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Notational Conventions Used in Manual

This symbol indicates a potentially hazardous situtation, which, if not avaoid-
ed, could result in serious injury.

This symbol explains dangers that could damage the analyzer.

This symbol emphasizes points that require special attnetion. 
 

Text messages that appear on the IQ Link are identified as follows:

Text Message

Electrical Safety

Up to 5 kV may be present in the analyzer housings.  Always shut down power 
source(s) before performing maintenance or troubleshooting.  Only a qualified 
electrician should make electrical connections and ground checks.

Any use of the equipment in a manner not specified by the manufacturer may 
impair the safety protection originally provided by the equipment.

Grounding

Instrument grounding is mandatory.  Performance specifications and safety pro-
tection are void if instrument is operated from an improperly grounded power 
source.

Verify ground continuity of all equipment before applying power.

NOTE
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Environmental Information (WEEE)

This AMETEK product contains materials that can be reclaimed and recycled.  In some cases the 
product may contain materials known to be hazardous to the environment or human health.  
In order to prevent the release of harmful substances into the environment and to conserve 
our natural resources, AMETEK recommends that you arrange to recycle this product when it 
reached its “end of life”. 

Waste Electrical and Electronic Equipment (WEEE) should never be disposed of in a municipal 
waste system (residential trash).  The Wheelie Bin marking on this product is a reminder to 
dispose of the product properly after it has completed its useful life and been removed from ser-
vice.  Metals, plastics, and other components are recyclable and you can do your part by doing 
one of the following steps:

•	 When	the	equipment	is	ready	to	be	disposed	of,	take	it	to	your	local	or	re-
gional waste collection administration for recycling.

•	 In	some	cases,	your	“end	of	life”	product	may	be	traded	in	for	credit	towards	
the pur-chase of new AMETEK instruments.  Contact your dealer to see if 
this program is avail-able in your area.

•	 If	you	need	further	assistance	in	recycling	your	AMETEK	product,	contact	
our office listed in the front of the instruction manual.
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General Safety Summary

Injury Precautions

Review the following safety precautions to avoid injury and prevent damage to 
this product or any products connected to it.

•	 User Proper Wiring: To avoid fire hazard, use only the wiring specified in the 
Installation Chapter of this user’s manual.

•	 Avoid Electrical Overload: To avoid electrical shock or fire hazard, do not ap-
ply a voltage to a terminal that is outside the range specified for that terminal.

•	 Ground the Product: Following the grounding instructions provided in the 
Installation Chapter of this user’s manual. Before making connections to the 
input or output terminals of this product, ensure that the product is properly 
grounded.

•	 Do Not Operate Without Covers: To avoid electric shock or fire hazard, do 
not operate this product with covers or panels removed.

•	 Use Proper Fuse: To avoid fire hazard, use only the fuse type and rating speci-
fied for this products.

•	 Do not Operate in Explosive Atmosphere: To avoid injury or fire hazard, do 
not operate this products in an explosive atmosphere unless you have pur-
chased options that are specifically designed for these environments.

Product Damage Precautions

•	 Use Proper Power Source: Do not operate this products from a power source 
that applies more than the voltage specified.

•	 Do Not Operate With Suspected Failures: If you suspect there is damage to 
this products, have it inspected by qualified service personnel.
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Declaration of Conformity

Manufacturer’s Name:  AMETEK/Thermox®

Manufacturer’s Address:  Process & Analytical Instruments Division
      150 Freeport Road
      Pittsburgh, PA  15238
declares that the products:

Product Name:   CG1000 Oxygen Analyzer 

Conforms to the following standards:

EMC Compliance: 
 EMC Directive2004/108/EC
  Immunity: 
  EN 50082-2:1995  Generic - Heavy Industrial Equipment
  EN 50082-1:1997  Generic - Residential, Commercial, Light Industrial Equipment
  EN 61000-6-2: 1999 EU Generic - Heavy Industrial Equipment 
  EN 61326:1997   Measuring Equipment (Heavy Industrial) 

  Emissions:
  EN 55011:1998   Class B, ISM Equipment
  EN 61000-3-2:1995  Class A, Harmonic Current Emission
  EN 61000-3-3:1995  Limitation of Voltage Fluctuations
  FCC Part 15   Class B, Computing Equipment

Safety Compliance:
  UL  3101-1        UL Listed Inspection and Measuring Electrical Equipment
  CAN/CSA 22.2 No. 1010.1-92 cUL Listed Inspection and Measuring Electrical Equipment

  Low Voltage Directive 73/23/EEC:
  EN61010-1:1993,  
  Amendment A2: 1995 Electrical Equipment for Measurement, Controls, and Laboratory Use 

Manufacturer’s Address in Europe: 
AMETEK Precision Instruments Europe GmbH
Rudolf-Diesel-Strasse 16
D-40670 Meerbusch,  Germany

Mark Coppler
Compliance Engineer
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WARRANTY AND CLAIMS

We warrant that any equipment of our own manufacture or manufactured for us pursuant to our specifications which 
shall not be, at the time of shipment thereof by or for us, free from defects in material or workmanship under normal 
use and service will be repaired or replaced (at our option) by us free of charge, provided that written notice of such 
defect is received by us within twelve (12) months from date of shipment of portable analyzers or within eighteen 
(18) months from date of shipment or twelve (12) months from date of installation of permanent equipment, which-
ever period is shorter. All equipment requiring repair or replacement under the warranty shall be returned to us at our 
factory, or at such other location as we may designate, transportation prepaid. Such returned equipment shall be ex-
amined by us and if it is found to be defective as a result of defective materials or workmanship, it shall be repaired 
or replaced as aforesaid. Our obligation does not include the cost of furnishing any labor in connection with the 
installation of such repaired or replaced equipment or parts thereof, nor does it include the responsibility or cost of 
transportation. In addition, instead of repairing or replacing the equipment returned to us as aforesaid, we may, at our 
option, take back the defective equipment, and refund in full settlement the purchase price thereof paid by Buyer. 

Process photometric analyzers, process moisture analyzers, and sampling systems are warranted to perform the 
intended measurement, only in the event that the customer has supplied, and AMETEK has accepted, valid sample 
stream composition data, process conditions, and electrical area classification prior to order acknowledgment.  The 
photometric light sources are warranted for ninety (90) days from date of shipment.  Resale items warranty is limited 
to the transferable portion of the original equipment manufacturer’s warranty to AMETEK. If you are returning 
equipment from outside the United States, a statement should appear on the documentation accompanying the equip-
ment being returned declaring that the goods being returned for repair are American goods, the name of the firm who 
purchased the goods, and the shipment date.

The warranty shall not apply to any equipment (or part thereof) which has been tampered with or altered after leav-
ing our control or which has been replaced by anyone except us, or which has been subject to misuse, neglect, abuse 
or improper use. Misuse or abuse of the equipment, or any part thereof, shall be construed to include, but shall not 
be limited to, damage by negligence, accident, fire or force of the elements. Improper use or misapplications shall be 
construed to include improper or inadequate protection against shock, vibration, high or low temperature, overpres-
sure, excess voltage and the like, or operating the equipment with or in a corrosive, explosive or combustible me-
dium, unless the equipment is specifically designed for such service, or exposure to any other service or environment 
of greater severity than that for which the equipment was designed.

The warranty does not apply to used or secondhand equipment nor extend to anyone other than the original pur-
chaser from us.

THIS WARRANTY IS GIVEN AND ACCEPTED IN LIEU OF ALL OTHER WARRANTIES, WHETHER 
EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION AND WARRANTIES OF FITNESS OR OF 
MERCHANTABILITY OTHER THAN AS EXPRESSLY SET FORTH HEREIN, AND OF ALL OTHER OBLIGA-
TIONS OR LIABILITIES ON OUR PART. IN NO EVENT SHALL WE BE LIABLE UNDER THIS WARRANTY 
OR ANY OTHER PROVISION OF THIS AGREEMENT FOR ANY ANTICIPATED OR LOST PROFITS, INCI-
DENTAL DAMAGES, CONSEQUENTIAL DAMAGES, TIME CHANGES OR ANY OTHER LOSSES IN-
CURRED BY THE ORIGINAL PURCHASER OR ANY THIRD PARTY IN CONNECTION WITH THE PUR-
CHASE, INSTALLATION, REPAIR OR OPERATION OF EQUIPMENT, OR ANY PART THEREOF COVERED 
BY THIS WARRANTY OR OTHERWISE. WE MAKE NO WARRANTY, EXPRESS OR IMPLIED, INCLUD-
ING WITHOUT LIMITATION ANY WARRANTIES OF FITNESS OR OF MERCHANTABILITY, AS TO ANY 
OTHER MANUFACTURER’S EQUIPMENT, WHETHER SOLD SEPARATELY OR IN CONJUNCTION WITH 
EQUIPMENT OF OUR MANUFACTURE. WE DO NOT AUTHORIZE ANY REPRESENTATIVE OR OTHER 
PERSON TO ASSUME FOR US ANY LIABILITY IN CONNECTION WITH EQUIPMENT, OR ANY PART 
THEREOF, COVERED BY THIS WARRANTY.
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OVERVIEW

Follow these safety precautions when working on the sensor:

Disconnect AC power from the analyzer before performing any main-
tenance or troubleshooting. 
 
The furnace and furnace insulation cover are hot during normal oper-
ation (up to 500°F/260°C inside the furnace insulation cover). Allow 
analyzer components to cool for at least an hour before working inside 
the analyzer. Use caution and wear appropriate gloves when handling 
components or when touching analyzer components near the furnace!

Basic Elements of the Sensor

The CG1000 analyzer consists of the following basic systems:

• The Plumbing: All inlet and outlet tubing (cell housing).  Also includes 
the calibration gas inlet and aspirator assembly, with the aspirator 
used to pull the sample into the sensor.

• The Measuring System: Zirconium oxide cell.

