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All maintenance and service of the product shoeladdrried out by Novatech Controls' authorisedatsal
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Novatech Controls does not warrant or represertt ttie contents of this manual are correct or adeur4 is the
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(including the information in this manual) may Benged by Novatech Controls at any time withouiceoand without
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www.novatech.com.au
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USING THIS MANUAL

The Novatech 1638 Oxygen Transmitter has a vaoktger-selectable functions.

They are simple to use because each selectionns drézen. For options you are not sure aboutd tka manual on
that particular item.

Please read the safety information below and theallation’ section before connecting power todahalyser.

CAUTION 1
The probe or sensor heater is supplied with maoitsage. This supply has electrical shock dangenamtenance
personnel. Always isolate the analyser before imgriwith the probe or sensor.
The EARTH wire (green) from a heated probe or semsest ALWAYS be connected to earth.

CAUTION 2
Combustion or atmosphere control systems can bgedans. Burners must be mechanically set up dartliae worst
case of equipment failure, the system cannot génesglosive atmospheres. This danger is nornaaibyded with flue
gas trim systems by adjustment so that in the cifslure the appliance will not generate CO iess of 400 ppm in
the flue. The CO level in the flue should be meagdwith a separate CO instrument, normally araiefd or cell type.

CAUTION 3

The oxygen sensor which is heated to over 700°0Q13) and is a source of ignition. Since raw feaks can occur
during burner shutdown, the analyser has an irdkirig relay that removes power from the probe osseheater when
the main fuel shut-off valve power is off. If thisnfiguration does not suit or if it is possibée faw fuel to come into
contact with a hot oxygen probe or sensor theivtbdel 1638 analyser with a heated probe or sengbnat be safe irj
your application.

An unheated probe can be utilised in such apptinatihowever the oxygen readings are valid onlyal&&0°C
(1200°F).
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Page4 CONTAOLS vt im 1638 Oxygen Analyser



SPECIFICATIONS

11 MODEL 1638 OXYGEN ANALYSER FOR TWO OXYGEN SEN&3
1.2 SERIES 1230 OXYGEN PROBES AND SENSORS
1.3 PURGE & CALIBRATION CHECK ACCESSORIES
14 FILTER PURGE SWITCH
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1.1 Model 1638 Oxygen & Dew point Analyser

DESCRIPTION

The Novatech model 1638 oxygen analyser / transnptiovides in-situ measurement for one or two exygrobes in
annealing and other furnaces with protective atmesgs of hydrogen / nitrogen. The analyser pravideal indication
of oxygen and dew point plus sixteen other seldetedriables.

One or two oxygen sensing probes in one procesbeaontrolled from one analyser to providing aerage and/or
individual probe signals. Two linearised and is&dig4 to 20 mA output signals are provided for @tyand for dew
point. Alarms are displayed at the analyser ata/reontacts activate remote alarm devices. Tladyaer, which is
available for heated or unheated zirconia oxygehes, provides automatic on-line gas calibratiogckhof the probe
and filter purging. The electronics self-calibsasdl inputs every minute.

The 1638 has a keyboard for selecting the outpigaathermocouple type, etc., as well as maintenand
commissioning functions. The instrument is micam@ssor based and all adjustments are made usitkgyboard.

Used for product quality control to avoid blueingbmowning of steel products during the annealiracpss
Used for monitoring hydrogen / nitrogen protectatmospheres in applications such as lead holdimaées
Automatic selection of second probe on probe failur

Simple to install

Linear output of % oxygen and dew point for recogdor control

Built in safety features

24 different alarm conditions that warn the opearafaoxygen, dew point, probe or analyser problems
Isolated RS 232-C printer/computer interface an&8m85 MODBUS network interface

Safety interlock relay for heated oxygen probes

Zirconia Oxygen Probe
\ Recorder/
) controller
Reference Air
(@)
Cable 1638
Oxygen
Analyser I
Alarms
Purae Nitroaen
Solenoid
Calibration
L — Checking
Flowmeter Calibratio
Solenoid
Computer and/or Printer
(Optional)

Oxygen Probe and Analyser System
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SPECIFICATIONS

Inputs

e Zirconia oxygen probe, heated or unheated
* Furnace thermocouple, field selectable as type R or
« Process purge complete / main flame establishedysaterlock (for heated probes)

» Purge pressure switch
* Remote alarm accept

Outputs

e Two linearised 4 to 20 mA DC outputs, max. loadd®@0

e Common alarm relay

e Three other alarm relays with selectable functions

Computer

RS 232-C or RS 485 for connection of a computeniteal or printer for diagnostics of the analysensing probe,

or process. This connection is suitable for nekvemmnection to computers, DCSs or PLCs using MOBBU

protocol.

Range of Output 1

Field selectable from the following:
Output

Dew point

Linear oxygen
Oxygen, reducing range

If 2 probes are used -

Linear oxygen, probe 1
Reducing oxygen output probe 1
Dew point, probe 1

Linear O, probe 1 & 2 averaged

Zero Range
-60C to +20C
-76°F to +84F
0to 99 %
16 % oxygen

01099 %
1:0% oxygen
-6 to +20C
-76°F to +84F
0t099 %

Reducing @, probe 1 & 2 averaged 176 % oxygen

Dew point, probe 1 & 2 averaged

Note:

*E0to +20C
-76°F to +84F

Span Range
-40°C to +40C
-56°F to +104F
1to 100 %
1.0° % oxygen

1to 100 %
1.0° % oxygen
-40°C to +40C
-56°F to +104F
1to 100 %
1.0° % oxygen
-40°C to +40C
-56°F to +104F

The average dew point, lineap @&d Reducing ©selections will automatically select to the op@gprobe if one
probe fails, or selects probe 1 if both probes fail

Range of Output 2

Field selectable from the following:
Output

Linear G

Oxygen, reducing range

Dew point

Sensor EMF
Aux Temperature

If 2 probes are used -

Linear Q , probe 2

Oxygen, reducing range, probe 2
Dew point, probe 2

Probe EMF 1
Probe EMF 2

Zero Range
01099 %
16 % oxygen
-60C to +20C
-76°F to +68F
0to 1200 mV in 100 mV steps
0 to 1300°C in 100°C steps

0to99 %
1% oxygen
-6 to +20C
-76°F to +68F
0 to 1200 mV in 100 mV steps
0 to 1200 mV in 100 mV steps

Span Range
1to 100 %
1.0° % oxygen
-40°C to +40C
-ACF to +104F
100 ta01BY in 100 mV steps
104601C in 100°C steps

1to 100 %
1.0° % oxygen
-40°C to +40C
-AC°F to +104F
100 toOL3W in 100 mV steps
100 toOL3W in 100 mV steps
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Range of Indication, Upper Line
« Oxygen auto ranging from to 100 %
« Dew point -60 °C to +40 °C, -76 °F to +104 °F

Indication Choice, Lower Line

Any or all of the following can be selected for lewline display:
* Dew point probe 1

« Dew point probe 2 **

« Dew point probe 1 and 2 averaged **
« Date - time

* Run Hours since last service

» Date of last service

* Oxygen probe 2 **

e Oxygen probe 1 and 2 averaged **

e Probe EMF 1

* Probe EMF 2 **

e Temperature probe 1

e Auxiliary Temperature *

« Temperature probe 2 **

« Impedance probe 1

* Impedance probe 2 **

« Ambient Temperature

« Ambient Relative Humidity

* |If the analyser is enabled for 1 probe
** |f the analyser is enabled for 2 probes

Accuracy

« +1% of actual measured oxygen value with a repddyadf +0.5% of measured value.

Relay Contacts
« 0.5A 24 VAC, 1A 36 VDC
Environmental Rating

e Operating Temperature: -25 to 55°C
¢ Relative Humidity: 5 to 95% (non-condensing)
e Vibration: 10 to 150Hz (2g peak)

Power Requirements

e 240 or 110V, 50/60 Hz, 105 VA (heated probe)
e 240 o0r 110V, 50/60 Hz, 5 VA (unheated probe)

Weight
e Analyser, 3.75 kg

Degree of Protection

« |P65 without reference air pump
« |P54 with reference air pump

Mounting
e Suitable for wall or surface mounting.

(W2 tech
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1.2 Series 1230 Oxygen Probes
DESCRIPTION

Novatech series 1230 oxygen probes employ statkes#rt zirconia sensors and advanced materiaishvgnovide the
following benefits:

« Improved control due to fast response time to gipidess than four seconds
» Cost-efficient design provides improved reliability
» Longer-life probe to greater resistance to corm$iom sulphur and zinc contaminants in some fuesac

* Reduced probe breakage due to greater resistaticertnal shock and mechanical damage during iasitatl and
start-up

Series 1230 probes are simple to install and maintall models provide a direct measurement ofgety levels. On-
line automatic calibration check is available ifuéed.

Model 1231 Heated Oxygen Probe

Model 1232 Unheated Oxygen Probe

STANDARD PROBE ‘U’ LENGTHS

1231 1232
250 mm 250 mm
350 mm 500 mm
500 mm 750 mm
750 mm 1000 mm
1000 mm 1500 mm
1500 mm

2000mm

Ordering Information

1. Probe insertion length (from process end of rtingrthread to probe sensing tip).

2. Mounting thread (process connection), BSP or KfBiTsize of thread refer to specifications).
3. Lagging extension length, if required.

4. If model 1232 probe, state preferred thermoaotype (refer to specifications).

August 2007 (W2 tech
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MODEL

Application

Temperature Range

OXYGEN PROBE SPECIFICATIONS

1231 1232

Furnaces operating Furnaces operating
below 900°C above 700°C with
refer to note 1 no contaminants.

0 to 900°C 700 to 1400°C

(0 to 500C with filter fitted)

Length 250 to 2000 mm 500 to 1000 mm

Process 11/2" BSP 3/4" BSP

Connection or NPT or NT

Electrical Weather-proof plug-in connector or optional sctemminals. The plug connector is

Connection supplied with the cable. Ex(e) heads have scrawitals.

Cable Order a specific length with the analyser exceptfizardous installations where the
cable is supplied by the customer.

Heater Yes No

Furnace Thermocouple Refer to note 3

Response Time Typically < 4 secs.

R or S, integral

Typically < 1 sec

Head Temperature

Reference Gas
Ref Air Connection

Optional Filter

-25 to 100°C with weatherproof connector
-25 to 150°C with screw terminals

Ambient air 50 cc/min approx. Pump supplied veittalyser
1/4" Tube Integral air line in probe cable oregral ¥4" tube.

Sintered titanium alloy
particulate filter, replaceable,

30 or 15 micron.

Calibration Check Gas 1/8" NPT female
Connection

Weight 2 kg plus 165 g/ 100 mm

Notes:

1/8" NPT female

1 kg plus 100 g / 100 mm

1. Care must be taken to avoid contact with explosivieflammable gases with 1231 heated probes. téotia

analysers have built in safety protection.

2. Please contact factory for corrosives other thfphsm or zinc. We can provide test materials yarryour

atmosphere.

Pagel0
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OXYGEN PROBE MODEL SELECTION GUIDE

Heated probes-temperature range 0-900°C.

1231 - U Length - Outer - Internal - Mounting
Sheath Thermocouple Thread
Basic model 2. 250mm 1.316 SS max 850°C 1. TypeaK @00°C 1.BSP
3. 500mm 2. Inconel *(1) 2. NPT
4. 750mm
5. 1000mm
6. 1500mm
7.2000mm
*Note:

1. The Inconel option has all inconel wetted partsegxdor the ceramic sensor and viton ‘O’ rings.

Unheated probes for clean gases-temperature rang@-7400°C.

1232 - U Length - Outer Sheath - Internal Thermocople - Mounting Thread
Basic model 3. 500mm 1. 253 MA-max 1200°C 1. NRY*( 1. 3/4” BSP fixed
4. 750mm 4. Type R max 1400°C 2. 3/4" NPT fixed
5. 1000mm
6. 1500mm

3. High Purity Alumina
max 1300°C Horizontal
max 1400°C Vertical

4. 446 SS max 1000°C

*Note:

1. For applications up to 1200°C it may be more ecdoahto use a separate type “K” or “N” thermocougian the
internal “R” thermocouple. It is important thas@parate thermocouple senses the same temperadutesoxygen

probe tip.
August 2007 \ m—
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1.3 Purge & Calibration Check Accessories

Due to the absolute measurement characteristizisaninia sensors and the self calibration featofé¢ovatech
analysers, probe calibration checks with calibratasl are not normally required. In some instalietihowever
customers prefer the have a calibration checkitiacil

Novatech probes and analysers provide a ready ohethconnecting on-line calibration check gasekeyTprovide on-
line automatic checking of probe and analyser catibn, as well as a probe purge facility.

The absolute characteristics of zirconia sensaysire only one calibration check gas to properlgaththe probe’s
performance. Where required however, the duatghisration check facility can be utilised.

Dirty furnace applications often require the badkge facility to keep a probe filter free from bkage. (In these
applications, it is more reliable to install prolpesnting vertically downwards with no filter). Rye and calibration
check solenoid valves can be operated manuallytonaatically from a 1638 analyser.

The external components required for automaticriuabgas calibration checking are:
« A calibration check gas flow meter/regulator
« A mains voltage (240 or 110 VAC) solenoid valve éaich calibration check gas

The external components required for automaticriuabpurging are:
« A mains voltage (240 or 110 VAC) purge solenoidseal
« A purge pressure switch, 0 to 35 kPa (0 to 5 psidest for filter blockage.

The user should supply:

» Span gas cylinder(s), typically 2 % oxygen in rgea or a similar percentage af 6lose to the normal level in the
gas stream being measured, to ensure fast recovery

e A 100 kPa (15 psi) clean and dry nitrogen supplgmvfilter purging is required.

1.4 Filter Purge Pressure Switch

To automatically sense a blocked probe filter,espure sensor should be connected to the ‘purgetdi the probe
‘cal’ port. It should be adjusted so that it engeg just above the purge pressure with a neweandilter installed.
The switch contacts should be connected to tersih2l& 13 (PURGE FL SWITCH). If the filter is $tillocked or
partly blocked after an auto purge cycle, the pnesswitch will energise and cause a ‘Probe Fidecked’ alarm. The
contacts must be normally closed.

The pressure switch should have an adjustable @in@¢o 35 kPa (0 to 5 psi).

WY tech August 2007

Page12 CONTROLS i 1638 Oxygen Analyser



DESCRIPTION

SECTION

NUMBER

2.1 THE ANNEALING PROCESS

2.2 THE OBJECTIVE OF ATMOSPHERE MONITORING
2.3 WHAT DO WE NEED TO MEASURE?

2.4 ZIRCONIA OXYGEN PROBE MEASUREMENT
2.5 OTHER TYPES OF OXYGEN MEASUREMENT
2.6 DEW POINT MEASUREMENT

2.7 IN-SITU OXYGEN PROBES

2.8 THE ZIRCONIA SENSOR

2.9 THE ANALYSER

2.10 ALARMS

2.11 HEATER

2.12 APPLICATIONS WHERE SENSING POINT
IS NOT AT ATMOSPHERIC PRESSURE

2.13 PROBE IMPEDANCE

2.14 AUTO CALIBRATION—ELECTRONICS

2.15 AUTO CALIBRATION CHECKING—PROBES

2.16 AUTO PURGE

2.17 RS 485 AND 232-C PORT

2.18 AUXILIARY TEMPERATURE THERMOCOUPLE

2.19 WATCHDOG TIMER

2.20 BACK UP BATTERY
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DESCRIPTION

2.1 The Annealing Process (or other similar applidsons)

The annealing process is carried out in an atmaspdfenydrogen and nitrogen to protect the surfe#dbe steel from
oxidising and discolouring during the annealinggess. There is usually some air leakage in a éeraad the
hydrogen serves to “mop up” the oxygen by combinisity) it to form water vapour.

