


Health and Safety Information
Read all of the instructions in this booklet - including all the WARNINGS and CAUTIONS 
- before using this product. If there is any instruction which you do not understand, DO 
NOT USE THE PRODUCT.

Safety Signs
WARNING
Indicates a potentially hazardous situation which, if not avoided, could result in death or 
personal injury.

CAUTION
Indicates a potentially hazardous situation which, if not avoided, could result in minor or 
moderate injury to the user or users, or result in damage to the product or to property.

NOTE
Indicates a potentially hazardous situation which, if not avoided, could result in damage or the loss of 
data.

Signs and Symbols used on equipment and Documentation

Caution, risk of electric shock.

Caution, attention to possibility of risk of damage to the product, process or surroundings. Refer 
to instruction manual.

Caution, hot surface.

Protective Conductor Terminal.

Observe precautions for handling electrostatic discharge sensitive devices.

Equipment Operation
Use of this instrument in a manner not specified by Land Instruments International may be hazardous. 
Read and understand the user documentation supplied before installing and operating the equipment.
The safety of any system incorporating this equipment is the responsibility of the assembler.

Protective Clothing, Face and Eye Protection
It is possible that this equipment is to be installed on, or near to, machinery or equipment operating at 
high temperatures and high pressures. Suitable protective clothing, along with face and eye protection 
must be worn. Refer to the health and safety guidelines for the machinery/equipment before installing 
this product. If in doubt, contact Land Instruments International.

Electrical Power Supply
Before working on the electrical connections, all of the electrical power lines to the equipment must 
be isolated. All the electrical cables and signal cables must be connected exactly as indicated in these 
operating instructions. If in doubt, contact Land Instruments International.

Storage
The instrument should be stored in its packaging, in a dry sheltered area.

Unpacking
Check all packages for external signs of damage. Check the contents against the packing note.

Lifting Instructions
Where items are too heavy to be lifted manually, use suitably rated lifting equipment. Refer to the 
Technical Specification for weights. All lifting should be done as stated in local regulations.

IMPORTANT INFORMATION - PLEASE READ
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UK - Dronfield
Land Instruments International
Tel:       +44 (0) 1246 417691
Email:   land.enquiry@ametek.com
Web:     www.landinst.com

USA - Pittsburgh
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China
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For further details on all AMETEK Land offices, distributors and representatives, please visit 
our websites.

Return of Damaged Goods
IMPORTANT If any item has been damaged in transit, this should be reported to the carrier and to the 
supplier immediately. Damage caused in transit is the responsibility of the carrier not the supplier.
DO NOT RETURN a damaged instrument to the sender as the carrier will not then consider a claim. Save 
the packing with the damaged article for inspection by the carrier.

Return of Goods for Repair
If you need to return goods for repair please contact our Customer Service Department. They will be able 
to advise you on the correct returns procedure.
Any item returned to Land Instruments International should be adequately packaged to prevent damage 
during transit.
You must include a written report of the problem together with your own name and contact information, 
address, telephone number, email address etc.

Design and Manufacturing Standards
The Quality Management System of Land Instruments International is approved to BS EN ISO 9001 for 
the design, manufacture and on-site servicing of combustion, environmental monitoring and non-contact 
temperature measuring instrumentation. 

Approvals apply in the USA

Operation of radio transmitters, telephones or other electrical/electronic devices in close proximity 
to the equipment while the enclosure doors of the instrument or its peripherals are open, may cause 
interference and possible failure where the radiated emissions exceed the EMC directive.

The protection provided by this product may be invalidated if alterations or additions are made to the 
structural, electrical, mechanical or pneumatic parts of this system. Such changes may also invalidate the 
standard terms of warranty.

Copyright
This manual is provided as an aid to owners of Land Instruments International’s products and contains 
information proprietary to Land Instruments International. This manual may not, in whole or part, be 
copied, or reproduced without the expressed written consent of Land Instruments International Ltd.

Copyright © 2017 Land Instruments International.

Approvals apply in India
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Check that the items listed below have been included with the instrument.
 	
	 Transmitter unit (including dust seal)
 	 Receiver unit (including dust seal)
 	 Set of Plug Connectors (Transmitter)
	 Set of Plug Connectors (Receiver)
	 Set of Operating Instructions

NOTE

Ensure connector dust covers are fitted upon receipt.  The covers are designed to protect 
the electrical connections from dust and water ingress.  

Optional Items

Check all selected options have been included.

	 Thermocouple (with Transmitter if fitted)
	 Mounting Flange(s) / Stand-off Flange (s)
	 Air Mover System (s)
	 Air Blower System (s)
	 Interface Units (for existing instrument replacement)
	 Transfer Flange(s) (for existing instrument replacement)

A1	 Instrument Packing List

Instrument Packing List
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Installation Checklist

A2	 Installation Checklist

In order to complete a full installation, check all the listed activities have been undertaken.

Selecting the installation location
Welding/Fitting the mounting flanges
Installation of the transmitter and receiver units
Connecting of the Calibration Gas
Making up all plug connectors and cable fitting
Routing all cables
Electrical connections for instruments

Installation of air mover or blower system - refer to blower instrction manual
Connecting air purge to air source
Electrical connections to the air source

Connecting the system units together
Connecting the air purge to chosen air supply system (i.e. mover or blower)

Connecting any output devices to receiver unit (i.e. chart recorder, display unit etc.)

WARNING

ISOLATE MAINS SUPPLY BEFORE DISCONNECTING ANY CABLES

A3	 Product Description

The model 9100 CO monitor measures the concentration of carbon monoxide (CO) in exhaust ducts 
continuously and without physical contact.  

Its operating principle is based upon the measurement of absorption of infrared radiation by CO molecules.  
Radiation originating from a transmitter crosses the exhaust duct and is picked up by a receiver.  

The microprocessor-controlled electronic system carries out all necessary correction to the signal and 
calculates the CO concentration.  

The air purge unit keeps the optical elements free of dirt and dust, also protecting them from overheating.
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The Model 9100 is used for both flue gas and  tunnel monitoring applications. The same principles of 
design correspond to both of the applications.

A4	 System Summary

1	 Transmitter
2	 Wall of duct
3	 Air purge attachment and ring seal
4	 Receiver
5	 Air blower with filters
6	 Transmitter/receiver connecting cable
7	 Temperature sensor (with transmitter if fitted)
8	 Outputs: Current source at 0,2 or 4-20mA, relay contacts (system 

errors, alarm, calibration in progress), serial port.

Flue Gas Monitoring System

System Summary

1

2

3 4

5

6
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Transmitter Unit

Receiver Unit

System Summary

Instrument Description

Both the transmitter and the receiver are fitted with a strong cast aluminium casing rated to IP65.  Mains 
power is connected to the receiver. The transmitter is powered through the interconnecting cable. A separate 
power supply is required for the optional purge air blower unit.  The transmitter and the receiver must be 
arranged on an optical axis through the duct containing the gas under measurement.  The two units are 
connected together by an four-core signal cable (6)*.  The two air purge units protect the optical system 
from dirt and overheating (flue gas applications only).  The optional temperature sensor (7)* measures 
flue gas temperature in the stack, or ambient tunnel temperature.  The temperature sensor supplied with 
the instrument is either a standard type 'K' thermocouple or a thermocouple supplying a 4-20mA signal.  
If preferred a customer supplied external 4-20mA signal can be used.

* Refer to previous page.

All the programmable settings are made via the receiver control panel or the serial port.

The range of measurement can be set between 0-10,000ppm.  The equipment will operate over distances 
from 0.5 to 10 metres (1.6 to 33ft).  The temperature of the flue gas undergoing measurement must not 
exceed 370°C (698°F).  The ambient temperature inside the tunnel must not fall below -20°C/-4°F.

The transmitter and receiver fitted with the air purge flanges are shown below.

NOTE

The product of the pathlength and the maximum span of the measurement range must not 
exceed 10,000ppm.m. i.e. pathlength x gas concentration < 10,000ppm.m
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A5	 Health and Safety Warnings

Power Supply

Ascertain that all lines are isolated before carrying out any work on the electrical 
connections. All the mains cables and signal cables must be connected in exact 
accordance with these operating instructions to avoid the risk of electric shock.

IMPORTANT

The protective earth conductor terminal on the mains connector must be properly 
terminated for operator safety.  Continuity of the protective earth conductor MUST be 
checked before the unit is switched on for the first time.

WARNING

ISOLATE THE MAINS SUPPLY BEFORE DISCONNECTING ANY CABLES

Face and Eye Protection

Suitable eye and face protection must be worn when working on hot vessels and ducts!
Special safety measures must be taken when working on a high-pressure duct.

Protective Clothing

Protective clothing, especially gloves, must be always worn when working in the vicinity of hot vessels 
or ducts.

Health and Safety
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Symbols Used

	 	
	 	 Symbol	 	 Publication	 	 	 Description

	 	 	 	 	 	
	 	 	 	 	 ISO 3864, No B.3.1	 	 Warning, attention to risk of
	 	 	 	 	 	 	 	 	 personal injury or death.
	 	
	 	 	 	 	 ISO 3864, No. B.3.6	 	 Caution, risk of electric shock

	 	 	 	 	 ISO 3864, No. B.3.1	 	 Caution, refer to manual

	 	
	 	 	 	 	 IEC 417, No. 5017	 	 Earth (ground) terminal

	 	 	 	 	 IEC 417, No. 5041	 	 Caution, high temperature

	 	 	 	 	 BS EN 10015	 	 	 Observe precautions for handling 	 	
	 	 	 	 	 	 	 	 	 electrostatic discharge sensitive 	 	
	 	 	 	 	 	 	 	 	 devices

Health and Safety
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A6	 Installation Equipment Requirements

A6-1	Selecting an Installation Location

Please observe the following recommendations for selecting a suitable site for installation of the Model 
9100.

1.  To ensure perfect operation of the Model 9100 it is essential that the transmitter and receiver 
lie on an optical axis which passes through the duct / side of the tunnel containing the gas to be 
monitored

2. The measurement should be made in a section of duct or tunnel where the gases are well mixed. 
3.  The selected site must allow easy installation, commissioning , operation and maintenance. The 

receiver control panel must be easily accessible. Refer to mounting guidelines for clearance 
distances that must be maintained for installing, commissioning, operation and maintenance. 

4.  The site selected must be as free of vibration as possible. The ambient operating temperature must 
be between -30  and +60°C / -22 and + 140°F.

5.  The temperature of the optical system must not fall below the dewpoint of water, as condensation 
will influence the measurements.

6.  The measured gas temperature must not exceed 370°C (698°F). 
7.  The electrical connections must not be subjected to unnecessary heat, smoke or water spray.

NOTE

The temperature inside the duct must be measured to ensure the correct operation of the 
Model 9100. The customer is responsible for the provision of a temperature signal as a 0,2 
or 4-20mA circuit. If desired Land will install a sensing point. 

IMPORTANT

The humidity of the gas undergoing measurement need not be measured continuously but 
its mean level must be known.

Acceptable deviations in actual humidity from the programmed level should be taken from 
the technical data. See Reference Manual.

WARNING

ISOLATE THE MAINS SUPPLY BEFORE DISCONNECTING ANY CABLES

Wiring is the responsibility of the customer. Mains cables must be provided in accordance with the 
recommendations given and local site regulations. Specifications for the recommended transmitter/
receiver connecting cable should be taken. See cable recommendations

Land Instruments International will advise on the requirements for air purging where required.

Installation Equipment Requirements
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IMPORTANT Mounting Guidelines

1.	 The instrument requires approximately 500mm/2ft minimum clearance for installation.

2.	 The instrument requires an additional 1m/3ft approx. for both keypad access and mounting and 
removal procedures.

3.	 The instrument should have a minimum of 150mm/6" clearance below to enable both the electrical 
connections and the air hose/air mover system to be fitted.

4.	 Install the flue gas temperature thermocouple within 1m (recommended) of the instrument sight 
path, to ensure the temperature of the flue gas accurately compares with that in the sight path. 
The thermocouple must not be allowed to interfere with the optical path.

5.	 The maximum recommended air hose length between the blower and the air purge is 10m/33ft. 
Do not exceed this when installing the blower unit(s).  If only a single blower is used, hose lengths 
should be equal.

6.	 The maximum length of interconnecting cable between the transmitter and receiver should not 
exceed 20m/66ft.

7.	 Measurement Pathlength must not exceed 10m/33ft.

Installation Equipment Requirements

150mm/6" min.

1
1m/3ft min.

2

3

4
0.5m/2ft min.

5
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IMPORTANT Mounting Guidelines

1.	 The instruments (both transmitter and receiver) requires approximately 500mm/2ft minimum 	
	 distance for installation.

2.	 The instruments requires an additional 1m/3ft approx. for both keypad access and mounting 	
	 and removal procedures.

3.	 The instruments should have a minimum of 150mm/6" clearance below to enable the electrical 	
	 connections  to be made.

4.	 The maximum length of interconnecting cable between the transmitter and receiver should not 	
	 exceed  20m / 68ft.

5.	 The ambient temperature sensor is attached to the gland connection plate of the transmitter	
	 unit. Ensure there is approximately 500mm/2ft minimum distance for installation.

6.	 Measurement Pathlength must not exceed 10m/35ft.

Installation Equipment Requirements

45

1
1m/3ft min.

2
0.5m/2ft min.

150mm/6" min.
3

6
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50

30

50

30

A6-2	Defining the Measurement Pathlength - Flue Gas Applications

The measurement pathlength is defined as the distance between the boundary of the area filled 
with  purge air at both the transmitter and receiver. This is usually different from the flange-to-flange 
pathlength.

IMPORTANT

It is important to enter the exact pathlength into the instrument. Failure to do so will affect the 
accuracy of the measurement readings.

Flange to Flange pathlength

Boundary of purged air

Direction of purge air flow

Installation Equipment Requirements

Measurement pathlength
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50

30

A6-4	Customer Responsibility

Installation is carried out on-site by the customer (unless commissioning is requested), who is 
responsible for:
 	
1.	 The provision of a sufficiently large working platform.

2. 	 Installing the mounting flange or bracket (tunnel applications).

3. 	 Installing the mountings for air blowers ( if required).

4. 	 Installing the air blower ( if required).

5. 	 Installing ancillary equipment in a switch cabinet.

6.	 Electrical installation: wiring the switch cabinet, laying the power supply cables,
	  laying the signal cables, installing fuses 

A6-3	Defining the Measurement Pathlength - Tunnel Applications

IMPORTANT

It is important to enter the exact pathlength into the instrument. Failure to do so will affect the 
accuracy of the measurement readings.

Installation Equipment Requirements

Measurement pathlength
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179 / 7.04

204 / 8.03

ø190/7.50

CARBON MONOXIDE MODEL 9200 MKII

F1 F3

F2 F4

475mm/18.7" 212mm/8.35"

264m
m
/10.4"

A7	 Installation

A7-1	Dimensional Information

The transmitter and receiver are identical in dimensions.

All dimensions are given in millimetres/inches

3 holes as shown
ø15.0 / 0.6 on 150.0 /  5.90 p.c.d.

Air Purge Unit - showing mounting details

Transmitter and Receiver Unit Dimensional Information

Installation
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ø190 / 7.50

Front View of Air Purge showing mounting holes

A7-2	Flue Gas Monitoring Applications

The instrument requires the use of a mounting flange for installation onto a flue gas duct or stack.

The alternative flanges are:

	 Standpipe Mounting 	 Part No. 702.790	 For new	
	 Flange	 	 applications

	 3inch ANSI Mounting 	 Part No. 703.603	 For Model 9000 to new 	
	 Flange (Transfer)	 	 units (stand pipe mounted)

	 Standpipe Mounting 	 Part No. 703.573	 For Model 9000 to new 	
	 Flange	 	 units (wall mounted)

	 Standpipe Mounting 	 Part No. 703.766	 For Model 8000 Transmitter 	
	 Flange	 	 to new units (wall mounted)

	 Standpipe Mounting 	 Part No. 703.764	 For Model 8000 Receiver 	
	 Flange	 	 to new units (wall mounted)

Air Purge Mounting Holes

The air purge unit is used as the fixing point to the mounting flange.  It has three mounting holes to 
accept the mounting studs from the Standpipe Mounting Flange.

Installation

3 Holes as shown
Dia. 15mm on 150.0 / 5.90 p.c.d.
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3 Studs as shown
M12 on 150.0 /  5.90 p.c.d.

Standpipe Mounting Flange Assembly (702.790)

A7-3	Standpipe Mounting Flange

This assembly is made up of a mounting flange (specially adapted 3" ANSI) attached to a sleeve 
(stand-off) which are used to mount the instruments on the duct. Where required, lengthen or shorten 
the sleeve to obtain the appropriate installation clearance (see section A7). Unstable mounting bases 
(such as thin sheet metal walls) may require supplemental reinforcement. Note the weight of the 
instruments when assessing this requirement.

Installation
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The use of stand-off mountings will be affected by the type of air purge blower unit to be used (where 
applicable).  Refer to information regarding Blower installation later in this manual.

The stand-offs must be mounted so that the Transmitter and Receiver units directly face each other 
across the centre of the stack.

Where the measurement location is using a vertical duct or stack, the axis common to both flanges 
must be level or perpendicular to the direction of gas flow. 

NOTE

The flanges must be aligned so that the deviation in the mounting angle between the two 
flanges does not exceed 1°.