• The Temperature System: The electrical cell heater (furnace), sensor 
case heaters, the type “K” thermocouple (maintains cell operating 
temperature), and the sensor board containing cold junction compen-
sation. The sensing cell operates at a constant temperature. The circuit 
board in the sensor terminal box switches power to the furnace from 
the AC mains connected to the sensor. This board also provides cold 
junction compensation to the thermocouple circuit.
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The Oxygen Measuring Cell

The sensing element itself is a closed-end tube or disk made from ceramic 
zirconium oxide stabilized with an oxide of yttrium or calcium. Porous 
platinum coatings on the inside and outside serve as a catalyst and as 
electrodes. At high temperatures (generally above 1200°F/650°C), oxygen 
molecules coming in contact with the platinum electrodes near the sensor 
become ionic. As long as the oxygen partial pressures on either side of the 
cell are equal, the movement is random and no net flow of ions occurs. 
If, however, gases having different oxygen partial pressures are on either 
side of the cell, a potentiometric voltage is produced (See Figure 1-1). The 
magnitude of this voltage is a function of the ratio of the two oxygen par-
tial pressures. If the oxygen partial pressure of one gas is known, the volt-
age produced by the cell indicates the oxygen content of the other gas. A 
reference gas, usually air (20.9% O2), is used for one of the gases. 

Since the voltage of the cell is temperature dependent, the cell is main-
tained at a constant temperature. Some newer high temperature insitu 
models use the heat from the process to heat the sensor, and the process 
temperature is continuously measured and used in the software calcula-
tion. The oxygen content is then determined from the Nernst equation: 

E =             InRT
4F

O1
O2

where R and F are constants, T is absolute temperature, and O1 and O2 
are the oxygen partial pressures on either side of the cell. 

Figure 1-1.
Zirconium oxide cell principle of operation.
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For measuring oxygen in non-combustibles gases, the calibration of an 
analyzer is obtained from the formula:

AT = 48.0 at 695°C
E =  A*T*Log 20.9%

O2 Unk% AT = 54.4 at 824°C

Where A is a constant, T is the cell temperature on an absolute scale (°C + 
273) and O2 Unk% is the unknown oxygen concentration of the gas to be 
analyzed, and which is calculated by the analyzer.

Because of the high operating temperature of the cell, combustible 
gases that are present may burn. When this occurs, the cell will gener-
ate a higher than expected millivolts and cause the display to indicate 
less oxygen than is actually in the gas.

Hydrocarbons

When hydrocarbons are present in the gas sample, a combustion process 
occurs when this gas sample is exposed to the high temperature of the 
zirconia cell. An indication that hydrocarbons may be present in the gas 
sample is that the oxygen reading will be lower than expected. For ex-
ample, if a calibration gas cylinder has an oxygen value of 20 ppm and 5 
ppm of hydrogen (balance nitrogen), the oxygen analyzer will read 17.5 
ppm of oxygen. The reduction of oxygen is due to the combustion process 
where 5 ppm of hydrogen will combine with 2.5 ppm of oxygen to form 
water. Thus, the oxygen analyzer will read 17.5 ppm rather than the actual 
20 ppm oxygen. Note that the amount of oxygen reduction is dependent 
on the type of hydrocarbons present in the sample gas.

NOTE
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Proper Sensor Operations

Follow these general guidelines when using the CG1000 analyzer:

• Do not use pipe dope on any joints of the sample tubing, or any other 
contaminant that gives off combustible vapor which can cause errone-
ous measurements.

• Do not use calibration gases if they contain a mixture of oxygen and 
combustibles.

• Always introduce calibration gases at the recommended flow rate. 
Also, be sure that calibration and sample gases are introduced into the 
analyzer at the same flow rate.

• When working on the plumbing inside the analyzer, turn the power 
off. The heater has exposed windings and a short to the plumbing will 
blow the fuse and could damage the furnace or thermocouple.

•	 Do	not	handle	the	cell	excessively.	Do	not	try	to	clean	the	cell	except	
by rinsing.

•	 Do	not	remove	a	cell	or	type	“K”	thermocouple	that	you	may	want	to	
use again when the inside of the furnace is still hot - severe thermal 
shock can be destructive to either of them.

•	 Calibrate	the	flow	sensor	using	nitrogen	as	your	carrier	gas.

•	 Do	not	pressurize	the	external	flow	meter	when	calibrating	the	inter-
nal flow sensor.

•	 Wait	one	hour	between	performing	a	thermal	and	regular	calibration.

•	 Allow	calibration	gases	to	stabilize	before	proceeding	to	the	next	step	
of a calibration.

•	 Do	not	overtighten	compression	fittings	when	servicing	the	analyzer.



Overview   |  1-5

Technical Support

AMETEK/Thermox is committed to providing you the best technical sup-
port in the industry. If you need service or application assistance, please 
call AMETEK at (412) 828-9040, or your local AMETEK/Thermox represen-
tative.

Before you call the factory for technical support, you should run test gases 
and record the following values (you may be asked by the factory to pro-
vide this information when receiving service):

 Cell millivolts

 Thermocouple millivolts

 Cell temperature

See the “Display” under Setup Key in the Controller/User Interface chap-
ter for help on how to get this information displayed on your CG1000 
analyzer.

If you need to return equipment, you will be asked to provide the follow-
ing information before obtaining a Return Material Authorization (RMA) 
number.

 Billing and shipping address

 Model number

 Serial number

 Purchase order number

 Telephone number

Before returning material, you must get an RMA number from the 
factory.

NOTE
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SPECIFICATIONS

Control Unit

 

Display 

4 line x 20 character vacuum fluorescent. Displays combinations of oxy-
gen (0.1 ppm O2 to 100%, autoranging), time and date, cell temperature, 
user programmable, text, thermocouple mV, cell mV, flow, and pressure. 
Password protection and context-sensitive help are also provided.

Recorder Output

Two isolated linear current outputs. Select O2, cell temperature, thermo-
couple mV or cell mV.  Each output can be 4-20 mA, 0-20 mA, 20-4 mA or 
20-0 mA and is fully scalable. Hold or track during calibration and select 
degree of damping. Maximum load 1200 ohms.

Alarms 
Two independent oxygen alarms, each high or low selectable. Alarms can 
be assigned as oxygen, flow, calibrate or verify. Set relays to energize or 
de-energize on alarm. 

Contact Rating 0.5A, 30V, 10VA max. noninductive load, AC or DC

Diagnostics 
Watchdog timer and service alarms. System test for A/D, RAM, EEPROM 
and keypad. Display Line 4 reserved for full text error and diagnostic mes-
sages. Twenty-entry event log for automatically detected system events.

Calibration 
Oxygen cell lifetime extender. Calibrate or verify calibration. Store last 
calibration and verification data. Selectable calibration gas run time and 
process recovery time. 

Communications RS-485, 2-way addressable.

Environment

Ambient Temp:  14 to 122° F (-10 to 50° C)
Relative Humidity: 10% to 80%, non-condensing
IEC Installation Category II
IEC Pollution Degree 2
Max. Altitude: 2000 meters

Power
Requirements

Nominal 115-230 VAC ±10%, 47-63 Hz. max.; 75 VA max.

Enclosure General Purpose
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Output Range 0.1ppm to 100% O2

Accuracy ± 2% of reading or ± 0.05% oxygen absolute (.5 ppm O2 absolute for 
ppm range), whichever is greater

Response  < 5 secs. at 150 sccm over one decade

Repeatability  ± 0.5% of reading or ± 0.01% oxygen absolute (.1 ppm O2 absolute for 
ppm range), whichever is greater

Leak Rate 3 x 10-8 atmosphere cc/sec
Sample Flow 50 to 200 sccm (150 sccm recommended)
Max Inlet Temp 160°F (71°C)
Inlet Pressure Limit:  20 psig

Environment
     Ambient Temp.: 
 

  5°C to 40°C (41°F to 104°F); 
  -10°C to 40°C (14°F to 104°F) with optional built-in pump

     Relative Humidity: 10% to 90%, non-condensing
     Max Altitude: 2000 meters
IEC Installation
IEC Pollution

Category II
Degree 2

Enclosure
Lift-off NEMA 3R, weather resistant, stainless steel. Optional hinged NEMA 4X (IP56), explo-
sion-proof, purged, and floor mount versions available.

Power Requirements 115 VAC, 60 Hz, 150VA 230 VAC, 50 Hz, 150 VA

Calibration Gas Requirements 
Use calibration gases @ 150 sccm (limit is 50 to 200 sccm)
     Zero Gas:
    Span Gas:
     

From 0.1 to 10% O2, balance N2
One decade above zero gas (10 times greater) recommended.

System Compliance

EMC Compliance: 
Safety Compliance: 

2004/108/EC
73/23/EEC
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INSTALLATION

This chapter shows you how to install your CG1000 oxygen analyzer. It 
includes the following:

 Inspect Shipping Contents
 Mechanical Installation
 Wiring

No operator serviceable components are inside the CG1000. Never 
open the analyzer cover. Refer servicing to qualified personnel.

Inspect Shipping Contents

Remove any packing material from the CG1000 analyzer. Check for dam-
age. If any damage is found, notify the shipper.
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Mechanical Installation

This section describes how to perform the mechanical installation portion 
of your system installation.

The CG1000 should be located as close to the sampling system as possible. 
The ambient temperature where the analyzer is used must be in the range 
of 5oC to 40oC (41oF to 104oF). If using the optional built-in pump, the ambi-
ent temperature range is -10°C to 40°C (14°F to 104°F).

Figure 3-1.  Rear of CG1000 analyzer.

Sample Gas Requirements/Connection

Figure 3-1 shows the inlet and outlet ports on the CG1000. The sample gas 
should be clean and dry. If the sample contains any condensing moisture, 
the entire sample line should be heat traced. If the sample contains par-
ticulates greater than 15 microns, install a filter on the sample gas inlet. 
Maximum sample temperature is 70°C (160°F).

Combustibles in the sample can burn with available oxygen to pro-
vide lower-than-expected oxygen levels. be aware of this, especially if 
measuring oxygen in the low ppm ranges.NOTE
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Flow Connections

If your carrier gas is helium, the sample gas must flow through the analyzer 
at a rate between 150 and 200 sccm (standard cubic centimeters per min-
ute). For all other carrier gases (nitrogen, carbon dioxide or argon), the flow 
rate must be between 125 and 175 sccm. Nitrogen is the default selection 
and is used for most applications. If measuring close to 100% oxygen, select 
nitrogen as the carrier gas. You must tell the CG1000 analyzer which carrier 
gas is being used for the flow sensor to properly determine the flow rate. 