2.2 The Objective of Atmosphere Monitoring
The primary objective of monitoring the furnace agphere is to be able to measure whether themtaalict in the
furnace will become oxidised during the processtangise an alarm to warn the operator that theeagproblem.

2.3 What Do We Need to Measure?

The variable that we need to measure to monitoatim®sphere to prevent oxidation of the produthiésoxygen partial
pressure at the surface of the steel. At anyqaati furnace temperature, there is a unique oxygetial pressure,
above which the steel will tend to oxidise and telehich no oxidation will occur. The steel actsaasatalyst in the
hydrogen / nitrogen bringing the gas at the surtdase to chemical equilibrium. The compositiortted gas at the
surface is normally different from that of the gesmrby. For example, trace oxygen is quickly cotegeto water
vapour.

In the gas, a reaction to form water vapour reguialisions involving two hydrogen molecules amé @xygen
molecule, the probability of which is low. On therface of the steel, one or the other of the nubdscbecomes partly
immobilised. This increases the probability ofcssful collisions to form water vapour. Esseltigas molecules
are held on the steel surface, waiting for the dempntary molecule(s) to arrive.

2.4 Zirconia Oxygen Probe Measurement

The catalytic process which occurs on the surfd¢lheosteel also occurs on a zirconia oxygen serghis means that
the measurement of the oxygen level with a zircomiggen sensor exactly duplicates the equilibriamditions of the

gas at the surface of the steel. It measuresxidation potential of the gas or its potential tamthge or discolour the
steel.

2.5 Other Types of Oxygen Measurement

Other types of oxygen analysers such as a paraniagnalyser measure the unreacted molecular tvetygen in the
furnace atmosphere, which has no direct thermodiyneetationship with the effect of the gas on tteet These
analysers are not useful for measuring the oxidgimtential in annealing furnace atmospheres.

2.6 Dew Point Measurement

Dew point measurement was commonly used in thelastuse dew point analysers were the only techp@weailable
at the time. Dew point can be related to the diddapotential of the furnace atmosphere but thetienship depends
on how much hydrogen is available at the surfadbetteel. With dew point held constant, if tiydrogen level
varies, so will the oxidation potential of the aBphere. Dew point measurement is not the bestadethmeasurement
because of this. Also dew point instruments nolgntave limited reliability in on-line applicatiore annealing
furnaces.

With a known hydrogen level, the dew point in thenfice can be calculated. This is provided asuggubon a
standard Novatech 1638 analyser but we recommendsth of the oxygen output from the same analyBeth outputs
are available simultaneously for operators whonaoee used to furnace dew point levels. The dewtmmitput
however is only an approximate guide if the hydrogel in the furnace varies.

2.7 In-Situ Oxygen Probes

There are very few oxygen probes on the markegiwban operate reliably in an annealing furnacesfinere at
furnace temperatures. Novatech probes have beetoged in co-operation with BHP steel for annegfurnace
applications to provide a reliable measurementrfonitoring both continuous and batch furnaces. Bid® have 60
Novatech probes and analysers installed to prtteat products during the annealing process. Thessing probes
give long life with no need for calibration. Thest important feature however is that Novatech exrygrobes
measure the oxygen partial pressure just as itre@the surface of the steel.

WY tech August 2007
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2.8 The Zirconia Sensor

The analyser input is provided from a solid eldgteooxygen probe, which contains a zirconia elenagl
thermocouple. The probe is designed to be insémtech furnace. Sampling lines and filters arerequired for in-situ
probes. When a sampling line is required, the $affigws to the sensor under process pressure gt applications.

In applications where the process pressure is ivegat neutral, a suction pump will be required.reference air pump
is provided in the 1638 oxygen analyser. The makconstruction of a probe is shown as follows.

.~ Internal electrode wire
Ther nocoupl e | ]
Wres \i\
! | Four - Bor e Ther nocoupl e
External Wre I nsul ating Tubing
Cont act
—TT [ Al umi na Tube
@ @
@ @
O @
@ @
@ @
@ @
& = Th |
ermocoupl e
Heat er 8 % Junction
(required only
with heated @ @
pr obes) \ Q O
O N /,Q/ Internal Electrode
) @
ST
El ectrode Materi al ) Ziconia Disc Q

Schematic View of a Sensor Assembly

The heater control in the 1638 analysers consfsigime proportioning temperature controller anticsstate relay so
that the thermocouple junction is controlled to ®20 Probes operating in a combustion environmbeavea 650°C do
not require a heater. When exposed to differepyen partial pressures at the outside and insideea$ensor, an EMF
(E) is developed which obeys the Nernst equation:

. RT (PG,) INSIDE
E (millivolts) =2F loge (PO, OUTSID

Where T is the temperature (K) at the disc (>650FCis the gas constant, F is the Faraday conatah(PQ) INSIDE
and (PQ) OUTSIDE are the oxygen partial pressures atrtheriand outer electrodes, respectively, with ighdr
oxygen partial pressure electrode being positive.

If dry air at atmospheric pressure, (21 % oxygen)sed as a reference gas at the inner electiroalfgltowing
equations are obtained:

E (millivolts) = 2.154 x 1& T loge WEJJ:FSIDE

Transposing this equation
-46.421E
(%0,) OUTSIDE (ATM) =0.21 EXP—F

The 1638 transmitter solves this equation whickaigd above 650°C. The probe heater, or the pooesntains the
sensor temperature at this level.

2.9 The Analyser

The 1638 analyser is a transmitter with two 4 tar29outputs. One output is % oxygen or dew poiith welectable
zero and span. The second output can be selextiglapoint, oxygen, auxiliary temperature or seEdF. Four
alarm relays are provided. Refer to the sectioBsaAd 4.3 for more details.

The 1638 analyser is designed to operate withreithe or two heated or unheated, zirconia probesénprocess. If
two probes are being used, the analyser can avérageo oxygen and dew point signals, alarm wieng is a high
difference, transmit and display the average aridfividual oxygen signals.

If heated probes are being used, the analysemaithtain the temperature of the sensor(s) at 720 analyser
solves the Nernst equation and will provide acaicatygen measurements up to 1500°C (2730°F), ajthoost
probes are suitable only to 1400°C (2250°F). 1#ted probes are limited to 900°C (1650°F).
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2.10 Alarms
Refer to OPERATOR FUNCTIONS Section 4 for detailsadarm functions.

2.11 Heater

CAUTION
The probe heater is supplied with mains voltagkis Supply has electrical shock danger to maintemaersonnel.
Always isolate the analyser before working with finebe.
The EARTH wire (green) from the probe maktays be connected to earth.

The heater is supplied from the mains power diyeethd the temperature is controlled initially 207 C after turn on.

2.12  Applications Where Sensing Point Is Not At Atraspheric Pressure

To apply the 1638 analyser to processes, whenrdesyre at the point of measurement is signifigatibve or below
atmospheric pressure, then compensation must biedpRefer to Set-up Steps 34 and 35 in Sedibjh If two
sensors are being used, they must be close taihe gressure.

2.13 Probe Impedance

The probe impedance is a basic measurement oéliability of the oxygen reading. A probe with iglhimpedance
reading will eventually produce erroneous signdlle analyser regularly checks the probe impedandsf the
impedance is above the maximum level for a spetgfigperature then the impedance alarm will be aml. Typical
probe impedance is 1(Kto 8 KQ at 720° C.

2.14  Auto Calibration - Electronics

The analyser input section is self calibrating.efehare no adjustments. The analog to digital edawinput stages are
checked against a precision reference source dibtlatad once every minute. Should the input etetts drift

slightly then the drift will be automatically compsated for within the microprocessor. If a larg®eoccurs due to an
electronic fault then an ‘ADC CAL FAIL’ alarm withccur.

A one-off calibration procedure of the precisioference sources should never need to be repeatétefmstrument
life unless the instrument has been repaired. F@saription of the calibration procedure, refeiSetting Up The
Analyser’ Section 5.5, items 7, 8 9 and 10.

The digital to analog converters or output sectibthe analyser are tested for accuracy every miand if they are
found to have an error then a ‘ADC CAL FAIL’ alammill occur. The D/A sections are re-calibrateddgssing the
‘AUTO CAL’ button on the keyboard while in 'SET-Uode.

All output signals will drop to 0 mA for a one secbperiod. It is suggested that a D/A re-calilmathe performed
after the instrument has stabilised, approxima®@lyninutes after first switching on and after $gftUp The Analyser
Section 5.5, items 6, 7, 8 and 9 have been complated then annually.

2.15  Auto Calibration CHECKING - probes

On-line automatic gas calibration check is not redlyrrequired. Where it is required however, thelg can be
checked for accuracy in-situ and on-line. Solenailves can admit up to two calibrated gas mixtimesthe probe via
solenoid valves under microprocessor control dmad basis. For details on installation refer BecB.11. For details
on setting up this facility refer to Set-up stefistd 53 in Section 5.5.

During probe auto calibration checking, the analysgput will freeze and remain frozen for a furthejustable period,
allowing the probe time to recover and continueligthe furnace oxygen level.

Calibration check gases may be manually admittegrbgsing the ‘CAL’ buttons on the keyboard whiléRUN’
mode. The analyser output is frozen during thegng of these buttons and immediately becomegeastien the
button is released. If calibration gas checkingnabled in the Set-up menu for either gas, amaatio gas cycle can
be started by pressing the ‘CAL’ buttons in RUN mod he cycle can be terminated by pressing argr dithitton.
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2.16 Auto Purge

In steel annealing applications it is expected thatfurnace will be gas fired. However, in oitlagoal fired plant, it is
possible for the probe sensing filter to becomekdd. An automatic purge cycle can be set up aoettolast of air or
nitrogen, maximum 100 kPa., will automatically bditish the probe filter on a timed basis. RefeS&t-up steps 36 to
40 in Section 5.5. A purge pressure switch wilisgeif there is insufficient flow to clear the dittduring the purge
cycle. In this case a ‘PROBE FILTER’ alarm willar. The probe can be manually purged from thé&ayd while

in ‘RUN’ mode. The analyser output is not frozemidg or after the pressing of this button.

Automatic or manual purge is not available if twolpes are being used. However, one of the gakahéput could

be used to purge the filter.

2.17 RS 485 and RS 232C Port

The serial port is for connecting a printer, a datmer, or any computer with an RS485 MODBUS 32-Z port. It
can be used to monitor the transmitter and praogésgging the values of functions selected in stef the Set-up
menu in Section 5.5. The log period may be seleictstep 71, and the baud rate may be set inpsstep 72. Alarms,
including the time they occurred, will be transeiitto the printer and computer whenever they aseifiitiated,
accepted and cleared. The protocol for the spadlis eight data bits, one stop bit, no pari®fease contact the
factory for further details on serial communicatiamith external systems such as computers, DCSX.@r's.

The MODBUS address is set in step 81 of the sethepu.

2.18  Auxiliary Temperature Thermocouple
A furnace thermocouple should also be connectedhwdheadditional temperature display or transmisigdal is
required. This input is not available if two prelare being used.

2.19 Watchdog Timer

The watchdog timer is started if the microprocedaits to pulse it within any one second period, (fails to run its
normal program). The microprocessor will then é&get up to three times until normal operation ssineed. Reset
cycles are displayed by the POWER light on the kayt). A steady ‘ON'’ light indicates normal opeoati If the
program has not resumed normal operation aftee thitempts to reset, the common alarm relay wikhdtevated. The
reset function will continue repeatedly after thegrm. If a successful reset is achieved, the alsithbe cancelled and
the analyser will continue to run normally.

2.20 Back-Up Battery

The transmitter's RAM and real-time clock are batke by a lithium battery in the event of powetues. All set-up
variables are saved and the clock is kept runrongbproximately ten years with the power off. Tadgtery module
should be replaced every 8 years. (It is the batieaped device clipped in a socket labelled Mihen1630-1 PCB)
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INSTALLATION &
COMMISSIONING

SECTION
NUMBER INSTALLATION
3.1 MOUNTING THE ANALYSER
3.2 INSTALLING THE OXYGEN PROBE
3.3 INSTALLING THE AUXILIARY THERMOCOUPLE
3.4 SHIELD CONNECTIONS
35 ELECTRICAL CONNECTIONS
3.6 HEATER INTERLOCK RELAYS
3.7 CONNECTING AN OXYGEN PROBE CABLE
3.8 CONNECTING THE AUXILIARY THERMOCOUPLE (OPTIONAL
3.9 CONNECTING THE OUTPUT CHANNELS
3.10 CONNECTING THE ALARMS
3.11 CONNECTING THE AUTOMATIC PURGE & CALIBRATION BECK SYSTEM
3.12 CONNECTING REFERENCE AIR
3.13 CONNECTING THE DUAL FUEL INPUT
3.14 CONNECTING THE PRINTER
3.15 CONNECTING THE ANALYSER TO A MODBUS™ NETWORK
COMMISSIONING
3.16 CONNECTING POWER
3.17 COMMISSIONING - SET-UP MODE
3.18 COMMISSIONING - RUN MODE
3.19 BURNER BY-PASS SWITCH
3.20 CHECKING ALARMS
3.21 PROBE AND SENSOR CALIBRATION CHECK
3.22 FILTER PURGE SET-UP PROCEDURE
3.23 CALIBRATION CHECK GAS SET-UP PROCEDURE
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INSTALLATION

3.1 Mounting the Analyser
Surface mount the transmitter case on to a fldasaror bracket, using the four mounting bracketsiged.

| o |
‘ 280mm T
NS
L
Gland Plate o
— 40mm—~-— 200mm—~
16— g — Q E —
+—al® e | B
T c REAR VIEW REAR VIEW !
= E
LH Horizontal Mounting Brackets Vertical Mounting Brackets ™
Qe @I [9 9

= ||
128 T 9%
325mm f—250mm

Case Mounting Dimensions

3.2 Installing a 1231 Oxygen Probe

Weld a BSP or NPT socket to the furnace in a sld@tpbsition for sensing the furnace atmosphere.th@®correct size
of socket refer to probe data in Section 1. Thgger probe is normally installed pointimgrtially upwards in
removable cover, coil annealing furnace. Probesceamounted at any angle. If there are any paaties in the
furnace, the filter can be omitted by pointing ghebe vertically downwards. Otherwise the filteray have to be
replaced periodically.

If installing a probe into a hot environment, slitie probe in slowly to avoid thermal shock to ititernal ceramic
parts. If the furnace is 1000°C, it should takpragimately ten minutes to install a 500 mm. prabeving it in about
20 mm steps.

CAUTION
The oxygen probe should protrude into the furnadeast 25 mm. If the furnace has high velocity é&culation a
filter should be used on 1231 oxygen probes oexineme cases, a flow diverting vane. Withouttarfor vane the fa
velocity can cool the 1231 heater.

-

Although it is rare, occasionally a probe may semsgen vastly differently from the average readimthe furnace. |
it occurs, then the probe should be moved, or gdoprobe installed. This phenomena is normallysed by
stratification of the furnace atmosphere.
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3.3 Installing the Auxiliary Thermocouple
Weld a 1/2 inch BSP mounting socket to the furnaitiein about 300 mm, and upstream of the oxygei@roThe
thermocouple should be of similar length to thegety probe to prevent furnace temperature distobugirors.