Accurately mark the centre of each flange on the duct or stack and punch a locations mark through the 
liner onto the inner stack plating. Cut a hole from the liner, large enough to allow eventual welding of 
the outside diameter (O.D.) of the flange stub to the duct or stack. Cut a hole through the stack plate 
material at the punched location mark on the Transmitter side of the duct or stack. A 6mm/0.25" to 
12mm/0.5" pilot hole should be made at the Receiver side of the duct or stack.

NOTE

Ensure when mounting the stand-off flange that the 'TOP' marker is in the 12 o'clock position.

Optional Reinforcement
(Customer supplied)

Standpipe Mounting Flange with Reinforcement

Installation
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Tack weld the Transmitter stand-pipe in place. The stand-off flange must be plumb and parallel to the 
duct or stack.

IMPORTANT

It is important that these conditions are carefully met to ensure proper optical alignment.

Cut a hole around the receiver pilot hole large enough to allow eventual welding of the outside of the 
flange stub to the duct or stack wall. The mounting flange plate must be plumb and parallel to the duct 
or stack wall.

Installation Positioning Marker

Installation Positioning Marker

Installation

TOP
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A7-4	Installing Flanges to Ducts with a Diameter Under 2m / 6.5ft

Work Sequence

Sleeve adjustment in ducts less than 2m/6.5ft in diameter can be carried out using an alignment tube. 

1.	 Prepare the alignment tube  length about 3m/10ft, outer diameter suitable for the internal neck 
diameter 119mm / 4.7", wall thickness ca. 5mm /  3/16".

2.	 Determine the outer diameter of the duct and mark both installation points. 

	 A wire can be used to determine the diametrically opposite installation point.  For symmetrical  	
	 installation half the length of a wire laid around the circumference of the duct will give the 	
	 centre of the installation point.

3.	 Remove the insulation over a surface of approximately 800 x 800mm / 32" x 32".

4.	 Mark the exact centre of the flange on the wall of the duct.

5.	 Cut the openings for the outer diameter of the sleeve 127mm / 5".

6.	 Push the tube through the apertures.

7.	 Tack the flange.

8.	 Check the alignment of all welding work. Both flanges must be aligned to within ± 1°.

9.	 Weld the flanges.

10.	 Weld the optional reinforcement plates if required.

Installation
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A7-5	Installing Flanges to Ducts with a Diameter Over 2m / 6.5ft

Flange alignment is carried out with the aid of an optical sight.  This sight may be obtained from LAND 

Work Sequence

1.	 Determine the outer diameter of the duct and mark both installation points.  A wire can be used to 
determine the diametrically opposite installation point.  On a symmetrical duct half the length of  a 
wire laid around the circumference of the duct will indicate the centre of the installation point.

2.	 Remove the insulation over an area of approximately 800 x 800 mm/32" x 32".
3.	 Mark the exact centre of the flange on the wall of the duct.
4.	 Cut out the apertures for the outer diameter of the flange (127mm / 5")
5.	 Tack the sleeve. The marking must point upwards.
6.	 Check the alignment of all welding.

NOTE

Both boiler flanges must be aligned to within ±1°.

7.	 Fit the light source on flange No.1.
8.	 Fit the optical sight on flange No.2.
9.	 Adjust partially welded flange N°2 to correct for alignment errors and weld.
10.	 Swap the light source and optical sight.
11.	 Align flange No.1. and weld.
12.	 Weld the optional reinforcement plates if required.

Installation
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A7-6	Installing the Fail-Safe Shutter

Work Sequence

1.	 Remove the spring washers from the mounting flange. 	
Retain the spring washers for use in step 4.

2.	 Fit the white gasket to the mounting flange.
3.	 Fit the shutter unit onto the mounting flange such that the terminal box faces away from the 

process/chimney.
4.	 Replace the spring washers on the studs.
5.	 Fit the analyser onto the spring washers and secure the analyser flange with the spherical 

washers and nuts.

Flange

Nut
Stud

Shutter

Gasket

Spring
washers

Analyser
flange

Nut

Spherical
washer
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A7-7	Installing the Model 9100 without a Fail-Safe Shutter

Work Sequence

1.	 Remove the existing studs and spring washers from the mounting flange and replace them with 
the shorter studs supplied. 

2.	 Replace the spring washers on the studs.
3.	 Fit the analyser onto the spring washers and secure the analyser flange with the spherical 

washers and nuts.

Flange

Nut
Stud

Spring
washers

Analyser
flange

Nut

Spherical
washer
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A7-8	Mounting the Instrument to the Standpipe Mounting Flange

1.	 Before mounting the instrument to the standpipe, the purge air system should be working to 
prevent instrument damage if the plant is operational.

2.	 With the mounting flange now fitted to the duct or stack, both the transmitter and receiver can be 
secured to the flange.

Ensure all washers and nuts are used during installation.

The set of disc springs must be fitted between the faces of the instrument and the flange.

IMPORTANT

The instruments weigh approximately 10kg/22lbs. Caution is required when carrying and 
lifting the instruments on and off the flange.

Set of disc springs

Securing nut and lock washer

Align the three holes in the air purge flange with the three mounting flange studs, and secure using the 
lock washer and nut.

Do not over tighten, as adjustments will need to made during the alignment procedure.

Repeat installation for transmitter and receiver units.

Standpipe Mounting Flange

Installation
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A7-9	Fitting the Dust Seal

A dust seal is supplied to prevent ingress of particles (i.e. dust) or liquids (i.e. water spray) into the 
instruments sight path.

It is important to always have the seal fitted during operation of the instrument.

Dust Seal

Installation
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A7-10	 Tunnel Applications

The Model 9100 is suitable for Tunnel atmosphere monitoring applications. A special mounting bracket 
(Part No. 703.644) is used to mount the CO monitor as illustrated.

Preliminary Considerations

The units should be mounted in the tunnel, in a position where they can detect a representative 
concentration of carbon monoxide inside the tunnel. The units location should be planned during the 
design stages for the best possible position.  If the monitor is to be used for regulatory compliance, the 
location should be approved by the appropriate agency.

The mounting area must avoid any obstructions to the sight path.

Measurement errors may result if the units are exposed to strong vibrations.  If this problem cannot 
be avoided, a vibration free mounting can be installed.  Land Instruments International can provide 
recommendations for suitable mountings upon request.

The ambient temperature at the mounting location must fall between -30°C and +60°C (-22°F and 
140°F).  If necessary, heating, cooling, or isolation should be used to ensure this temperature range is 
not exceeded.

Optical Alignment Considerations

The units are supplied with a three sets of disc springs, which permit adjustment of the sighting over 
the range ±1.5° from the perpendicular. A further ±1° adjustment is possible by removing one set of 
washers.

The Mounting Brackets must be installed at right angles to the line of sight joining them ±2°.

Where mounting to a flat wall is not possible, they should be aligned using an Optical Alignment Tool.

NOTE

If the mounting brackets are installed as specified, it is possible to adjust the instruments into 
their correct operating alignment.

Mounting Bracket

The brackets are supplied with the necessary fixings to secure the instruments to the bracket.

NOTE

There are sufficient fixings to additionally mount a Visibility Monitor using the same bracket.

IMPORTANT:  The brackets must be mounted so that the transmitter directly faces the receiver.  The 
brackets must be aligned so that the deviation in the mounting angle between the two flanges does 
not exceed 1°. See above.
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Tunnel Applications Mounting Assembly

4 Fixing Holes
suitable for 16mm / 0.63in

fittings

1 Fixing Hole available
for roof mounting
16.0mm / 0.63in

fittings

Transmitter

Receiver

Installation

The Mounting bracket should be secured to the wall (or framework) using the four 16mm fixing holes. 
The brackets should be mounted at a distance no shorter than 0.5m (1.6ft) and no greater than 10m 
(32ft).
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390 / 15.4 120 / 4.7

240 /9.5

19
0 

/ 7
.5

80 / 3.15

12 / 0.5

Mounting Bracket - Dimensional Information

A - Land Tunnel Visibility Monitor
B - Land Tunnel Carbon Monoxide Monitor (Model 9100)

A

B

4 mounting Holes
18mm / 0,71in diameter

Installation
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A7-11	 Thermocouple Installation

Thermocouple type is determined by the application requirements.

Flue Gas Applications

Two thermocouple type inputs exist for flue gas temperature correction.  Standard thermocouple mV 
signal output (Land Part No. 403.962) (illustrated) alternatively 4-20mA transmitter thermocouple 
output (Land Part No. 403.966).

IMPORTANT

The thermocouple should be installed close to the transmitter so that the reading is repre-
sentative of the flue gas temperature in the measurement path of the CO 9100. DO NOT 
install in the optical path of the instruments.

4 x 15mm Mounting Holes

Signal Output Connections
to CO 9100

Installation
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30

Tunnel Applications

It is necessary to monitor the ambient temperature when monitoring the CO in a road tunnel. A special 
ambient temperature sensor exists for this application (Land Part No. 703.658). It plugs straight onto 
the plug connector plate as illustrated.

Transmitter

Temperature Sensor

Transmitter
Plug Connector 

Plate

Installation
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Electrical Installation

A8	 Electrical Installation

A8-1	Summary of Electrical Connections

All switch cabinets, distribution boxes, fuses and other components for electrical installation must be 
provided by the customer, as must the mains power supply connections.

Mains Supply

The following mains connections must be made for:
 	
 	 the receiver unit
 	 an air blower unit (where applicable)
 	 any additional equipment (i.e. chart recorder etc.)

Signal Connections

The following signal cables must be connected:

 	 the receiver/transmitter interconnecting cable
 	 flue gas temperature connection (current loop 0, 2 or 4-20 mA)
	 tunnel ambient temperature connection (where applicable)
 	 connection for chart recorder or measurement computer

Optional Connections
 	
The following cable connections must be made where required by the application

	 status relay connections
 	 serial communications

Air Blower Motor Connections - refer to the air blower or air mover instruction manual for 
product specification and installation instructions.

The power connection plan for the air blower is shown.
Further technical information on the blower may be found on the labels supplied with the air blower.

WARNING

ISOLATE THE MAINS BEFORE DISCONNECTING ANY CABLES

CAUTION

THE PROTECTIVE EARTH CONDUCTOR TERMINAL ON THE MAINS CONNEC-
TOR MUST BE PROPERLY TERMINATED FOR OPERATOR SAFETY.  CONTINUITY 
OF THE PROTECTIVE EARTH CONDUCTOR MUST BE CHECKED BEFORE THE 
UNIT IS SWITCHED ON FOR THE FIRST TIME.
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A8-2	Plug Plate Connector Designation

NOTE

Ensure connector dust covers are fitted upon receipt.  The covers are designed to protect 
the electical connections from dust and water.

Transmitter

1.	 Blanked off (not used)

2.	 Blanked off (not used)

3.	 6-way Flue Gas Temperature / 
Ambien temperature sensor output

4.	 7-way Interconnecting Cable

	

Receiver

5. 	Mains Power Supply

6. 	7- way Serial communications 
Output

7. 	7-way Interconnecting Cable 
(Transmitter to Receiver)

8. 19-way relays and outputs

9. 	Blanked off (not used)

Electrical Installation

1

3

2

4

6

7 9

5

8



A32

Model 9100 CO Monitor Installation Manual

A8-3	Connecting the System Units

The Transmitter is powered (via the interconnecting cable) from the Receiver unit.

Recommendations for Cable Laying

Mains and signal cables should be laid separately.  If cable crossings cannot be avoided they should 
be made at an angle of 90°.

Cables must not be laid on hot surfaces or come into contact with hot parts of the plant.
If there is any danger of physical damage the cables must be suitably protected.

Preparatory Work

WARNING

THE POWER SUPPLY MUST BE ISOLATED BEFORE ANY ELECTRICAL CONNEC-
TIONS ARE MADE.

Cable Preparation

Check the mains power supply cable specification in respect of mains power supply voltage and 
capacity (see technical data).

Setting the supply voltage in the system units

Isolate the power supply to the equipment before beginning adjustment.

WARNING

The mains power supply voltage used is auto-switching for 88 to 132V a.c. and 170 
to 264V a.c.  50/60Hz.  No adjustment is necessary.

Earth

The instrument requires protective earthed supply to be used.  Recommended use of an isolation 
switch and 3A (max) fuse (customer supplied).

Electrical Installation
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Receiver UnitTransmitter Unit

Electrical Installation

A8-4	Cable Recommendations

The following list of cable types is that recommended by Land Instruments International.

NOTE:  All connectors can be supplied pre-wired with 3 metres (10ft) lengths.  Refer to parts list for 
details.

	 Ref. 	 Description 	 No. of 	 Core Size	 Core Size	 Core Size	 Max. 	 Screened
	 	 	 Cores	 (mm2)	 (strands/dia)	 (awg)	 Cable 
	 	 	 	 	 	 	 O.D.
	
	 1 	 Interconnect	 4	 0.50	 16/0.2	 22	 13/1.5	 Yes
	 2	 Temp Input	 6	 0.22	 7/0.2	 24	 5.5/0.5	 Yes
	 3	 Mains Supply	 3	 0.50	 16/0.2	 22	 11/0.4	 No
	 4	 *Serial comms.	 7	 0.50	 16/0.2	 22	 13/0.5	 Yes
	 5	 Outputs/Relays	 15	 0.22	 7/0.2	 24	 15/0.6	 Yes

*IMPORTANT
Where it is intended to use the RS 485 Modbus communications protocol it is necessary to use the 
following cable recommendation:

Twisted pair wiring, 26 AWG or heavier

Land Instruments International supplied

A complete set of connectors is supplied.

Customer supplied

All interconnecting and power cables (as defined in above schedule)
Local Junction Box
Isolating Switch and fuse (3A max.)

1

2

3

4

5
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TRANSMITTER CONNECTIONS

K - Flue Gas Temperature Input, 6 Way Pins

	 Pin Designation	 Description 	 Cable Colour
	 A 	 T/C +ve (Thermocouple)	 BLACK
	 B	 T/C -ve (Thermocouple)	 BLUE
	 C	 Current Loop Input +ve (Powered by instrument)	 RED
	 D	 Current Loop Input -ve (Powered by instrument)	 WHITE
	 E	 Current Loop Input +ve (Externally Powered)	 YELLOW
	 F	 Current Loop Input -ve (Externally Powered)	 GREEN

1 - Interconnecting Cable

	 See connections B and J.

Receiver UnitTransmitter Unit

B - Interconnections at Transmitter (to Receiver Unit),  7 Way Socket

	 Pin Designation	 Description	 Cable Colour
	 A 	 +48V	 BLUE
	 B	 Zero Volts	 GREEN
	 C	 Communications ‘A’	 RED
	 D	 Communications ‘B’	 YELLOW
	 Inside Connector	 Screen
	

Pin Designations

Electrical Installation

NOTE

Do not ground the thermocouple connections

1B

K

A

J

C

D
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RECEIVER CONNECTIONS

C - Serial Communications,  7 Way Pins

	 Pin Designation	 Description	 Cable Colour
	 A 	 RS 485 A (Rx)	 BLACK
	 B	 RS 485 B (/Rx)	 BROWN
	 C	 RS 485 Z (/Tx)	 RED
	 D	 RS 485 Y (Tx)	 WHITE
	 E	 Ground/Earth	 YELLOW
	 F	 RS232 - Receive (Rx)	 GREEN
	 G	 RS232 - Transmit (Tx)	 BLUE
	 Inside Connector	 Screen
	
D - Mains Power Supply,  3 Way Socket

	 Pin  Designation	 Description	 Cable Colour
	 1	 Live	 BROWN
	 2	 Neutral	 BLUE
	 	 Earth/Ground	 GREEN/YELLOW
	
J - Interconnections at Receiver (to Transmitter Unit),  7 Way Socket

	 Pin Designation	 Description	 Cable Colour
	 A 	 +48V	 BLUE
	 B	 Zero Volts	 GREEN
	 C	 Communications ‘A’	 RED
	 D	 Communications ‘B’	 YELLOW
	 Inside Connector	 Screen
	

Electrical Installation

A - Relays and Outputs,  19 Way Socket

	 Pin Designation	 Description	 Cable Colour
	 A 	 System OK Relay (Closed on Fault)	 BLACK
	 B	 System OK Common 	 BROWN
	 C	 System OK Relay (Open on Fault)	 RED
	 D	 Maintenance Relay (Open on Maintenance)	 ORANGE
	 E	 Maintenance Common	 YELLOW
	 F	 Maintenance Relay Common (Closed on Maint.)	 GREEN
	 G	 Alarm Relay (Open on Alarm)	 BLUE
	 H	 Alarm Relay Common	 VIOLET
	 J	 Alarm Relay (Closed on Alarm)	 GREY
	 K	 Not Used	 WHITE
	 L	 Current Loop Output 1 +ve (Analog Out) 	 GREEN/RED
	 M	 Current Loop Output 1 -ve (Analog Out) 	 PINK
	 N	 Current Loop Output 2 +ve (Analog Out) 	 YELLOW/RED
	 P	 Current Loop Output 2 -ve (Analog Out) 	 RED/BLUE
	 Inside Connector	 Screen

	IMPORTANT NOTE : Remove Turquoise cable
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A8-5	Assembly of Connector Plugs

All the connectors are metal type.  The pin designation of each connector is repeated on each 
individual plug. 

