the
instrument or auxiliary equipment.
5. Routinetest and calibration proceduresareinstituted and
followed.

6. Any andall sasmpling and/or location problemsareidentified and
handled.
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7. Any and all necessary warning labels, notices, and information
areprovided.

8. Operatorsunderstand the operationsand functions of the analyzer
and system.

9. Any environmental or other influencesthat could affect the
operation or accuracy of theinstrument areidentified and
handled.

3.10 Accessory Flow-Through Adapter

A flow-through adaptor is available for the Series 3350 Oxygen Ana-
lyzer for those applicationsthat require piped-in gases (TAl P/IN A9226).
The adaptor consists of asealed chamber where the instrument’ sprobeis
inserted, with two radially-oriented hose connectorsto which supply and
vent linesfor the calibration gas are connected. The design providesgas
flow over the sensing surface of the cell without contamination by the
surrounding monitored atmosphere.

“P\ Teledyne Analytical Instruments 3-11



3 Installation Model 3350

3-12 “# TeledyneAnalytical Instruments



Alarm Oxygen Monbotor

Operation

Operation 4

® @

p
‘N> TELEDYNE ANALYTICAL INSTRUMENTS

Series 3350 Oxygen Monitor

J

I &
.

CAUTION - PULSE

ALARM LED GONDITION
DANGER - CONTINUOUS

& — SPAN

“ ——————

I d
¢

® @

Figure 4-1 Front Panel Membrane (Control Unit)

4.1 Using the Span and Data Entry Buttons

When no buttons on the Analyzer are being pressed, theinstrument isin
the Analyze mode. It ismonitoring the percent of oxygen that isflowing
around the Probe.

When one of the Function Buttonsis being pressed, the Analyzer isin
the Setup mode or the Calibration mode.

The Calibration mode buttonis:
. SPAN

The Data Entry buttons (A and ) increment the values displayed on
the PERCENT OXY GEN meter while one of the Function buttonsisbeing
held down.

. A Incrementsthedisplayedvalueupwards.
. O: Incrementsthedisplayed valuedownwards.

The Span function can be selected at any time by holding down the
appropriatebutton.

“#\" Teledyne Analytical Instruments
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4.2 Alarm Conditions

The alarm setpoints are preset at the factory and can not be changed by
theuser.

Alarm 1 (CAUTION)

Factory preset at 20% Oxygen. Contact factory for custom Alarm
Setpoints.

When CAUTION Alarm (Alarm 1) is activated, the LED on the
front panel will beginto blink. In addition, thedigital readout will
flash alternately with the oxygen reading and theletters“ CAUt”
for CAUTION.

Alarm 2 (DANGER)

Factory preset at 19.5% Oxygen per OSHA Specification. Contact
factory for custom Alarm Setpoints.

When DANGER Alarm (Alarm 2) is activated, the LED on the front
panel stay on continuously. Inaddition, thedigital readout will flash alter-
nately with the oxygen reading and the letters “dAng” for DANGER.

Sensor Fail Alarm

The SENSOR FAIL adarmisfactory setto areading lessthan 0.05%
O,. Shouldthisalarm trigger the ALARM Indicator below the SET Func-
tion buttonswill blink, and the alarm relay contact dedicated to thisfunction
will change state.

4.3 Calibration

Prior to operating thisinstrument for thefirst time, the Oxygen Monitor
must be calibrated. If thisinstrument isto be used asasafety monitor,
routine calibration should be carried out on aweekly basis.

If itisnot feasibleto use ordinary air asthe calibration gas, then clean,
compressed instrument air can be used. It will probably be necessary to sed
the sensor inthe piped-in calibration gasto isolate it from the surrounding
atmosphere. A flow-through adaptor can be purchased from TAIl asan
accessory for those applications. Although aspecial calibration gascan be
used, the calibration resultswill be meaningless unlessthe oxygen concentra-
tion of the calibration gasisknown, and the analyzer is adjusted to indicate
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that concentration. To eliminate any error caused by the calibration gas,
alwaysuse acertified composition with an oxygen concentration between
80% and 90% of the full scale meter reading of the analyzer.