3.4 Shield Connections

All external wiring to the 1638 analyser shoulddhéelded. Do not connect shields at the field eBuinply clip off and
insulate. An extra terminal strip may be requitedonnect all shields together. This should hmked by the
installer.
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3.5 Electrical Connections

All wiring should comply with local electrical cogle The printed circuit boards are fully floatingoae earth. All earth
and shield connections should be connected toatih stud on the LHS inside the case. Before cdioreof mains
power check that the 115 / 230 volt power selestotch is set to the correct voltage.

Probe +

Probe -

Probe TC+
Probe TG
Probe TC2/ Ax+
Probe T2/ Ax-
+12V

R/ P+

R/ P-
Qange —© 10 Sers #2+
Born —©0 11 Sers #2-

12 Puge How

13 Puge How

14 Rel 1/ 2

15 Rel 1/ 2

16 Remote Aarm
17 Remote Aarm
18 Bumer On Input
19 Bumer On Input
20 RS 232 Rx
21 RS 232 T

22 Network -

23 Network +

24 Serial Common
25 Quiput 1+

26 Qutput 1-

27 Quiput 2+

28 Qutput 2-

29 Common Aarm
30 Common Aarm
31 Aarm 2

32 Aarm 2

33 Aarm 3

34 Aarm 3

35 Aarm 4

36 Aarm 4

Bolm —©
Back —o

Back —o
Bue — 0

©CoO~NOOOU D WNE

Burer safety
o if safety
not required
terminals 18 &

— =

HOOOOOO

4- 20mA Qutputs
Selectable
ranges

41 Puge Sd
42 Puge Sd
43 G 1
44 A 1
45 Gd 2 S
46 Gal 2 S

Qptional Aarm
Relay Contacts
Normally Closed

O 0 OO0 OO0 OO0 OO0 O0OO0OO0OO0OO0OO0O O0

O 0 O 0O O O

47 Mairs E

Mains Power
240/ 115\ C

49 Mains N
50 Mains A

O O O O
&

SENSCR #2
Wite ——© 51 Heater #1
Wite ——©0 52 Heater #1
Wite ——© 53 Heater #2
White —0 54 Heater #2

SENSCR #1

Connection Diagram for 1638 Analyser and one or twd231 Heated Sensors
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All wiring should comply with local electrical cogle The printed circuit boards are fully floatingoae earth. All earth
and shield connections should be connected toatih stud on the LHS inside the case. Before cdioreof mains
power check that the 115 / 230 volt power selestotch is set to the correct voltage.

Probe +

Probe -

Probe TC+
Probe TG
Probe TC2/ A+
Probe T2/ Ax-
+12V

R/ P+

R/ P-

10 Sers #2+

11 Sens #2-

——Back ’iz

©CoO~NOOUDWNE

£OOO(L

Qange —
Back

L

Burer safety lock
o if safety interlock
not required, link

12 Purge How Saitch
13 Purge How Saitch
14 Fuel 1/ 2
15 Fuel 1/ 2

terminals 18 & 19

— =

16 Remote Aarm Reset
17 Remote Aarm Reset
18 Bumer On Input
19 Bumer On Input
20 RS 232 Rx
21 RS 232 T

22 Network -

23 Network +

24 Serial Common
25 Quiput 1+

26 Qutput 1-

27 Quiput 2+

28 Qutput 2-

29 Common Aarm
30 Common Aarm
31 Aarm 2

32 Aarm 2

33 Aarm 3

34 Aarm 3

35 Aarm 4

36 Aarm 4

HOOOOOO

4- 20mA Qutputs
Selectable —

ranges

41 Puge Sd
42 Puge Sd
43 G 1
44 A 1
45 Gd 2 S
46 Gdl 2 S

Qptional Aarm
Relay Contacts
Normally Closed

O 0 OO0 OO0 OO0 OO0 O0OO0OO0OO0OO0OO0O O0

O 0 O 0O O O

47 Mairs E

Mains Power Supply
240/ 115w C

49 Mains N
50 Mains A

O O O O

PRCBE #2
—0 51 Heater #1
—©0 52 Heater #1
—0 53 Heater #2
—O 54 Heater #2

PRCBE #1

Connection Diagram for 1638 Analyser and one or twd232 Unheated Sensors
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3.6 Heater Interlock Relays

CAUTION

Explosion protection for heated probes is achidwedwitching the power to the probe heater off véven the main
fuel valve is closed.

The principle of safety is that if the main fuelwais open then main flame has been establiskéith this primary
source of ignition on, the probe heater can bdysafetched on. The most dangerous situation fisef or hydrogen
leaks into the furnace when the fuel valve is alos@/hen power is removed from the main fuel vahesheater shoul
be switched off.

To achieve this protection, connect a main fuel@alioltage free contact to the ‘BURNER ON SWITCEfrhinals 18
& 19. When the main fuel valve is open, the vadtége contact should be closed. For installatioimsre there is no
risk of explosion, connect a link between termimalsnber 18 & 19.

Heater Supply Interlock Connection For Heated Probe

For Safety Interlock 4/ O 18

Contact must be closed Burner on Switch
when main fuel valve is open O 19

3.7 Connecting an Oxygen Probe Cable
Connect the probe lead as shown in the followirayvitigs. Unheated probe leads have integral rederain tube. An
adaptor has been supplied to connect this tubadaey inch flexible PVC tubing, from the air pumpreference air

supply.
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Probe Head

Connector
4‘>

Plug mounted
on head viewed
from outside of

—

1/4" PVC tube to
reference air supply.

Zirconia
Sensor :::

Probe GC;

Thermocouple
(Optional)

Note 1: Jumper terminals 3 & 4

head.
Reducing Fitting
Rif Air
Orange [
A g 1 Probe +
‘ r \ Black
B 2 Probe -
*Note 1 —
3 Probe TC +
Red
E 4 Probe TC -
C  E—
\\H
Green &
Yellow
(Shield)
Shield
Other Common
: 2 Shields Terminal Block
to terminals 5 & 6 if (By Installer)
efficiency or flue
temperature display is
required.
Use copper wire.
Mains ] Earth Stud
Earth

Connection of Probe Cable for Unheated Probes Moddi232

Connection of Probe Cable for Heated Probes Model2B1

m o1 ¢ - §-_me e

e . . S i

i 0 ]

e l— G (jﬁl& we }2
e e
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3.8 Connecting the Auxiliary Thermocouple (option§

For 1231 heated probes, the auxiliary thermocoomplst be a separate TC with the junction isolatethfearth,
mounted near to and upstream of the oxygen prttmEan be either type K or R. It is optional.efficiency, oxygen
deficiency or auxiliary temperature display or saniited signals are not required, then an auxillayis not necessary.

3.9 Connecting the Output Channels
The two 4 to 20 mA DC output channels are capabtiieing into a 100Q load.

3.10 Connecting the Alarms

A common alarm, which should be connected forrtallations initiates on alarms functions desaribelow. Three
additional alarm relays are available for sele@dbhctions as listed in Section 4.2 and 4.3. Eatdy has normally
closed contacts. The contacts will open in alaomd@ion except for the optional horn function whigperates with
normally open contacts. Relays are connectedliasvi

Relay Terminal Numbers

Common Alarm 29 & 30

Alarm 2 31&32

Alarm 3 33&34

Alarm 4 35 & 36

Common Alarms  All of the following conditions will cause a commalarm -
ADC Warning
DAC Warning

ADC Calibration Fail

DAC Calibration Fail

Sensor 1 Fail

Sensor 2 Fail **

Heater 1 Fail

Heater 2 Fail **

Sensor 1 TC Open

Sensor 2 TC Open **

Aux. TC Open

Reference Air Pump Falil

Mains Frequency Check fail

Probe Filter Blocked

Gas 1 or 2 Calibration Check Error

Memory device fail

Burner bypass Switch on

Watchdog Timer
The watchdog timer is a special alarm. It willderthe common alarm to activate in the event ofcaaprocessor
failure. There will not be an alarm message disgdabut the analyser will reset.

Alarms can be accepted by either pressing the ddatton (viewing the alarm messages), or by temgmrEosing a
switch connected to terminals 16 & 17, REM ALARM &&ET.

Alarm relay 2 to 4 Select any one or all of the following for eactaye Refer 5 to Section 5.5, steps 54 to 66
Oxygen Deviation High **
Dew point Deviation High **
High oxygen probe 1
High oxygen probe 2
High dew point probe 1
High dew point probe 2
High oxygen deviation between probes
High dew point deviation between probes
Probe under temperature
Calibration check in progress
Probe purge in progress
Alarm horn function (Relay 4 only)
** These alarms are only available if two sensanes selected
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3.11 Connecting the Automatic Purge and Calibration Chek System

CAUTION
The purge and calibration solenoid valves are segplith mains voltage. This supply has electrgtadck danger to
maintenance personnel. Always isolate the analysfere working with the purge and calibration solé valves.

The on-line auto purge and calibration check sysseoptional. For details on its operation refeSections 1.3, 1.4,
2.9 and 2.10.

To automatically sense a blocked probe filter,espure sensor should be connected to the ‘purgetdi the probe
‘cal’ port. It should be adjusted so that it engeg just above the purge pressure with a neweandilter installed.
The switch contacts should be connected to tersihal& 13 (PURGE FL SWITCH).

If the filter is still blocked or partly blockedtaf an auto purge cycle, the pressure switch wirgise and cause a
‘Probe Filter Blocked’ alarm.

After installation the purge/cal system should ésted thoroughly for leaks. Any leaks can caugeaifsiant errors if
the furnace is at negative pressure. If the fugnaat positive pressure, an outward leak canecanigosion in the
purge/cal system piping and fittings.

Note: If two probes are being used, the purge iswailable, and Cal 2 gas must be connected toep?o

o 4 Pup

o & Pue

M 0 O 3 C4d
ACSands

o 4 cdsd

O 45 Ccad

o %6 Cad

Automatic Purge & Calibration check System Wiring Shematic

Calibration Check Gas
Flowmeter/Regulator

25 litres/min
240VAC
From terminals 43 & 44
To Oxygen Probe
CAL' port CAL Check Gas #1
140 kPa max
240VAC
From terminals 45 & 46
CAL Check Gas #2
140 kPa max
240VAC
From terminals 41 & 42
Clear & Dry Purge
Air Supply
140 kPa Max

Automatic Purge & Calibration check System Piping $hematic
3.12 Connecting Reference Air
A 1/4” tube connector on the analyser should beneoted via a nylon, copper or stainless steel toltlee ‘REF’
connector on the probe.
If two probes are being used, a “T” union must iyepdied to provide reference air supply to bothbe®
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3.13 Connecting the Dual Fuel Input
If efficiency display is required and the appliaimeeapable of firing more than one fuel, then semal contact must
be connected for the analyser to determine whiehiubeing burnt. See Figure 3.12 for details.

Contacts to be open FUEL 1 O 14
is running and closed when FUEL 1/2
FUEL 2 is running. O 15

Fuel Selector Input Contact Connection

3.14 Connecting the Printer

A printer with a serial port, or a data loggeracctomputer terminal may be connected to RS 23248eonetwork port.
Data is logged out of the port as arranged in upetteps 70 and 71. The baud rate is selectalsketinp step 72. The
RS-232 protocol for the serial port is eight ddta,lmne stop bit, no parity.

Serial Port Connections

PRNTER

DATALOGGER

O2A rszx
O2  Newk
OB Newo
O 24 Secom
Adittr
RS485navok
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3.15 Connecting The Analyser To A Modbu®" Network
The analyser can be networked to other analysersoam network master. The network uses the a@aRS485 port.
Up to 31 analysers can be connected to the netwarkcan be interrogated by the Network Master.

NOTE: Hardware Protocol Selection

For the RS485 port on the analyser to operatdirtké.K3 on the 1630-1 printed circuit board (maed on the door
of the analyser) must be set to the RS485 posiliba.LK3 is accessed by removing the cover frondiher PCB. It is
located at the bottom of the circuit board.

NOTE: Terminating Resistor

There is a terminating 100 ohm resistor fittedh® 1630-1 PCB. Link LK2, in the bottom left-harmatier of the PCB
on the door, is used to connect the terminatingtiaas Link LK2 must be removed on all analysexsemtthe analyser
on the_end of the network lindf the network line from the analysers is takem the middle of the analyser network
string, a terminating resistor should be enablatl WK2 at each end if the network line.

The protocol of the network is —
Baud Rate 9600
Parity none
Stop Bits 1
RS485  Half Duplex
Mode RTU (binary mode)

For more details see Section 2.12 and Appendix 6.

Oxygen Analyser #1

o 22 Network -

0 23 Network +
O 24 Network Cor

Network Master

Network - ©

Network + O
Network Com

Oxygen Analyser #2

o 22 Network -
O 23 Network -

O 24 Network Cor

Oxygen Analyser 31

22 Network -
O 23 Network +

O 24 Network Com

Network Connections
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COMMISSIONING

3.16 Connecting Power

Before commissioning the probe, sensor or tranemitead the CAUTION paragraphs at the front of thanual.
Check that the mains supply voltage switch is @etHe correct supply voltage, and that the gregiléw EARTH wire
MUST be connected to earth.

3.17 Commissioning - Set-Up Mode
Press the SET-UP button to select the ‘SET-UP’ mddest of the default settings of the function8 lae correct, or
will have been pre-set at the factory. Refer toti®a 5.5 for more details.

Check the following set-up functions -
2t0 6 Date /time
710 10 Reference voltages
11 & 12  Probe offset
22 & 23  Sensor type

26t0 28  Output channel #1
29to 31  Output channel #2

37 Auto purge

41 Auto gas calibration checking
54t0 69  Alarm set-up

80 Hydrogen level

3.18 Commissioning - Run Mode

When the analyser is turned on it will go to RUNd®ao The SET-UP/RUN button will toggle betweentiie modes.

The upper line of the display will now read ‘% OX¥@'. If the probe temperature is not above 65GtCRrobe Low
Temperature” message will be flashed on the lower. IThe probe temperature can be checked omer line of the
display.

3.19 Burner Bypass Switch

Heated probes and sensors should have their legaply interlocked. If the combustion appliancads$ running, then
power will not be supplied to the heater. To cossitin an oxygen probe when the main burner is tLofife switch
power off the analyser, remove the probe from thedce.

Re-apply power to the analyser, press the BURNERPBBS switch into the ‘DOWN’ or ‘ON’ position. Téiwill
apply power to the probe heater even when the @anit running. The offset can now be set anibicion checked
with appropriate calibration check gases (typicaly oxygen in nitrogen).

Ensure that the burner by-pass switch and the parecturned off before the probe is re-installéd. alarm will occur
if the BURNER BY-PASS switch is turned on (downyidg normal operation.

3.20 Checking the Alarms

If any alarms are present the alarm LED will bedither flashing or steady. To interpret therakgrpress the alarm
button until all alarm functions have been dispthy®ectify the cause of each alarm until no furtdarms appear on
the display. For details on the operation of tlaena button and the alarm functions refer to Sectio

3.21 Probe Calibration

The zirconia sensor provides an absolute measutesherygen partial pressure. There are no cdiimaadjustments,
apart from ‘SENSOR OFFSET’, for the probe. Thebgr&MF is either correct or replacement is requiréd check
that the probe is functioning correctly, firstlyetik that the high impedance alarm is not activateging a ‘SENSOR
FAIL" alarm. The actual impedance can be displayedhe lower line. It should be less thanQ Kt 720C.