See the “Display” section in Chapter 4 for help on how to view the flow 
rate of gases from the front panel display. See the “Carrier Gas” section in 
Chapter 4 for help on how to select the carrier gas in software. See Figures 
3-2 and 3-3 for flow diagrams for the CG1000.

If using the analyzer without the optional pump, the sample gas must enter 
the CG1000 at a pressure between 15” water column (H2O) and 20 psi (38 to 
1380 millibar gauge). The minimum pressure requirement of 15” water column 
allows for any minor pressure drops within the analyzer sample inlet connec-
tions to ensure a 150 sccm flow rate through the sensing cell (Figure 3-3). 

For pressure below 15” water column, you must use the pump option. If 
you find that you need the optional pump after you receive your CG1000 
analyzer, you can purchase this option later. If using the optional built-in 
pump, the pressure of the sample gas can range from negative 10” water 
column (H2O) to 20 psig (25 to 1380 millibar gauge).

Oxygen
Cell

Flow
Sensor

Valve

CG1000 Outlet

1/4" push-to-connect fitting
Maximum Pressure: 5 psig

CG1000 Inlet
1/8" compression fitting
Typical Flow Rate: 150 ml/min
Pressure: 15" H2O to 20 psig

Figure 3-2.   CG1000 flow diagram without Pump Option.

Pump Flow
Sensor

Pressure
Transducer

Orifice

Check Valve

Oxygen
Cell

CG1000 Inlet
1/8" compression fitting
Typical Flow Rate: 150 ml/min
Pressure: -10" H2O to 20 psig

Valve

CG1000 Outlet

1/4" push-to-connect fitting
Maximum Pressure: 5 psig

Figure 3-3.   CG1000 flow diagram with Pump Option.
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To make the required flow connections, follow these steps:

1. Remove the flow of any sample gas into the analyzer (not necessary 
on initial installation). Do this by turning the flow knob on the front of 
the analyzer fully in a clockwise direction.

This flow knob is a needle valve and cannot act as a shut-off valve.

2. Connect the sample gas to the sample gas inlet (Figure 3-1). The sam-
ple gas inlet is a 1/8” (.32 cm) compression fitting. For best response 
time, make the sample line between the analyzer and sample gas as 
short as possible and keep the sample tubing diameter as small as pos-
sible.

3. The sample gas outlet on the rear of the analyzer is a 1/4” (.64 cm) 
push-to-connect fitting (Figure 3-1). You can either connect exhaust 
tubing to this fitting, or simply allow the gas to vent to atmosphere. 
The outlet pressure should never exceed 5 psig (345 millibar gauge).

4. Using the Setup/Display key on the CG1000 analyzer front panel, se-
lect Flow Rate for one of the display lines. See Chapter 4 for setting up 
flow rates using the display.

5. If operating under a positive pressure that is greater than 15” water 
column go to Step 6. If operating below 15” water column, turn the 
pump on by selecting Pump Option from the Setup Key. See Chapter 
4 for turning on the pump using CG1000 software.

6. Slowly turn the flow knob on the front of the analyzer counterclock-
wise to increase the flow of sample gas to the desired level. If the carri-
er gas for the sample is helium, the flow rate must be between 150 and 
200 sccm. For all other carrier gases, the flow rate must be between 125 
and 175 sccm.

Use the same flow rate during both calibrations and normal opera-
tions. any pressure variations of the sample gas can lead to flow varia-
tions greater than 25 sccm can cause analyzer readings to fluctuate.

NOTE
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Calibration Setup

Figure 3-1 shows the location of the inlet port on the CG1000. When cali-
brating your system, connect your calibration gases upstream of this inlet 
port as shown in Figure 3-4.

You might find it easier to insert a switching valve before the inlet 
port of the CG1000 sensor to switch more easily between introduc-
ing the sample and calibration gases as shown in the example on 
Figure 3-4.

CG1000

Low
(Zero)

Cal Gas

High
(Span)

Cal Gas

Process / Cal
Control Valve

Sample
Gas

Figure 3-4.   Calibration / Process gas setup example.

Required Calibration Gases and Tubing

Us the same flow rate for calibration gases as you do for daily use of the 
CG1000 analyzer. See the “Mechanical Installation” section for acceptable 
pressure and flow ranges for inlet gas (calibration gases follow the same 
rules). Use stainless steel tubing that is free of oil and dirt to deliver your 
calibration gases. This prevents contamination and promotes proper cali-
bration.

The span gas must be a higher oxygen content than the zero gas by a fac-
tor of 10 (for example, if the zero gas is 1.0%, the span gas must be 10% or 
higher).

NOTE
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% O2 Range Calibration Gases

• Span gas - from 1.0% to 100% O2, balance N2 (Instrument air - 20.9% - 
recommended)

• Zero gas - from 0.1% to 10% O2, balance N2 (2% recommended) 

 PPM O2 Range Calibration Gases

The span gas must be at least a factor of 10 higher in oxygen content than 
the zero gas (for example, if zero gas is 10 ppm, the span gas must be 100 
ppm or higher).

• Span gas - from 10 ppm to 1000 ppm.

• Zero gas - from 1 ppm to 100 ppm.
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PPM Measurement Suggestions

This section provides help on how to use the CG1000 in the low ppm 
ranges:

Gas Sample Bypass - A good practice in the measurement of ppm gas con-
centrations (during calibration or initial start-up) is to provide a bypass on 
the gas sample inlet to the analyzer. This will improve the response time 
of your test system. A bypass flow rate of 3.0 scfh is recommended.

Leaks - Ensure that all tubing you connect to the CG1000 is leak-tight. 
Since air contains approximately 209,000 ppm of oxygen (20.9% O2), even 
the slightest leak in the sample gas line can cause inaccurate readings. You 
can do a vacuum check as described in the Troubleshooting chapter to 
check your setup for leaks.

Clean Tubing - Never use Teflon, rubber or plastic tubing. Use stainless 
steel tubing or refrigerator-grade copper tubing. In general, the tubing 
must be extremely clean. Even a small amount of contamination in tubing 
line can affect PPM oxygen readings. 

Quick Response - To get the quickest response from your CG1000 analyzer, 
use as small a sample tube diameter as possible. The smaller the inside 
diameter of the sample tubing, the better the response time will be. Also 
ensure that the length of the sample line between the analyzer and the 
sample gas is as short as possible.

Effects of Hydrocarbons on Low PPM Oxygen Reading - When hydrocarbons 
are present in the gas sample, a mini-combustion process occurs between 
the hydrocarbons and excess oxygen. An indication that hydrocarbons 
may be present in the gas sample is that the oxygen reading will be lower 
than expected. For example, if a calibration gas cylinder has an oxygen 
value of 20 ppm and 5 ppm of hydrogen (balance nitrogen), the oxygen 
analyzer will read 17.5 ppm of oxygen. The reduction of oxygen is due to 
the combustion process where 5 ppm of hydrogen will combine with 2.5 
ppm of oxygen to form water. Thus, the oxygen analyzer will read 17.5 
ppm rather than the actual 20 ppm oxygen in the sample. The amount of 
oxygen reduction is dependent on the type of hydrocarbons present in 
the sample gas.

If measuring PPM gases, use a packless valve to switch between the 
sample gas and calibration gases.
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Wiring

Current Output Connections

15

9 6

J7 8 1

915

J8

Figure 3-5.    J7 and J8 Pinouts (Rear of Analyzer).

Current output connections are labeled as follows on the J8 connector of 
the CG1000 (see Figure 3-5):

 IOUT1 +  Pin 3
 IOUT1 - Pin 4

 IOUT2 +  Pin 1
 IOUT2 - Pin 2

These current outputs are referenced as current outputs 1 and 2 in soft-
ware (see Chapter 4 for help on defining current output settings in soft-
ware). Be sure to observe polarity when connecting current output devic-
es to these terminals. Current outputs 1 and 2 are capable of driving up to 
1200 ohm loads. These two current outputs (1 and 2) are isolated from the 
analyzer but are not isolated from each other.

Powering Standard Current Outputs From an External Voltage

 The J8 connector on the back of the CG1000 (see Figure 3-5) contains a set 
of pins that allows you to power the standard current outputs using an 
external voltage source:

 VEXT Pin 9
 VEXTCOM Pin 10

Jumper JP2 on the display module allows you to define which power 
source to use. If JP2 is in (factory default), the analyzer uses the internal 
supply to power the current output circuits. If you try to use an exter-
nal voltage at this time, the system will use whichever voltage is higher 
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-CG1000 voltage is normally about 28 volts. If the JP2 jumper is removed, 
the external voltage source must be used to power the current output 
circuits. The external voltage source must be no greater than 30 volts DC.

To determine the minimum external voltage supply required to power the 
current outputs, use the following formula:

VEXTmin = .02 amps (RLoad + Rwires) + 4 volts

where:
VEXTmin = the minimum external voltage required to power current 
output circuit
RLoad = the load resistance of the current output device
Rwires = the resistance of the wires

Alarm Contact Connections 

This section describes how to make wiring connections for any alarm 
devices you wish to connect to the CG1000.  Information on how to set up 
alarms in software is described in Chapter 4.

Connector J8 on the back of the CG1000 analyzer also contains alarm pin-
outs (see Figure 3-5):

The Watchdog Timer Alarm is associated with the following on J8:

 ALARM 1A Pin 5
 ALARM 1B Pin 6

See the “Watchdog ”Relay” section in Chapter 4 for complete information 
on the watchdog timer alarm. The watchdog alarm contacts are normally 
closed during system operations (deactivated). A watchdog event triggers 
these alarm contacts to an open condition. If you have a watchdog event, 
and the system returns to normal operations, then the watchdog alarm 
will reset. The system will retain in memory the last time the watchdog 
condition occurred (see the “Exception Log” section in Chapter 4 for help 
on how to view this information).