CAUTION: Calibration in the same atmosphere that is being monitored can
resultin serious error. The analysis performed and the alarms, if
any, generated by this instrument when calibrated using the
monitored atmosphere or a span gas of unknown composition,
will be meaningless.

Preliminary—If not already done: Power up the Analyzer and
allow the LED reading to stabilize.

Procedure:

1. Exposethesensor to ambient air or instrument gradeair (20.9%
oxygen). Allow timefor the analyzer to achieve equilibrium.

Note: If the analyzer goes overrange, the display will go blank and the front
panel ALARM Indicator, beneath the SET Function buttons, will blink.
Hold down the SPAN button until the ALARM Indicator stops blinking.

2. Pressthe SPAN button once.

3. Immediately (within 5 seconds) presseither the A or [ button
until thedisplay isstable and reads 20.9%.

Note: When an arrow button is first pressed, the LED begins flashing
slightly more rapidly and no longer tracks the span gas. Instead, it
respondstothe UP/DOWNkeystrokes.

Note: While the LED is flashing slightly more rapidly, the SPAN routine will
time-outin five seconds (instead of five minutes), if no further key-
strokes areentered.

4. When the span valueis set to 20.9% Oxygen, stop pressing the
keysand wait for five seconds.

Theunitisnow calibrated. (also see section 4 operation)

Note: The alarms will be disabled for about 25 seconds after the SPAN
button is released. Disabling the alarms allows air to be cleared from
the sensor without tripping any alarm set below span (20.9%).

Supplementary Information

If, during the Span Procedure, you pressed the SPAN button by mis-
take, you must wait five minutesfor the analyzer to resume analisis or you
can press the UP button and then the DOWN button. (Pressing the UP and
DOWN buttons causes the analyzer to time-out in five secondsinstead of
fiveminutes).
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4 Operation Model 3350

4-4 “P\ Teledyne Analytical Instruments



Alarm Oxygen Monitor Maintenance 5

Maintenance
]

Asidefromnormal cleaning, theModel 3350 should not requireany
mai ntenancebeyond replacement of expended Micro-Fuel Cells, and perhapsa
blownfuse. Routinemaintenanceincl udesoccasiond recalibration, asdescribed
inchapter 4, Operation.

5.1 Replacing the Fuses

Remove Power to Unit before replacing any fuse.

TheMode 3350 hastwodifferent configurations: Standard ACVersion
and ACwithBattery Backup Version. Both configurationshavereplaceable
fuses. Whenafuseblows, check first to determinethecause, thenreplacethe
fuse(s) usingthefollowing procedures, depending onwhichversionisused.

5.1.1 Standard AC Version

Whenafuseblows, check first to determinethecause, thenreplacethe
fuseusingthefollowingprocedure:

1. DisconnecttheAC power and placethepower switchlocated on
therear panel of thecontrol unitintheO position. Removethe
control unit power cordfromthereceptacle.

2. Thefusereceptacleislocatedinthepower cordreceptacle
assembly intheupper | eft-hand corner of thecontrol unit, onthe
front door. SeeFigure5-1.

e N )
= ()
=
- —7
N
FUSE

Figure 5-1: AC Fuse Replacement
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3. Insertasmal flat-bladescrewdriver intothesl otinthereceptacl eat
theend of thepower moduleand gently pry openthefuse
receptacle. Thefuseholder will dlideout. Therearetwofusesinuse

andarevisibleintheclip.

4. Removethebadfuseandreplaceitwitha5x20mm0.5 A,
250 VAC, typeT fuse(P/N F1130).

5. Replacethefuseholder intoitsreceptacle, pushinginfirmly until it

clicks.