Once it has been established that the impedamuenisal, the offset may be set using the milliveitdl marked on the
oxygen probe. Refer to Section 5.5.11. The puadfset can be tested on site. A small flow ofrairst be admitted to
both the ‘REF’ and ‘CAL’ ports when testing the peo offset. If the probe is in the process, theraist fully purge the
probe sensor without interference from the progasssample.
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3.22 Filter Purging

Purging probe filters is controlled from the ‘PURGitton on the analyser when in ‘RUN’ mode. IfJUAO PURGE’
has been enabled in set-up 37, pressing the PURG&kwill start the automatic cycle. Pressing ather button will
cancel the auto purge cycle. If AUTO PURGE waser@bled, the purge solenoid will only stay opereflong as
the button is pressed. Gradually adjust the pgegesupply regulator, increasing the pressure suifiicient flow is
obtained to clear the filter. This is best checkétti a dirty filter after a period of operatiory ithdrawing the probe
from service and watching any build up on the ffilieing blown off at the set pressure. NormallykB@ (5 psi) is
adequate but the air pressure may be set as higboOdsPa (15 psi).

3.23 Calibration Gas Check

If the installation has a filter purge facility,tgbis up first. Refer to the previous paragragPress the ‘CAL 1 or ‘CAL
2’ button while in ‘SET UP’ mode to obtain a reaable flow through the calibration check gas floeten. If air is
being used as a calibration check gas, use thHeairthe regulator for filter purge. Then, whetttisg up a gas for
calibration checking, set the pressure from thibion gas cylinder so that it is the same agtiessure set on the air
regulator. Then the setting on the rotameten flegulator will be the same as that for the aiwfl Required flows are
about 2 litres per minute.

Air is not the best gas for calibration checkingeozirconia sensor. The output of a zirconia sengith reference air
is zero millivolts. It is better to choose a gatue which provides a reasonable output from the@eand which is
near to the process oxygen level. A cylinder @ oxygen in nitrogen is a commonly used calibrajas. The
maximum pressure on the calibration check gas agtimegulators is 100 kPa (15 psi).

Note: If two probes were selected in set-up 1, Gas 2’ must be connected to probe 2.

3.24 Dust in the Furnace

For unheated probes with no filter, entrained sotiddust in the furnace does not present a probldess the dust,
when settled, is not porous. Allow the dust inphecess to build up on the probe. It will formp@ous layer slowing
the response time. To avoid mechanical abrasidheogélectrode material in installations with urtkelzoxygen probes,
pack ‘SAFFIL’ or equivalent alumina based ceraniice in the sensing holes to protect the electrdde.not use silica
based ceramic fibres such as ‘KAOWOOL', which cttack the electrode at high temperatures. Oncdibkehas built
up the response time of the probe will be slower.

For heated probes the preferred method of moufindust laden applications is facing verticallyaavards with the
filter removed. Probes can also be mounted hot@igrwith no filter with some dusts. An occasibaatomatic back
purge is helpful in this case.

Normally heated probes are supplied with filtensdpplications with particulate in the furnace. eTgrobe response
time should be tested when the probe is first lestaand then regularly until it remains constfamta significant
period. Filter purging should be set up on thestpperiods determined by these tests. To testrthteepesponse time,
use a stop watch to obtain the time for a protectoeve a 63 % change from one reading to anotharprobe filter
blocks completely in a short period of time, theere is no option but to use the probe withouffittes.
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OPERATOR
FUNCTIONS

SECTION
NUMBER

4.1
4.2
4.3
4.4
4.5

DISPLAY BUTTON

ALARM BUTTON

ALARM SCHEDULE
POWER LAMP

BURNER BYPASS SWITCH
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OPERATOR FUNCTIONS (RUN MODE)

4.1 Display Button
The upper line on the display will always read %gen for probe 1. The following are available display on the
lower line.

DEW POINT MEASURED BY PROBE 1

DEW POINT MEASURED BY PROBE 2 **

DEW POINT AVERAGE MEASURED BY PROBES 1 AND 2 **
OXYGEN PROBE 2 **

OXYGEN AVERAGE OF PROBES 1 AND 2 **

SENSOR 1 EMF (millivolts)

SENSOR 2 EMF (millivolts) **

SENSOR 1 TEMPERATURE

. SENSOR 2 TEMPERATURE ** or AUXILIARY TEMPERATURE
10.SENSOR 1 IMPEDANCE

11.SENSOR 2 IMPEDANCE **

12.AMBIENT TEMPERATURE

13.AMBIENT RELATIVE HUMIDITY

14.DATE / TIME

15.RUN HOURS SINCE LAST SERVICE

16.DATE OF LAST SERVICE

** available when 2 sensors selected in set-up 1

CoNoO~WNE

Any number of these variables can be displayedesgiglly by pressing the ‘DISPLAY’ button. Itemarcbe selected
for display or deleted in Set-up step 33 on thébkeyd. In addition to the above lower line displahe analyser will
automatically display:

“Sensor 1 Temp Low”, when probe one is below 650°C
“Sensor 2 Temp Low”, when probe two is below 650°C

“Gas 1 ON”, “Gas 2 ON” for Calibration check Ghsr 2
“Purging Probe”

“Sensor 1 Thermocouple Wrong Polarity”
“Sensor 2 Thermocouple Wrong Polarity”

“Aux Thermocouple Wrong Polarity”

NOTE:

1. The run time will be the period of time the BURNERI SWITCH (terminals 18 & 19) contact is closed (main
fuel valve open). If no explosion protection igu&ed, a permanent bridge between the BURNER ONT®M
terminals will register run time whenever the asalyis powered.

2. This timer can be used as a probe replacementranoiler service schedule aid. The start timeget by changing
the ‘'SERVICE DAY’ in set-up mode on the keyboard.

3. If you hold the display button down as you switchtbe power, the maximum ambient temperature witieh
instrument has been subjected to, will be displayBEds temperature should be less thats0
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4.2 Alarm Button

Repeatedly pressing the ‘ALARM’ button will produakarm displays in sequence on the lower line eflt&D display.

If an alarm has cleared prior to pressing the ‘AlMPutton, it will not re-appear on a second rurotigh the alarms.

Active alarms which have been previously display@tihave ‘acc’ (accepted in lower case), displagbohgside. New
alarms will not have ‘ACC’ (in upper case) displdymtil a second press of the ‘ALARM’ button. Aftibe last active

alarm is indicated, the lower line of the displall veturn to the last displayed lower line variablAlarms may also be
accepted remotely by a temporary closure of a bvatmnected to terminal 16 & 17, ‘REMOTE ALARM REBE

The alarm ‘LED’ will flash when there is an un-apted alarm. Pressing the ‘ALARM’ button will caube LED to go
steady if any alarms are still active, or extingufghere are no active alarms. The horn reldyagierate when an
alarm occurs. Pressing ‘ALARM’ will mute a horrag (if one of the user configurable relays haverbselected as a
‘Horn’ relay) which will re-initiate on any new alas.

4.3 Alarm Schedule

4.3.1 Summary of Alarms - COMMON ALARM

1. ‘Sensor 1 Fail’

2. ‘Sensor 2 Fail’

Oxygen cell or electrode failure (high impedangmhibited under 650°C).

3. ‘Heater 1 Fail’

4. 'Heater 2 Fall’

In the first 20 minutes of power being appliedhe heater after being switched on, this alarmmati occur, but a
‘Sensor # Lo Temp’ display will occur and commoarai relay will be activated. Refer to Section 6.1flan ADC
alarms occurs, the heaters will automatically badd off.

5. ‘Sensor 1 TC Open’
6. ‘Sensor 1 TC Open’
Probe thermocouple is open circuit. The heatbested probes will switch off.

7. ‘Aux TC Open’
Stack thermocouple is open circuit. If the thermgale is not needed, select “NO T/C” for “Aux TCp&/ or place a
short circuit between terminals 5 & 6.

8. ‘Ref Pump Fail’
The reference air pump in the analyser has failed.

9. ‘ADC Cal Fail’
The analog to digital converter has been foundtafitside the normal calibration specificatiorns.this case the
probe heater will automatically be turned off.

10. ‘Mains Freq’
The sample of the mains frequency has failed.

11. ‘DAC Cal Fail
The digital to analog and voltage isolator cirdwas been found to fall outside the normal calibrapecifications.
This check is only performed when the ‘AUTO CAL'ttan is pressed. Refer to Section 6.3.

12. ‘Probe Filter

Blocked probe filter. This test is only performeten automatic purging of the probe is requeskefer to step 36 in
the set-up menu Section 5.5. This alarm will mseet until the next purge cycle which can be itetiamanually or
automatically.

13. ‘Gas 1 Cal Err’
Probe does not correctly calibrate to calibratibaak gas 1.

14. ‘Gas 2 Cal Err’
Probe does not correctly calibrate to calibratibaak gas 2.

15. ‘Burner bypass’
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The safety interlock relay has been bypassed roynimion the ‘BURNER BYPASS' switch on the termimainted
circuit board. Refer to Section 3.18

16. ‘Watchdog Timer’

Microprocessor error. This alarm will not appeartbe display. The common alarm relay will be &at@pen circuit.
If the watchdog timer senses a malfunction in theroprocessor, it will attempt to reset the analyseery 2 seconds.
After two resets the alarm relay contacts will g circuit.

17. ‘BB RAM Fail”
The battery backed memory module has failed iniservThe device normally lasts 10 years. It esphug-in battery
like module on the 1630 -1 board, labelled M1.

4.3.2 Summary of Alarms - SELECTABLE ALARMS
NOTE: The process alarms must be enabled in sB#éprequired.
There are three user configurable alarm relaysy dkrall of the following functions can be selecfedeach relay.

18. ‘Dew Point 1 High”

The dew point measured by probe 1 (Dew Point 1 Highbove the limit set in set-up 59, and has likere for longer
than the time set in set-up 60.

19. ‘Dew Point 2 High”

The dew point measured by probe 2 (Dew Point 2 Highbove the limit set in set-up 61, and has likere for longer
than the time set in set-up 62.

20. ‘Oxygen % 1 High”

The oxygen measured by probe 1 (Oxygen % 1 Highbdsse the limit set in set-up 55, and has beeae thoe longer
than the time set in set-up 56.

21. ‘Oxygen % 2 High”

The oxygen measured by probe 2 (Oxygen % 2 Highbdsse the limit set in set-up 57, and has beeae thoe longer
than the time set in set-up 58.

22. ‘Oxygen % deviation High”
The oxygen difference measured by probe 1 andaBase the limit set in set-up 65, and has beer tliedonger than
the time set in set-up 66.

23. ‘Dew point deviation High”
The dew point difference measured by probe 1 aiscaBove the limit set in set-up 63, and has bkeretfor longer
than the time set in set-up 64.

24. ‘Probe Temperature’

The probe temperature is under 850 The oxygen an dew point readings are theréfwadid. If the sensor heater has
been on for more than 20 minutes and the temperauess than 63C a ‘heater fail’ alarm will occur.

NOTE:

The ‘Probe Temp’ relay function is used with unleegprobes to indicate oxygen reading is invalie {thobe is below
650°C), in case the process temperature falls b#sievel. For heated probes this relay willdmergised while the
probe is heating up from ambient.

25. ‘Cal in Progress’
A calibration check is occurring, either manuat RUN mode) or automatic

26. ‘Probe Purge’
A probe purge is occurring, either manual ( in Ridde) or automatic

27. Alarm Horn

This is not an alarm condition. If one of the thieser configureable alarm relays have ‘Alarm Hemabled, the relay
will have closed contacts only when there is araccepted alarm on the analyser. Press the alattion twice to
accept any new alarm and to cancel the horn réeféys is only available on relay 4.

4.3.3 Alarm Relays
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The alarm relays are fail safe. That is, the atistwill be closed during normal operation, and & open circuit if
there is an alarm or if the power is removed fromanalyser.

4.4 Power Lamp

Illuminates when power is connected to the analyfehe lamp is flashing, the watchdog timer tiempting to reset
the microprocessor. Replace the 1630-1 micropence3CB.

4.5 Burner Bypass Switch

This switch is mounted on the terminal PCB neaRBAVER switch.

Before the heater in a heated probe, or the alaithse enabled, the probes must be enabled. Téeréwo ways of
doing this.

Use the safety interlock on terminals 18 & 19 (BUERON switch), or press the BURNER BYPASS switclhio ON
position. While the BURNER BYPASS switch is onrievill be an alarm, “Burner Bypass”.

If it is not needed to have the analyser interldckéth the combustion appliance terminals 18 & &8 be connected
together.
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SETTING UP THE
ANALYSER

SECTION
NUMBER
5.1 SET-UP MODE SUMMARY
5.2 SET-UP & RUN MODES
5.3 FUNCTION SELECT
5.4 ENTER OPTION OR VALUE
55 SET-UP FUNCTION DETAILS
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SET-UP MODE SUMMARY

51 Set-Up Mode Functions

O©CoO~NOOULDWNPE

36
37

Set-up steps 38to 40 will be skipped automatigalljo’ is selected in set-up step 37.

38
39
40

41

Number of Sensors

Calender Year

Calender Month

Calender Day

Real time clock Hour

Real time clock Minutes

Reference voltage #1

Reference voltage #2

Reference voltage #3

Reference voltage #4

Sensor 1 offset

Sensor 2 offset

Output channel number 1 calibration

Output channel number 1 calibration, 4mA trim
Output channel number 1 calibration, 20mA trim
Output channel number 2 calibration

Output channel number 2 calibration, 4mA trim
Output channel number 2 calibration, 20mA trim
Service record year

Service record month

Service record day

Sensor 1 Type

Sensor 2 Type

Sensor 1 Thermocouple Type

Sensor 2, Auxiliary Thermocouple Type
Transmitter Output Channel 1 scale
Transmitter Zero Channel 1

Transmitter Span Channel 1

Transmitter Output Channel 2 scale
Transmitter Zero Channel 2

Transmitter Span Channel 2
Centigrade/Fahrenheit Selection

Lower Line Display Functions

Flue Pressure mm/inches/kilopascals

Flue Pressure Value

Purge/Cal Time
Automatic Purge

Time Between Purges
Purge Duration
Purge Freeze Time

Number of Cal Gases

Set-up steps 42 to 47 may be skipped automatiadlyending on the selection in set-up step 41.

42
43
44
45
46
47

48
49
50
51
52

Oxygen Content of Cal Gas 1

Maximum Acceptable Positive Error Gas 1
Maximum Acceptable Negative Error Gas 1
Period Between Gas 1 Autocals

Duration of Autocal Gas 1

Freeze Time Gas 1

Oxygen Content Of Cal Gas 2

Maximum Acceptable Positive Error Gas 2
Maximum Acceptable Negative Error Gas 2
Period Between Gas 2 Autocals

Duration of Autocal Gas 2
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53 Freeze Time Gas 2
54  Process alarm enable

Set-up steps 55 and 66 may be skipped automatic@pending on the selection in set-up steps 58&and
55  High oxygen alarm sensor #1 level
56  High oxygen alarm sensor #1 delay time
57  High oxygen alarm sensor #2 level
58  High oxygen alarm sensor #2 delay time
59  High dew point sensor #1 level
60  High dew point sensor #1 delay time
61  High dew point sensor #2 level
62  High dew point sensor #2 delay time
63  High dew point deviation level
64  High dew point deviation delay time
65  High oxygen deviation level
66  High oxygen deviation delay time
Set-up steps 67 and 70 may be skipped automatic@pending on the selection in set-up steps 58&and
67  High pre-reaction oxygen warning alarm sendole#el
68  High pre-reaction oxygen alarm sensor #1 level
69  High pre-reaction oxygen warning alarm sengole#el
70  High pre-reaction oxygen alarm sensor #2 level

71  Alarm relay number 2 function select
72  Alarm relay number 3 function select
73  Alarm relay number 4 function select

74 Data to Print
75  Print Log Period
76 Printer Baud Rate

77  Reference air pump mode selection
Set-up steps 78 may be skipped automatically, akpgron the selection in set-up step 77.
78  Reference air RH

79  Damping factor
80 Digital output filter enable

81  External hydrogen level input enable
Set-up steps 82 and 83 may be skipped automatic&pending on the selection in set-up step 81.
82  External hydrogen level input zero level
83  External hydrogen level input span level
Set-up step 84 may be skipped automatically, dapgrah the selection in set-up step 81.
84  Fixed hydrogen level

85  Instrument operating mode. Pre-reaction oxymebew point
86  MODBUS address, 0 for no MODBUS communications

5.2 Set-Up & Run MODES
For the SET-UP mode keyboard to operate, presSETeUP / RUN button. The set-up light will comewhen the
set-up mode has been entered.