The individual plugs are supplied in separate bags.  The basic assembly of all the plugs is illustrated.

Mains Power Supply Connector

NOTE

Ensure there is sufficient clearance to enable connection and disconnection of the mains 
connection, refer to installation A7-1.

Electrical Installation

Notes on Assembly

1. Follow the above scheme for assembling the connector.
2. Fit tag into solder bracket of earth terminal (E).
3. Ensure rim of earth link is seated into shell recess.
4. Solder brown lead into Live terminal (L).
5. Solder blue lead into Neutral terminal (N).
6. Solder green/yellow lead and earth link tag into Earth terminal (E).
7. Slide correctly orientated retaining gland firmly on to rim of link, assemble and tighten.

Important
Maintain pressure on the outlet to ensure that the castellations on the outlet and the connector are 
located before tightening.

8. Fully assembled connector shown below.
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A8-6	Fitting of Plug Connectors

IMPORTANT

The plugs will only fit the connectors in one orientation. 

Do not push or force the plugs onto the connectors. This may result in permanent damage.

Special lugs on both the plugs and connector should help alignment. The plugs should attach 
firmly and secure by twisting the ring.

Transmitter

1.	 7-way Interconnecting Cable 	
	 (Transmitter to Receiver)

B. 7-way Interconnecting Cable Input
	 (Transmitter to Receiver)

K. 	7-way Flue Gas Temperature/
	 Ambient Temperature Sensor Input

Receiver

1.	 6-way Interconnecting Cable 	
	 (Receiver to Transmitter)

D. 	Mains Power Supply Input

C. 	7-way Serial Communications 	
Output

J. 	7-way Interconnecting Cable Input
	 (Receiver to Transmitter)

A. 	19-way Relay Outputs 

CAUTION

THE PROTECTIVE EARTH CONDUCTOR TERMINAL ON THE MAINS CONNECTOR 
MUST BE PROPERLY TERMINATED FOR OPERATOR SAFETY.  CONTINUITY OF 
THE PROTECTIVE EARTH CONDUCTOR MUST BE CHECKED BEFORE THE UNIT 
IS SWITCHED ON FOR THE FIRST TIME.

CAUTION

ISOLATE THE MAINS SUPPLY BEFORE DISCONNECTING ANY CABLES

Electrical Installation

1B

K

A

J

C

D
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Electrical Installation

A8-7	Serial Communications Connections

The 9100 can be configured for either of the following serial communications protocols:

RS 232
RS 485 4 wire, full duplex
RS 485 2 wire, half duplex

A

H

G
F

E

D

C

B

RS232

Transmit TXD

Receive RXD

Ground/Earth COM

A

H

G
F

E

D

C

B
A (RX)

B (/RX)

Z (TX)
Y (/TX)

RS485
4 wire, full duplex

Ground/Earth COM

A

H

G
F

E

D

C

B

RS485
2 wire, half duplex

A

B

Ground/Earth COM

Model 9100 and 9200 MkII  
Serial Communications Connections
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Important Information for RS 484 termination

In order to meet the RS 485 specification it is important to adhere to the following additional 
requirements:

1.  It is necessary to use twisted pair wiring of gauge 26 AWG or heavier

2. Each end of the communication network must terminated with 120 Ω termination resistor. This 
should normally be fitted in an appropriate junction box in accordance with the wiring scheme in 
operation. Refer to schematic below.

3. Ensure any spurs taken off the main communication line are kept as short as possible.

Model 
9100

Model 
9100

Model 
9100 

Control Room Unit
e.g. PLC - Site DCS

Electrical Installation
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A8-8	Installation Overview

Overview of the electrical connections

	 1	 Transmitter		
	 2	 Duct		 	
	 3	 Air Purge Unit
	 4	 Receiver	 	 	
	 5	 Air Blower Unit	 	 	 	
	 6	 4-core interconnecting connecting cable
	 7	 Flue Gas Thermocouple Input
	 8	 Mains Power Input
	 9	 Junction Box (customer supplied option)
	 10	 Calibration Gas Cylinder
	 11	 Calibration Gas Exhaust

Electrical Installation

1

2

3 4

5

6

7

8

3

11
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10

8
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30
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A9	 Model 9000/9200MKI Replacement

The Model 9100 will replace an existing Model 8000, Model 9000 or Model 9200MKI installation with 
straightforward modifications.

Transfer Flange / Stand Pipe

In order to mount a new Model 9100 onto an existing flange/stand pipe a transfer has to be used to 
marry up the mounting holes on the new flange to the existing flange/stand pipe.  The transfer flanges 
available are shown in the table below.

	 Standpipe Mounting 	 Part No. 702.790	 For new	
	 Flange	 	 applications

	 3inch ANSI Mounting 	 Part No. 703.603	 For Model 9000 to new 	
	 Flange (Transfer)	 	 units (stand pipe mounted)

	 Standpipe Mounting 	 Part No. 703.573	 For Model 9000 to new 	
	 Flange (Transfer)	 	 units (wall mounted)

	 Standpipe Mounting 	 Part No. 703.766	 For Model 8000 Transmitter 	
	 Flange (Transfer)	 	 to new units (wall mounted)

	 Standpipe Mounting 	 Part No. 703.764	 For Model 8000 Receiver 	
	 Flange (Transfer)	 	 to new units (wall mounted)

Interface Unit

The connections between the transmitter and receiver on the Model 9100 differ from the previous 
Model 8000, Model 9000 and 9200MKI.  The existing cables of the  Model 9000 and Model 9200MKI 
may be used in conjunction with the relevant interface box.   

If upgrading from a Model 8000, new cable connections will need to be established.

Model 9000/9200MKI Replacement
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A9-1	Instrument Mounting

The Model 9100 mounts onto an existing Model 9000/Model 9200MKI flange by the use of the 
transfer flange.  Follow the steps detailed below:

WARNING

Due to positive pressures inside the stack/duct, caution must be taken when removing 
the existing instruments. The escape of hot flue gases can be expected. Ensure all 
relevant safety equipment is being used. Where possible It is recommended to shut-
down the process to enable straightforward installation to take place.

1. Turn off the power supply to the existing instrument.

2. Maintain the air supply to the purge unit.

3. Disconnect all the connectors from the base-mounted gland plate. 

IMPORTANT

Do not cut off or remove connector plugs from these cables. They may be required in the 
installation of the new instrument.

4. Disconnect the instrument and air purge from the mounting flange. Repeat this for both the 
transmitter and receiver units. Retain all nuts and washers.

5. Switch off and disconnect the air supply to the purge units. Retain all nuts, washers and hoses.

IMPORTANT

The purge units will be supplied by either an air mover system or a blower unit (where sup-
plied by Land Instruments International). These units are required in the installation of the 
new instrument.

Removal of the existing instrument is now complete.

	

Model 9000/9200MKI Replacement
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Mounting the New Instrument (to an Existing Standpipe)

IMPORTANT

Ensure there is sufficient space at the existing installation point to fit the additional interface 
units.

Existing Mounting Flange Assembly

Transfer Flange

Dust Seal

Instrument

Model 9000/9200MKI Replacement

The transfer flange (Part number 703.603) is compatible with a 3" ANSI, 150lb flange only.
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1.	 The transfer flange should be fitted to the existing mounting flange as illustrated. Note conditions 
on use of the transfer flange.

	 Use the retained nuts and washers from the existing mounting flange arrangement. 

2.	 Before mounting the instrument, reconnect the air purge to the chosen air supply system (either 
air mover or blower).  It is important to keep clean the optical window of the instrument.

NOTE

The pressure and flow characteristics of the new Model 9100 purge match the requirements of 
the existing Model 9000/Model 9200MKI. No adjustments are necessary to these parameters.

3.	 Using the supplied set of washers and nuts mount the new instrument onto the transfer flange.

4.	 Secure with the nuts, but not over-tighten until optical alignment has been completed.

Model 9000/9200MKI Replacement
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B3 Product Description

B1 Product Description

B1-1 System Components

The Model 9100 CO monitor measures concentration levels of carbon monoxide (CO) in flue gas or
tunnel atmospheres without the need for physical isolation of the CO.  The operating principle is based
upon the absorption of infrared radiation by CO molecules.  A radiation source in the transmitter sends
an infrared beam across the exhaust duct/tunnel to a receiver unit situated on the same optical axis.
Using an advanced digital signal processing technique, the measurement information is processed to
give a CO concentration.  The air purge units keeps the optical elements free of dirt and dust, also
protecting them from overheating. In tunnel applications, blowers and air moves are not normally
required due to the constant ambient termperature and expected low dust levels.

Model 9100 flue gas system.

1. Transmitter
2. Wall of duct / tunnel wall
3. Air purge attachment
4. Receiver
5. Air blower with filters and ring seal

6. Transmitter/receiver umbilical cable
7. Temperature sensor (with transmitter)
8. Outputs: Current source at 0,2 or 4-20mA,

relay contacts (system errors, alarm,
calibration in progress), serial port.

1

2

3 4
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Product Description

The transmitter and the receiver must be arranged on an optical axis through the duct or in a tunnel
containing the CO.  They are connected via a four-core inter connecting signal cable (6), referred to as
the 'umbilical cable'.

WARNING

Do not remove the umbilical cable when the power supply is connected

Exhaust duct temperature/ambient atmosphere temperature is required by the transmitter for
measurement compensation.  This measurement is taken by the temperature sensor (7), which is
supplied separately or entered manually via the user interface.

The programmable settings can be made via the receiver control panel by an authorised user, or via
the serial port by a LAND service engineer.  A measurement range of 0 to 10000 ppm.m can be set
and the equipment will operate over a 0.5 to 10 metres (1.6 to 33ft) range.

NOTE

For flue gas temperature applications the temperature of the gas must not exceed 370°C (698°F).

The transmitter and receiver fitted with the air purge flanges are shown above.

Receiver

Transmitter
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B5 Product Description

B1-2 Transmitter Unit

The electronic and optical components are accommodated in a cast aluminium housing and powered via
the receiver. The infrared radiation  is generated by a compact low-power source, working at a temperature
of 900°C (1562°F) with an energy consumption of 30W.   A constant speed motor drives the gas wheel in
front of the infrared source.  The wheel  consists of 2 gas-filled cells, of which one is filled with 100% CO,
and the other with 100% N

2
.  When the radiation  passes through the gas filled cells it is broken down into

groups of pulses.  The resulting beam is then focused by a lens and enters the duct through a calcium
fluoride window.

The beam which passes through the N
2
 cell is susceptible to CO absorption in the duct atmosphere.  When

it passes through the 100% CO cells all the corresponding spectral constituents are absorbed, so that the
radiation  which reaches the duct is CO-insensitive.

B1-3 Receiver Unit

The receiver is housed in an identical cast aluminium housing.  The radiation passes through the flue gas
under measurement, through a calcium fluoride window and is collected by a spherical mirror.  It then
passes through a spectral filter to the infrared radiation detector.  The temperature of this detector is kept
constant.  It is situated vertically offset from the optical axis.  The spectral filter, used for measurement
purposes, is a band pass filter for the CO absorption range.  This spectral filter is positioned inside the beam
path during  measurement.  At selectable intervals, (or if manually initiated), calibration cycles take place
which automatically correct the zero setting of the equipment for any drift caused by precipitation or dirt.
During such *calibration cycles the measurement filter is replaced with the calibration filter.

*   Patented calibration check - UK No 2165941.

Advanced digital signal processing techniques are used, to calculate the CO concentration in the flue gas
atmosphere.

B1-4 Air Purge

The air purge protects the optical system from dust and over heating.  It is important that the blower air hoses
are connected correctly and that the blower unit is running at the correct pressure, before the transmitter
and receiver units are fitted to the stack.

NOTE

Not typically necessary in tunnel applications
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Getting Started

F2 F4

F1 F3

CARBON MONOXIDE MODEL 9100

B2 Getting Started

B2-1 The Receiver Unit Interface

The interface consists of a membrane keyboard and a two line liquid crystal display (subscript and
superscript characters cannot be displayed).  The display has a back light and temperature controlled
contrast adjustment.  During normal operation the CO concentration is displayed. The illustration
below shows the interface.

Receiver Interface

B2-2 Main Menu

The screen below is displayed by pressing any of the function keys whilst the CO concentration is on
display. This option screen is used as a main menu to access all other screens.

Main Menu Display

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL
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B7 Getting Started

B2-3 Function Keys

The system constants and parameters can be set or changed from the control panel.  It is operated by
using nine light blue keys which have the following functions:

RUN

Starts the normal measurement cycle and shows the CO concentration.

SYSTEM

Must be pressed to begin alignment.  The intensity of the infrared light received will be
shown.  Alignment is carried out so that the maximum possible reading is obtained.

SETUP

Begins the cycle for checking or modifying the system settings.

CAL

Must be pressed for initial calibration of the instrument under clear stack conditions.

Selects the next display during system parameter programming, the display of the data
measured or the fault display.

Display next value (during programming).

Display last value (during programming).

The figure currently displayed will be stored into the parameter memory and the next
parameter displayed.
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Getting Started

B2-4 Using the Instrument for the First Time

Before switching on check that all connections have been made correctly (see the installation section).

WARNING

INCORRECT INSTALLATION OF THE BLOWER UNIT MAY RESULT IN DAMAGE
TO THE OPTICAL UNIT.

IMPORTANT

AFTER THE MAINS CURRENT HAS BEEN SWITCHED ON THE INSTRUMENT TAKES
APPROXIMATELY 20 MINUTES TO WARM UP AND A FURTHER 20 MINUTES FOR
THE MEASUREMENTS TO STABILIZE.

NOTE

FACTORY SET PASSWORD IS 10

NOTE

If the instrument display is blank the contrast may need to be adjusted.  This is done by pressing
the UP key first, then the F1 key and holding both together until the display is viewed.  The
adjustment may take 30 seconds.  If unsuccessful repeat the procedure but replace the UP
key with the DOWN key.

Press 'UP' or 'DOWN'
key first and hold.

Then press 'F1' until a
display is on view.
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B9 Getting Started

B2-5 Alignment

It should normally take approximately 20 minutes for the system to 'WARM UP' (system will display
'Startup') and then a further 20 minutes for the measurement to stabilize.  Ensure this period has
elapsed prior to alignment.

Care must be taken to fully complete the alignment procedures in order for the instrument to attain
maximum accuracy.  Alignment ensures that the maximum intensity of infrared radiation is received.
The transmitter and receiver must be aligned with each other in order to ensure correct functioning of
the instrument.

NOTE

Basic mechanical alignment should have been undertaken during installation.

Check the display is reading 'SYSTEM RUNNING', select the 'SYSTEM' option (F2 key) from the main
menu and then the 'DATA' option (F2 key again) from the data menu.

A number representing the signal strength will appear on the display.  Alignment is carried out by
obtaining the highest possible number (The absolute value is not important.  Higher or lower readings
are not indicative of an equipment fault).  The objective is to obtain the highest reading at a specified
pathlength.

NOTE

The Signal Value verses Pathlength graph should be used as a guide only, when achieving this value.

To display data screens from
data menu press: The Alignment System Data

should be displayed

To display main menu from
CO display press:

To display 'DATA' menu from
main menu press:

or or or
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Getting Started

Graph Showing Signal Value verses Pathlength (metres)

Graph Showing Signal Value verses Pathlength (feet)
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B11 Getting Started

Alignment Adjustment Procedure

The alignment infrared beam can be adjusted, both vertically and horizontally, by loosening or
tightening the three alignment adjusting nuts, on the transmitter and receiver fixing flanges.

Alignment Adjusting Nuts

In order to achieve a good alignment the following procedure is suggested:

1. Ensure basic mechanical alignment has been undertaken during installation.
2. Select the 'SYSTEM' option from the main menu and the 'DATA' option from the system menu, on

the control panel.
3. Adjust the vertical and horizontal alignment of the receiver unit, (by tightening and loosening the

alignment adjusting nuts) until a maximum reading is displayed.  Record this reading.
4. Adjust the vertical and horizontal alignment of the transmitter unit as follows:

i) Adjust the horizontal alignment of the transmitter unit (by either tightening or loosening nut
1 of the three alignment adjusting nuts), until a rapid drop-off of the signal value is observed.

ii) Adjust nut 1 again but in the opposite direction, until another rapid drop-off of the signal
value is observed.  Count the number of complete turns of nut 1 this takes and turn it in
the original direction by half this number.

iii) For vertical alignment repeat steps (i) and (ii) above, using nut 2.

NOTE

The signal value displayed after alignment should be equal to or greater than the signal value
recorded after adjustment of the receiver unit.

Nut 2

Nut 1

Fixing Flange
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B2-6 Zero Calibration

The instrument is calibrated by the manufacturer.  Calibration of the zero reading should be done
during clear stack conditions only.

WARNING

Do not perform a zero calibration while the process is operating.  Invalid measurement
readings may result.

The zero calibration routine is accessible from the main menu by selecting the 'CAL' option (F4 key)
and then entering the password.

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then enters the calibration menu.  Zero calibration can then be selected and executed by entering
'Yes' to the 'Zero Cal Now ?' prompt.

The zero calibration will be carried out automatically.  Three screens will be displayed, 'ZERO CAL
Phase 1', 'ZERO CAL Phase 2' and 'Zero Cal Complete'.  The final screen (Zero Cal Complete) will
display for one second and then return to the CO display.