The Service Alarm is associated with the following on J8:

 ALARM 2A Pin 7
 ALARM 2B Pin 8

See the “Service Alarm” section in Chapter 4 for complete information on 
what events trigger the transfer of the service alarm. The service alarm 
contacts are normally closed during system operations (deactivated). A 
service alarm event triggers these alarm contacts to an open condition.
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Oxygen/flow alarm connections are configurable in software to activate 
under a variety of user defined conditions, and are associated with the 
following on J8:

 ALARM 3A Pin 12
 ALARM 3B Pin 13
 ALARM 4A Pin 14
 ALARM 4B Pin 15

See Chapter 4 for complete information on all alarms, including what they 
can track and how they operate.

RS-485 Communications Connections

The CG1000 can communicate with other computers that use the same 
protocol and have the same hardware interface. See Appendix A in the 
back of this manual for information on the RS-485 serial communications 
protocol.

The connections used for RS-485 2-wire communications on connector J7 
are labeled as follows (see Figure 3-5 for location of J7 on the back of the 
CG1000):

 GND Pins 1, 6-9
 4WT+/2WRT+  Pin 2
 4WT-/2WRT-  Pin 3
 4WR+  Pin 4
 4WR-  Pin 5

Connect all the 2-wire pluses (+) and all the 2-wire minuses (-) in paral-
lel with all the devices (in daisy-chain fashion), including all the CG1000 
analyzers on the network and the host computer. In addition, on the host 
computer, connect the receive and transmit terminal block connections. 
Be sure to use twisted-pair cable in either rigid metal conduit or an overall 
braided shield for all connections.

Remove the instrument cover to check the settings for the SW1:

2-Wire Switch Settings:
SWITCH # ON/OFF  
SW1 – 1: N/A for 2-Wire  Termination Resistor
SW1 – 2: OFF   Sets type of RS485 communication
SW1 – 3: ON   Termination Resistor
SW1 – 4:  Not used

4-Wire Switch Settings:
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SWITCH # ON/OFF 
SW1 – 1: ON   Termination Resistor
SW1 – 2: ON   Sets type of RS485 communication
SW1 – 3: ON   Termination Resistor
SW1 – 4:  Not used

Termination Resistor

The CG1000 is equipped with a termination resistor that can be used for 
the last CG1000 on the network. Switch 3 on SW1 of the display module 
allows you to place a 120-ohm termination resistor into the RS-485 circuit.

Switch 3 ON = Termination Resistor in Circuit

You may need to experiment to get optimum performance over long 
lengths of communication wiring to see if having a termination resistor on 
the last CG1000 analyzer on the network improves communications. 

Remember to insert a termination resistor only on the last CG1000 on 
the network and not on all the CG1000 analyzers. 

The factory default setting is to have Switch 3 turned OFF, allowing for no 
termination resistor in the circuit. 

Select 115/230 Volt Operation

To change selected voltage, disconnect the AC line power cord from the 
analyzer, open the top cover of the power entry module using a small-
blade screwdriver, select the desired voltage by rotating the fuse holder so 
the desired voltage aligns with the window, then snap into place.

If you later want to switch the voltage source for the analyzer, you will 
also need to change the fuses in the power entry module:

 115 VAC - Fuse Rating: 2 amp, 250 VAC - Slow Blow
 230 VAC - Fuse Rating: 1 amp, 250 VAC - Slow Blow

The fuse sizes are 1/4” x 1 1/4”. Do not use 5 x 20 mm fuses.

NOTE
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If the analyzer is a 230-Volt type, the power cord plug must be 
changed to the proper type to match your country and/or electrical 
code. All analyzers are shipped with a U.S. 120-volt type plug and 
“har” European power cord. The European power cord will have a 
label stating “not for North American usage.”

Select 50/60 Hertz Operation for Pump

You must select whether you will be using 50 or 60 Hz for pump operation 
by using the switch on the backplane board. 

To access the backplane board, first disconnect the AC line power from the 
analyzer.

Open the analyzer and locate the backplane board. SW1 on the backplane 
board is used to select the proper coil for the pump motor. The switch 
position is set at the factory and the setting needs to be changed only if 
changing the AC line frequency.

 60 Hz operation SW1 switch sets to 60 Hz position

 50 Hz operation SW1 switch sets to 50 Hz position

NOTE
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CONTROLLER / USER INTERFACE

This chapter shows you how to set up your system for operations and also 
provides an introduction on how to use the software and keypad keys. 
The following topics are included:

 System Start-up
 Set-up Key
 Analog Key
 Alarm Key

System Start-up

To begin using the CG1000, follow these steps:

1. Plug the power cord into the power entry module on the back of the 
analyzer.

If the analyzer is a 230-volt analyzer, the power cord must be changed 
to the proper type to match your country and/or electrical code. All 
analyzers are shipped with a U.S. 120-volt plug and “har” European 
power cord. The European cord will have a label stating “not for 
North American usage.”

2. Plug the power cord into the appropriate AC power outlet.

3. Turn on the analyzer by pressing on the side of the power switch 
marked 1. The power switch is located on the back of the analyzer.

4. Adjust the flow of the sample gas to the desired level (see Chapter 3 
for flow requirements).

5. Allow the analyzer to warm up for at least one hour.

6. Set up your alarms, analog outputs, and serial communications. See 

NOTE
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Chapter 4 for help on setting up the alarms andanalog outputs and 
Appendix A for help on setting up serial communications.

7. Perform a regular calibration.

8. Read the sample gas.

You should do a verify operation at regular intervals to determine if a cali-
bration is needed. It is up to you to determine how accurate your instru-
ment needs to be for your application, then set this acceptable tolerance 
of the verify test gas using the Configure Verify  menu option from the 
Calibrate key.

Password Restrictions

For menu options where you can change system settings and a pass-
word exists, you will be required to first enter the password to access 
that menu’s functions. See Chapter 4 for help on how to create a system 
password.

Display

The display allows you to view different types of information. You define 
which information to place on the first three lines of the display using the 
Display option from the Setup key. Note that you can also use the Display 
menu option to place your own text message on one of the first three 
lines. The last display line is reserved for system and error messages.

If an alarm condition exists, alarm information in the form of an Up or 
Down arrow (corresponding to a high or low alarm) will appear next to 
the process reading on that display line. See Chapter 4 for help on setting 
up your alarms.

Auto Ranging Feature

The CG1000 system also includes an auto ranging feature. If the oxygen 
reading falls below 0.5% O2, the display switches to the ppm scale. Other-
wise, the system always displays readings using the percent scale.
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Keypad Keys

Each of these keys includes a list of menu options you can select.

Control Unit Key Function
Setup Set the control unit for your specific application.
Calibrate Set calibration parameters and start calibrations.
Alarm Define parameters that control the alarm relays.
Analog Range Define parameters that control analog current outputs.
Help Access control unit on-line help.
Cancel Exit menu options.
Enter Confirm menu choices and values.

Selecting Menu Options

To select a menu option, press the Down Arrow until the arrow pointers 
are directed at the menu option, then press Enter. If you select a menu 
with multiple choices, the choice selected will have an asterisk (*) in front 
of it. For example, if you select Display from the Setup Key and then 
select Display Line 1, the choice selected to appear on display line 1 will 
have the asterisk in front of it.

If the menu options list is too long to display all of the items, a Down Ar-
row Key will appear on the far right of the last display line to show that 
more menu options are available. When the Down Arrow Key disap-
pears, all the options have been displayed. Conversely, if an Up Arrow 
Key appears on the far right of the first display line, it indicates that there 
are more menu options available by pressing the Up Arrow Key.

Exiting Menu Options

To cancel a specific menu, press Cancel. To exit all menus, continue to 
press the Cancel until all menus disappear from the display and only 
display selections remain. 

Pressing the Cancel Key does not delete any settings you have set 
while in a menu.

After 15 minutes without keyboard activity, the system exits all 
menus and returns to normal operations.

NOTE



NOTE
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On-Line Help

Pressing the Help Key brings up a description of the function of any of 
the options in that menu. Pressing the Help Key again exits on-line help 
and returns to the menu options (or press Cancel or Enter). For example, 
to get on-line help on the Passwords option from the Setup Key, select the 
Setup Key, then move the arrow pointers to the Passwords option and 
press the Help Key.
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Setup Key

Display

System Tests

Primary Calib

Pump

Passwords

System Serial #

Communications

Carrier Gas

SETUP KEY

Figure 4-1.    Setup Key menu options.

Setup Key Menu Function/Options

Display Select info for Display Lines 1, 2 and 3

Passwords Create a system password

System Tests Perform internal diagnostics

System Serial # View Serial Number and manufacturing num-
ber

Primary Calibration Perform an automatic, remote, or manual pri-
mary calibration

Communications Define communication parameters

Pump Turn thepump on or off. Applies only ifyou have 
the optional pump installed.

Carrier Gas
Define the carrier gas to deliver the calibration 
gases. This menu option also allows you to 
calibrate your flow sensor.
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Display
	 	Define	what	information	appears	on	the	top	three	(3)	display	lines	of	the	

control	unit.	

Choices for each line are:
•	 O2
•	 Cell	temperature
•	 Cell	millivolts
•	 Thermocouple	millivolts	(T/C	millivolts)
•	 Current	date/time
•	 User	text
•	 Turn	off	(leave	display	line	blank)

Sometimes menu options can occupy Display Lines 3 and 4, and even 
Display Line 2. Therefore, put the information that is most critical to 
view on Display Line 1 and 2.

Setting Up the Display

1. Select Display from the Setup menu.
2. Select Display Line #1, Display Line #2, or Display Line #3.
3. Select the type of information you want to place on the display line.

Entering user text

User text can be up to 20 characters long. The Down Arrow Key on 
Display Line 3 allows you to see where you are entering the user-text 
message. When you first select User Text, the Down Arrow Key appears 
above the first position.

To enter text, use the Up and Down Arrow keys on the keypad to scroll 
through the ASCII text characters. Once the letter you want appears, press 
the Right Arrow Key to move to the next position. You can also press the 
Left Arrow Key to move back one position in your text message. When 
you are finished entering your message, press Enter.