NOTE:

Set-up mode cannot be entered if the keyboarddadich on the inside of the analyser is in the WBifon. The
keyboard lock switch can be found on the door PGEB(-2), on the lock side, at the top. If accesattiempted while
the keyboard is locked, the messdtiegal Access’ will be displayed.

The temperature of a heated probe may fall if #iteup mode is used for more than 2 minutes.

While the analyser is in set-up mode the outpulisbgifrozen. All the of the functions written BLUE will now
operate. If there are not any buttons pressetl foinute the analyser will automatically reverRON mode.

If purges or an auto-calibration check occurs wtiikeanalyser is in set-up mode, they will be dedbyntil the analyser
is returned to RUN mode.
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To cancel an automatic purge or calibration chegle; press AUTO CAL button while in RUN mode.

5.3 Function Select
When the SET-UP mode is entered, the analyseawitimatically read the last set-up function sebkcte

To select other functions, operate the ‘FUNCTI®@Nbutton to increment to the next function, or ‘FGRION Vv’ to
decrement to the previous function.

5.4 Enter Option or Value

A. Options.

To step through the available options for eachtfongress the ‘OPTIOM\’ or ‘OPTION Vv’ buttons.

When the required option is selected press the ERIMbutton. An asterisk will then appear alongdide option
selected. When stepping through the set-up fumstithe display will always first indicate the lagtions entered. The
‘Lower Line Select’ and ‘Data To Print’ set-up iterB3 and 70 are multiple options. One or moreoogtimay be
selected for these functions.

B Values

To set a value for a particular function press'@RTION A’ button to increase the value and the ‘OPTI@Nbutton
to decrease the value. A momentary press will ghdhe value one digit. Holding the button wilkolge the value
more quickly. Once the correct option or valudigplayed it can be entered into the analyser'sangbyy pressing the
‘ENTER’ button. When a value has been enteredstariak will appear at the R.H.S. of the loweelin

Oxadenl 4.

Oew Fritld

POWER ALARM SETUP

® ® ®
f Display\ [ Alarm ) [ Setup A

Function Option Run
\, J \, J
[ cal1 ) [ cal 2 ) rPurge’

v v
Function Option Enter Autocal
\, J \ J \, J

1638 Oxygen Analyser Keyboard

5.5 Set-Up Function Details
Note: The * indicates the default setting after a COLDART. See Section 6.1

1. Number of sensors

Options

Select the number of oxygen probes or sensors lsiag.
1 Sensor *

2 Sensors

2. Calender year
Options
Select the current year for the real time clocleeer.
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The cold start default sets the date and timedsdftware version date.

3. Calender month
Options
Select the current month for the real time clodiefoder.

4. Calender day
Options
Select the current day for the real time clock/cdés.

5. Real time clock hour
Options Select the current hour for the real time clock4 Kour format)

6. Real time clock minutes
Options
Select the current minutes for the real time clock.

7. Reference voltage # 1 (about 27.5 mV’s)

Options

Set the value of the reference voltage as read®i/a digit multimeter (See Section 6.2 for furtdetails).
27.55 mVv *

8. Reference voltage # 2 (.about 194 mV’s)

Options

Set the value of the reference voltage as read3h/a digit multimeter (See Section 6.2 for furtdetails).
193.60 mV *

9. Reference voltage # 3 (about 1200 mV’s)

Options

Set the value of the reference voltage as read®i/a digit multimeter (See Section 6.2 for furtdetails).
1202.00 mV *

10. Reference voltage # 4 (.about 2500 mV’s )

Options

Set the value of the reference voltage as read3h/a digit multimeter (See Section 6.2 for furtdetails).
2479.00 mV *

Set-up items 7 to 10 are used to calibrate the #¥/fbe instrument. This should be done 30 minatawore after the
instrument has been on. The calibration constaetsetained in battery backed memory unless a @OTART' is
performed. Connect a 3 1/2 digit multimeter negalead to the test point marked ‘C’ to the rightte PCB on the
inside of the door (labelled ‘REF VOLTS’). Meastihe four voltages on the test point marked 1 ¥ath the positive
lead. Refer to Figure 6.2 in the 1638 manual.eEtite measured values in set-up items 7 to 10enéfrer new values
are entered the D/A section should be re-calibraeder to Section 6.3.

11. Set Probe Or Sensor 1 Offset

12. Set Probe Or Sensor 2 Offs@ivhen 2 sensors are selected in set-up 1)

A new EMF offset must be entered whenever a new@xyrobe or sensor is installed to calibrate fyraffset an
individual probe or sensor may have. Each proksensor will have an offset value noted on a reti@veag. Enter
the ‘'SENSOR OFFSET’ value with the underline paari

eg. if offset value is -1.2 mV. enter -1.2 mVheTtypical maximum is 2mV.

To check a probe or sensor offset on site, thegooslsensor must be sensing air with referencarairallowed to settle
at the probe operating temperature for 30 minuResad the offset in ‘RUN’ mode in millivolts on thawer line.

Offset errors can occur if the sensor does not Bawee air passing over it. A gentle flow of aittie calibration check
port can be provided by a reference air pump oilaim

For heated probes or sensors, if the combustioliaage is not operational and the probe or sensaten is interlocked
with the ‘BURNER ON’ signal, the ‘BURNER BYPASS’ seh should be set to ‘ON to power the probe heatier
removing the probe from the flue.
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CAUTION DANGER

Return the ‘BURNER BYPASS’ switch to normal (of@fore installing the probe in the flue.

For unheated probes, the probe sensing tip mustibed to at least 650°C with a portable furna@ezailable as an
accessory).

Determine the probe or sensor offset in ‘RUN’ mo&elect ‘Sensor EMF’ on the lower line. With pedh air,
stabilised at temperature for 30 minutes, readSbasor EMF’. Switch back to ‘set-up’ mode andegnBensor Offset’
of equal value and the same polarity.

eg. Ifthe measured 'SENSOR OFFSET’ was -1.2 ranter -1.2 mV.

When reading the EMF offset, the flue pressure @araation must be set. If the probe has been rairfomm the flue,
set the flue pressure compensation to 0 in setegp35.

13. 4 to 20 mA Calibration Options, Channel #1

Select the calibration method for the 4-20mA outghannel #1.

The output channels can be either calibrated bplgipressing the ‘AUTO CAL’ button, or can be trirachat both the
4mA and 20mA ends of the scale using an extern#timater.

Options:

1. Auto Calibration *

2. Manual Calibration

3. Set4mA Trim

4, Set 20mA Trim

If ‘AUTO CAL' is selected, the output channel idibaated when ‘Auto Cal’ is initiated from the keylrd (See section
6.3).

If ‘MAN CAL’ is selected, it is necessary to trinoth ends of the 4-20mA output range using the 4mA20mA
options in this menu item. Selecting ‘MAN CAL’ iilfits the ‘Auto Cal’ process of this channel.

Always do the 4mA trim first, and then the 20mAutri After trimming both ends of the scale, retura t
‘CALIBRATION OPTIONS’ menu option back to ‘MAN CAL{not ‘AUTO CAL’), or the calibration factors wibbe
over written by the next ‘AUTO CAL'.

For more details on calibrating the output chanrsde section 6.3.

NOTE: If the analyser will only stay in either ‘40TRIM’ or 20mA TRIM’ modes for 30 minutes befoie
automatically returns to ‘MAN AL’

14. Calibrate 4mA, Channel #1

This menu item only appears if ‘Set 4mA Trim’' edexted in Set-up 13.

Range 0 to 25mA, Default is 4.00mA

For full details on the calibration of the 4-20mitput channels, see section 6.3.

15. Calibrate 20mA, Channel #1
This menu item only appears if ‘Set 20mA Trimseected in Set-up 13.
Range 0 to 25mA, Default is 20.00mA

16. 4 to 20 mA Calibration Options, Channel #2
Select the calibration method for the 4-20mA outghdnnel #1.
For more details, see Set-up 13 and section 6.3.

Options:

1. Auto Calibration *

2. Manual Calibration

3. Set4mA Trim

4. Set 20mA Trim

17. Calibrate 4mA, Channel #2
This menu item only appears if ‘Set 4mA Trim’' edexted in Set-up 16.
Range 0 to 25mA, Default is 4.00mA
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For full details on the calibration of the 4-20mitput channels, see section 6.3.

18. Calibrate 20mA, Channel #2
This menu item only appears if ‘Set 20mA Trimseected in Set-up 16.
Range 0 to 25mA, Default is 20.00mA

19. Enter Service Year

For a new ‘DATE OF LAST SERVICE’, enter the servit®AR’. This can represent the last time the prals sensor
was serviced or the last time the boiler was sed:idt is recommended that probes and sensorsfindished every
two years

20. Enter Service Month

Enter the current ‘MONTH'.

21. Enter Service Day
End the current ‘DAY’ of the month. Altering theegalues will reset the ‘RUN TIME’.

22. Sensor 1 Type
23. Sensor 2 Type

Options

Model No. Enter the probe or sensor model numbeasé

1. 1231/1234 Heated * Heated Probe or sensor
2. 1232 Unheated Unheated Probe

24. Probe Or Sensor 1 Thermocouple Type
25. Probe or Sensor 2 Thermocouple Typ@nhen 2 sensors are selected in set-up 1)

Auxiliary Thermocouple Type (When 1 sensor is selected in set-up 1)
The probe can have either a type K, R, or N theouple as a sensor temperature detector. A 123femoa 1234
sensor will always have a K thermocouple, and 28 usually have an R thermocouple.

Options

1. K * Check in the manual Section 1

2. R for the probe model number.

3. NOT/C If no TC type is to be used for arxifiary use.

26. Transmitter Output Channel 1

Select the type of output required from ChanneAll.of the outputs from channel #1 are signalsegated from probe
#1, even if two sensors are selected in set-uddrmally dew point would be selected as the primgpot signal. The
reducing output is fixed at 185% to 1030% oxygen to cover the range of dew point readirfgs:. the range of the
outputs see the table below.

Options:

1. Linear oxygen probe 1

2. Reducing oxygen, probe 1

3. Dew point, probe 1 * (only available if Dew poistselected in set-up 85)

4. Pre-reaction oxygen, probe 1 * (only availablBiié-reaction is selected in set-up 85)

5. Linear oxygen probe 1 and 2 averaged (only aviaildil2 sensors are selected in set-up 1)

6. Reducing oxygen, probe 1 and 2 averaged  (onlyahailif 2 sensors are selected in set-up 1)

7. Dew point, probe 1 and 2 averaged (only avail#flesensors are selected in set-up 1 and if Dewwtp

is selected in set-up 85)
8. Pre-reaction oxygen, probe 1 and 2 averaged (aalijadle if 2 sensors are selected in set-up lifdRde-reaction
is selected in set-up 85)
9. No Output
Note:
The average dew point, pre-reaction oxygen, li@aand Reducing ©selections will automatically select the
operating probe if one probe fails, or selects prblif both probes fail.

27. Transmitter Zero Channel 1
Select transmitter zero for output Channel 1le @ble below.
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28. Transmitter Span Channel 1
Select transmitter span for output Channel le t8ble below.

Output Zero Range Span Range Default Setting
LINEAR OXYGEN #1 0 to 99% oxygen 1 to 100% oxygen toL00%
REDUCING OXYGEN #1 10169 fixed 1030 10-16¢0 1026
DEW POINT #1 -60 to +20 °C -40 to +40 °C -60 #Wo+*C
-76 to +68 °F -8 to +104 °F
1° steps 1° steps
PRE-REACTION OXYGEN #1 0 oxygen fixed 1to 10.0%yg&n 0to 4.0%
LINEAR OXYGEN #1 and #2 0 to 99% oxygen 1 to 100%gen 0 to 100%
REDUCING OXYGEN #1 and #2 136% 10-30 10-16t0 10-30
DEW POINT #1 and #2 -60 to +20 °C -40 to +40 °C 60 to +40°C
-76 to +68 °F -8 to +104 °F
1° steps 1° steps
PRE-REACTION OXYGEN #1 and #2
0 fixed oxygen 1 to 10.0% oxygen 0to 4.0%
Note:

The last four items (average of probe 1 and 2)oalhg available if two sensors are selected inuget-

29. Transmitter Output Channel 2
Select transmitter output for output Channel 2.

Options:

1. Linear oxygen % probe 2 (‘or probe 1, if 1 sens@elected in set-up 1)

2. Reducing oxygen, probe 2 (‘or probe 1, if 1 seiseelected in set-up 1)

3. Dew point, probe 2 (or probe 1, if 1 sensor lseced in set-up 1)

4. Pre-reaction oxygen, probe 2 (only available $ERsors are selected in set-up 1 and if Pre-reactio

is selected in set-up 85)

5. EMF sensor 1

6. EMF sensor 2 ( not available if 1 sensor is setboteset-up 1)

7. Auxiliary thermocouple ( not available if 2 sensare selected in set-up 1, or if NO TC is seleated
set-up 25)

8. No Output

30. Transmitter Zero Channel 2
The output zero and span of Channel 2 is set inssteps 30 and 31. Range limits are shown below.

31. Transmitter Span Channel 2

Output Zero Range Span Range Default Setting
LINEAR OXYGEN #2 0 to 99% oxygen 1 to 100% oxygen toL00%
REDUCING OXYGEN #2 101 to 10-25% 1075 to 10730% 10-16t0 10-26
(see Note 1) oxygen in one oxygen in one

decade steps, decade steps. Min

span five decades.

DEW POINT #2 -60 to +20 °C -40 to +40 °C -60 #o+C
-76 to +68 °F -8 to +104 °F
1° steps 1° steps
\ | m— August 2007
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PRE-REACTION OXYGEN #2 0 oxygen fixed 1 to 10.0%yg&n 0to 4.0%

SENSOR EMF #1 0to 1200 mV in 100 to 1300 mV 036amv
100 mV steps in 100 mV steps
SENSOR EMF #2 0to 1200 mV in 100 to 1300 mV 036amv
100 mV steps in 100 mV steps
AUX TEMPERATURE 0 to 100 °Cin 100 to 1400 °Cin 0 to 1300C
100 ° C steps 100 ° C steps
NOTE
1 Note that the reducing oxygen span is showrhertisplay as the exponent only. -1 represent$ #oxygen.

32. Centigrade/Fahrenheit Selection

Select whether displays and outputs are to beJelSius or Fahrenheit
Options:

1. Celsius (Centigrade) *

2. Fahrenheit

33. Lower Line Display Functions

In the run mode the upper line on the LCD displdlyatways read % oxygen. The lower line can bietseead one or
more of the following. Select as many as are reguio be displayed by pressing the ‘ENTER’ buttdose selected
will have an asterisk displayed alongside.