NOTE

By pressing the F1 key at any time (except following entry of the password), you can leave the
parameter cycle and start the normal measurement cycle.  The calibration will be aborted.

To select password: To enter password press:

To select 'CAL' option from
main menu press:

To select main menu from CO display press:

or or or

To select 'Zero Cal Now' press:

or

To select 'Yes' press:

or

To execute zero calibration press:
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Zero Calibration Operational Structure

CO Display

Main Menu

Calibration Screen

Zero Calibration

CO Display

CALIBRATION MENU
Zero Cal Now? NO

ZERO CAL Complete

CO = 202 PPM
System: Running

Check cycle aborted

ZERO CAL aborted

ZERO CAL Phase 1
Averaging....

ZERO CAL Phase 2
Averaging....

Enter Pass#: 0
then press 'ENTER'

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL

CO = 202 PPM
System: Running
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B2-7 Parameters

Password

Setting the parameters can only be carried out by authorised personnel who know the equipment
password.  This password should only be given to persons who are entitled to modify the system
parameters.  Parameters can be viewed without the correct password, but no changes may be made.

Setup procedure

To set the parameters of the instrument, select 'SETUP' (F3 key) from the main menu and enter the
password.  This is done  by pressing the following keys:

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then continues the setup routine.  All parameter options and limits are shown on the 'Table Of
Parameters' in this section.  In order to obtain a reliable and accurate reading the parameters
underlined must be entered during initial setup.  All other parameters are customer selectable.

Parameters are selected as follows:

NOTE

To exit the parameter cycle press the F1 key at any time (except during entry of the password).
The normal measurement cycle will be resumed and the programmed parameters retained,
even after the equipment has been switched off.

For the next parameter press:For the previous parameter press:

To enter password press:To select password:

To select 'SETUP' option from
main menu display press:

To select main menu from CO display press:

or or or
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Table of Parameters

Opposite is a table showing all the system parameters available via the setup menu.  It is advised
that parameters shown underlined must be set, for an accurate reading.  Other parameters are
customer selectable.  Default settings are shown in bold.

The column headings are explained as follows:

Parameter

Number and name of the parameter

Lower

Lowest permissible value
Upper

Highest permissible value

Units

Units of values shown in table

Options

Available options for that parameter

NOTE

Default settings are displayed in bold type in the options column.

Getting Started
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Parameter Table

Parameter Lower Upper Units Options

#1 Password Number 0 9999 10
#2 Access Time 0 10 min 2 minutes
#3 Maint Relay [OFF][ON][C in P]
#4 Units [ppm][mg/nm][mg/nm3]
#5 Temperature Units [Deg. C][Deg. F]
#6 Pressure Units [mbar][in Hg]
#7 Path Units [cm][in]
#8 Pathlength 50 1000 cm 50 cm
#9 OP1 Range [0-20mA][2-20mA][4-20mA]

[0mA][4mA][18mA]
#10 OP1 Span 100 20000 2000
# 11 OP1 Damping 1 60 sec 2 sec
#12 OP2 Range [0-20mA][2-20mA][4-20mA]

[0mA][4mA][18mA]
#13 OP2 Span 100 20000 2000
#14 OP2 Damping 1 60 sec 2 sec
#15 OP1 in cal [TRACK][HOLD]
#16 OP2 in cal [TRACK][HOLD]
#17 Report Time 10 300 sec 90
#18 Flue Temp. (type) [MANUAL][CLIP][T/C]
#19 CLIP Range [0-20mA][2-20mA][4-20mA]
#20 CLIP Min -50 300 Deg.C 0 Deg. C Steps of 5 degrees
#21 CLIP Max 100 500 Deg.C 300 Deg. C Steps of 5 degrees
#22 Flue Temperature -50 500 Deg.C 300 Deg. C Steps of 1 degree
#23 Alarm (Type) [HIGH][LOW][NONE]
#24 Alarm (Limit) 0 20000 ppm 1000 ppm Steps of 10
#25 Alarm hyst 0 10 % 1 %
#26 CO2 0 25 % 0 %
#27 H2O 0 50 % 0 %
#28 Pressure (Hg) 24.0 33.0 inHg 29.9 inHg Steps of 0.01 inHg
#29 Pressure (mbar) 800 1200 mbar 1013 mbar Steps of 1mbar
#30 Cal Check (Type) [MANUAL][TIMED]
#31 Cal Check (Period) 0 200 hrs 24 hrs
#32 Contrast 0 32 12
#33 Back Light [Auto][ON][OFF]
#34 Damping 1 60 sec 1
#35 Comms. [LAND1][LAND2]
#36 Language [ENGLISH][FRENCH][ITALIAN]

[POLISH][SPANISH]
#37 Station No. 1 255 1

   #38 Report Time 0 1200 sec
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B3 User Interface

B3-1 Operational Structure

CALIBRATION
Cal Check Now ?
Zero Cal Now ?
External Cal Now ?
Restore Previous ?
Restore Factory ?

SERVICE
For LAND service
personnel only.
Protected by security
password lockout.

Clears any faults and
resets appropriate
parameters.

CO Display

SYSTEM (DATA)
#1 Alignment
#2 Meas. NLV
#3 NOT USED
#4 Meas. Zero
#5 NOT USED
#6 Filter Temp.
#7 Detect Temp.
#8 Ambient Temp.
#9 Wheel Temp.
#10 Xmit Amb.
#11 Xmit Source

#12 TC Temp.
#13 CLIP Temp.
#14 Work Temp.
#15 NOT USED
#16 Gain
#17 Version No.

FAULTS
Displays current fault

Main Menu

System Menu

Password Entry

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL

CO = 202 PPM
System: Running

Enter Pass#: 0
then press 'ENTER'

F1:RUN F3:FAULTS
F2:DATA F4:SERVICE

F1:QUIT F3:VIEW
F2:CLEAR & RESET

#1 Password Number
#2 Access Time
#3 Maintenance Relay
#4 Units
#5 Temperature Units
#6 Pressure Units
#7 Path Units
#8 Pathlength
#9 OP1 Range
#10 OP1 Span
#11 OP1 Damping
#12 OP2 Range
#13 OP2 Span
#14 OP2 Damping
#15 OP1 in Cal
#16 OP2 in Cal
#17 Report Time
#18 Flue Temp (type)
#19 CLIP Range

#20 CLIP Min
#21 CLIP Max
#22 Flue Temp
#23 Alarm (Type)
#24 Alarm (Limit)
#25 Alarm Hyst.
#26 CO2
#27 H2O
#28 Pressure (Hg)
#29 Pressure (mbar)
#30 Check Cycle (type)
#31 Check Cycle (time)
#32 Contrast
#33 Back Light
#34 Damping
#35 Comms.
#36 Language
#37 Station No.
#38 Report Time

SETUP PARAMETERS
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B3-2 Data Displays

The data displays show diagnostic and other readings being made by the instrument in support of the
CO measurement.  All current data may be viewed from the receiver unit display panel.

NOTE

No password is required.

Viewing Data

To view the data, select 'SYSTEM' (F2 key) from the main menu and then 'DATA' (F2 key again) from
the system menu.  This is done  by pressing the following keys:

In this section all viewable data options are shown in detail.

NOTE

To exit the data displays press the F1 key, at any time.  The normal measurement display will
be resumed.

To view data press:

or

To select 'DATA' from the
system menu press:

To select 'SYSTEM' option from
main menu display press:

To select main menu from CO display press:

or or or



Operation Manual                                                                                       Model 9100 CO Monitor

B19 User Interface

System Data #2
Meas.NLV: 0.16734

Measured Non–Linear Value (NLV) #2

Displays the measurement non-linear value (nlv) calculated using the 100%CO and N2 gas cells.  This
value is used during the calculation of the CO concentration.  This value should be between 0.00000
and 0.20000 for a normal system.

Alignment Reading #1

The value displayed represents the strength of the optical signal, and hence indicates how well
aligned the two parts of the instrument are.  It is necessary to maximize this value during the
alignment procedure (see 'GETTING STARTED' section) to attain optimum accuracy of the
instrument.  The best alignment signal will depend on pathlength and stack opacity, but is typically
5000 at a 1m clear path.

System Data #1
Alignment: 4980

B3-3 Display Screens for Current Data Readings

F1:RUN F3:FAULTS
F2:DATA F4:SERVICE

System Menu

From this screen it is possible for the user to quit and return to the measurement display (key F1),
view current data readings (key F2) or identify any faults found (key F3).  The 'SERVICE' option (key
F4) is for LAND service personnel only and is password protected.
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System Data #5

Not used on the CO 9100.

System Data #4
Meas.Zero: 0.673465

Zero Calibration Constant (Meas. Zero) #4

Displays the zero calibration constant (K) used in calculating the CO reading.  This value is
determined during calibration.  It represents the ratio of signal strength between the 100%CO and the
Nitrogen cells and should be in the range 0.650000 and 0.690000 with no CO in the measurement
path.  Values outside this range indicate a cell leak.  This value is used for diagnostic purposes.

System Data #3

Not used on the CO 9100
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Temperature Of The Measurement And Calibration Filter #6

Current temperature of the infrared filter used during measurement cycles and automatic calibration
cycles.  This value will be in the range 0°C/32°F to 50°C/122°F depending on ambient temperature.
The instrument compensates for drift caused by change in filter temperature.

NOTE The temperature units may be selected from the setup menu.

System Data #6
Filter Temp: 0C

Temperature Of Infrared Detector #7

Displays the temperature of the infrared detector situated in the receiver.  Units are selected via the
parameter settings.  This value should be between -2°C/28.4°F and 2°C/35.6°F.  The detector
temperature is controlled at 0°C/32°F for stability and good signal/noise ratio.

System Data #7
Detect. T: 0C

Ambient Temperature At Receiver #8

Displays the internal temperature of the receiver unit.  This value should be in the range -10°C/14°F to
60°C/140°F, depending on ambient temperature outside the instrument.  Operation outside this range
will impair accuracy.

System Data #8
Ambient T: 0C
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Temperature Of The Cell Wheel #9

Displays the current temperature of the gas cell wheel in the transmitter unit.  It is controlled at 60°C/140°F
but may fall at low ambient temperatures.  This value should be in the range 50°C/122°F to 60°C/140°F.

System Data #9
Wheel T: 0C

Ambient Temperature At Transmitter #10

Displays current internal temperature surrounding the transmitter unit.  This value should be in the
range 0°C/32°F to 70°C/158°F depending on ambient temperature outside the instrument.  Operation
outside this range will impair accuracy.

System Data #10
Xmit. Amb: 2C

Temperature Of The Transmitter Source #11

Displays the temperature of the infrared source situated in the transmitter.  This value should be in the
range 890°C/1634°F to 910°C/1670°F.

System Data #11
Xmit. Source: -2C



Operation Manual                                                                                       Model 9100 CO Monitor

B23 User Interface

Working Temperature #14

The working temperature may be taken from the thermocouple selected or a manually entered value
(set in parameter #18 see section B3-7).  If the selected thermocouple should fail the manually
entered value will be used and the working temperature display changed accordingly.

System Data #14
Work Temp: 56C

Current Loop Input (CLIP) Temperature #13

Displays the temperature measured by the 4-20mA thermocouple (available from Land) or customer
supplied current loop input.  Parameter #18 (Flue Temp.) should be set to 'CLIP' to gain access to
parameters #19 'CLIP range', #20 'CLIP Min' and #21 'CLIP Max' (see section B3-7).

System Data #13
CLIP Temp: 43C

Temperature Inside The Flue #12

Displays the temperature measured by the standard (type 'K') thermocouple (available from Land).
Parameter #18 (Flue Temp.) should be set to 'T/C'.

System Data #12
Flue Temp: 56C
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Software Version #17

Displays the version of software used in the instrument.

System Data #17
Version No.: V1.00

Amplifier Gain Value  #16

Displays the current value of the amplifier gain.  This is dependant on alignment and pathlength.  This
value should be in the range 0 to 7.

System Data #16
Gain: 1

System Data #15

Not used on the CO 9100.
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B3-4 Calibration Settings

Password

Calibration settings can only be made by authorised personnel who know the equipment password.
This password may only be given to persons who are entitled to modify the system parameters.
Operations cannot be performed without the correct password.

Calibration procedure

To calibrate the instrument, select 'CAL' (F4 key) from the main menu and enter the password.  This
is done by pressing the following keys:

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then enters the calibration menu.  In this section various calibration options are available.  Where
calibration are required they may be changed or entered as follows:

NOTE

The calibration may be aborted at any time (except when entering the password) and the
display will return to the calibration menu.

To select 'CAL' option from
main menu press:

To select main menu from CO display press:

or or or

To select password: To enter password press:

To select a value press:

or

To enter a value and select the
next or previous option press:
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ACCESSING THE CALIBRATION MENU

Options
Enter password to continue

Range
0 to 9999

Default Setting
10

Enter Password Screen

This allows the user access to the calibration menu in order to
calibrate the instrument.  It is used as a security measure to
lock out unauthorised users.

Enter Pass#: 0
then press 'ENTER'

B3-5 Display Screens for Calibration Settings

Main Menu

The calibration routine is selected by pressing F4.  Calibration
enables the user to set up the instrument for use.

Options
[RUN][SYSTEM][SETUP][CAL]

Range
NOT APPLICABLE

Default Setting
NOT APPLICABLE

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL
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Options
[No][Yes]

Range
NOT APPLICABLE

Default Setting
No

Check Cycle

Enables the user to manually initiate a check cycle.  See
section B4 Normal Modes Of Operation.

CALIBRATION MENU
Check Cycle Now? NO

Zero Calibration

In order to perform a zero calibration the instrument must be
fixed in position under clear stack conditions (i.e. No Carbon
Monoxide emissions).  Zero Calibration adjusts the
measurement to zero by recalculating the zero constant.

Options
[Yes][No]

Range
NOT APPLICABLE

Default Setting
No

CALIBRATION MENU
Zero Cal Now? NO

CALIBRATION CHECK CYCLE ROUTINE

ZERO CALIBRATION ROUTINE
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Enter cell conc:
Cell conc: 500ppm

Options
Calibration gas concentration

Range
10 to 50000 ppm

Default Setting
500 ppm

Cell Concentration

The relevant calibration information (e.g. 1M 25°C 790 ppm) will
be supplied with each cell.  The concentration must be entered
(e.g. 790 ppm).

CALIBRATION MENU
External Cal Now? NO

External Calibration

This calibrates the span of the instrument using a calibration
gas cell placed external to the instrument, along the optical
path of the beam.  External calibration may be carried out
under bench test conditions and is recommended once a year.

Options
[Yes][No]

Range
NOT APPLICABLE

Default Setting
No

EXTERNAL CALIBRATION ROUTINE

Options
Cell pathlength

Range
50 to 1000 cm

Default Setting
100 cm

Cell Pathlength

The relevant calibration information (e.g. 1M 25°C 790 ppm)
will be supplied with each cell.  The pathlength must be
entered (e.g. 100cm).  This is the equivalent pathlength
specified on the cell (usually 1m or 6m), not the installation
pathlength.

Enter Pathlength:
Cell Path: 600 cm
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Settling Time

The 'Settling' figure displayed is the instruments reading of the
calibration gas cell concentration, which should be equal to the
stated value specified on the calibration gas cell.  If the reading is
incorrect, calibrate by pressing the F2 key.

Settling...578ppm
F1:QUIT F2:CAL

Options
[F1][F2]

Range
NOT APPLICABLE

Default Setting
F1 (Quit)

Options
[F1][F2]

Range
NOT APPLICABLE

Default Setting
F1 (Quit)

Connect Calibration Cell

The calibration gas cell must be placed across the optical path
of the beam.  Once in place, calibration may commence by
pressing the F2 key.

INSERT CELL
F1:QUIT F2:CAL

Cell Temperature

The relevant calibration information (e.g. 1M 25°C 790 ppm)
will be supplied with each cell.  The cell temperature must be
entered (e.g. 25°C).  This is the equivalent temperature
specified on the calibration cell, (usually 20°C/68°F or 150°C/
302°F) not the installation gas temp.

Options
Cell temperature

Range
-50 to 500 °C

Default Setting
20 °C

Enter cell temp.:
Cell Temp.: 20C
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Restore Previous Calibration Settings

Prior to a calibration the instrument records the optical
calibration data.  After a successful calibration this becomes
the 'previous calibration data'.  This option allows the current
calibration data to be replaced with the data from the previous
calibration.

Options
[Yes][No]

Range
NOT APPLICABLE

Default Setting
No

CALIBRATION MENU
Restore Previous? NO

Options
[F1]

Range
NOT APPLICABLE

Default Setting
F1 (Quit)

Remove Calibration Gas Cell

Remove the calibration gas cell before pressing the F1 key to
end the calibration routine.

Remove cell 578ppm
F1: END

PREVIOUS CALIBRATION SETTINGS RESTORATION ROUTINE
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Options
[Yes][No]

Range
NOT APPLICABLE

Default Setting
No

Factory Settings

For LAND service engineers only.  Replaces factory settings
with current settings.

NOTE Factory settings cannot be restored once
changed.

CALIBRATION MENU
Factory Setting? NO

Options
[Yes][No]

Range
NOT APPLICABLE

Default Setting
No

Restore Factory Settings

Factory settings should not be used (unless agreed with LAND
Instruments International before purchase).  The accuracy of
the instrument depends on the path length and so factory
settings may not be appropriate.