Use these keys to quickly move to a location in the ASCII text  table:
 

Number Key Character
0 0 (zero)
1 A
3 Z
5 space
7 a
9 z

NOTE
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Auto ranging feature for oxygen readings

If you select to display oxygen on one of the display lines and the oxygen 
reading falls below 0.5% O2, the display switches from the percent scale to 
the PPM scale.
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System Password

By default, the system password is disabled. 

A system password allows only authorized personnel to access menu op-
tions that change system settings. This menu option is also used to disable 
a password when it is no longer required.

Setting Up a System Password

If you have forgotten the password, you can call AMETEK/Thermox 
and a service password will be provided so you can access this option 
and enter a new password.

1. From the Setup Key menu, Select Passwords.

You will be prompted to enter a new system password:

2. Enter a 4-digit password. For security purposes, the numbers are dis-
played as blocks rather than text.

3. Reenter the password to verify it.

To disable or change the system password, you must first enter the 
old password to access this menu option, then change or disable the 
password (0000 disables the password).

NOTE



NOTE



Enter a NEW Password

Reenter to Verify

NOTE
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System Tests
Check	for	possible	problems	and	isolate	them.	Also	used	to	perform	system	diagnostics	
for	service	personnel.

Performing these tests is not required under normal operations.

Calibrate A/D Forces an A/D converter calibration. This is auto-
matically done during system start-up.

Test RAM Checks the functionality of the control unit’s inter-
nal Random Access Memory (RAM).

Test Keyboard Tests that each key is functioning correctly.

Test EEPROM Tests the electrically erasable programmable read-
only memory.

Module Detect

Allows the control unit to check for the presence of 
option modules. This test is used to ensure that the 
control unit is recognizing any option modules you 
have installed into the control unit. This is automati-
cally done during system start-up.

Test Digital In Tests the system digital input.
Erase RAM Erases all RAM memory locations.

Erase EEPROM

Erases internal EEPROM memory locations if your 
control unit is not operating properly. Be careful, 
though, because selecting this option will erase all 
settings in your control unit, and the default values 
will be reinstalled.

Watchdog Timer

Tests that the watchdog timer and alarm circuit 
is working properly. (See the “Watchdog Timer” 
section at the end of the Alarms Chapter for more 
information on the watchdog timer).

Serial Output
Sends the string “Test Message” through the serial 
port until stopped by the user. This is used to test 
communication settings and wiring.

System Serial #
View	your	system	serial	#	and	manufacturing	#.	Service	personnel	may	ask	for	this	infor-
mation.

1. From the Setup menu, select System Serial # .
2. Select System Serial # or Manufacturing #.
3. The system displays the system serial # or manufacturing #.

NOTE
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Primary Calibration
Performs	a	primary	calibration	on	your	system	rather	than	a	regular	calibration	which	is	
done	using	the	Calibrate Key.	

Always try to do a regular calibration before resorting to a primary cali-
bration except when you install a new cell. If a regular calibration doesn’t 
work correctly, see the Calibration Checks section in the Trouble-
shooting chapter for possible calibration setup problems affecting the 
calibration. If you have performed these checks and the system still can’t 
be properly calibrated you should perform a primary calibration.

A primary calibration is only necessary when:
•	 replacing	the	zirconium	oxide	oxygen	cell,	or
•	 the	system	fails	a	regular	calibration.

Setting Up a Primary Calibration

Make sure you have properly entered your calibration gas values 
using the Cal Gas Values option from the Calibrate Key before 
starting your primary calibration.

1. From the Setup Key, select Primary Calib.

2. If you have the auto calibration card option (and a remote calibra-
tion unit), you will be prompted to select Auto Calibrate, Remote 
Calibrate, or Manual Calibrate. If you don’t have the auto calibration 
option, you will default to a manual calibration and be instructed to 
inject your span gas into the calibration gas inlet port. From this point, 
operations continue as they do for a regular calibration. 

3. Once the primary calibration is complete, the system will display a 
Calibration Required message. 

- Oxygen readings on the display will not be accurate until the regular 
calibration is performed. 

- A 15-minute recovery time follows the primary calibration to allow 
the cell to stabilize. 

 - Wait an additional 45 minutes, then perform a regular calibration

During the recovery time immediately following the primary calibration, 
you may see temperature-related error messages. Ignore these messages. 
The cell temperature is adjusted after a primary calibration.

NOTE



NOTE
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Communication
Defines	RS-485	communications	parameters	between	the	control	unit	and	a	host	device.	

This includes the following:

Baud Rate
Define the baud rate that the control unit and the host com-
puter are using to communicate. Choices are 300, 600, 
1200, 2400, 4800, and 9600 baud.

Node Address

Define the physical address for the control unit (between 
0 and 255) on a network so the host computer can iden-
tify the control unit if using network communications (see 
below). Note that each control unit must be assigned a 
unique address; otherwise, communication results will be 
unpredictable.

Enable Serial Temporarily disable control unit serial communications.

Pump

This menu option only applies if you have a pump installed on your 
CG1000. It allows you to turn the pump on or off. 

Use the pump option if you need to pull a sample from process under 
vacuum.

To turn the pump on or off, do the following:
 Select “Pump” from the Setup Key menu.
 Select Pump On or Pump Off.

Carrier Gas

Define which carrier gas is used to deliver the calibration gases to the ana-
lyzer. You must select the proper carrier gas to ensure proper calibration 
of the analyzer.

This menu option also allows you to calibrate the analyzer flow sensor to 
improve its accuracy.

To use the Carrier Gas part of this menu option, follow these steps:
1. Select “Carrier Gas” from the Setup Key menu.
2. Select the Carrier Gas sub-menu.
3. Select the carrier gas used to deliver gases to the analyzer. Choices are 

nitrogen, carbon dioxide, argon, or helium. If measuring close to 100 
percent oxygen, we recommend that you select nitrogen as the carrier 
gas.

NOTE
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Cal Flow Sensor

If calibrating the flow sensor, you must always use a mixture of nitro-
gen and oxygen as your carrier gas. 
 
The flow sensor is calibrated at the factory. Only calibrate the flow 
sensor if the analyzer loses its EEPROM memory.

To calibrate the flow sensor, follow the steps below (you will need to use a 
mechanical flow meter to complete this procedure):

1. Open the valve on the mechanical flow meter as far as possible. This 
prevents overpressure problems that could damage the analyzer flow 
sensor. The pressure into the analyzer must not exceed 5 psig (344 mil-
libar gauge).

2. Connect the mechanical flow meter to the outlet port on the back of 
the CG1000 analyzer.

3. Select Carrier Gas from the Setup key menu.

4. Select the Cal Flow Sensor menu option.

 You will be prompted to define the flow rate for the sample gas:

Flow Set:   x sccm
New value?

5. Enter the desired flow rate for gases entering the sensor, then press 
the Enter key. The acceptable range is 150 sccm (+/- 5 sccm). You must 
ensure that gases flow into the analyzer at the same flow rate to en-
sure consistent readings. This applies to both calibration and sample 
gases.

 You are then prompted to adjust the flow of gases into the analyzer to 
the desired flow rate as defined in Step 5 above.

Adjust mech flow rate
Enter to continue

6. Adjust the flow until it stabilizes at 150 sccm on the mechanical flow 
meter, then press the Enter key.

NOTE
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 The system will then calibrate the flow sensor:

Calculating ratio

 At this time, you can remove the mechanical flow meter from the 
outlet port of the CG1000. After calibrating the flow sensor, the system 
will return you to the previous menu.

7. Run a regular calibration.
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Analog Range Key

Select Function

Set Current Range

Set Track/Hold

Set Current Mode

Output Filtering

ANALOG RANGE KEY

Figure 4-2.    Analog Range key menu.

All functions in this section are directed to a specific analog output port.

Analog Key Menu Function/Options

Set Current Range
Decide what range of selected readings the analog 
output range will cover, e.g. 4% O2 = 4 mA, 10%O2 = 
20 mA

Set Track/Hold

Define information sent to analog output port during a 
calibration.
Decide whether to hold the output at the last process 
reading taken before that start of calibration OR track 
the calibration reading during cal or verify.

Set Current Mode Define the analog output range as:
4 to 20 mA; 0 to 20 mA

Output Filtering
Decide whether to enable output filtering. If enabled, 
decide how much to smooth out abrupt changes in 
readings.

Select Function

Define the type of information the analog output should 
track.
O2
Cell Temperature
Thermocouple Millivolts
Cell Millivolts

Table 4-2.  Overview of Analog Range key  functions.

NOTE
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Analog Output Port

Before you can define any Analog Range Key functions, you must 
choose whether it will apply to Analog Output Port 1 or 2 on the front 
of the control unit. Analog Output Port 1 is labeled I OUT 1; Analog 
Output Port 2 is labeled I OUT 2.

Selecting an analog output port

1. Select the Analog Range Key.
2. Select either Current Output #1 or Current Output # 2.

You can then select any of the menu options described in the remainder of 
this chapter, and it will be applied to your selected analog output port.

Set Current Range Option
	 Defines	the	range	of	readings	that	the	0-to-20	or	4-to-20	mA	(milliamp)	out-

put	will	represent.	

You can also choose to set a reverse analog output range, so for example, 
0 mA can correspond to the high end of the oxygen range, and 20 mA can 
correspond to the low end of the oxygen range.

The range of readings the current output represents is also a function of 
the type of process readings the analog output port tracks.

Setting the current range

After selecting an analog output port, set the range of readings that the 
selected current output represents as follows:

1. From the Analog Range Key menu, select Set Current Range.

2. If tracking oxygen, select whether you want to enter the 20 mA value 
using a percent or PPM range.

3. Define the new value to correspond to the 20 mA analog output:

Out # y   20 ma = xx
New Value?

NOTE
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where y is the analog output port, and xx is the present value that the cur-
rent output represents (for example, 10 % O2). 

4. If tracking oxygen, select whether you want to enter the 0 or 4 mA 
value using a percent or PPM range.

Define the new value to correspond to the 0 or 4 mA analog output:

Out # 1   4 ma = xx
New Value?

where xx is the value that the current output represents.