Options:

Probe 2 oxygen **

Probe 1 and 2 oxygen averaged **

Sensor 1 EMF

Sensor 2 EMF **

Probe 1 temperature

Probe 2 temperature, Auxiliary temperature ( thlsdepend if one or two sensors are selectedtiupel )
Sensor 1 impedance

Sensor 2 impedance **

. Ambient temperature

10.Relative humidity

11.Dew point probe 1

12.Dew point probe 2 **

13.Pre-reactive oxygen probe 1

14.Pre-reactive oxygen probe 2 **

15.Dew point probe 1 and 2 averaged **

16.Date and time

17.Run hours since last service

18.Date of last service

CoNoO~WNE

** This will not appear if only one sensor is sakatin set-up 1
If no lower line options are required then do nutee any. If options already selected are requindak deleted, select
the required option and press the ‘ENTER’ buttdihe asterisk will be removed.

34. Flue Pressure

Enter flue pressure units, eg. 3 mm W.G.
Options:

mm W.G. *

Kilopascals

Inches W.G.

35. Flue Pressure Value

Enter flue pressure e.g. 3 mm WG. The defaulingeis 0
Limits :

-200 to +200 mm W.G.
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-9 to +9 inches W.G.
-200 to +200 kpa.

36. Purge/ Cal Time

Set the first purge to occur at the correct timgl@f. If purging is not required but on-line agts calibration check is
required, enter a time-of-day value suitable ferdlato calibration checks. Cal Gas 1 will be @&t@ minutes after the
purge/cal time and Cal Gas 2, 20 minutes afteneither purge nor auto calibration check is reggliiignore this time
setting.

Range:

0 to 23 hours in one hour steps. The default tgvi? noon.

37. Automatic Purge

For some oil and coal fired plant, probe filters aecessary and should be back-purged with suffifiequency to
avoid blocked filters. The outputs will be frozaéuring purging. If no purge is required, set-ugpst38, 39 and 40 will
be skipped.

Options:

Yes

No *

38. Time Between Purges
Set the time between purges eg. a two hourly porgel00 hourly purge.

Range:
1 to 199 hours. Default setting is 24 hours.

39. Purge Duration

Set up purge duration to a number between thred¢esmsieconds. The filter is actually purged irs l&n one second,
but three seconds are required for the purge fleitck to check that the filter is not blocked.

Range:

0 to 10 seconds. Default setting is 10 seconds.

40. Purge Freeze Time

After the purge period the transmitter output wélinain fixed (frozen) for an adjustable periocliow the probe
reading to return to the correct process levelamid output ‘bumps’. The freeze period time regdiwill depend on
the probe response time and thus its design, &ether it has a filter or not.

To determine the required freeze time, manualljoper a purge while the plant is in operation antertbe time
required for the reading to return to the correocpss level within approximately 0.5 % oxygen.

Range:

100 to 1000 seconds in ten second steps. Desettiihg is 60 seconds.

41. Number of Cal Gases

Select the number of cal gases 0, 1 or 2. For pkgrane may be air (20.9 % oxygen) and the otlérdxygen
Options:

No Cal Gases *

Single Gas

Two Cal Gas

During the timed calibration check periods the $raitter outputs will be frozen and the analysel aldrm if readings
are not within the accuracy limits sets in set4gps 43 and 44. If autocal is not required ert€ CAL GAS’ and the
transmitter will step to set-up 54.

42. Oxygen Content of Cal Gas 1

Enter value of Cal Gas 1 (to one decimal point).
Range:

0.1 to 20.9 % oxygen. Default setting is 8.0 %g®n.

43. Maximum Acceptable Positive Error Gas 1

Set the maximum positive error above which the s’G&al Error’ alarm will be initiated after thened period set in
set-up step 47.

Range:
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0.1 to 3.0 % oxygen. The default setting is 0.6%¢gen.

44. Maximum Acceptable Negative Error Gas 1

Set the maximum negative error below which the ‘G&al Error’ alarm will be initiated after the tat period set in
set-up step 47.

Range:

0.1 to 3.0 % oxygen. The default setting is 0.2%¥¢gen.

45. Period Between Gas 1 Autocals

Set the number of hours between autocal Gas Ypidal time would be 24 or 168 hours. (Daily orekly).
Range:

1 to 1999 hours. The default setting is 1 hour.

46. Duration Of Autocal Gas 1

Set the number of seconds that the autocal gasa@dl@ill be open. At the end of this period,hittoxygen level
measured is not within the limits set for Cal Gaar2‘Gas 2 Cal Error’ will initiate. To determitige minimum time
required for a particular length or design of praiesettle, manually admit cal gas while obsenthrgoxygen reading
in ‘RUN’ mode. Typical minimum times vary from Eeconds to 90 seconds, depending on the probélandtgas
plumbing arrangement. If there is a filter fittedthe oxygen probe, the calibration check readiiigoe much closer to
the actual gas value.

Range:
0 to 90 seconds. The default setting is 10 sexzond

47. Freeze Time Gas 1

After the Cal Gas 1 period, the transmitter outpillitremain fixed (frozen) for an adjustable peritdallow the probe
reading to return to the correct process levelamid output ‘bumps’. The freeze period time rieeg will depend on
the probe response time, and whether or not inHdter fitted.

Range:

10 to 100 seconds in ten second steps. The tiskitihg is 30 seconds. To determine the requieste time,
manually perform a calibration check with Gas 1levie plant is in operation and note the time iregiufor the
reading to return to the correct process leveliwigpproximately 0.5 % oxygen.

48 to 53. Cal Gas 2 Parameters
Enter the same requirements for Cal Gas 2 as pepsgeps 42 to 47 for Cal Gas 1. Cal Gas 2 ctypitally be 2 %
oxygen in nitrogen.

54. Process Alarm Enable

If process alarms are not required, ‘NO’ can beated. There will not be any process related aayemerated, and all
process alarms will be cancelled, if ‘NO’ is seéztt

The process alarms are High dew point, High dewtpdéviation, High pre-reaction oxygen, High oxygeow

oxygen, Oxygen deviation, and Very low oxygen.

Options:

Yes

No *

55. High Oxygen Alarm #1
Set the operating point for the high oxygen alaetay. This alarm monitors the oxygen level froralm 1.
The alarm level is set as an exponent value.
ie. If the alarm level is set to -18, an alarrii & initiated (after the time set in set-up S&he oxygen
measured by probe 1 is ®sor higher.
This menu item will only appear if Dew point iseetied in set-up 85.
Range:
-10 to -25. The default setting is -18.

56. High Oxygen Delay #1
Typically set at 10 seconds. This delay is to avnigance alarms when the furnace is undergoimgitians in firing
rate or gas changes which can cause it to deviate the oxygen set point, but recover quickly.
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This menu item will only appear if Dew point iseeted in set-up 85.
Range:
0-999 seconds. The default setting is 10 seconds.

57. High Oxygen Alarm #2
Set the operating point for the high oxygen alagtay. This alarm monitors the oxygen level froralge 2.
The alarm level is set as an exponent value.
ie. If the alarm level is set to -18, an alarrii e initiated (after the time set in set-up 58he oxygen
measured by probe 1 is T%®bor higher.
This menu item will only appear if Dew point iseetied in set-up 85.
Range:
-10 to -25. The default setting is -18.

58. High Oxygen Delay #2

Typically set at 10 seconds. This delay is to avaitsance alarms when the furnace is undergoimgitians in firing
rate or gas changes which can cause it to deviate the oxygen set point, but recover quickly.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

0-999 seconds. The default setting is 10 seconds.

59. High Dew Point #1

Set the operating point for the high dew pointmlaelay. This alarm monitors the dew point levehfi probe 1.
This menu item will only appear if Dew point iseetied in set-up 85.

The alarm level is set in degrees Centigrade.

Range:

-60 to -40. The default setting is -15.

60. High Dew Point Delay #1

Typically set at 10 seconds. This delay is to avaitsance alarms when the furnace is undergoimgitians in firing
rate or gas changes which can cause it to deviate the dew point set point, but recover quickly.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

0—-999 seconds. The default setting is 10 seconds.

61. High Dew Point #2

Set the operating point for the high dew pointmlaelay. This alarm monitors the dew point levehfi probe 2.
The alarm level is set in degrees Centigrade.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

-60 to -40. The default setting is -15.

62. High Dew Point Delay #2

Typically set at 10 seconds. This delay is to avaitsance alarms when the furnace is undergoimgitrans in firing
rate or gas changes which can cause it to deviate the dew point set point, but recover quickly.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

0-999 seconds. The default setting is 10 seconds.

63. High Dew Point Deviation

Set the operating point for the high dew point d&en alarm relay. This alarm monitors the dewnpdifference
between probe 1 and probe 2.

The alarm level is set in degrees Centigrade.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

-60 to -40. The default setting is 5.

64. High Dew Point Deviation Delay

Typically set at 10 seconds. This delay is to avaitsance alarms when there are short term den@irothe
atmosphere at the two probes.

This menu item will only appear if Dew point iseetied in set-up 85.
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Range:
0—-999 seconds. The default setting is 10 seconds.

65. High Oxygen Deviation

Set the operating point for the high dew pointmlaelay. This alarm monitors the dew point levehfi probe 2.

The alarm level is set in decades of oxygen %.[fithe alarm level is set to 2, the oxygen of pnebe would have to
be 100 times or 2 decades higher than the other.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

1-25 9% oxygen decades. The default setting is 2.

66. High Oxygen Deviation Delay

Typically set at 10 seconds. This delay is to avaitsance alarms when the furnace is undergoimgitians in firing
rate or gas changes which can cause it to deviate the dew point set point, but recover quickly.

This menu item will only appear if Dew point iseetied in set-up 85.

Range:

0—-999 seconds. The default setting is 10 seconds.

67. High Pre-reaction Oxygen #1 Warning

Set the operating point for the high pre-reactinygen warning alarm relay. This alarm monitors ihe-reaction
oxygen level from probe 1. This alarm could bedusegive an early warning that the oxygen is gdimthe appliance.
Perhaps corrective action could be taken wherathisn is activated. If the oxygen continues te asd reaches the
alarm level set in the next menu item a higherllefeontrol should be acted on. ie. The operatmuld start the
shutdown sequence.

The alarm level is set in %.

This menu item will only appear if Pre-reactiorsédected in set-up 85.

Range:

0.01 to 5.00. The default setting is 1.00.

68. High Pre-reaction Oxygen #1 Alarm

If the pre-reaction reaches this alarm level ieisommended that the shutdown sequence is stantdioef appliance.
The alarm level is set in %.

This menu item will only appear if Pre-reactiors&ected in set-up 85.

Range:

0.01 to 5.00. The default setting is 2.50.

69. High Pre-reaction Oxygen #2 Warning

Set the operating point for the high pre-reactinygen warning alarm relay. This alarm monitors ihe-reaction
oxygen level from probe 2 in the same way thaupe®7 monitors the pre-reaction oxygen level fraobe 1.
The alarm level is set in %.

This menu item will only appear if Pre-reactiorsédected in set-up 85.

Range:

0.01 to 5.00. The default setting is 1.00.

70. High Pre-reaction Oxygen #2 Alarm

This alarm monitors the pre-reaction oxygen levefrf probe 2 in the same way that set-up 69 mornitepre-reaction
oxygen level from probe 1.

The alarm level is set in %.

This menu item will only appear if Pre-reactiors&ected in set-up 85.

Range:

0.01 to 5.00. The default setting is 2.50.

71. Alarm Relay #2

Any or all of the following alarm functions may hised to activate the alarm relay. They may bectsdeor de-selected
using the ‘ENTER’ buttons as in set-up step 33.

Options :

1. Dew point 1 high

2. Dew point 2 high

3. Oxygen 1 high

4. Oxygen 2 high
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5. Oxygen deviation

6. Heater SSR Fall

7. Dew point deviation

8. Probe temperature

9. Gas calibration in progress
10.Purging probe in progress

72. Alarm Relay #3
Alarm relay #3 has the same functions availablelasn relay #2. See SET-UP 71.

73. Alarm Relay #4

Alarm relay #4 has the same functions availablelasn relay #2. See SET-UP 71.

In addition an alarm horn function is also avaiabl

If ‘Horn’ is selected it will override any otherlsetions. A relay selected as a ‘Horn’ driver willve the relay contacts
open circuit if there is an un-accepted alarm, @oded when a new alarm occurs.

74. Data to Print

Any or all of the following values may be printed a printer or computer connected to port 2. Tinay be selected or
de-selected using the ‘ENTER’ buttons as in sestep 33. The log period follows in set-up step Assample of a
print-out is contained in Appendix 3. RS to 232Gtpcol is :

Data word length Eight bits

Stop bits One

Parity None

Oxygen from probe 1 is always printed, plus antheffollowing

Options :

Probe 2 oxygen **

Probe 1 and 2 oxygen averaged **

Sensor 1 EMF

Sensor 2 EMF **

Sensor 1 temperature

Sensor 2 temperature, Auxiliary temperature (whisdepend if one or two sensors are selecteeirup 1)
Sensor 1 impedance

Sensor 2 impedance **

Ambient temperature

10 Relative humidity

11.Dew point probe 1

12.Dew point probe 2 **

13.Dew point probe 1 and 2 averaged **

14.Date to time

15.Run hours since last service

16.Date of last service

COoONOOR~WNE

** This will not appear if only one sensor is sakatin set-up 1

75. Print Log Period

Select the time interval between data print outtherprinter.
Range:

1 to 2000 minutes

76. Printer Baud Rate

Select the correct BAUD rate for data to be trattealiout of the port to the printer.
Options:

1200

2400

4800

9600 *

L‘mw August 2007

Pageb2 CONTROLE it 1638 Oxygen Analyser



77. Reference Air Selection

The reference air supply for the oxygen sensooimally supplied from the analyser. If the intdmpamp is not being
used, ‘External’ must be selected to stop the RRahp Fail’ alarm. If an external air supply thasta known relative
humidity, select ‘Instrument Air’. This will allowthe relative humidity level to be entered in set?8.

Less than half a litre per minute provides suffitieeference air for any sensor.

Note: If ‘Internal’ is selected, and a reference airflsgnsor is connected to CN8 on the 1630-2 (terjni@B, the
pump is cycled on and off within a minute.

Options:

Internal *

External

Instrument air

78. Reference Air Relative Humidity

This selection will only appear if ‘Instrument Ais selected in set-up 73.

If the reference air is being supplied from anrimstent air supply, the relative humidity will befdrent from the
ambient air being measured within the analyserthigicase set the set the RH to the RH of thewgiply. As a guide,
the RH of a compressor driven air supply is upG&ol

Range:

1-100%

79. Damping Factor

Each time a new reading is read from the oxygebeuy sensor, the new reading is averaged witlatieeadings
taken, before the new average is either displayeith® LCD, or sent to the 4 to 20 mA output. Th@sthing of the
oxygen signal is an exponential function. If adaof 5 is used, a step change of input signdltaide about 5 seconds
to reach 63% of the change on the output/disphyalue of zero entered here will mean that eveny neading from
the probe or sensor will be sent to the displaytared.

Range

0 to 20. Default setting is 5. Zero will turn thamping off.

80. Digital Output Filter Enable

If the dew point reading on the display or on th20doutput reads short duration unexpected chatigesligital filter
may be enabled to exclude these nuisance diversions

Options

Yes

No *

81. External Hydrogen Level Input Enable

If the hydrogen level in the furnace varies by mitvan 15% of the hydrogen value, automatic ondim@pensation can
be made by feeding the hydrogen level into the 1&&8yser. The signal must be proportional to bgdn, but can
represent any range (zero and span ) from 0 to 100%

The signal can either be a 0 to 5 volt or a 0 tan20level.