CALIBRATION MENU
Restore Factory ? NO

FACTORY SETTING RESTORATION ROUTINE
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B3-6 Parameters

Password

Parameters are password protected and may be changed only by authorised personnel.  Changing
certain parameters may seriously affect the functionality and accuracy of the instrument.  Without the
correct password parameters may be viewed, but no changes can be made.

Setup procedure

To set the parameters of the instrument, select 'SETUP' (F3 key) from the main menu and enter the
password.  This is done  by pressing the following keys:

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then continues the setup routine.  If an incorrect password is entered the system briefly displays the
words 'SYSTEM LOCKED' before entering display.  In this section all parameter options and limits are
given in detail.

NOTE
See the 'Getting Started' section for a 'Table Of Parameters'

Parameters are selected as follows:

NOTE

The calibration may be aborted at any time (except when entering the password) and the
display will return to the calibration menu.

To enter password press:To select password:

To select 'SETUP' option from
main menu display press:

To select main menu from CO display press:

or or or

For the next parameter press:For the previous parameter press:



Operation Manual                                                                                       Model 9100 CO Monitor

B33 User Interface

B3-7 Display Screens For Parameter Settings

Options
Enter password to continue

Range
0 to 9999

Default Setting
NOT APPLICABLE

Enter Pass#: 0
then press 'ENTER'

Enter Password Screen

 When the correct password is entered, the system is
'unlocked', and the parameters may be set.  An incorrect
password allows the user to view (but not set) the parameters.

Options
[RUN][SYSTEM][SETUP][CAL]

Range
NOT APPLICABLE

Default Setting
NOT APPLICABLE

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL

Main Menu

This display is accessible by pressing any of the function keys
whilst the CO concentration is on display.  This option screen
is used as a main menu to access all other screens.

ACCESSING THE PARAMETER MENU
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Access Time Setting #2

An 'Access Time' may be set that allows the system to remain
unlocked for a period after exiting from protected menus.

NOTE This parameter will not be displayed if the
system is locked (incorrect password entered).

Options
Set time

Range
0 to 10 min

Default Setting
2 min

Parameter #2
Access Time: 2 min

Options
Set password

Range
0 to 9999

Default Setting
10

Change Password #1

The default password may be changed by entering a preferred
password.

NOTE This parameter will not be displayed if the
system is locked (incorrect password entered).

Parameter #1
Pass. No.: 0

PARAMETER MENU DISPLAYS

Options
[OFF][ON][C in P]

Range
NOT APPLICABLE

Default Setting
OFF

Maintenance Relay Setting #3

The maintenance relay may be set to;

ON to manually operate maintenance relay.  (For service
personnel to indicate that work is being carried out).

OFF to indicate normal operation (automatically operates
relay for calibration and settling conditions).

CinP to operate relay during calibration operation only.

Parameter #3
Maint Relay: OFF
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Options
[ppm][mg/Am3][mg/Nm3]

Range
NOT APPLICABLE

Default Setting
ppm

Units Setting #4

CO concentration may be displayed in:

ppm (parts per million)
mg/Am3 (milligrams per actual metres cubed)
mg/Nm3 (milligrams per normalised metres cubed)

Parameter #4
Units: ppm

Temperature Units Setting #5

Temperature may be displayed in the following units:

Deg. C Celsius
Deg. F Fahrenheit

Options
[Deg. C][Deg. F]

Range
NOT APPLICABLE

Default Setting
Deg. C

Parameter #5
Temp. Units: DEG. C

Options
[mbar][inHg]

Range
NOT APPLICABLE

Default Setting
mbar

Pressure Units Setting #6

Barometric pressure can be displayed in the following units:

mbar millibars
inHg inches of mercury

Parameter #6
Press. Units: mbar



B36

Model 9100 CO Monitor Operation Manual

User Interface

Options
[0-20mA][2-20mA][4-20mA]
[0mA][4mA][18mA]
Range
NOT APPLICABLE

Default Setting
0-20mA

Output 1 Range #9

Selects the range in mA of output number 1 (OP1).  Can be
set to 0-20mA, 2-20mA or 4-20mA.

NOTE 0mA, 4mA and 18mA are fixed output values
for test purposes.

Parameter #9
OP1 Range: 0-20mA

Pathlength Setting #8

The actual path length must be entered.  To determine
measurement pathlength refer to installation section.  Range is
50cm (20") to 1000cm (400") in 1cm stages.

NOTE The product of path length and maximum CO
concentration must not exceed 10000ppm.m.

Options
Set Pathlength

Range
0 to 1000 cm

Default Setting
50 cm

Parameter #8
Pathlength: 50cm

Options
[cm][in]

Range
NOT APPLICABLE

Default Setting
cm

Path Units Setting #7

Pathlength units may be set as follows:

cm Centimetres
in Inches

Parameter #7
Path. Units: cm
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Output 1 Damping #11

The damping is set between 1 and 60 seconds.  The factory
default setting is 2 seconds.  This value corresponds to the
response time of the output data.  This damping is in addition
to the measurement damping set in parameter #34.

Options
Damping of OP1

Range
1 to 60 sec

Default Setting
2 sec

Parameter #11
OP1 Damping: 2 sec

Options
OP1 Span

Range
100 to 20000

Default Setting
2000 ppm

Output 1 Span #10

Selects the span of output number 1 (OP1) and so defines its
range.  Units of span are set in parameter #4.

Parameter #10
OP1 Span: 2000ppm

Options
[0-20mA][2-20mA][4-20mA]
[0mA][4mA][18mA]
Range
NOT APPLICABLE

Default Setting
0-20mA

Output 2 Range #12

Selects the range in mA of output number 1 (OP1).  Can be
set to 0-20mA, 2-20mA or 4-20mA.

NOTE 0mA, 4mA and 18mA are fixed output values
for test purposes.

Parameter #12
OP2 Range: 0-20mA
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Options
[TRACK][HOLD]

Range
NOT APPLICABLE

Default Setting
TRACK

Parameter #15
OP1 in Cal: TRACK

Output 1 in Calibration #15

During the calibration check the output signal (OP1) may be
set to:

'HOLD' most recent measurement prior to calibration check
or

'TRACK' output calibration check results.

Output 2 Damping #14

The damping is set between 1 and 60 seconds.  The factory
default setting is 2 seconds.  This value corresponds to the
response time of the output data.  This damping is in addition
to the measurement damping set in parameter #34.

Options
Damping of OP2

Range
1 to 60 sec

Default Setting
2 sec

Parameter #14
OP2 Damping: 2 sec

Options
OP2 Span

Range
100 to 20000 ppm

Default Setting
2000 ppm

Output 2 Span #13

Selects the span of output number 1 (OP1) and so defines its
range.  Units of span are set in parameter #4.

Parameter #13
OP2 Span: 2000ppm
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Options
[MANUAL][CLIP][T/C]

Range
NOT APPLICABLE

Default Setting
MANUAL

Flue Gas Temperature Sensor Setting #18

This informs the system of the type of temperature sensing
equipment  used.  The possible entries are MANUAL (set value
manually), CLIP (Current Loop Input) and T/C (Thermocouple).
If a temperature sensor fails, the system defaults to the
manually entered value.

Parameter #18
Flue Temp.: MANUAL

Report Time #17

The length of time that the Calibration Check Report data is
present on the Current Loop Output.

Options
Report Time

Range
10 to 300 sec

Default Setting
90

Parameter #17
Report Time: 90sec

Options
[TRACK][HOLD]

Range
NOT APPLICABLE

Default Setting
TRACK

Parameter #16
OP2 in Cal: TRACK

Output 2 in Calibration #16

During the calibration check the output signal (OP2) may be
set to:

'HOLD' most recent measurement prior to calibration check
or

'TRACK' output calibration check results.
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Current Loop Input (CLIP) Minimum Setting #20

This sets the lowest temperature corresponding to a minimum
current loop input.  Settings are available in steps of 5°C.

i.e. The lowest temperature corresponds to
0 mA, 2 mA or 4 mA.

Options
CLIP Min

Range
-50°C to 300°C
(-60°F to 600°F)
Default Setting
0 °C

Parameter #20
CLIP Min: 0C

Options
CLIP Max

Range
100°C to 500°C
(200°F to 950°F)
Default Setting
300°C

Current Loop Input (CLIP) Maximum Setting #21

This sets the highest temperature corresponding to a
maximum current loop input of 20 mA.  Settings are available
in steps of 5°C.  The figures input must correspond to the
sensor used.

Parameter #21
CLIP Max: 300C

Options
[0-20mA][2-20mA][4-20mA]

Range
NOT APPLICABLE

Default Setting
0-20mA

Current Loop Input (CLIP) Range Setting #19

Selects the range in mA of the current loop input (CLIP).

i.e. 0 mA will correspond to the lowest measurement and
20 mA will correspond to the highest measurement

Parameter #19
CLIP Range: 0-20mA
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Options
Alarm Value

Range
0 to 20000 ppm

Default Setting
1000 ppm

Setting Alarm Value #24

The alarm relay is switched when the CO concentration
reaches the alarm value set.

Parameter #24
Alarm: 1000ppm

Options
[HIGH][LOW][NONE]

Range
NOT APPLICABLE

Default Setting
HIGH

Alarm Setting #23

When the measured CO reading exceeds (HIGH) or falls
below (LOW) the predetermined value (see parameter #24)
the alarm relay will be activated, thus indicating an alarm.

NOTE If 'NONE' is selected, parameters for alarm
value and alarm hysteresis will not be displayed.

Parameter #23
Alarm: High

Options
Flue Gas Temperature

Range
-50°C to 500°C
(-60°F to 900°F)
Default Setting
300°C

Manual Flue Gas Temperature Setting #22

The manually  preprogrammed operating temperature is used
to calculate the CO concentration if no external temperature
sensing point is connected.  Should a fault occur (e.g.  input
failure) this manual setting will be used automatically.  Settings
are available in steps of 1°.  (Units set in parameter #5).

Parameter #22
Flue Temp.: 300C
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Options
Alarm Hysteresis

Range
0 to 10 %

Default Setting
1 %

Alarm Hysteresis #25

The alarm signal is be cancelled when measurement reading
does not exceed alarm levels by an amount equal to the alarm
hysteresis percentage.

i.e. If a 'HIGH' alarm is set at 1000 ppm and the alarm
hysteresis at 1%, the alarm will be displayed when the
measured CO exceeds 1000 ppm and will not be cancelled
until the reading falls below 990 ppm.

Parameter #25
Alarm hyst: 1%
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Cross-Sensitivity

The Model 9100 mathematically corrects for cross-sensitivity to water vapour and CO
2
.  To make this

correction the mean plant gas humidity and CO
2
 content must be programmed on commissioning.

Permissible deviation between actual plant levels and the programmed levels for maintaining the
maximum ±2% cross-sensitivity can be taken from the Permissible Percentage Deviation Tables.
Water vapour causes positive cross-sensitivity and CO

2
 negative cross-sensitivity.  Consequently the

total error increases if water vapour and CO
2
 deviate in different directions.  If the deviations are in the

same direction the total error is reduced.  The maximum possible value for water vapour is specified
as 50% (absolute) as higher gas humidity levels do not occur in practice.

Options
CO2 Concentration

Range
0 to 25 %

Default Setting
0 %

Options
H

2
O%

Range
0% to 50% in steps of 1%

Default Setting
0 %

Water X-comp #27

Sets the water vapour content of the gas undergoing
measurement.  This setting must be determined by the user
before parameter programming is commenced.  It is used to
correct the equipment cross-sensitivity.  Actual duct water
vapour content may differ by a certain amount from the water
vapour content value entered at this point so that the ± 2%
cross-sensitivity tolerance of the equipment is not exceeded.
The extent of such deviation should be taken from the Permissible Percentage Deviation Tables.

Carbon dioxide compensation #26

The temperature dependency of the CO2 cross-sensitivity can
be ignored.  The CO2 content of the gas may vary by ± 20%
from the programmed level in the range above 500 mg/m3 (400
ppm) span measurement  and at a CO2 concentration > 5%.

Parameter #26
CO2: 0%

Parameter #27
H2O: 0%
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Example

To obtain the permissible percentage deviation simply select the row and column that correspond to
the flue temperature and the programmed pathlength.

i.e. At 150°C (302°F) with a span measurement range of 1000mg/m3 (800ppm) and 8.8%
plant water vapour content programmed . A possible variation of ±11.0% can be read off from
the table below.  The actual plant humidity level can vary between 7 - 29% without exceeding
the ±2% cross-sensitivity limit.

Flue Programmed span measurement range (mg/m3)
Temperature

Celsius 500 800 1000 2000 5000

50 20.0 32.0 40.0 50.0 50.0
75 12.0 19.2 24.0 48.0 50.0

100 8.0 12.8 16.0 32.0 50.0
125 6.5 10.4 13.0 26.0 50.0
150 5.5 8.8 11.0 22.0 50.0
175 4.5 7.3 9.1 18.2 45.5
200 4.0 6.4 8.0 16.0 40.0
225 3.5 5.6 7.0 14.0 35.0
250 3.0 4.8 6.0 12.0 30.0
370 2.0 3.2 4.0 8.0 20.0

Permissible Percentage Deviation Table (Metric)

Temperature Programmed span measurement range (ppm)

Fahrenheit 400 640 800 1600 4000

120 20.0 32.0 40.0 50.0 50.0
170 12.0 19.2 24.0 48.0 50.0
210 8.0 12.8 16.0 32.0 50.0
260 6.5 10.4 13.0 26.0 50.0
300 5.5 8.8 11.0 22.0 50.0
350 4.5 7.3 9.1 18.2 45.5
400 4.0 6.4 8.0 16.0 40.0
440 3.5 5.6 7.0 14.0 35.0
480 3.0 4.8 6.0 12.0 30.0
700 2.0 3.2 4.0 8.0 20.0

Permissible Percentage Deviation Table (Imperial)
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Options
[MANUAL][TIMED]

Range
NOT APPLICABLE

Default Setting
MANUAL

Check Cycle #30

Determines how self-calibration cycles will be initiated. The
possible settings are:

'MANUAL', initiated by user or
'TIMED', initiated at predetermined intervals.

Parameter #30
Check Cycle: MANUAL

Options
Pressure in mbar

Range
800 to 1200 mbar

Default Setting
1013 mbar

Pressure #29

Manually entered pressure is used for measurement purposes.
This parameter will be displayed only if 'mbar' is selected for
parameter #6.

Parameter #29
Pressure: 1013 mbar

Pressure #28

Manually entered pressure is be used for measurement
purposes.  This parameter will be displayed only if 'inHg' is
selected for parameter #6.

Options
Pressure inHg

Range
24.0 to 33.0 inHg

Default Setting
29.9 inHg

Parameter #28
Pressure: 29.91 inHg
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Options
[Auto][On][Off]

Range
NOT APPLICABLE

Default Setting
Auto

Backlight #33

The back light provides clear illumination of the display in low
or poor light conditions.  The default setting 'Auto', will switch
the light off automatically if a key is not pressed for a period of
10 minutes.

Parameter #33
Backlight: Auto

Options
Contrast of Display

Range
0 to 32

Default Setting
12

Contrast #32

To attain a clearer display the contrast control may be adjusted
between 0 and 32.

NOTE The contrast may also be altered at any time
by pressing either the UP or DOWN key and then the F1
Key together when in measurement display.  Pressing
the ENTER key afterwards will store the result.

Parameter #32
Contrast: 12

Check Cycle Setting #31

It is recommended that a check cycle is carried out at least every
24 hours.  This parameter sets the frequency of the calibrations.

NOTE Check cycle time, will not be shown if check
cycle is set to manual (parameter #30)

Options
Check Cycle Time

Range
0 to 200 hrs

Default Setting
24 hrs

Parameter #31
Check Cycle: 24 hrs
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Options
[ENGLISH][FRENCH][ITALIAN]
[POLISH][SPANISH]
Range
NOT APPLICABLE

Default Setting
ENGLISH

Language #36

The display language used on the instrument display is set by
this parameter.

Parameter #36
Language: ENGLISH

Damping Setting #34

The value corresponds to the response time of the CO
measurement.  Increasing the damping value reduces
measurement noise at the expense of response time.

Options
Damping

Range
1 to 60 sec

Default Setting
1

Options
[LAND1][LAND2][MODBUS]

Range
NOT APPLICABLE

Default Setting
LAND1

Communications #35

The serial part communications protocol should be set to
MODBUS for MODBUS applications.

Parameter #34
Damping: 1 sec

Parameter #35
Comm: LAND 1
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Options
Station Number

Range
1 to 255

Default Setting
1

Station Number for Modbus Protocol #37

When using the Modbus protocol a 'station number' is required
to use as the slave address.

Parameter #37
Station No.: 1

Options
Report Time

Range
1 to 255

Default Setting
1

Station Number for Modbus Protocol #38

The length of time that the measured and expected calibration
audit results are output to the display and the CLOPs.

Parameter #38
Report Time.: 1
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CO

CO

N2

5%CO

nlv = (1-CO K)G
N2

B4 Normal Modes of Operation

B4-1 Measurement Cycle

The following steps are taken by the software to determine the CO measurement level:

A. Measure infrared signals corresponding to each gas cell.

B. Calculate signal value for gas cells (i.e. 100%CO/100%N
2
).

C. Calculate nonlinear function (nlv);

where: K is the zero calibration constant and
G is the span calibration constant.