5.1.2 AC With Battery Backup Version

1. DisconnecttheAC power and placethepower switch, locatedon
therear panel of thecontrol unit,intheO position.

2. Placeasmall screwdriver inthenotch of thefusehol der cap, pushin
androtate1/4turn. Thecapwill popout afew millimeters. Pull out
thefuseholder capandfuse, asshowninfigure5-2.

!
]

i

®
& OO0
O ®

Figure 5-2: DC Battery Backup Fuse Replacement

3. Replacefusebyreversingprocessinstep 1.

5.2 Sensor Installation or Replacement

5.2.1 When to Replace a Sensor

TheMicro-Fud Cdll typically providea most constant output throughtheir
useful life,andthenfall off sharply towardszeroattheend. Y ouwill find that
very littleadjustment will berequiredtokeeptheanalyzer calibrated properly
duringthedurationof agivencdl’ suseful life.

If largeadjustmentsarerequiredtocalibratetheinstrument, or calibration
cannot beachievedwithintherangeof the Al buttons, thecell may need replac-
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ing. Read thesection Cell Warranty Conditions, below, beforereplacingthe
cdl.

Inaddition, if thefront panel Percent Oxygen Meter displays” 00.0” when
theunitispluggedin, andthepower switchisinthe ON position, thesensor
needsto bereplaced.

IMPORTANT: After replacing the Micro-Fuel Cell, the analyzer must be
recalibrated. See Calibrationin chapter 4.

5.2.2 Ordering and Handling of Spare Sensors

Tohaveareplacement cell availablewhenitisneeded, TET/AI recom-
mendsthat onesparecell bepurchased shortly after theinstrumentisplacedin
service, andeachtimethecell isreplaced.

CAUTION: Do not stockpile cells. The warranty period starts on the day of
shipment. For best results, order a new spare cell when the
current spareisinstalled.

Thesparecell shouldbecarefully storedinanareathatisnot subjectto
largevariationsinambient temperature(75° Fnominal), andinsuchaway asto
eliminatetheposs bility of incurringdamage.

CAUTION: Do not disturb the integrity of the cell package until the cell is to

actually be used. If the cell package is punctured and air is permit-
ted to enter, cell-life will be compromised.

WARNING: The sensor used in the Model 3350 uses electrolytes which
contain substances that are extremely harmful if touched,
swallowed, or inhaled. Avoid contact with ANY fluid or
powder in or around the unit. What may appear to be plain
water could contain one of these toxic substances. In case
of eye contact, immediately flush eyes with water for at
least 15 minutes. Call physician. (See Appendix, Material
Safety Data Sheet—MSDS).

5.2.3 Removing the Micro-Fuel Cell
Toremoveaspent or damaged Micro-Fuel Cell:
1. DisconnectthePower SourcefromtheUnit.

2. Removethespent cell by unscrewingit, counterclockwise, fromthe
cell holder.

3. Disposeof thecell inasafemanner, andinaccordancewithlocal
laws.

5

“?\" Teledyne Analytical Instruments

5-3



5 Maintenance Model 3350

5.2.4 Installing a Micro-Fuel Cell
Toingtall anew Micro-Fuel Cell:

CAUTION: Do not scratch, puncture, or damage the sensing membrane of the
Micro-Fuel Cell sensor. Damage to the membrane will require
replacement of the sensor.

Toingtall thenew cell:
1. Removeprobeassembly fromtheprobehol der.
2. Unscrew thecapfromthetop of theprobeassembly.

3. Placethecdl intheprobewiththeterminal endof thecell facing
downtowardsthe probecontacts.

4. Replacetheprobecap.

5.2.5 Cell Warranty Conditions

TheClassB-3Micro-Fuel cell isusedintheModel 3350. Thiscell isa
longlifecell andiswarrantedfor 1 year (under specified operating conditions—
see Appendix) fromthedateof shipment. Noteany Addendaattachedtothe
front of thismanual for specia informationapplyingtoyour instrument.