Normally the hydrogen in the furnace is constandl therefore select 'No' in this function, andssaydrogen level in
set-up 84.

Options

Yes

No *

82. External Hydrogen Level Input Zero Level

Set the zero level of your hydrogen level signal.

If your signal is proportional to hydrogen fromdb20 %, set this function to 5 %.

Range
0to 100 Default setting is 0 %

83. External Hydrogen Level Input Span Level
Set the span level of your hydrogen level signal.
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If your signal is proportional to hydrogen fromdb20 %, set this function to 20 %.

Range
0to 100 Default setting is 100 %

84. Fixed Hydrogen Level
Set the hydrogen of the furnace to be used indleulation of dew point. This is not required if external hydrogen
input is being used (set-up steps 82 and 83)

Range
0.0 to 100.0 Default setting is 6.5 %

85. Pre-reaction Oxygen or Dew Point Instrument Mde Selection

The 1638 has been designed to measure oxygenyiiragen/nitrogen atmosphere. However, to simplify operation
of the instrument, the 4-20mA output ranges, thenas and the lower line displays will tailored totshe selected
instrument mode.

Options
Dew Point *
Pre-reaction Oxygen

Range
0to 100 Default setting is 100 %

86. MODBUS™ Address

This function is used when networking of one or enanalyser back to a master computer or data afguisystem is
required. For more details on the functions ofMM@DBUS™ see Section 2.12, and Appendix 6.

The valid range of MODBUS' addresses is from 1 to 31. Any analyser with zetected as the MODBUS address
will have the MODBUSM disabled, and the data log function enabled.

For the connection details, see Section 3.15.

NOTE: If the MODBUS™ address is changed, the analyser must be turfiedidback on for the address change to
take effect.

Range:

0-31 Default setting is 0 which disables the MODBUS caminations.
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MAINTENANCE

SECTION
NUMBER

6.1
6.2
6.3
6.4
6.5
6.6

6.7
6.9
6.10
6.11
6.12
6.13

TRANSMITTER MAINTENANCE

COLD START

A/D CALIBRATION

D/A CALIBRATION

PUMP REPLACEMENT

BACK TO UP BATTERY REPLACEMENT
ELECTRONIC REPAIRS

PROBE & SENSOR MAINTENANCE

INSTALLING A NEW PROBE OR SENSOR
TEST EQUIPMENT REQUIRED

TESTING A PROBE OR SENSOR

PROBE OR SENSOR THERMOCOUPLE
HEATER FAILURE

FILTER BLOCKAGE
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TRANSMITTER MAINTENANCE

6.1 Cold Start

A ‘COLD START’ will resets all ‘Set-up’ mode entseo their normal default values. ‘COLD START’ ishow on
the display for a second prior to a microprocesgsitialising sequence, which takes about sevenrsgxo

After a ‘COLD START, it is necessary to set allngariables in the ‘SET-UP’ mode, including catibion voltages
and time and date.

To initiate a ‘COLD START' -

Turn the mains power off

Remove the ‘COLD START LINK’ (this is located oretldoor PCB, next to the keyboard lock switch, behire
shield)

Turn the mains power on. The message “Cold Startwill be displayed.

Leave the LINK off until the message “Replace dfkLis displayed. Replace the LINK.

The date and version number of the software willlisplayed.

A ‘WARM START’, which is performed by applying powsvith the COLD START LINK in its place, will retaiall
data previously entered in the Set-up mode.

6.2 A/D Calibration

[ 16Way
RibonCale

.

DLTS

groes
|

Refence
&paits Refence
Qom m onpait

Location of Calibration Test Points

The analyser maintains its accuracy over a veryg lbg continuously checking itself against intersiabilised
references. The only calibration required is totlse actual values of these references into lyat@cked memory. The
analyser will read these references every minutieugdate its zero and span correction factors. Seedon 5.5.7 to 10.
These references should be checked every 12 moAth&UTOCAL of the analog output section shouldiays be
performed if these references are altered. Se#nSer3.

6.3 D/A (4-20mA output channels) Calibration

The calibration can either be done using the ‘ACéd or ‘Manual Cal'.

Auto Cal

The ‘Auto Cal’ mode is selected in set-up 13 (afddr channel 2).

The analyser will automatically divert the outpath to the input, measure the offset and spanrecuatd the
calibration factors for each channel.

If either of the channels are selected to be catidol manually, the factors will not be changed myfato Cal'.
Manual Cal

The ‘Manual Cal’ mode is selected in set-up 13 (46

Set the 4mA calibration first and then the 20mAkbration.

1. Select 'Set 4mA Trim' in set-up 13 (or 16).
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2. Return to RUN mode.

3. Measure the output on the channel to be calibnatttda digital multimeter. If the current is notagtly 4.00mA,
return to set-up mode and change the 4mA calibrdtiotor in set-up 14 (or 17).

4. Re-measure the current while back in RUN mode timgilcurrent is within 3.9 to 4.1mA.

5. Return to set-up mode and select ‘Manual Cal’ trugpel3 (or 16).

Set the 20mA calibration factor.

6. Select ‘Set 20mA Trim’ in set-up 13 (or 16).

7. Return to RUN mode.

8. Measure the output on the channel to be calibnatttda digital multimeter. If the current is notagtly 20.00mA,
return to set-up mode and change the 20mA caldrdétictor in set-up 15 (or 18).

9. Re-measure the current while back in RUN mode timtilcurrent is within 19.9 to 20.1mA.

10. Return to set-up mode and select ‘Manual Cal’ trugpel3 (or 16).

This calibration is now saved in battery backed mgnuntil
The factors are changed in the manual calibration
The analyser is forced into a COLD-START (sedisadb.1)
The calibration mode in set-up 13 (or 16) is cleghtp Auto Cal and an Auto Cal is initiated.

NOTE: The 4mA or the 20mA trim mode will only be hald the output channels for 30 minutes before auiicaily
returning to ‘Manual Cal’ mode in set-up 13 (or 16)

6.4 Pump Replacement

The reference air pump is mounted on the 1630-2 iRG@Be base of the analyser. The operation optivap is
monitored by the analyser and alarms will be shifwrfault occurs. (“Pump Fail” alarm, “Pump BloaKealarm )

To replace the pump, unplug all the field wiringénals. ie. Probe connectors, power connestior

Unplug the 10 way and the 40 way ribbon connect&amove the 5 captive screws that retain the texhCB in the
base of the case. Remove the PCB from the cdse.pdmp can now be un-screwed, and the wires uggptl

6.5 Back-Up Battery Replacement

The back-up battery is contained within the battidwy real time clock/memory module, plugged intzlket M2. Itis
rated for an average service life of greater tleanyears. The module is not re-chargeable anddbeueplaced every
three years with a stored transmitters with poviEoioevery eight years with a transmitters whietvé had the power
on. The memory module must be purchased from NataControls or an agent of Novatech Controls.

After replacing the battery, re-enter all set-updeadunctions.

6.6 Electronic Repairs

Electronic schematics are included in Appendixcompetent electronic technician could perfornubieshooting
with these schematics, aided by the analyser sadfadstic alarms. It is recommended that servicpdrformed on a
change-over circuit board basis. A fast turn-atbanreplacement service is available from Novatachccredited
service agents. Other service aids, includingggaE®ROM firmware package and probe input simulateralso
available.

6.7 Installing A New Probe Or Sensor
Whenever a new oxygen probe or sensor is instatednillivolt offset value should be entered. dahieve this refer
to set-up 11 (and 12 for the second sensor).

The probe or sensor offset is noted on a tag @i katbached to probe or sensor. To check an dffssite, the probe
must be sensing air with reference air connecteldafiowed to settle at the operating temperaturdfominutes. Read
the offset in ‘RUN’ mode in millivolts on the lowdine. Offset errors can occur if the sensor dugishave some air
passing over it. A gentle flow of air in the cafiion check port can be provided by a referencpwanp or similar. If
a probe is in a process with the process runniregair purge on the sensing side of the sensoowiyl be successful if
the probe has a filter or small sensing hole. Esokith open sensing ends or with large sensingstallow the process
gas to mix with the calibration gas, giving a falsading.

For heated probes or sensors, if the combustiolieayep is not operational and the probe or sensateh is interlocked
with the ‘FUEL ON'’ signal, the ‘BURNER BYPASS’ swit should be set to ‘BYPASS’ to power the probsemsor
heater after removing the probe from the flue. dreated probes, the sensing tip must be raisatléast 650°C with
a portable furnace.
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CAUTION DANGER

Return the ‘BURNER BYPASS’ switch to normal (off) before installing the probe in the flue.

6.8 Test Equipment Required

All measurements are simplified if an analyserasrected to the probe or sensor. Readings carbtheasily taken of
sensor impedance, EMF, temperature and perceneaxy@he analyser also provides proper heateraldoirheated
probes or sensors.

The following tests are described using readilyilaizée workshop equipment where an analyser isamatlable. If an
analyser is available the same test proceduregpjlly. First check all alarms on the analysdoyahg time for the
probe or sensor to heat up after switch on.

An instrument to measure sensor EMF and temperauegjuired. A 3 1/2 or 4 1/2 digit multimetedhgerform both
measurements.

A separate temperature indicator to suit the partsensor thermocouple type is also useful, althowgy necessary.

A reference air pump is required and a cylindecadibration check gas e.g. 2 % oxygen in nitrog€he cylinder
should have a pressure and flow regulator. Bothedge are inexpensive devices available from gagly companies.
The calibration check gas should be chromatogragted to an accuracy of 0.1 % oxygen.

TEST EQUIPMENT FOR UNHEATED PROBES

A small test furnace capable of raising the prabéemperature to 720 °C is required. The furrgteauld have a
uniform temperature for about 50 mm either sidéhefsensor tip.

TEST EQUIPMENT FOR HEATED PROBES OR SENSORS

If a 1638 analyser is available at the test locatiten no other equipment will be required. If,rtben a controllable
power source for the heater is required. A Vafi@eiable transformer), set to approximately 10@40 volts will
regulate the sensor temperature to 720° C.

6.9 Testing a Probe or Sensor

With the sensor heated to approximately 720 °@geeifrom a small test furnace or its own interredtier, connect a
digital multimeter to the sensor electrode condwsctcConnect the multimeter positive to the intéalectrode
conductor. Connect reference air to and applyrél@eurge of air to the probe calibration checkp&eference air
flow should be the smallest flow available (lesst®0 cc per minute). The multimeter should resd millivolts +
two millivolts. If not, then there is a problemtivithe probe electrodes and the sensor needs isdfumtp. Normally a
faulty probe electrode is indicated with a highreeuimpedance. 1234 sensors do not require referain but a gentle
flow of air should be admitted into the sample ceation.

To test the source impedance, set the multimete¥aid ohms and take a measurement within a cofigleconds, of the
sensor impendence. Reverse the multimeter andtrépereading. Take the average of the two rgadior an
approximate measurement of impedance. If the impeelis above 1@k then the probe or sensor needs to be
replaced. The sensor must be 720°C or above ifbrmeasurement. The reason that impedance measueneed to
be performed quickly, is that the zirconia sensaapses with the DC voltage from the multimeteross it.

If the probe or sensor tests reveal less than Dffeét and a good impedance reading, the nextistepapply a
calibration check gas. The calibration check dmmikl be inserted in the calibration check portithivthe calibration
check gas flowing, the sensor should develop an Bbterding to the tables in Appendix 1. If the EMEding is low
then there may be insufficient calibration check fiaw. Increase the calibration check gas uhélteading is correct.
An excessive calibration check gas flow will caaseling on one surface of the sensor, giving tertpee differential
errors on the sensor.

As an alternative, using the reference air pod,dhlibration check gas can be inserted into thielénof a probe sensor.
This requires a lower flow rate, and thus lowergasaf calibration check gas. The flow rate shdaddsimilar to that of
the reference air, which should be removed forrimatecalibration check. The sensor EMF reading) lvélidentical but
negative in polarity. A small flow of air shoule flowing over the outside of the sensor, wherirtgsh this way.
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Occasionally, a sensor can develop offset wittoHuted electrode caused by contaminants in thedlas stream. In
this case the impedance may be OK but the outpuotiiect. This phenomena is rare.

6.10 Probe or Sensor Thermocouple

Although some unheated probes are specified withdlnermocouple, most probes, both heated and tethdave an
integral thermocouple which is fitted in to the fdnore insulator. The analyser has an alarm fanatihich will advise
the operator of an open circuit thermocouple, haxdench testing can be performed by simply meaguhie
thermocouple continuity.

6.11 Heater Failure

For heated probe or sensors, a heater failurecaiiibe a ‘PROBE TEMPERATE’ or ‘HEATER FAIL’ alarntleaters
can be tested with a continuity test. The heatpedance should be approximately ®00Should the heater be open or
short circuited, replace the probe or sensor.

6.12 Filter Blockage

For oxygen probes or flow guide tubes with filtersnstallations with entrained solids in the flg@s, it is sometimes
necessary to replace the filter. Filters are ndiynaéeared with back purging. However fine flyfa®r other particles
can ultimately completely block a filter necessitgffilter replacement. A new probe filter canflieed
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APPENDICES

1. Constituent Values for Various Fuels
2. Probe EMF Tables
3. % OXYGEN SCALE to LOGARITHMIC
4. Sample Log Print Out
5. Circuit SchematicS
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APPENDIX 1

SENSOR EMF TABLES
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ZIRCONIA OXYGEN SENSOR OUTPUT (mV)
PROBE TYPE 1231, SENSOR TYPE 1234

% OXYGEN mVat 720° C

21.0 0.00
20.5 0.46
20.0 0.99
195 1.53
19.0 2.09
18.5 2.66
18.0 3.25
17.5 3.85
17.0 4.47
16.5 5.11
16.0 5.77
15.5 6.45
15.0 7.15
14.5 7.87
14.0 8.62
135 9.40
13.0 10.21
125 11.05
12.0 11.92
115 12.83
11.0 13.78
10.5 14.78
10.0 15.82
9.5 16.92
9.0 18.08
8.5 19.30
8.0 20.60
7.5 21.98
7.0 23.45
6.5 25.04
6.0 26.75
5.5 28.61
5.0 30.65
4.5 32.90
4.0 35.42
3.5 38.28
3.0 41.58
25 45.48
2.0 50.25
15 56.41
1.0 65.08
0.5 79.91
0.2 99.51
'K TC mV 29.212 at720C

These tables are based on the Nernst equation:
Sensor e.m.f. =0.02154 x T x 1n x 20.95/ % exygvhere T =° K (° C + 273), e.m.f. is in mV’s

WY tech August 2007

Page64 CONTROLS i 1638 Oxygen Analyser



ZIRCONIA OXYGEN PROBE OUTPUT (mV)

PROBE TYPE 1232

TEMPERATURE (°C)