5. Type the value to correspond to the 4 (or 0) mA analog output.

Set Track/Hold Option
	 Decide	what	signals	to	send	to	the	selected	analog	output	port	during	a	

calibration	or	verification.	

You can either hold the last process reading or track calibration readings. 
Separate decisions can be made for verify and calibrate operations. For 
example, you can elect to hold the last process reading during verifications, 
but track calibration gas readings during calibrations.

Setting track or hold

1. After selecting an analog output port, From the Analog Range Key, 
select Set Track/Hold. 

2. You can choose to either hold process readings or track calibration 
readings on the analog output port. Separate choices can be made for 
calibration and verify operations.

For calibration operations, select one of the following:

Hold during cal
or

Track during cal

Select one of these options, your choice will be confirmed on the display:
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Out #1 will TRACK
during Calibration

or
Out #1 will HOLD

during calibration

For verify operations, select one of the following:

Hold during verify
or

Track during verify

Select one of these options, your choice will be confirmed on the display:

Out #1 will TRACK
during Verify

or
Out #1 will HOLD
during Verify

Set Current Mode Option
	 Define	either	a	0-to-20	or	4-to-20	mA	analog	output	range	for	the	selected	

analog	output	port.	

This output is dependent on both the range of readings you define (see 
the Set Current Range section), and on the function you track on the 
analog output.

Setting the current mode

1. After selecting an analog output port, from the Analog Range Key, 
select Set Current Mode.

2. Select 4-to-20 mA Mode or 0-to-20 mA Mode.

Out # 1 is set for
4 - 20 ma

or
Out # 1 is set for

0 - 20 ma
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Output Filtering Option
	 	 Filter	out	quick	transitions	in	readings	to	allow	a	smoother	analog	output.

Setting output filtering

1. After selecting an analog output port, from the Analog Range Key 
select Output Filtering. 

2. Enter an output filtering value between 1 and 100 where XX is the cur-
rent filter value, then press Enter. 

[100 = FAST  1 = SLOW]

Fltr = XX New #?

 Note that 100 equals no filtering, and 1 equals the highest possible 
filter value. Note that you should enter 01 to enter 1; 07 to enter 7; 70 
for 70, etc.

The default value is 100 (no filtering).

Select Function Option
	 Select	what	type	of	information	the	analog	output	port	should	track.	Choic-

es are:

• Oxygen
• Cell temperature
• Thermocouple millivolts (T/C mV)
• Cell millivolts (cell mV)

Selecting the function

1. After selecting an analog output port, from the Analog Range menu, 
choose Select Function. 

2. Select what you want the analog output port to track.

The Series 2000 control unit prompts you with the Set Current Range menu option 
where you can choose the range of readings that the 0 to 20 mA or 4 to 20 mA analog 
output represents (see the Set Current Range section in this chapter for details).

NOTE
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Alarm Key

Exception Log

Alarm Set Points

Alarm Configure

Relay Configure

Select Function

ALARM KEY

Figure 4-3.   Alarm Key menu options.

Alarms 1 and 2 are hard wired for the watchdog and service alarms 
and are therefore not selectable in software.

Alarm Key Menu Functions/Options

Alarm Set Points
Select Function

Define whether Alarm 3 activates based on oxygen, flow, 
the start of a calibration or the start of a verification (Select 
function). Alarm 4 is always an oxygen alarm. 

Alarm Configure Define whether Alarms 3 and 4 should be a high or low 
alarm.

Relay Configure

Define whether alarm relays should energize or de-ener-
gize on alarm. 
The selection you make here applies to all alarms except 
the Watchdog and Service alarms which always de-ener-
gize on alarm.

Select Function Define whether Alarm 3 activates based on oxygen levels, 
start of calibration, or start of a verification.

Exception Log

View Exception Log data.
Provides a history of events such as system or error mes-
sages, alarm conditions, and the start of calibrations or 
verifications.

NOTE
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Overview of Alarm Functions

• Alarms 1 and 2 are reserved for the watchdog alarm (Alarm 1) and the 
service alarm (Alarm 2). These alarms are not software selectable.

• The Select Function menu option applies only to Alarm 3.

•	 Alarm	4	is	always	an	oxygen	alarm.

• The Relay Configure menu option applies to all alarms except for the watch-
dog and service alarms, which always de-energize on alarm (fail safe).

Function
Select 

Function Alarm Configure Relay Configure

Alarm 3

O2
Cal Start
Verify Start

High O2 alarm
Low O2 alarm
High Flow
Low Flow
(not selectable if Select Function is in calibrate or verify)

Energize on alarm

De-energize on 
alarmAlarm 4 O2 only High O2 alarm

Low O2 alarm

Alarm Set Points

Set alarm limits. Define whether these limits represent high or low alarms 
using the Alarm Configure menu option. Certain restrictions may apply (see 
the Alarm Configure section). 

If an alarm triggers, an up or down arrow will appear to the right of the 
process reading on the display. For example, if the first display line is 
showing % O2 values, and a high alarm occurs, an up arrow will appear 
to the right of the O2 value. If, for example, you set Alarm 3 for a high O2 
alarm and Alarm 4 for a high O2 alarm, and the O2 value exceeds both the 
Alarm 3 and Alarm 4 set points, two up arrows will appear next to the O2 
value on the display.

Defining alarm set points

1. From the Alarm menu, select Alarm Set Points.

Once you select the Alarm Set Points menu option, the system alerts 
you that Alarms 1 and 2 are reserved for the watchdog and service 
alarms, and are not software selectable. Press Enter to continue to the 
configurable alarms.

NOTE
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2. Select whether you want to enter the Alarm 3 set point using a percent 
or PPM value. This option won’t appear if Alarm 3 is not set to activate 
based on an O2 reading, but is set to activate on the start of a calibra-
tion or verification.

3. You will be prompted to define the Alarm 3 set point value:

Alarm #3 = xx
New Value?

4. Enter the Alarm 3 set point value, then press Enter (just press Enter if 
you don’t want to change the current value).

5. Select whether you want to enter the Alarm 4 set point using a percent 
or PPM range.

You are prompted to enter the Alarm 4 set point value:

Alarm #4 = xx O2
New Value?

6. Enter the Alarm 4 set point value.

7. Press Cancel or Enter to exit this menu option.

Alarm Configure
	 Define	whether	alarms	should	trigger	based	on	a	high-alarm	or	a	low-alarm	

condition.	

1. For Alarm 3, set whether to track high oxygen, low oxygen, or the 
combined high/low flow.

2. For Alarm 4, set whether to track high oxygen or low oxygen.

Whether Alarm 3 is set high or low only applies if it is set to track 
oxygen. If Alarm 3 is set to trigger at the start of a calibration or veri-
fication, this option does not apply.

Configuring the alarms
1. From the Alarm menu, select Alarm Configure.
2. Define Alarm 3 and Alarm 4 as high or low alarms. 
3. Press Cancel to exit this menu option.

To create two high oxygen alarms, define both Alarm 3 and Alarm 4 
aw high oxygen alarms.

NOTE



NOTE
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Relay Configure

All Series 2000 control unit relays are Form A—normally open contacts. 
You can use the software to set whether the alarms should close on an 
alarm condition (energize) or open on an alarm condition (de-energize). 

Configuring the relay
1. From the Alarm menu, select Relay Configure.
2. Select De-energize on Alarm or Energize on Alarm.

If you select Energize on Alarm, the following appears:

Relays are set to
ENERGIZE on Alarm

If you select De-Energize on Alarm, the following appears:

Relays are set to
DE-ENERGIZE on Alarm

Select Function
	 	 Select	the	type	of	reading	that	Alarm	3	should	track.

If tracking the start of a calibration or verification, the alarm will deacti-
vate once the calibration or verification has been completed, including 
anyr ecovery duration you have specified.

Alarm 4 is always set to track oxygen and therefore is not included in 
the Select Function menu.

Defining the select function

• From the Alarm menu, choose Select Function.

• Select Alarm 3= O2/Flow, Alarm 3= In Cal, or Alarm 3= In Verify, 
depending on whether Alarm 3 should be associated with oxygen 
levels, flow rate, or with the start of a calibration or verification.

The CG1000 automatically exits this menu after you make your selection.

NOTE
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Service Alarm

The service alarm operates as normally closed (service alarm condi-
tion causes open contacts).

	 The	service	alarm	provides	an	alarm	that	alerts	you	of	possible	system	
problems	that	require	attention.	

Events that can trigger the service alarm are:

• Error condition (detected by software)
• System operational variance (such as an over-temperature or under-

temperature condition)
• Calibration failure
• Verification failure
• Control unit power failure

Watchdog Relay

During normal system operation, the watchdog relay operates as 
normally closed (system failure causes open contacts).

The watchdog alarm relay de-energizes when the system watchdog timer 
times out. The watchdog timer will time out and cause the control unit to 
reset itself to prevent the control unit from becoming “lost” due to such 
things as noise spikes or power surges. You can use this relay to activate a 
remote indicator to notify you if the watchdog timer times out.

In addition, the control unit reads the watchdog after reset, and beeps for 
a brief time if the reset was caused by a watchdog condition. Pressing the 
reset keys simultaneously (hidden keys to the left and right of the Setup 
Key) for a long enough time will in turn cause a watchdog, which will 
indicate as a beep after the system restarts upon release of the reset keys.

Exception Log

The exception log provides a history of the following types of events:

• System or error messages
• Alarm conditions
• Reset conditions
• Start of calibrations or verifications

NOTE



NOTE
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Accessing the Exception Log

• Choose Exception Log from the Alarm menu.

The system shows you the most recent exception log entry on Display 
Line 4, and shows when this event was recorded on Display Line 3. 
Display Line 3 also shows the order in which events are recorded into 
the log, with  number 1 indicating the most recent entry into the log. The 
system is able to store the 20 most recent entries in this exception log.

Pressing the Down Arrow Key shows later exception log entries. Pressing 
the Up Arrow Key shows more recent exception log entries. Press Cancel 
at any time to exit this menu option.
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CALIBRATON

Set Clock

Configure Verify

Initiate Cal

Initiate Verify

Cal/Verify Data

Cal Gas Value

CALIBRATE KEY

Figure 5-1.  Calibrate Key menu options.