D. Calculate linearised CO value in apparent mg.m-2 using internal lookup table.

E. Correct calculated CO value for pressure, temperature, pathlength, humidity and cross–
interferences.

F. Output CO concentration to display and current loops.

100%CO gas cell

100%N2 gas cell
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B4-2 Check Cycle

The Patented Check Cycle* acts as a self calibration routine and can be initiated manually via the
interface or automatically on a preset timer (see parameter #30).  If the output is set to 'TRACK' then
values corresponding to zero and confidence values are output on the analogue output.

The following steps are carried out during the check cycle:

A. Current loop output is held (unless output is set to track see parameters #15 and #16) at the last
CO measurement made before the Check Cycle commenced (position 1 on diagram below).
The “calibration” relay is switched.

B. Calibration filter is moved into the path of the beam.

C. Signal ratio is measured over a period of approximately 30 seconds and the non-linear function
values calculated.

D. Any differences which may be present from the last true zero calibration are calculated, and if
necessary a zero point correction stored.  Calibration filter is removed from the path of the beam.

E. If output is set to track, the zero point offset, relative to the previous calibration, is output  for the
defined report time (position 2 on the diagram below).

F. The last 2 hour average of the confidence value, scaled to 70% of extreme limit of the
measurement range, is output for the defined report time (position 3 on the diagram below).

G. The “calibration” relay is reopened and the normal measurement cycle recommenced (position 4
on the diagram below).

Output of instrument during Calibration Check when output is set to track.

Max

Min

Output

Time

Report Time

Report Time

Approximately
30 Seconds

* U.K. Patent number 2165941

1 2 3 4
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B4-3 Setting Up Alarms

The instrument may be set to indicate an alarm at either a 'HIGH' or 'LOW'  CO concentration.  This is
done via the parameter settings which are accessible by selecting 'SETUP' (F3 key) from the main
menu and entering the password.

NOTE

The correct password must be entered to set the alarm.  An incorrect password allows the user
to view the parameters but no changes can be made.

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then continues the setup routine.  The alarms are set from parameter #23 (ALARM) and can be found
using the left and right arrow keys.

Select the appropriate setting by pressing the up and down arrow keys.  To view the possible alarm
configurations see the alarm operational structure contained in this section.

NOTE

By pressing the F1 key at any time (except during entry of the password), the user may leave
setup and return to the measurement display.  The programmed parameters will be retained
even after the equipment has been switched off.

To enter password press:To select password:

To select 'SETUP' option from
main menu display press:

To select main menu from CO display press:

or or or

For the next parameter press:For the previous parameter press:

To enter option or value press:To select an option or value
press:
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Alarm Operational Structure

CO Display

Alarm set to lowAlarm set to high

Select Alarm
Value

Select Alarm
Hysteresis

Return to CO display

Main Menu

Enter password

Use left or right key to select parameter #23

Parameter #23
Alarm: Low

CO = 202 ppm
System: Running

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL

Enter Pass#: 0
then press 'ENTER'

Parameter #23
Alarm: High

Parameter #24
Alarm: 1000ppm

Parameter #25
Alarm hyst: 1%
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Select a 'HIGH' or 'LOW' alarm option then enter an alarm value.  This is the value at which the alarm
will be operate setting an alarm hysteresis prevents relay chitter during conditions where the CO
concentration is fluctuating around the alarm level.

Alarm Value

This is the measurement at which the alarm relay is activated.  It may be used to warn the user of
either high or low CO concentrations.

Alarm Hysteresis

The alarm relay will be activated when the CO concentration reaches the alarm value set.

The alarm signal will be cancelled only when:

For a 'HIGH' alarm, the CO concentration falls below the alarm hysteresis percentage of the
alarm value.

i.e. If a 'HIGH' alarm is set at 1000 ppm and an alarm hysteresis at 10% the alarm will be
displayed from 1000 ppm of CO measured and will not be cancelled until the reading
falls below 900 ppm.

or

For a 'LOW' alarm, the CO concentration rises above the alarm hysteresis percentage of the
alarm value.

i.e. If the 'LOW' alarm is set at 200 ppm and an alarm hysteresis at 10% the alarm will be
displayed from 200 ppm of CO measured and will not be cancelled until the reading rises
above 220 ppm.
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B4-4 Configuration of Outputs

Output configuration may be set from the setup menu and is found under parameters #9 to #16.
Outputs may be set for range, span, damping and track or hold.  There are two outputs available
which may be set independently.  The parameter settings are accessible by selecting 'SETUP' (F3
key) from the main menu and entering the password.

NOTE

The correct password must be entered to set the alarm.  An incorrect password will allow the
user to view the parameters but no changes can be made.

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then continues the setup routine.  Parameters #9 to #16 can be found using the left and right arrow
keys.

Select the appropriate setting by pressing the up and down arrow keys.  To view the output
configurations see the output operational structure contained in this section.

NOTE

By pressing the F1 key at any time (except during entry of the password), the user may the
setup display and return to the measurement display.  The programmed parameters will be
retained even after the equipment has been switched off.

For the next parameter press:For the previous parameter press:

To enter option or value press:To select an option or value
press:

To enter password press:To select password:

To select 'SETUP' option from
main menu display press:

To select main menu from CO display press:

or or or
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Output Operational Structure

Main Menu

CO Display

Select Output 1 Span

Select Output 1 Range

Continue to set Output 2

Select Output 1 Damping

Enter password

Use left or right key to select parameter #9

CO = 202 ppm
System: OK

F1:RUN F3:SETUP
F2:SYSTEM F4:CAL

Enter Pass#: 0
then press 'ENTER'

Parameter #9
OP1 Range: 0-20mA

Parameter #10
OP1 Span: 2000ppm

Parameter #11
OP1 Damping: 2 sec
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Output Operational Structure

Select Output 2 Track or Hold

Select Output 2 Range

Select Output 1 Track or Hold

Select Output 2 Span

Select Output 2 Damping

To return to CO display

Parameter #12
OP2 Range: 0-20mA

Parameter #13
OP2 Span: 2000ppm

Parameter #14
OP2 Damping: 2 sec

Parameter #15
OP1 in CAL: TRACK

Parameter #16
OP2 in CAL: TRACK
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Output 1 and 2 Range

Selects the range in mA of the output selected.

i.e. 0 mA will correspond to the lowest measurement point of the range selected and
20 mA will correspond to the upper limit of the range selected.

NOTE

0mA, 4mA and 18mA are fixed output values for test purposes.

Output 1 and 2 Span

Selects the span (zero and full-scale) of the output selected (OP1) and so defines its range.

i.e. 0 ppm will correspond to 0 mA and
10000 ppm to 20 mA.

Output 1 and 2 Damping

The damping is set between 1 and 60 seconds.  The factory default setting is 2 seconds.  This value
corresponds to the output response time of the instrument in transmission of the output data.

Output 1 and 2 in Calibration

When the instrument performs a calibration routine, it no longer takes measurements.  During this
routine it is possible to display the:

HOLD last measurement prior to the start of the calibration routine
TRACK CO measurement as the instrument performs the calibration routine
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B4-5 MODBUS Communications

MODBUS is a communications system based on the RS232/RS485 three wire half duplex hardware
standard and provides direct access to the Model CO 9100 system data via the instrument serial port.
MODBUS can be used to:

a) read any of the parameters measured by the CO monitor
b) check the instrument status
c) initiate a check cycle calibration
d) change calibration constants.

NOTE

Changing the calibration constants may fundamentally affect the operation of the instrument.

The 9200 instrument functions as a MODBUS slave device in accordance with the MODBUS protocol
(as defined by Modicon)

Details of the MODBUS standard are available from Schneider Automation Inc. One High Street
North, Andover, MA 01845 USA, or online at <http://www.modicon.com/openmbus/openmbus.htm>.

Before communicating with Model 9100 via the MODBUS interface, it is necessary to set the 'Station
No.' (the MODBUS slave address) to an appropriate value.  The 'Station No.' is located in the
parameter table within the setup menu (see 'Parameters' section B3-7).

The system data for the Model CO 9100 is accessible via register numbers as shown on the 'System
Data Register Table' shown in this section.
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Commands

Modbus communications will be limited to the following command subset:

Command MODBUS Function Notes

03 Read Holding Register Read Register (single or block)

06 Pre-set Register Write to Single Register

10 (Hex) Pre-set Multiple Registers Write to Multiple Registers

NOTE

(03) The block read command is limited to a maximum of 10 registers
(06) Only one register at a time may be changed with this command

(10 Hex) Required in order to change floating point or 32 bit variables, which span two
registers

Registers

A MODBUS register holds a 16 bit data value.  The following table indicates the range of data types
that the system parameters encompass, with a description of how they are accessed as registers.

Variable Type Description

Character 8 bit.  As the minimum data size is 16 bit, character variables
(such as system status) will reside in the lower 8 bits of the
returned register value.

Integer 16 bit.  Single register.

Long 32 bit.  These will be placed in two consecutive registers,
MSB first.

Floating Point 32-bit variables located in two consecutive registers.  IEEE
Standard Floating Point Notation.
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System Data Register Table

NOTE

Certain registers are read-only.  Any attempt to write to these registers will result in the return
of an error code.

Register # Parameter Data Description Write
Type Access

1 CO Concentration (ppm) INT NO

2 CO Concentration (mg/am3) FLOAT NO

3

4 CO Concentration (mg/nm3) FLOAT NO

5

6 Status CHAR Bit 0 - Fault Relay
Bit 1- Maint Relay
Bit 2 - Alarm Relay NO
Bits 3 - 6 Stepper Motor Control

7 Signal Strength INT Normalised to 5000 NO

8 Measure Non Linear FLOAT Used for system diagnostics NO

9

10 Aux Non Linear FLOAT Used for system diagnostics NO

11

12 Measure Gain FLOAT typically 0.9 - 1.1 (default 1.05) YES

13

14 Measure Zero FLOAT typically 0.65 - 0.69 (default 0.66) YES

15
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Register # Parameter Data Description Write
Type Access

16 Reference Value FLOAT indicates accuracy of instrument NO

17

18 Filter Wheel Temperature INT °C NO

19 Detector Temperature INT °C NO

20 Ambient Temperature INT °C NO

21 Gas Wheel Temperature INT °C NO

22 Xmitter Ambient Temperature INT °C NO

23 Xmitter Source Temperature INT °C NO

24 External Flue Temperature INT °C NO

25 CLIP Flue temperature INT °C NO

26 Working Temperature INT °C NO

27 Pressure FLOAT mbar NO

28

29 Set Comms Protocol CHAR 0 - LAND1, 1 - LAND2
2 - MODBUS YES

30 Initiate Check Cycle CHAR 0 - CO nothing
1 - Initiate YES

NOTE

If the check cycle is correctly initiated by the instrument, the 'Initiate Check Cycle' register will
automatically reset to 0.  If the instrument is unable to initiate the check cycle (the instrument
is in warm up phase, or in shutdown mode) the register will remain at 1 and the check cycle
will remain pending.  Setting the 'Initiate Check Cycle' register to '0' will remove any pending
operation.

The MODBUS communications will be disabled if the 'Set Comms Protocol' register is set to
anything other than 2 (via MODBUS), or the 'Comms' parameter (#35) is set to anything other
than MODBUS (via the instrument Setup Menu).
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Protocol Format

The Model CO 9100 utilises the MODBUS RTU (Remote Terminal Unit) transmission format.

Serial communications is fixed at 1 start bit, 8 data bits, no parity, 1 stop bit, and the data rate is fixed
at 9600 baud.

The following are examples of master query and slave response messages in RTU format, polling
slave address 11 (hex).

(03) Read Register(s)

Query Response
Slave Address 11 Slave Address 11
Function 03 Function 03
Register Address Hi 00 Byte Count 06
Register Address Lo 30 Data 1 Hi xx
No. of Registers Hi 00 Data 1 Lo xx
No. of Registers Lo 03 Data 2 Hi xx
CRC xx Data 3 Hi xx

Data 3 Lo xx
CRC Hi xx
CRC Lo xx
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(06) Preset Register

Query Response
Slave Address 11 Slave Address 11
Function 06 Function 03
Register Address Hi 00 Register Address Hi 06
Register Address Lo 20 Register Address Lo xx
Data Hi 00 Data Lo xx
Data Lo 03 Data Hi xx
CRC Hi xx CRC Hi xx
CRC Lo xx CRC Lo xx

(10 Hex) Preset Multiple Registers

Query Response
Slave Address 11 Slave Address 11
Function 10 Function 03
Register Address Hi 00 Register Address Hi 06
Register Address Lo 01 Register Address Lo xx
No. of Registers Hi 00 No. of Registers Hi 00
No. of Registers Lo 02 No. of Registers Lo 02
Byte Count 02 CRC Hi xx
Data Hi xx CRC Lo xx
Data Lo xx
Data Hi xx
Data Lo xx
CRC Hi xx
CRC Lo xx

CRC Generation

See MODBUS Manual.
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Error Codes

The Model CO 9100 may return the following MODBUS exception codes.

Code Exception Description

01 ILLEGAL FUNCTION The instrument only responds to codes 03, 06 and
10 (Hex).  Any other function request will result in
the return of this error.

02 ILLEGAL DATA ADDRESS Register number out of range.

03 ILLEGAL DATA VALUE Write request to a read-only register.
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B5 Periodic Modes Of Operation

B5-1 Zero Calibration

The instrument is calibrated by the manufacturer.  Calibration of the zero reading should only be done
during clear stack conditions.

WARNING

Do not perform a zero calibration except under clear stack conditions.  Invalid measurement
readings may result.

The zero calibration routine is accessible from the main menu by selecting the 'CAL' option (F4 key)
and then entering the password.

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then enters the calibration menu.  Select 'Yes' and press 'ENTER' to the 'Zero Calibration Now?'
option, in order to initiate a zero calibration.

To select password: To enter password press:

To select 'CAL' option from
main menu press:

To select main menu from CO display press:

or or or

To select 'Zero Cal Now' press:

or

To select 'Yes' press:

or

To execute zero calibration press:
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A prompt screen is now displayed giving the option to 'QUIT' by pressing the F1 key or 'Cont.'
(continue) by pressing the F3 key.  If the 'QUIT' option is selected the display returns to the
calibration menu.

The zero calibration will be carried out automatically.  Three screens will be displayed, 'ZERO CAL
Phase 1', ZERO CAL Phase 2' and 'Zero Cal Complete'.  The final screen (Zero Cal Complete) will
display for one second and then return to the measurement display.

NOTE

The calibration may be aborted at any time (except when entering the password) and the
display will return to the calibration menu.

To return to calibration
menu press:

To continue press:
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B5-2 Manual Check Cycle

The instrument may be set to regularly preform self checks (see parameter #30).  Alternatively manual
checks may be carried out from the calibration menu as follows:

The 'Check Cycle' will commence and the word "Averaging..." displayed.  If successful the display will
briefly read "Check Cycle complete" and then return to the CO display.

NOTE

If unsuccessful the display will briefly read "Check Cycle aborted..." and then return to the
measurement display

To execute 'Check
Cycle' press:

To select 'Check Cycle Now' press:

or

To select 'Yes' press:

or
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B5-3 External Calibration

It is recommended that calibration is undertaken at least once a year.  An external calibration may be
carried out under bench test conditions.  It can also be used to determine the accuracy of the
instrument over a period of time (known as the 'DRIFT').

NOTE

Clear stack conditions must apply.

EQUIPMENT NECESSARY

Calibration gas cell (Return cell to Land for checking every six months).

To access the SPAN CALIBRATION routine:

After entering the correct password the system briefly displays the words 'SYSTEM UNLOCKED' and
then continues the calibration routine.  Move through the calibration menu by pressing the left and
right keys until the 'External Cal Now?' option is displayed and then enter 'Yes' (See B3 User Interface
Section for screen).

Now press enter:

Moving through options press:

or

To select the 'Yes' option press:

or

To select 'CAL' option from
main menu press:

To select main menu from CO display press:

or or or

To select password: To enter password press:



Operation Manual                                                                                       Model 9100 CO Monitor
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It is essential to enter the correct calibration gas cell information for an accurate span calibration of the
instrument.  The relevant calibration information (e.g. 1M 25°C 790 ppm) will be supplied with each
cell and must be entered as part of the calibration procedure.

EXAMPLE

Calibration Gas Cell Information is 1M 25°C 790 ppm

Concentration (Cell conc:) 790 ppm
Pathlength (Cell Path:) 100 cm
Temperature (Cell Temp:) 25 °C

Calibration Gas Cell (Part Number 701.263)

After entering the calibration gas cell information, place the cell along the optical path of the
instrument and then press the enter key.  The instrument will now display a 'Settling' value which
should be equal to the calibration gas cell concentration.

If the 'Settling' value is correct, no calibration is necessary.  If, however, the 'Settling' value is incorrect
calibration may commence by pressing the F2 key.

The word "Averaging..." will be displayed and the instrument will be calibrated.  When the calibration is
complete 'Remove cell' will be displayed and the calibration gas cell should be removed.  The
'Remove cell' screen should now display 0 ppm.

NOTE

The calibration gas must be completely cleared for the instrument to give accurate
measurements.