% 02 600 700 800 900 1000 1100 1200 1300 1400
20 0.917 1.023  1.128 1.233 1.338 1.443 1.548 1.653.758
19.5 1.394 1553  1.713 1.872 2.032 2.192 2.351  12.512.671
19 1.882 2.098  2.313 2.529 2.744 2.960 3.175 3.39B.607
18.5 2.383 2.657  2.930 3.203 3.476 3.749 4.022  54.294.568
18 2.899 3.231  3.563 3.895 4.227 4.559 4.891 5.22%.555
17.5 3.428 3.821  4.214 4.607 4.999 5.392 5795  76.176.570
17 3.974 4.429  4.884 5.339 5.794 6.249 6.705 7.1607.615
16.5 4.535 5.054  5.574 6.093 6.613 7.132 7.652  18.178.691
16 5.114 5.699  6.285 6.871 7.457 8.042 8.628 9.214.800
15.5 5.711 6.365  7.019 7.673 8.327 8.981 9.635  8B0.210.944
15 6.327 7.052  7.777 8.501 9.226 9.951 10.676  D01.402.125
14.5 6.965 7.762  8.560 9.358  10.156 10.954 11.751 2.549  13.347
14 7.625 8.498 9.371  10.245  11.118 11.991 12.865 .7383 14.612
13.5 8.308 9.260 10.212  11.164  12.115 13.067 14.01914.970  15.922
13 9.018  10.051 11.084  12.117  13.150 14.183 15.21616.249  17.282
12.5 9.756  10.873 11.991  13.108  14.226 15.343 16.46 17.578  18.695
12 10523  11.729 12.934  14.139  15.345 16.550 17.75618.961  20.167
115 11.324 12621 13.918 15215  16.512 17.809 069.1 20.403 21.70(
11 12.159 13552 14.945  16.338  17.731 19.124 20.5181.909  23.302
10.5 13.034 14527 16.020  17.513  19.006 20.499 921.9 23.486 24.979
10 13.952 15550 17.148  18.746  20.344 21.942 23.54(25.139  26.737
9.5 14916  16.625 18.333  20.042  21.751 23.459 85.16 26.877  28.58¢
9 15.933  17.758 19.583  21.408  23.233 25.058 26.8838.709  30.534
8.5 17.008  18.956 20.904  22.852  24.801 26.749 78.69 30.645  32.593
8 18.148  20.227 22.305  24.384  26.463 28.542 30.62082.669  34.779
7.5 19.361 21579 23.797  26.015  28.223 30.450 82.66 34.886  37.10
7 20.659  23.025 25.392  27.758  30.124 32.491 34.85737.224  39.590
6.5 22052 24578 27.104  29.630  32.156 34.683 87.20 39.735  42.261
6 23557  26.256 28.954  31.653  34.351 37.050 39.74812.447  45.145
5.5 25.194  28.080 30.965  33.851  36.737 39.623 82.50 45.395  48.281
5 26.986  30.077 33.168  36.259  39.351 42.442 4553%8.624 51.715
45 28.967  32.285 35.603  38.922  42.240 45.558 68.87 52.194  55.517
4 31.182  34.754 38.326  41.897  45.469 49.041 52.61%56.185 59.757
3.5 33.693 37552 41.412 45271  49.131 52.990 56.85 60.709  64.56¢
3 36.592  40.783 44.975  49.166  53.358 57.549 61.74165.932  70.124
2.5 40.020  44.604 49.189  53.773  58.357 62.941 67.52 72.110  76.69/
2 44216  49.281 54.346  59.411  64.476 69.541 74.60579.670  84.735
1.5 49.626 55310 60.995  66.680  72.364 78.049 83.73 89.418  95.102
1 57.250  63.808 70.366  76.924  83.482 90.040 96.59803.156 109.714
0.5 70.285  78.336 86.387  94.438  102.488 110.539 5908 126.641 134.69p
0.2 87.515  97.540 107.564 117.589 127.614 137.638 47.663 157.687 167.71R
TC mv

R 5.582 6.741  7.949 9.203  10.503 11.846 13.224 .624 16.035
K’ 24.902  29.128 33.277  37.325  41.269 45.108 48.82 to to

‘N’ 20.609  24.526 28.456  32.370  36.248 40.076 48.83 47.502 to

These tables are based on the Nernst equation:
Probe emf =0.02154 x T x 1n x 21/% oxygen
Where T=°K (° C + 273)
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Dew Point Calculations at 720C & 900°C

Hydrogen level 6.5 % Hydrogen level 6.5 %
Sensor temperature 720 °C Sensor temperature 900 °C
EMF from sensor |Oxygen % Dew Point °C Oxygen % |Dew Point °C

950 1.09E-18 43.29 9.91E-16 23.15

960 6.83E-19 39.30 6.67E-16 20.01

970 4.28E-19 35.34 4.49E-16 16.91

980 2.68E-19 31.42 3.03E-16 13.87

990 1.68E-19 27.57 2.04E-16 10.89
1000 1.05E-19 23.78 1.37E-16 7.96
1010 6.60E-20 20.06 9.23E-17 5.08
1020 4.14E-20 16.41 6.21E-17 2.25
1030 2.59E-20 12.83 4.18E-17 -0.37
1040 1.62E-20 9.33 2.82E-17 -2.73
1050 1.02E-20 5.91 1.90E-17 -5.05
1060 6.38E-21 2.56 1.28E-17 -7.34
1070 4.00E-21 -0.54 8.59E-18 -9.58
1080 2.51E-21 -3.32 5.79E-18 -11.80
1090 1.57E-21 -6.05 3.90E-18 -13.97
1100 9.84E-22 -8.72 2.62E-18 -16.11
1110 6.17E-22 -11.35 1.77E-18 -18.22
1120 3.86E-22 -13.92 1.19E-18 -20.29
1130 2.42E-22 -16.45 8.00E-19 -22.33
1140 1.52E-22 -18.92 5.39E-19 -24.33
1150 9.51E-23 -21.35 3.63E-19 -26.31
1160 5.96E-23 -23.74 2.44E-19 -28.25
1170 3.73E-23 -26.08 1.64E-19 -30.17
1180 2.34E-23 -28.38 1.11E-19 -32.05
1190 1.47E-23 -30.63 7.45E-20 -33.90
1200 9.19E-24 -32.85 5.01E-20 -35.73
1210 5.76E-24 -35.02 3.38E-20 -37.53
1220 3.61E-24 -37.16 2.27E-20 -39.30
1230 2.26E-24 -39.25 1.53E-20 -41.05
1240 1.42E-24 -41.31 1.03E-20 -42.77
1250 8.87E-25 -43.34 6.94E-21 -44.47
1260 5.56E-25 -45.33 4.67E-21 -46.14
1270 3.48E-25 -47.28 3.14E-21 -47.78
1280 2.18E-25 -49.21 2.12E-21 -49.40
1290 1.37E-25 -51.10 1.42E-21 -51.00
1300 8.58E-26 -52.95 9.59E-22 -52.58
1310 5.37E-26 -54.78 6.46E-22 -54.13
1320 3.37E-26 -56.58 4.35E-22 -55.67
1330 2.11E-26 -58.35 2.93E-22 -57.18
1340 1.32E-26 -60.09 1.97E-22 -58.67
1350 8.29E-27 -61.80 1.33E-22 -60.14
1360 5.19E-27 -63.48 8.93E-23 -61.59
1370 3.25E-27 -65.14 6.01E-23 -63.02
1380 2.04E-27 -66.77 4.05E-23 -64.43
1390 1.28E-27 -68.38 2.72E-23 -65.82
1400 8.01E-28 -69.96 1.83E-23 -67.20
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APPENDIX 2

% OXYGEN SCALE to LOGARITHMIC

% OXYGEN % FULL SCALE

0.1 0

0.15 7.66

0.2 13.1

0.3 20.7

0.4 26.2

0.6 33.8

0.8 39.2

1 43.5

1.5 51.1

2 56.5

3 64.2

4 69.6

6 77.3

8 82.7

10 86.9

12 90.8

14 93.3

16 95.8

18 98

20 100
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APPENDIX 3

SAMPLE LOG PRINT OUT

Novatech Controls 04-07-1995 06:13:59
Oxygen % 1.86

EMF 1 mV 38.0

Probe Temp 458C

Ambient T 21.9C

Servc'd 03/07/95

Humidity 43%

Sensor 1 Imp 5.7K

Next Purge at 06:00:00 17-10-1995

Next Print at 06:27:00 17-10-1995

06:00:11 04-07-1995 Heater 1 Fail Is Active
06:00:13 04-07-1995 O2% Low Is Active
02:33:17 04-07-1995 RefPump Fail Accepted
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APPENDIX 4

CIRCUIT SCHEMATICS
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APPENDIX 5

MODBUS™ Register Map and Application Notes

MODBUY Functions Supported are:-
ReadHolding Register Function 3
WriteHolding Register Function 6 ( for allowable addresses only )

Introduction.

The 1638 Analyser implements the MODBWSslave protocol, it is intended to work in conjunntwith a
MODBUS™ master.

This is accomplished by setting the MODBWSaddress to some non-zero value in the range &e3tlng the jumper
positions to select the RS485 half duplex confijaora and re-starting the analyser.

The master must be configured as follows.

Baud Rate 9600

Parity none

Stop Bits 1

RS485 Half Duplex

Mode RTU ( binary mode)

A typical transaction would be to read the curneaitie of a variable from the analyser.
The master send a ReadHoldingRegister packet théthppropriate address and the analyser respdtiddata at that
address.

The Register Addresses are as follows, to congesthneider addresses for earlier model PLC's agddeace, add
40001 to each address.
or for later model PLC's with linear address sptheeaddress corresponds directly to %MW XXXX adsdres

For Example, to read probe temperature setpoint -
Read %MW1436 which is equivalent to holding regigdt®437 = 40001 + 1436

Some data is 32 bit data (double) which requir@sescare to ensure that the word order is corréuttypreted.
For Example, OXYGEN32, (dual probe) which is atr@dd 2052 is interpreted as follows.

2052 contains the high 16 bits for probe 1 oxygen
2053 contains the low 16 bits for probe 1 oxygen

2054 contains the high 16 bits for probe 2 oxygen
2055 contains the low 16 bits for probe 2 oxygen
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Configuration and Setup Addresses

Holding
Reg.  Function Description
716 Probe #1 offset 10 =1.0mV
717 Probe #2 offset 10 =1.0mV
Purge and calibration-check gas control relatechisbas
754 Purge enable 0= off, 1=0on
749 Gas calibration check 0= off, 1= 1 gas, 2=%ga
Process measured and calculated variables
2048 | Probe #1 OXYGEN Floating point mantissa aqubaent 1174 -2 = 11.74%
2050 | Probe #2 OXYGEN Floating point mantissa aqabaent 1174 -5=.011749
2052 | Dew point,°C -2345 = -23.48C
2054 | Dew point,°C -2345 = -23.48C
2056 | Probe #1 EMF 100,000 = 100.000 mV
2058 | Probe #2 EMF 100,000 = 100.000 mV
2060 | Probe #1 temperature 7000 = 700°C
2062 | Probe #2 temperature 7000 = 700°C
2064 | Probe #1, Impedance 1,000 =1 KQ
2066 | Probe #2, Impedance 1,000 =1 KQ
2068 | Oxygen average of 2 probes Floating point issenand exponent 1174 -3 = 1.174%
2070 | Dew Point average of 2 probes | -2345 = -23.45C
2072 | Ambient temperature 246 = 24.6
2074 | Ambient RH 561 =56.1
2076 | ALRM-ARRAY Array of current alarm status. Ssslow
2092 | ALRM-TIMES Array of timestamp of alarms
\ | m— August 2007
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Alarm array order -

Heater 1 fall

Sensorl fail (Impedance too high)

Probe 1 filter blocked

Probe 1 thermocouple open circuit

Reference air Pump fail

Battery backed RAM fail

Mains frequency measurement fail

ADC warning (outside normal specifications, bull siccurate)
DAC warning (outside normal specifications, bull siccurate)
10. Dew Point 1 High

11. Dew Point 2 High

12. Oxygen % 1 High

13. Oxygen % 2 High

14. Heater SSR fall

15. Dew Point deviation too high between oxygen probes
16. Gas 1 calibration error

17. Gas 2 calibration error

18. Burner bypass switch on

19. Aux. thermocouple open circuit

20. ADC calibration fail

21. DAC Calibration fail

22. Probe Calibration

23. Heater 2 Fail

24. Sensor 2 Fail (Impedance too high)

25. Probe 2 thermocouple open circuit

26. Probe temperature below 650

27. Gas calibration check in Progress

28. Probe Purging in progress

29. Alarm horn

30. Probe Temperature high

CoNoO~WNE
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1638 Modbus Holding Registers for Alarms

The 1638 Modbus analyser has 30 alarm and wariéness all of which can be checked via Modbus.
These 30 alarm and warning states cover all aspéthe operation of the analyser.
For each of the 30 alarms, the 1638 has 5 posstifiles for each alarm:

Inactive
Timer Delay
Active
Accepted
Self Cleared

A WDNEFEO

All alarm states are self explanatory except thetidelay state. In this state, the physical dandh required to trigger
the alarm have already been met, but the alarnedtohelay is preventing the alarm from being actifeéhe delay timer
finishes counting down before the alarm state legnIself cleared, the alarm will become active.

For checking alarms via Modbus, it is recommendeiiigat all alarms in a ‘timer' state the samaastive.
16-bit Byte Order Architecture

The 1638 Analyser uses 'big endian' byte architectaeaning that for a 16-bit address block, thetraignificant byte
(msb) appears first, followed by the least sigaificbyte (Isb) second.

This becomes important for reading alarm statas fitee 1638 holding registers as all Modbus regsstee treated as
16-bit variables. For the 1638 Modbus alarm hajdiegisters, each 16-bit register contains twot&dairm states,
meaning that to check any single alarm state vidlis will require 2 alarm states to be receivee scond may be
discarded.

This table shows the holding register and the ealebyte for each of the alarms states:

A# Description HR A# Description HiR#
1 Heater 1 Fail 2016 16 Gas 1 Calibration Error 2083
2 Sensor 1 Fail 2076 17 Gas 2 Calibration Error 2084
3 Probe 1 Filter 2017 18 Burner Bypass 2084
4 Probe 1 TC Open 20177 19 AUX TC Open 2085
5 Reference Air Pump Fail 2078 | 20 ADC Calibration Fail 2085
6 Battery Backup Memory Fail 2078 21 DAC Calibration Fail 2086
7 Mains Power Fail 2079 22 Probe Calibration Fail 2086
8 ADC Warning 207p 23 Heater 2 Fail 2087
9 DAC Warning 208p 24 Sensor 2 Fail 2087

10 Dew Point 1 High 2080 25 Probe 2 TC Open 2088
11 Dew Point 2 High 2081 26 Probe Temp 2088
12 Oxygen 1 High 2041 27 Calibration in Progress 2089
13 Oxygen 2 High 2082 28 Probe Purge 2089
14 Heater SSR Fail 20B2 29 Alarm Horn 20

15 Dew Point Deviation 2083 30 Probe Temperature High 2090

For example, if you wished to read the state ottbater SSR Fail Alarm, you would be looking foe thsb from the
holding register 2082. This would mean that fgr &ndian byte order, you would be looking at thet foyte in the
analyser response if you requested a read singigtee from register 2082.
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Declaration of Conformity

Application of Council Directives:
89/336/EEC (92/31/EEC)
72/23/EEC

Standards to which conformity is declared:
EN550011.1:1995 (ISM, Group 1, Class B)
EN55014:1995 (Clause 4.2)
EN50082-2 (Industrial)
EN61010-1
AS61000.4.5:1999
IEC-68-2-2
IEC-68-2-3
AS1099.2.6

Manufacturer's name: Novatech Controls Pty Ltd

MANUFACTURER'S ADDRESS: 309 RESERVE ROAD
Cheltenham VIC 3192
AUSTRALIA

Type of equipment; Oxygen Transmitter
Equipment Class: SM, Group 1, Class B

MODEL NUMBER: 1630 SERIES TRANSMITTER
231 Oxygen Probe
234 Oxygen Sensor

| hereby declare that the equipment specified herein conforms to the above
directive(s) and standards(s).

P o

Full Name: Fraser Chapman
Position: R & D Manager
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