Oxygen alarms are disabled during calibrations, including the recov-
ery time after a calibration. For analog outputs, you can set whether 
they should follow the calibration readings or hold at the last process 
reading (see Chapter 4).

NOTE
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Calibration

Calibration vs. Verification Operations

Verify

During a verify operation, a calibration gas reading is taken, and the 
difference between what the system records for the gas value and 
its known value (from the gas cylinder) is recorded. Internal calibra-
tion parameters are not changed. Verify operations are often used to 
check that the instrument is running within required tolerances. 

Calibration
During a calibration operation, software algorithms adjust the dif-
ference between the current readings and the known calibration 
gas values until they are equal.

Span vs. Zero Gas

The span gas is the high calibration gas. The zero gas is the low calibration gas. 

For verify operations, only one gas is used.

Overview

Calibrate Key Function/Options
Initiate Cal Start an automatic, remote, or manual calibration
Initiate Verify Start an automatic, remote, or manual verify
Cal/Verify Data View latest calibration and verify data
Cal Gas Values Enter calibration gas values to match known values of 

calibration gas cylinders
Configure Verify Enter verify gas value

Enter acceptable verify range
Set Clock Set analyzer time/date.

Define recovery duration after a cal/verify.
Table 5-1.   Overview of Calibrate Key  functions.

Aborting a Calibration

You can cancel a calibration or verification at any time by pressing Cancel.

NOTE
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Initiate Cal

Perform	a	calibration.	

If you replaced a cell, or your cell has failed a regular calibration 
because of a deterioration, you will need to perform a primary calibra-
tion rather than a regular calibration. See the Primary Calibration 
section in Setup Key Chapter 4 for help.

Ensure that all calibration gases flow into the analyzer at the same 
flow rate. use the flow knob to regulate the flow of gases into the 
analyzer. 
 
If you have the pump option turned on when you start a calibration, 
the system will automatically shut the pump off. After calibration you 
will have to turn the pump on again and adjust the flow rate to 150 
sccm (± 5 sccm).

1. Enter the calibration gas values to match the span and zero calibra-
tion gases you intend to use to calibrate your system (see the “Cal Gas 
Values” section later in this chapter for help on how to do this). See 
Chapter 3 for other calibration gas recommendations and cautions.

2. From the Calibrate Key menu, select Initiate Cal .

Have you entered
the Cal/Vrfy values?

3. Select Continue Cal if you have already entered the calibration values. 
Select Abort Calibration to exit the calibration so you can then enter 
the calibration values.

Continue Cal
Abort Calibration

 You are then prompted to apply the O2 span gas to the inlet port on 
the sensor (tubing must be free of oil and dirt):

Inject Span\Verify Gas
ENTER to Continue
CANCEL to Abort

4. Press Enter once you have applied the span gas.

NOTE



NOTE
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    The span display appears:

O2 xx.x %    Set xx.x %
 Flow x sccm

Press ENTER to Span

5. Adjust the flow rate to 150 sccm (± 5 sccm) using the flow knob on the 
front of the analyzer. Wait for the O2 reading on the far left of the first 
display line to stabilize. Once it does, press Enter. The reading on the 
far right of the first display line shows the setpoint value you entered 
using the Cal Gas Values menu option. This setpoint value should 
match the cal gas cylinder for the O2 span gas.

If your O2 reading on the far left of the display has stabilized, yet is 
not near the setpoint value on the right of the display, you may want 
to check the cal gas value you entered and ensure that this value 
matches the cal gas cylinder for the gas you applied to the calibration 
inlet port of the sensor. Also, when performing a primary calibration 
or the first calibration after a primary calibration, the reading and the 
setpoint values often won’t match. Once the first regular calibration 
after a primary calibration is performed, the readings should be close.

 You are prompted to apply the O2 zero gas to the inlet port of the sensor:

Inject Zero Gas
ENTER to Continue
CANCEL to Abort

6. Press Enter when you have applied this calibration gas.

The zero gas display appears:

O2 xx.x %    Set xx.x %
Flow x sccm

Press ENTER to Zero

7. Adjust the flow rate to 150 sccm (± 5 sccm) using the flow knob on the 
front of the analyzer. Wait for the zero gas O2 reading on the far left of 
the first display line to stabilize. Once it does, press Enter. The reading 
on the far right of the first display line shows the setpoint value you en-
tered using the Cal Gas Values menu option. The O2 zero gas setpoint 
value should match the cal gas cylinder for the O2 zero gas.

NOTE
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 If you have a pump on your system you will be prompted to adjust 
the flow rate so the system can calibrate the pressure sensor. Leave the 
calibration flow on. Adjust the flow rate to the same value as you did 
for the span and zero gases.

8. Press Enter when you have adjusted the flow rate to 150 sccm (± 5 
sccm). The pump affects the flow rate and the flow rate must remain 
constant. The flow rate must be adjusted again to this constant flow 
rate when the pump is turned on. At this point, a five-minute calibra-
tion period will occur.

The system will display the recovery time remaining:

Recovery xx:xx
System Calibrating

After the recovery time has elapsed, the system returns to monitoring 
process readings. After calibration, ensure that the flow rate of your pro-
cess gas stays at 150 sccm (± 5 sccm). If not, adjust the flow using the flow 
knob.

If you want the pump on, you will have to turn it back on. To turn the 
pump back on, see the “pump” section in Chapter 4.

NOTE
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Initiate Verify

Perform a verification	so	you	can	check	that	the	system	is	within	specification.	

You can perform a verification with the pump option turned on or off.

1. Enter the verification gas value to match the verification gas you use 
to verify your system (see the “Configure Verify” section later in this 
chapter for help on how to do this).

2. From the Calibrate key  menu, select Initiate Verify.

Have you entered
the Cal/Vrfy values

3. Select Continue Verify if you have already entered the verify gas 
value. Select Abort Cal Verify to exit the verify operation so that you 
can enter the verify value.

Continue Verify
Abort Cal Verify

You are prompted to apply the verify gas to the inlet port on the back of 
the analyzer (tubing must be free of oil and dirt):

Inject Span/Verify Gas
ENTER to Continue
CANCEL to Abort

4. Press Enter when you have applied this verify gas.

The display then shows the following:

O2 xx.x      Set xx.x 
Flow x sccm

Press ENTER to Vrfy

5. Adjust the flow rate to 150 sccm (± 5 sccm) using the flow knob on the 
front of the analyzer. Wait for the verify gas reading on the far left of 
the first display line to stabilize. Once it does, press Enter. The reading 
on the far right of the first display line shows the setpoint value you 
entered using the Configure Verify menu option. This setpoint value 
should match the cal gas cylinder for the verify gas.

NOTE
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If your O2 reading on the far left of the display has stabilized, yet is 
not near the setpoint value on the right of the display, you may want 
to check the verify gas value you entered and ensure that this value 
matches the cal gas cylinder for the verify gas you applied to the cali-
bration inlet port on the back of the analyzer.

If you specified a recovery time, the system will display the recovery time 
remaining:

Recovery xx:xx
System Verifying

After the recovery time has elapsed, the system returns to monitoring 
process readings. If during a verify operation, the system finds that the 
verify gas is not within the acceptable range, a Verify Failure message will 
appear on the bottom line of the display, and the Service Alarm will trip. 
This message will be cleared if a successful verify is run (the verify gas is 
within the range specified), or a calibration is run.

NOTE
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Cal/Verify Data

View	the	results	of	the	latest	calibration	or	verification.	

For calibration data, this includes the following:

1. Span calibration gas value vs. span calibration gas reading
2. Zero calibration gas value vs. zero calibration gas reading
3. Span calibration gas drift
4. Zero calibration gas drift
5. Time and date when the last calibration ended.

For verify data, the display shows information on the verify gas.

The terms Span Gas and Zero Gas used in this section refer to the 
calibration gas values you enter using the Cal Gas Values menu op-
tion. These values are fixed. Span Value or Zero Value is the value the 
system reads from the cal gas. The term Span Drift or Zero Drift is 
the difference between the entered calibration gas value and the cali-
bration gas values read by the system. Both the latest calibration and 
verification data will be stored in memory.

1. From the Calibrate key menu, select Cal/Verify Data.
2. Select Calibration Data or Verify Data.

If there are minor differences between the values and the difference, it 
is because the system truncates numbers when displaying them.

Calibration Data

For calibration data, the display first shows the span gas calibration data:

Span Value: xx
Span Gas: xx  

Span Drift: xx

 The term “span value” on the display is the value the system read 
during the calibrate/verify operation, and the term “span gas” is the 
setpoint value entered using the Cal Gas Values option from the Cali-
brate key menu.

3. Press Enter to then view the zero gas values.

NOTE



NOTE
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Zero Value: xx 
Zero Gas: xx 

Zero Drift: xx

 The term “zero value” on the display is the value the system read 
during the calibrate/verify operation, and the term “zero gas” is the 
setpoint value entered using the Cal Gas Values option from the Cali-
brate key menu.

4. Press Enter.

 The time when the calibration was completed appear son the display:

End time hr:mn
End date mm/dd/yr

 If the date or time has not been set, or a calibration has not been per-
formed, random characters will appear instead of the time and date. If 
this occurs, reset the analyzer’s time and date or a calibration is needed.

Verify Data

For verify data, the display shows the verify gas data:

Verify Value: xx 
Verify Gas: xx 
Verify Diff: xx

The term “verify value” on the display is the value the system read dur-
ing the verify operation, and the term “verify gas” is the setpoint value 
entered using the Configure Verify option from the Calibrate key menu. 
The “verify difference” is the difference between the verify gas value that 
was read and the verify gas value you entered.

• Press Enter.

The time when the verification was completed appears on the display:

End time hr:mn
End date mm/dd/yr

If the date or time has not been set or a calibration has not been per-
formed, random characters will appear instead of the time and date when 
the verification was completed.
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Cal Gas Value

Enter	span	and	zero	calibration	gas	values	to	match	the	calibration	gas	
cylinders	you	use	to	calibrate	your	system. 