Instrument during external calibration

1. Transmitter
2. Receiver
3. Calibration Gas Cell

1 3 2

50

30
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External Calibration Operational Structure

Calibration Menu

External Calibration

Calibration Cell
Concentration

Calibration
Pathlength

Temperature Of
Calibration Cell

Commence
Calibration

Calibration Cell
In Place

Remove
Calibration Cell

CO Display

CALIBRATION MENU
Check Cycle Now? NO

CALIBRATION MENU
External Cal Now? NO

Enter Pathlength:
Cell Path: 600 cm

Enter cell temp.:
Cell Temp.: 20C

CONNECT CELL
F1:QUIT ENTER:CONT

Settling... 30ppm
F1:QUIT F2:CAL

Averaging....

CO = 202 ppm
System: Running

Remove cell 578ppm
F1: END

Enter cell conc:
Cell conc: 500ppm
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M8 Mounting Bolts
(Four)

Withdraw
instrument

B6 Routine Maintenance

B6-1 Principles

The Model 9100 must be serviced at regular intervals to guarantee correct operation.  This
maintenance work can be undertaken by a LAND service branch if required.

WARNING

Transmitter and Receiver (Warning)

If the optical units are removed from a duct in the plant, hot or toxic fumes may escape.  Suitable
measures must be taken for the protection of maintenance personnel.

If the air purges, transmitter and receiver are all being serviced at the same time, begin with
the air purge to prevent soiling of the clean optical elements in the transmitter and receiver
when the air purge is switched off.

The following service procedures are recommended:

* The service interval will vary depending on local conditions at the installation point.  A service time
of six to twelve months will be sufficient for most applications.

*  Cleaning the optical windows of the transmitter and receiver.  The transmitter and/or receiver is
removed from the air purge flange  by undoing the four (M8) mounting bolts. Then the optical windows
are cleaned using a lens cloth moistened with a little iso–propyl alcohol (propan–2–ol).   Reassembling
is done in the reverse order.

NOTE

It is not necessary to realign the instrument if correct mounting bolts are used.

Mounting bolts to be used when removing transmitter/receiver units from air purge units.

*  Check all cables for loose connections and damaged insulation

*  Check all the terminals for loose connections.

* Instrument casing and display screen may be cleaned with a cloth and mild detergent.

The LAND service engineer will carry out the functional  test and check the calibration.
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B6-2 Desiccant System Replacement

The Model 9100 CO Monitor has a Desiccant System fitted to the transmitter casing in order to ensure
moisture is kept to a minimum.  When the colour covering the half of the circle behind the number 30
(see 2 below) changes to pink, 30% absorption has occurred.  Similarly, 50% absorption is indicated
when the colour covering the half of the circle behind the number 50 (see 1 below) changes to pink.

A routine check of the desiccant system is required every 3 months.

When 30% absorption is indicated a new desiccant system kit should be ordered (Part Number 703.901)
and replaced before 50% absorption is indicated.  The desiccant system should be replaced annually
even if 30% absorption is not indicated.

To replace the system follow the instruction outlined below.

50

30

3 4

1

2

CAUTION

The mains supply should always be isolated before maintenance is carried out.

Power down the instrument and wait ten minutes for the gas cell wheel to stop rotating.
Remove the transmitter casing using the 4 M8 bolts as described in section B6-1.

CAUTION

Risk of burning.  The heater unit within the transmitter works at high temperatures.

Hold the system from the outside of the case with the holding bar (3) provided.
Undo the locking nut on the inside of the casing using the special spanner (4) provided.
Fit the new desiccant system by reversing the above procedure.
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B7 Fault Indicators

B7-1 Identifying Fault

If a fault occurs the fault relay will be switched and a fault indicated on the display.  Any fault may be
viewed, cleared or reset via the faults display which is accessible via the system menu.

NOTE

Current faults may be viewed, cleared and reset from the receiver unit display panel.  No
password is required.

To access the faults menu, select 'SYSTEM' (F2 key) from the main menu and then 'FAULTS' (F3
key) from the system menu.  This is done  by pressing the following keys:

NOTE

By pressing the F1 key whilst viewing, clearing or resetting any faults, the display will return
to the fault menu.  To return to the normal running screen (CO display) select 'QUIT' from the
fault menu by pressing the F1 key.

Viewing Faults

To view and identify a fault select 'VIEW' (F3 key) from the faults menu.  The fault may be identified
using the table of faults and rectified by taking the suitable action recommended.

To select 'FAULTS' from the
system menu press:

To select 'SYSTEM' option from
main menu display press:

To select main menu from CO display press:

or or or

To select 'VIEW' from the
system menu press:
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Clearing and Resetting Faults

Faults may be cleared and reset by selecting the 'CLEAR & RESET' (F2 key) option from the faults
menu and then selecting 'CONT' (F3 key) to continue.  This is done by pressing the following keys:

NOTE

Always rectify a fault before clearing and resetting.

As the fault is cleared and reset the word "Resetting..." will be displayed. The instrument will then
restart and the words "Startup" will be displayed on the normal running screen (CO display).

To select 'CLEAR & RESET'
option from faults menu press:

To select 'CONT' option press:
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B7-2 Faults Table

Fault

Aux. Value
Overange

Check Cycle
Failure

Checksum
Error

CLIP Flue
Temp Fault

Copy Bank
Overrun

DMA Failure

Eeprom Read
Error

Eeprom Write
Error

Ext. Thermo.
Fault

Filter Wheel
Failure

Meaning

Measure CO value
beyond instrument

range

Invalid data

Settings and
calibration data

corrupted

Invalid data

Internal software
error

Unable to read
signal

Unable to recall
settings or cal data

Unable to save
setting or cal data

Unable to read
external

thermocouple
temperature

Unable to locate
index position on

filter wheel.

Causes

Very high CO
concentration in sample.

Incorrect instrument
calibration

Low signal or excessive
noise

Electronics failure. Un-
initialised software

upgrade

Signal <1mA

Software installation
problem

Hardware failure on Rx
micro

Electronics failure on
Receiver micro or main

PCB

Electronics failure on
Receiver micro or main

PCB

Incorrect setting of
parameter #8.

Disconnected or burnt
out thermocouple

Sensor wires broken.
Filter wheel stuck or

loose. Filter motor failed
or unplugged.

Electronics failure in
Receiver

System Action

WARNING

FAULT

FAULT

FAULT

FAULT

FAULT

FAULT

FAULT

WARNING
(only if external
thermocouple
is selected)

FAULT

User Action

Consult LAND
Service

Department

Check signal
level realign
instrument

Consult LAND
Service

Department

Consult LAND
Service

Department

Report to
LAND Service
Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department.

Check
parameter #8.
Consult LAND

Service
Department.

Check
connections &

cables for
faults, check
mains power
supply to the
transmitter.
Other wise

consult LAND
Service

Department
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Meaning

Unable to control
Source

Temperature

Insufficient optical
signal for

measurement

Unable to process
optical signal due
to noise of failure

Internal software
error

Confidence value
shows deviation

from nominal

Measure CO value
beyond instrument

range

Failure to find gas
wheel position

Measured
barometric

pressure outside
expected range

Too much optical
signal

Unable to measure
source-heater
temperature

Causes

Reversed
thermocouple. Heater
failed or disconnected.

Electronics failure

Poor alignment. Extreme
obscuration by dust.
Sight path blocked.
Optical problem.
Electronics failure

Extreme and fast
fluctuations in signal

strength. Loose material
in site path. Extreme
mounting vibration.

Electronics failure on Rx
main or micro

Software installation
problem. Report to Land

Technical

Leak in gas cell(s) on
gas wheel. Very bad

misalignment. Incorrect
calibration

Very high CO
concentration in sample.

Incorrect instrument
calibration

Opto sensor fault

Incorrectly connected
pressure port. Failed or

loose pressure
transducer. Incorrect
transducer calibration

Detector failure.
Electronics failure

Disconnected or burnt
out thermocouple

User Action

Consult LAND
Service

Department.

Check beam
path and

alignment of
transmitter &

receiver.

Consult LAND
Service

Department

Consult LAND
Service

Department

Adjust
alignment,

clean windows/
sight path.

Consult LAND
Service

Department.

Consult LAND
Service

Department

Consult LAND
Service

Department

Check
pressure port
connection.

Consult LAND
Service

Department

Consult LAND
Service

Department.

Consult LAND
Service

Department

Fault

Heater Control
Fail

Insufficient
Signal

Invalid DMA
data

Invalid
Parameter

Maintenance
Required

Meas. Value
Overange

No Sync Signal

Pressure Fault

Signal
Overload

Source
Thermo. fault

System Action

FAULT.
SHUTDOWN if
Source Temp

 > 1000°C

FAULT

FAULT

WARNING

WARNING

WARNING

FAULT

WARNING

FAULT

FAULT
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Causes

Span calibration gas
concentration too high
for selected pathlength

Failed temperature
sensor, or extreme
Receiver internal

ambient temperature
<-30 or > 110

Motor or sensor failed
or loose connections.
Motor stuck. Ambient
temperature too low.

Electronics failure on Tx
main pcb

Failed sensor. Extreme
temperature variation

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Ambient temperature
too low or high.

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Low signal level or high
noise

System Action

WARNING

WARNING

SHUTDOWN

WARNING

FAULT. if
persists for 20s

then
SHUTDOWN

FAULT. if
persists for 20s

then
SHUTDOWN

FAULT. if
persists for 20s

then
SHUTDOWN

WARNING

FAULT. if
persists for 20s

then
SHUTDOWN

FAULT

Fault

Span Cal
Failure

Thermistor
Error

Wheel Motor
Fail

Xmit. Amb.
Sensor Fail

Xmitter
Checksum

Error

Xmitter
Comms. Error

Xmitter
Comms. Fail

Xmitter temp
Fault

Xmitter Write
Error

Zero Cal
Failure

Meaning

Calibration point
outside instrument

operating range

Receiver Internal
Temperature
Sensor failure

Unable to maintain
gas wheel speed

Transmitter
ambient

temperature
outside expected

range

Poor or no
communication with

transmitter

Poor or no
communication with

transmitter

Poor or no
communication with

transmitter

Transmiitter out of
normal working

temperature range

Poor or no
communication with

transmitter

Invalid data

User Action

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Provide
cooling, select

new site or
consult LAND

Service
Department

Consult LAND
Service

Department

Check signal
level. Realign

instrument
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C3

C1 Theory of Operation and Applications

The Model 9100 CO monitor measures the concentration of carbon monoxide (CO) in exhaust ducts
instantaneously  and without physical contact.

Its operating principle is based upon the measurement of absorption of infrared radiation by CO
molecules.

 Radiation originating from a transmitter crosses the exhaust duct and is picked up by a receiver.

The microprocessor-controlled electronic system carries out all requisite corrections to the signal and
calculates the CO concentration.

The air purge unit keeps the optical elements free of dirt and dust, also protecting them from
overheating.

C2 Requirements for Environmental Legislative Compliance

An increasing demand is being made to monitor CO emissions to comply with legislation designed to
protect the environment.

In most cases the emissions monitoring legislation demands a higher degree of measurement
accuracy and stability from the instruments than is normal for everyday combustion monitoring.

The LAND Model 9100 has been designed to operate accurately and effectively for the purposes of
combustion monitoring and control.

Theory of Operation
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Physical Principles

C3 Physical Principles

The measurement principle used by this CO monitor is based upon the absorption of infrared light by
carbon monoxide (CO).  In the 4.5 to 4.9 µm range CO has an absorption band which consists of a
large number of spectral lines.  The shape of the band and the position of the individual spectral lines is
characteristic of this gas.

The exploitation of these characteristic absorption bands of the various molecules in the different
spectral ranges forms the basis of absorption spectroscopy.  Different methods for the quantitative
determination of concentration of many chemical compounds have been developed in this field over
the last few decades.  Within the field of infrared spectroscopy the methods of measurement can be
divided into dispersive and none-dispersive methods.  In the former the light spectrum is split by
prisms or gratings and analysed either successively or in parallel at the various wavelengths.  In the
latter, which also includes the negative gas filter correlation method used in the Model 9100, the light is
measured integrally over a comparatively wide spectral range and made specifically sensitive to the
band structure of the compound in question by a suitable method of correlation.

The CO absorption spectra

Dependency of absorption on CO-concentration

The transmission of infrared energy through the gas in the measurement waveband is affected by the
concentration of carbon monoxide (Beer-Lambert’s law).  The diagram overleaf illustrates how the
energy within the measurement waveband varies with carbon monoxide concentration.
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Automatic Calibration

At regular intervals, which may be specified by the equipment operator, automatic calibration cycles are
carried out, in order to correct any optical or electronic deviations.  For this purpose a calibration filter with
a spectral characteristic which is not influenced by CO is swung into the path of the beam in place of the
measurement filter. Both filters are in the same guide. In normal operation radiation  received passes
through the measurement filter. During automatic calibration the calibration filter is moved into the path of
the beam.  The optical and electronic drift can be measured and used to correct the constant K in the
equations 6 & 8.

Absorption bands of CO and CO2 with the spectral property of the measurement filter.
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Physical Principles

The shape of this curve is fixed by the characteristics of the optical filter that defined the measurement
waveband.  A cross stack monitor effectively measures carbon monoxide molecules in its optical path, so
the same concentration of carbon monoxide will have a greater effect over a large optical path than a small
optical path.  Therefore the term ppm.m is the concentration of carbon monoxide within the stack multiplied
by the gas path length over which it has been measured.
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C4 Cross-Sensitivities

The Model 9100 corrects cross-sensitivity to water vapour and CO2 mathematically.  To make this
correction the mean plant gas humidity and CO2 content must be programmed on commissioning.
Permissible deviation between actual plant levels and the programmed levels for maintaining the
maximum ±2% cross-sensitivity, can be taken from the Permissible Percentage Deviation Tables.
Water vapour causes positive cross-sensitivity and CO2 negative cross-sensitivity.  Consequently the
total error increases if water vapour and CO2 deviate in different directions.  If the deviations are in the
same direction the total error is reduced.  The maximum possible value for water vapour is specified
as 50% (absolute) as higher gas humidity levels do not occur in practice.

The default setting for CO2 in the Model 9100 is 0%.  The temperature dependency of the CO2 cross-
sensitivity can be ignored.  The CO2 content of the gas may vary by ±20% from the programmed level
in the range above 500mg/m3 (400ppm) span measurement  and at a CO2 concentration >5%.

Example

18% plant humidity is programmed at 150°C (302°F) with a span measurement range of 1000mg/m3
(800ppm).  A possible variation of ±11.0% can be read off from the table overleaf.  The actual plant
humidity level can vary between 7 - 29% without exceeding the ±2% cross-sensitivity limit.
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Permissible Deviations of Plant Humidity from Programmed Levels (in ±%humidity)

Temperature Programmed span measurement range (mg/m3)

Celsius 500 800 1000 2000 5000

50 20.0 32.0 40.0 50.0 50.0
75 12.0 19.2 24.0 48.0 50.0

100 8.0 12.8 16.0 32.0 50.0
125 6.5 10.4 13.0 26.0 50.0
150 5.5 8.8 11.0 22.0 50.0
175 4.5 7.3 9.1 18.2 45.5
200 4.0 6.4 8.0 16.0 40.0
225 3.5 5.6 7.0 14.0 35.0
250 3.0 4.8 6.0 12.0 30.0
370 2.0 3.2 4.0 8.0 20.0

Permissible Percentage Deviation Table (Metric)

Temperature Programmed span measurement range (ppm)

Fahrenheit 400 640 800 1600 4000

120 20.0 32.0 40.0 50.0 50.0
170 12.0 19.2 24.0 48.0 50.0
210 8.0 12.8 16.0 32.0 50.0
260 6.5 10.4 13.0 26.0 50.0
300 5.5 8.8 11.0 22.0 50.0
350 4.5 7.3 9.1 18.2 45.5
400 4.0 6.4 8.0 16.0 40.0
440 3.5 5.6 7.0 14.0 35.0
480 3.0 4.8 6.0 12.0 30.0
700 2.0 3.2 4.0 8.0 20.0

Permissible Percentage Deviation Table (Imperial)
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C5 System Data

C5-1 CO 9100

Measuring
Technique: Infrared Gas Cell Correlation Technique with Automatic Cell Leak

Detection (9200 Mk II only)

System Performance
Measuring range: 0 - 10000 ppm. m

Other ranges selectable from the keypad
Measurement cycle: 20 Hz
Pathlength: 0.5 to 10 m / 1.6 to 32 ft

Linearity: ± 3 % of range
Resolution: 1 ppm
Response time: Adjustable between 2 and 250 secs.
Calibration : Calibration audit, Zero calibration (clear stack)

Span calibration using ‘live’ calibration gas facility
(9200 Mk II only)

Control Panel
Display 2 x 16 character reflective backlit LCD with adjustable contrast control

(receiver unit); signal strength indicator (transmitter unit)
Keypad 9 keys for data input, diagnostics, setup and calibration

Environmental
Temperature range: -30 to +60 °C / -22 to 140 °F operating

-30 to +55 °C / -22 to 131 °F specified
Flue gas temperature range: up to 370 °C / 700 °F
Environmental rating: IP65 

Compliance
Safety: Conforms to EN61010
EMC: Conforms to EN50 081 and EN 50 082

Inputs/Outputs
Flue gas temperature input: Thermocouple, Type K Chromel/Alumel input into the Transmitter unit

or 4-20 mA temp. input
Serial interface: Isolated RS232 or RS485 communications (Modbus) for:

CO concentration, Status, Signal strength,
Initiate check cycle, Diagnostic data

Current loop (analog) outputs (2): 0, 2, 4 -10, 20mA user configurable for track or hold
Relay outputs (3): Independently configurable as System OK, Maintenance, or Alarm

(High or low)
Relay rating: 30 V d.c., 1 A

System Data
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Electrical
Power supply: 85 - 132,  170 - 264 V a.c. (auto selects), 50 - 60 Hz
Power consumption: 200 W

Mechanical Data
Mounting Flange*: ASA 3”, 150 lb flange (supplied)
Dimensions (H x W x D): 264 x 212 x 475 mm / 10.4 x 8.4 x 18.7 in
(Transmitter and Receiver) Note: ‘D’ includes purge
Weight: 9.4 kg / 20.7 lb (Receiver unit)

10.1 kg / 22.2 lb (Transmitter unit)

* Transfer flange available for Models 9000 and 9200 replacement

Options
Air mover assembly for air purge
Air purge blower unit
Transfer/Adaptor Flanges
Flue gas thermocouple with current loop transmitter

Continuous product development may make it necessary to change details without notice.
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C6 Fault Finding

C6-1 Principles

The Model 9100 must be serviced at regular 6-monthly intervals to guarantee complete retention of the
technical parameters.