Withregardtosparecells, warranty period beginsonthedateof shipment.
Thecustomer should stock only onesparecell per instrument at atime. Donot
attempttostockpilesparecells.

If acell wasworking satisfactorily, but ceasestofunctionbeforethe
warranty period expires, thecustomer will receivecredit toward the purchaseof
anew cell.

If youhaveawarranty claim, youmustreturnthecell inquestiontothe
factory forevauation. If itisdeterminedthat failureisduetofaulty workmanship
or material, thecell will bereplaced at no cost tothecustomer.

NOTE: Evidence of damage dueto tampering or mishandling will render the
cell warranty null and void.
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Appendix

A.1 Specifications

Range:
Sengitivity:
Accuracy:

Response Time:

0-25% Oxygen
0.5% of full scale
+2% of full scale (at constant temperature)

+5% of full scale (over operating temperature
range once the system hasreached equilibrium)

90% in lessthan 20 secondsat 25°C (B-3 cdll)

Operating, and Storage Temper ature: 0-50°C

ReativeHumidity:
MaximumAltitude:
Reproducibility:
Sensor Type:

Display:
BatteryLife:

Power Requirements:

Signal Output:

Audible Alarm:

Range ID:
Enclosure:

Alarms:

0-95% Non condensing

6562ft (2000 meters)

+ 1% of full scale

B-3

Light emitting diodedisplay - LED.

48 hours(non-alarm condition) non-failsafe
17 hours(non-alarm conditions) failsafe

AC 100 to 240VAC @ 50/60 Hz, 0.3A MAX
Battery Backup version chargesand maintainsa
12 VDC lead acid battery.

Voltage: 0-10 VDC, Negative Ground (10mA
MAX)

Current: 4-20 mA, Negative Ground (15V
MAX open circuit) 10V DC/5000hms maximum
operatingrange.

12-15VvDC
4.3mA Max.
0-10vDC (0-10mA MAX) (80mA short circuit)

Wall Mounting, NEMA-4 enclosure.
Approx. 8"(W) x 10"(H) x 6"(D)

Factory Set: CAUTION = 20.0%
DANGER = 19.5%
CELL FAIL
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Audible Buzzer
Visual Red, Indicator Lamps

A.2 Spare Parts List

Standard AC Version

QTY. PIN DESCRIPTION
1 C-65220G PC Board, Main
1 C-70740A PC Board, Power Supply AC Version
1 C-70875 Probe Assembly
1 C-800 ProbeClip
4 F-1130 Fuse (AC), 1/2A, 250 VAC IEC Type T
1 A-20 Alarm, Audible
1 C-6689 Micro-Fuel Cell, ClassB-3
(if non-standard, see" Specifications’
shest)
1 A-74345 Flow thru adapter

Battery Backup Version

QTY. P/N DESCRIPTION

1 C-70724 Battery Charger BD.

1 C-70740B PC Board, Power Supply, DC Version
2 F-1127 Fuse /8 A, IEC Type T 250VAC

4 F-1128 Fuse /4 A, IEC Type T 250VAC

1 B-500 Battery, 12VDC, 7Ah

IMPORTANT: Orders for replacement parts should include the part number

and the model and serial number of the system for which the
partsareintended.

Send ordersto:

TELEDYNE ELECTRONIC TECHNOLOGIES
Analytical Instruments

16830 Chestnut Street

City of Industry, CA 91749-1580

Telephone: (626) 934-1500
TWX: (910) 584-1887 TDYANYL COID
Fax: (626) 961-2538

or your local representative.

A-2
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A.3 Reference Drawings

D-70682 Final Assembly
D-70679 OutlineDiagram
D-70680 InterconnectionDiagram

A.4 Miscellaneous

The symbol: ~isused on the rear of the control panel of the model
3350to signify voltsalternating current (V ac).

NOTE: The MSDS on this material is available upon request
through the Teledyne Environmental, Health and
Safety Coordinator. Contact at (626) 934-1592
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