This maintenance work can be undertaken by a LAND service branch if required.

C6-2 Transmitter and Receiver

WARNING

If the optical units are removed from a duct in the plant hot or toxic fumes may escape.  Suitable
measures must be taken for the protection of maintenance personnel.

If the air purges, transmitter and receiver are all being serviced at the same time, begin with the air
purge to prevent soiling of the clean optical elements in the transmitter and receiver when the air
scrubber is switched off.

The following service procedures are recommended:

* Cleaning the optical windows of the transmitter and receiver.  The transmitter and/or receiver is
removed from the air purge flange  by undoing the four mounting bolts. Then the optical windows
are cleaned using a lens cloth and a little industrial alcohol.   Reassembly is in the reverse order.
The alignment of all the units must then be checked.

* Check all cables for loose connections and damaged insulation

* Check all the terminals for loose connections.

* Instrument casing and display screen may be cleaned with a cloth and mild detergent.

The LAND service engineer will carry out the functional  test and check the calibration.

Fault Finding
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C6-3 Fault-types

Possible faults may be divided into those which may be detected during preliminary testing, those
which are evident due to faulty reaction to peripheral  equipment and those which are detected by the
self-testing function of the instrument.

C6-4 Fault-finding without self-testing

The faults described in the fault table opposite can be detected in preliminary tests.  Only those
remedies which can be carried out by the client are shown.  If the fault cannot be corrected please
contact the LAND service department.

Fault Finding
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Fault Finding

Fault

Aux. Value
Overange

Check Cycle
Failure

Checksum
Error

CLIP Flue
Temp Fault

Copy Bank
Overrun

DMA Failure

Eeprom Read
Error

Eeprom Write
Error

Ext. Thermo.
Fault

Filter Wheel
Failure

Meaning

Measure CO value
beyond instrument

range

Invalid data

Settings and
calibration data

corrupted

Invalid data

Internal software
error

Unable to read
signal

Unable to recall
settings or cal data

Unable to save
setting or cal data

Unable to read
external

thermocouple
temperature

Unable to locate
index position on

filter wheel.

Causes

Very high CO
concentration in sample.

Incorrect instrument
calibration

Low signal or excessive
noise

Electronics failure. Un-
initialised software

upgrade

Signal <1mA

Software installation
problem

Hardware failure on Rx
micro

Electronics failure on
Receiver micro or main

PCB

Electronics failure on
Receiver micro or main

PCB

Incorrect setting of
parameter #8.

Disconnected or burnt
out thermocouple

Sensor wires broken.
Filter wheel stuck or

loose. Filter motor failed
or unplugged.

Electronics failure in
Receiver

System Action

WARNING

FAULT

FAULT

FAULT

FAULT

FAULT

FAULT

FAULT

WARNING
(only if external
thermocouple
is selected)

FAULT

User Action

Consult LAND
Service

Department

Check signal
level realign
instrument

Consult LAND
Service

Department

Consult LAND
Service

Department

Report to
LAND Service
Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department.

Check
parameter #8.
Consult LAND

Service
Department.

Check
connections &

cables for
faults, check
mains power
supply to the
transmitter.
Other wise

consult LAND
Service

Department

Fault Table
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Meaning

Unable to control
Source

Temperature

Insufficient optical
signal for

measurement

Unable to process
optical signal due to

noise of failure

Internal software
error

Confidence value
shows deviation

from nominal

Measure CO value
beyond instrument

range

Failure to find gas
wheel position

Measured
barometric

pressure outside
expected range

Too much optical
signal

Unable to measure
source-heater
temperature

Causes

Reversed
thermocouple. Heater
failed or disconnected.

Electronics failure

Poor alignment. Extreme
obscuration by dust.
Sight path blocked.
Optical problem.
Electronics failure

Extreme and fast
fluctuations in signal

strength. Loose material
in site path. Extreme
mounting vibration.

Electronics failure on Rx
main or micro

Software installation
problem. Report to Land

Technical

Leak in gas cell(s) on
gas wheel. Very bad

misalignment. Incorrect
calibration

Very high CO
concentration in sample.

Incorrect instrument
calibration

Opto sensor fault

Incorrectly connected
pressure port. Failed or

loose pressure
transducer. Incorrect
transducer calibration

Detector failure.
Electronics failure

Disconnected or burnt
out thermocouple

User Action

Consult LAND
Service

Department.

Check beam
path and

alignment of
transmitter &

receiver.

Consult LAND
Service

Department

Consult LAND
Service

Department

Adjust
alignment,

clean windows/
sight path.

Consult LAND
Service

Department.

Consult LAND
Service

Department

Consult LAND
Service

Department

Check
pressure port
connection.

Consult LAND
Service

Department

Consult LAND
Service

Department.

Consult LAND
Service

Department

Fault

Heater Control
Fail

Insufficient
Signal

Invalid DMA
data

Invalid
Parameter

Maintenance
Required

Meas. Value
Overange

No Sync Signal

Pressure Fault

Signal
Overload

Source
Thermo. fault

System Action

FAULT.
SHUTDOWN if
Source Temp

 > 1000°C

FAULT

FAULT

WARNING

WARNING

WARNING

FAULT

WARNING

FAULT

FAULT
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Fault Finding

Causes

Span calibration gas
concentration too high
for selected pathlength

Failed temperature
sensor, or extreme
Receiver internal

ambient temperature
<-30 or > 110

Motor or sensor failed or
loose connections.

Motor stuck. Ambient
temperature too low.

Electronics failure on Tx
main pcb

Failed sensor. Extreme
temperature variation

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Ambient temperature
too low or high.

Wiring problem Rx to
Tx. Electronics problem
on transmitter main pcb

or Rx main Rx

Low signal level or high
noise

System Action

WARNING

WARNING

SHUTDOWN

WARNING

FAULT. if
persists for 20s

then
SHUTDOWN

FAULT. if
persists for 20s

then
SHUTDOWN

FAULT. if
persists for 20s

then
SHUTDOWN

WARNING

FAULT. if
persists for 20s

then
SHUTDOWN

FAULT

Fault

Span Cal
Failure

Thermistor
Error

Wheel Motor
Fail

Xmit. Amb.
Sensor Fail

Xmitter
Checksum

Error

Xmitter
Comms. Error

Xmitter
Comms. Fail

Xmitter temp
Fault

Xmitter Write
Error

Zero Cal
Failure

Meaning

Calibration point
outside instrument

operating range

Receiver Internal
Temperature
Sensor failure

Unable to maintain
gas wheel speed

Transmitter
ambient

temperature
outside expected

range

Poor or no
communication
with transmitter

Poor or no
communication
with transmitter

Poor or no
communication
with transmitter

Transmiitter out of
normal working

temperature range

Poor or no
communication
with transmitter

Invalid data

User Action

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Consult LAND
Service

Department

Provide
cooling, select

new site or
consult LAND

Service
Department

Consult LAND
Service

Department

Check signal
level. Realign

instrument
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C7 Spare Parts

IMPORTANT

When ordering spare parts always quote the instrument serial number

Description Land Part Number

Receiver Unit

Power Supply 404.142
Main PCB Assembly 703.543
Detector Unit Assembly 703.591
Micro PCB Assembly 703.549
Case Assembly with Keypad 703.585
Power Supply Cable Assembly 703.655
Air Purge Assembly 703.583
Connector Plate 704.334

Transmitter Unit

Gas Wheel Assembly 703.618
Main PCB Assembly 703.540
Display PCB Assembly 703.552
Power Resistor and Lead Assembly 703.619
Case and LED Panel Assembly 703.576
I.R. Source Unit Assembly 703.579
Air Purge Assembly 703.583
Sight Window Assembly 703.751
Power Resister 703.619
Desiccant System 703.901
Connector Plate 704.333

Seals and Gaskets (Fit both Transmitter and Receiver)

Flange Sealing Ring 703.664

Loose Connectors

9100 Transmitter/Receiver Connector Kit 704.314
   (includes 704.303, 704.304, 704.305, 704.306 and 704.307)

19 way Relay and Outputs Connector 704.303
7 way (pins) Umbilical Connector Tx to Rx (2 off) 704.304
7 way (socket) Serial Communications Connector 704.305
3 way Mains Power Connector 704.306
6 way (socket) Flue Gas Temperature Input Connector 704.307

Spare Parts
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Spare Parts

Pre-terminated Connectors fitted with 3m /10ft cable

9100 Transmitter/Receiver Cable Assembly Kit 704.315
(includes 704.308, 704.309, 704.310, 704.311 and 704.312)

19 way Relay and Outputs Cable Assembly 704.308
7 way (pins) Umbilical Cable Assembly (2 off) 704.309
7 way (socket) Serial Communications Cable Assembly 704.310
3 way Mains Power Cable Assembly 704.311
6 way (socket) Flue Gas Temperature Input Cable Assembly 704.312

Pre-terminated Connectors fitted with 3m /10ft cable, except umbilical cable which is a single
20 m / 66 ft pre-terminated cable at both Receiver and Transmitter

9100 Transmitter/Receiver Cable Assembly Kit 704.316
(includes 704.308, 704.310, 704.311, 704.312 and 704.313)

19 way Relay and Outputs Cable Assembly 704.308
7 way (pins) Umbilical Cable Assembly (both Rx and Tx) 704.313
7 way (socket) Serial Communications Cable Assembly 704.310
3 way Mains Power Cable Assembly 704.311
6 way (socket) Flue Gas Temperature Input Cable Assembly 704.312

Seals and Gaskets (Fit both Transmitter and Receiver)

Flange Sealing Ring 703.664
Purge Seal 703.744
Main Case Seal 703.620
Sight Window Gasket 703.750

Mounting Flange Spares

Spherical Washers 702.749
Disc Springwashers 318.284
M12 Locknuts 315.224
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Receiver Unit Spares

Power supply (Part No. 404.142)

Power Supply Cable (Part No. 703.655)

Micro PCB Assembly (Part No. 703.549)Main PCB Assembly (Part No. 703.543)

Case Assembly With Keypad (Part No. 703.585)

Spare Parts
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Air Purge Assembly (Part No. 703.583)

Spare Parts

Sight Window Assembly (Part No. 703.751)

Receiver Connector Plate (Part No. 704.334)
shown fitted to Receiver Unit
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Transmitter Unit Spares

Case and LED Panel Assembly (Part No. 703.576)

Main PCB Assembly (Part No. 703.540) Display PCB Assembly (Part No. 703.552)

Spare Parts

Desiccant System Kit (Part No. 703.901)Power Resister and Lead (Part No. 703.619)

I.R. Source Unit Assembly (Part No. 703.579)
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Air Purge Assembly (Part No. 703.583) Sight Window Assembly (Part No. 703.751)

External Calibration Gas Cell

Calibration Gas Cell (Part Number 701.263)

Transmitter Connector Plate (Part No. 704.333)
shown fitted to Transmitter Unit
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Mounting Flange Spares

Disc Springwashers
(Part No. 318.284)

M12 Locknuts
(Part No. 315.224)

Spherical Washers
(Part No. 702.749)

Spare Parts

Seals and Gaskets (Fit To Both Transmitter and Receiver)

Sight Window Gasket
(No. 703.750)

Main Case Seal
(Part No. 703.620)

Flange Sealing Ring
(Part No. 703.664)

Purge Seal (Part No. 703.744)
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Connector and Cable Assembly Kits

3m / 10 ft Transmitter/Receiver Cable Assembly Kit (Part No. 704.315)
Note: All cable/connector assemblies are available individually

20 m / 66 ft Transmitter/Receiver Cable Assembly Kit (Part No. 704.316)
Note: All cable/connector assemblies are available individually

Spare Parts
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Location of Spare Parts for Transmitter

1. Flange Sealing Ring
2. Air Purge Assembly
3. Purge Seal
4. Main Case Seal
5. Gas Cell Wheel Housing, Containing

Power Resister and Lead Assembly

3

2
1

5

7

8

6

6 Sight Window Gasket
7 I.R. Source Unit Assembly
8. Main PCB Assembly
9. Case and LED Assembly
10. Display PCB Assembly (Signal Strength)

9

4

10

Spare Parts
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1. Flange Sealing Ring
2. Air Purge Assembly
3. Purge Seal
4. Main Case Seal
5. Power Supply

6 Sight Window Gasket
7 Detector Unit Assembly
8. Micro PCB Assembly
9. Main PCB Assembly
10. Case Assembly with Keypad
11. User Interface Keypad

Location of Spare Parts for Receiver

2
1

5

8

6

9

10

4

11

7

Spare Parts

3
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C8 How to Get Further Assistance

Technical Assistance

Contact your local office, agent or distributor (see front cover for contact details).

How o Get Further Assistance
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C9 Configuration Record Sheet

Repair History

Date Action Part Replaced Part No.

Service History

Date Action

General Information

Instrument Serial Number

Date of Purchase

Technical Information

Pathlength

Please complete the Configuration Record Sheet

Configuration Record Sheet
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Gas Monitoring Products

Standard Terms of Warranty

Land Instruments International warrant all products of our own manufacture to be within specified limits of calibration,
if any, when despatched from our works. Also that they are free from defects in material and workmanship for
normal use and service when used for their intended purpose within the limits of our specification. The period of
warranty, with respect to defects in material and workmanship, will be one year from date of despatch, or readiness
for despatch should delivery be delayed by the customer who has been notified of the readiness at or after the
acknowledged estimated date of despatch.

Land Instruments International guarantees to repair any defective workmanship or replace at its own option any
defective parts in any product of its manufacture, provided that the defective instrument is returned to our works
free of charge and securely packed. Also, provided that the said goods are found to be solely defective due to faulty
design, materials or workmanship and not by improper use or accident.

Items which under their normal course of use or storage, age or deteriorate e.g. measuring cells, batteries, vacuum
tubes, thermocouples, are not covered by this warranty, and will be charged for if replaced together with labour
charges for any work found not to be covered by the warranty and any transport or import charges incurred by Land
Instruments International at the customers expense.

Equipment or components purchased by Land Instruments International from other manufacturers and used with or
within Land Instruments International equipment bear only the warranty of the original manufacturer.
Warranty work will only be carried out on site on receipt of an official order from the customer who will be charged
for all travelling time plus travelling and living expenses involved to carry out the work. Should the said faulty opera-
tion not be the cause of the instrument’s faulty design, materials or workmanship, but due to application conditions,
Land Instruments International reserve the right to charge additionally for all labour on establishing this at
the customer’s works.

Warranty cover is subject to the correct planned maintenance being done in accordance with the published service
schedule. Failure to follow the planned maintenance will void the warranty terms. Any warranty claim in this event
will be at the discretion of Land Instruments International.
Whilst every care is taken in the manufacture of our products, we can accept no responsibility for any consequential
loss, however caused, through the failure of any of our products to operate accurately or correctly.

All products except 4500mkIII
The standard warranty on new instruments is a 1-year return-to-base warranty, including all electrochemical cells.. If
repairs are performed at site, then travelling time and expenses will be charged at standard rates. Purchased Spare
Parts are warranted for 1 year from date of shipment, carriage included. If a Spare Part is supplied under warranty,
then this part is only warranted for the residue of the applicable warranty period. Calibration filters are not warranted
against any damage or change in characteristic that may occur due to mishandling.

Model 4500mkIII
The standard warranty on new instruments is a 3-year return-to-base warranty. If repairs are performed at site, then
travelling time and expenses will be charged at standard rates. Purchased Spare Parts are warranted for 1 year from
date of shipment, carriage included. If a Spare Part is supplied under warranty, then this part is only warranted for
the residue of the applicable warranty period. Calibration filters are not warranted against any damage or change in
characteristic that may occur due to mishandling. The 4500mkIII light source has a lifetime warranty.

Exclusions
1. Warranty subject to the analysers being used in the manner for which they were designed
2. Warranty subject to all recommended maintenance being performed as defined in the operating
or service manual or in the quotation
3. The following consumable items are specifically excluded: All filters, Chemical filters, Chemical
Drying Agents, Batteries.
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