To set your verify gas value, use the Configure Verify menu option 
instead.

 Span gas - high calibration gas
 Zero gas - low calibration gas

We recommend that the span gas value you enter be higher than the 
zero gas value by a factor of 10 (for example, 1% and 10% O2).

1. From the Calibrate key menu, select Cal Gas Value.

2. Choose whether you want to use a % or ppm gas for the span gas.

 Enter the span gas value:

Span Gas = xx 
New Value?

3. Press Enter. If you want to keep the current span gas value un-
changed, press Enter without entering a value.

4. Choose whether you want to use a % or ppm gas for the zero gas. 
(Note: if a ppm gas was specified as the span gas in Step 2 above, the 
zero gas must also be a ppm gas, and in this case you will not have 
this option.)

 Enter the zero gas value:

Zero Gas = xx 
New Value?

5. Press Enter. If you want to keep the current zero gas value un-
changed, press Enter without entering a value.

NOTE



NOTE
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Configure Verify

Define	the	verify	gas	value	and	the	acceptable	range	of	readings	for	a	
verify.

To set your verify gas value and acceptable verify range, follow these 
steps:

1. From the Calibrate key menu, select Configure Verify.

2. Select whether you want to use a % or ppm gas for the verify opera-
tion.

 Enter the verify gas value:

Verify Gas = xx
New Value?

3. Press Enter. If you want to keep the current verify gas value un-
changed, press Enter without entering a value.

4. Enter the acceptable verify range. For example, if you enter a verify 
gas range of 1%, and the verify gas value is 10%, then the acceptable 
range is between 11% and 9%.

If during a verify operation (Initiate Verify menu option) the system 
finds that the verify gas is not within the acceptable range, a Verify 
Failure message will appear on the bottom line of the display, and the 
Service Alarm will trip. This message will be cleared if a successful 
verify is run (the verify gas is within the range specified), or a calibra-
tion is run.

NOTE





5-12   |   Thermox CG1000 Oxygen Analyzer

Set Clock

Set	the	current	time	and	date	and	define	a	recovery	duration.

 During the recovery duration the sensor switches from measuring 
calibration gas readings to measuring process readings without affect-
ing the analog output or triggering of alarms.

Set Time and Date

Set the date or time for the analyzer’s internal clock.

1. From the Calibrate key menu, select Set Clock.
2. From the Set Clock menu option, select Set Time & Date.

The time is: YY:XX
Enter new time: HR: Mn

3. Enter the new time, then press Enter. As you type the new time, it 
overwrites the Hr: Mn text. The CG1000 uses military time so 16:00 
equals 4:00 PM., and 04:00 equals 4:00 AM. If the current time is cor-
rect, press Enter without changing the value.

The date is: YY/XX/ZZ
Enter date: Mo/Da/Yr

4. As you type the new date, it overwrites the mo/da/yr text on the 
display. Enter the month, the day, the year, then press Enter. If the 
current date is correct, press Enter without changing the value.

Recovery Duration

Define a recovery time so the analyzer can return to reading process gases 
after reading calibration gases without affecting the analog outputs or the 
triggering of alarms. This menu option applies to both calibrations and 
verifications.

1. From the Calibrate key menu, select Set Clock.
2. From the Set Clock menu option, select Recovery Duration.

Cal Recovery = xx:yy
Enter new time: Mn:Sc

3. Enter the recovery time, then press Enter. If you want to use the cur-
rently displayed recovery time, press Enter without entering any text.

NOTE





Maintenance and Troubleshooting   |  6-1

MAINTENANCE AND TROUBLESHOOTING

The operations in this chapter should be performed only by qualified 
service personnel with a knowledge of electrical safety techniques. 

There are no operator-serviceable components inside the CG1000 system. 
An operator should never remove the cover from the controller or sensor. 

Never service the controller or sensor unless power has been discon-
nected from the controller and the sensor, and the sensor has been al-
lowed to cool for at least one hour. Always wear gloves when working 
on sensor components.

System and Error Messages

System and error messages appear on the fourth line of the display at 
three-second intervals until the condition is corrected or has ended. If 
there is more than one message, the messages will alternate on the display 
at three-second intervals. These system and error messages are listed in 
this appendix alphabetically.

System or error messages will not appear on the display when you are 
using the control unit keys to access menu functions.

NOTE
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System Messages

Calibration Aborted Calibration has been aborted by the user.

Calibration Required

A regular calibration is required. 

After a primary calibration is performed you must always perform a 
regular calibration. 

During a primary calibration the cell temperature is changed. A 
system calibration cannot be performed for at least one hour. The 
system calibration will determine the constants needed for the 
Nernst equation.

If you see this message, select the Calibrate Key and perform a calibration. This message will not clear from the dis-
play by removing or restoring power to the control unit.

Cal Verify Aborted The verification was successfully aborted by the system.

Primary Calibration
The system is performing a Primary Calibration. The message con-
tinues to be displayed during the one-hour recovery period after the 
primary calibration.

System Calibrating System calibration is in progress.

System Verifying Cal System verification is in progress. 
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Error Messages

Error messages on the analyzer display indicate problems with the opera-
tion of the analyzer. Identify the type of problem indicated by the error 
message and go to “Diagnostic Checks” at the end of this chapter for help 
on how to pinpoint the problem. Always perform the easiest checks first. 
Only perform the more difficult checks if the easiest checks don’t locate 
the problem.

Cell Is Over Temp
The sensor temperature is 30°C or more over correct operating 
temperature. The software shuts off the furnace until the temperature 
returns to normal operating range.

When the temperature has returned to an acceptable range, the message clears. If there is a problem with the sensor 
temperature control system, another error message will appear after this message.

Excessive Cal Error

The Primary Calibration has failed because it cannot correct the sen-
sor temperature to within the software’s allowable limits. 

Possible reasons for failure are:
- Calibration gas setup problem
- Incorrect flow rates between calibration gases
- Failed pressure sensor
- Failed cell (primary calibration should be run at this time)
- Leak or plug in plumbing
- Cell lead wires polarity reversed
- Flow sensor not calibrated
- Wrong carrier gas selected

Flow Cal Required

This message only appears when the EEPROM has been erased. 
If it appears at any other time, it indicates that the flow sensor data 
or other programming information is corrupt. Erase the EEPROM to 
restore the factory setting. Recalibrate the flow sensor as in the “Cal 
Flow Sensor” rpocedure in Chapter 4.

Memory is Corrupted

The control unit’s internal EEPROM memory has been corrupted or a 
significantly new version of software has been installed in the control 
unit. Under these conditions, the software will reprogram the EE-
PROM with factory defaults. Clear this message by setting or reading 
any user-programmable value. This message will not clear by remov-
ing and then restoring power to the unit.

If you see this message, you should reset the control unit to the values required for your application, including Setup 
Key, Calibrate Key, Alarm Key and Analog Range Key settings. Be sure to reselect the carrier gas carrying the 
sample (Setup Key/Carrier Gas) and calibrate the flow sensor.

Span Gas Range 
Error

Calibration span gas does not read within the software’s allowable 
limits. This error causes calibration of the system to be aborted. 

Possible reasons for failure are:
- Calibration gas setup problem
- Incorrect flow rates between calibration gases
- Calibration gas value incorrectly entered
- Failed cell (primary calibration should be run at this time)
- Leak or plug in plumbing
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Temp Rise Failure

Sensor has failed to increase a minimum of 10°C in a 60-second 
time frame during start-up. Once the system reaches the operating 
temperature set point, this message will appear only if the sensor falls 
below the set point by 15°C and fails to recover within 60 seconds. 

Problems that can cause this error are:
- AC line power problem at the sensor
- Open furnace
- Backplane board failure
- Loss of furnace drive signal
- Thermocouple failed (shorted or opened)
- Polarity of thermocouple is incorrect

T/C (Thermocouple) 
Circuit Failure

Control unit recognizes a sudden drop in temperature (greater than 
100°C). 
Problems that can cause this error are:
- Shorted thermocouple
- Polarity of thermocoouple wires is incorrect
- Display module failure
- Backplane board failure

If this message is soon followed by a “Thermocouple Failure” message, see that message for troubleshooting instruc-
tions.

Thermocouple
Failure

Indicated sensor temperature falls below -70°C. 

Problems that can cause this error are:
- Open thermocouple
- Faulty interconnecting wiring
- Display module failure

Verify Failure Verify gas does not read within the range you defined. If you receive 
this message, calibrate the analyzer.

Zero Gas Range Error

Calibration zero gas does not read within the software’s allowable 
limits. Once this error occurs, calibration of the system is aborted. 

Problems that can cause this error are:
- Calibration gas setup problem
- Incorrect flow rates between span and calibration gas
- Failed cell (primary calibration should be run at this time)
- Leak or plug in plumbing
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Diagnostic Checks

Display the thermocouple millivolts and cell millivolts during trou-
bleshooting as a troubleshooting aid. You may need this information 
if you need to contact the factory for assistance. Be sure to always 
include your analyzer model and serial number when calling the fac-
tory for technical support.

Diagnostic checks are broken down as follows:

•	 Thermocouple	checks
•	 Wiring	checks
•	 Calibration	Setup	checks
•	 AC	power	checks
•	 Furnace	checks
•	 Cell	checks

Exercise care when working on the sensor. Turn off power, allow the 
unit to cool and wear gloves.

Thermocouple Checks

        To check the thermocouple you will 
need a digital volt meter and a Type 
K test meter. 

-    First display the thermocouple 
millivolts on the front panel 
display. The display should 
measure a positive voltage. 

-    If the display measures a nega-
tive voltage, reverse the wires 
leading to pins TC+ and TC- on 
the backplane board. 

-    To check the continuity of 
the thermocouple, measure 
resistance across TC+ and 
TC- on the sensor board. The 
resistance should be less than 
5 Ohms. 

-    If this doesn’t solve the problem, 
remove the thermocouple from 
the sensor and connect a Type 
K test meter.

Open Thermocouple

Disconnect power to the analyzer. Measure across terminals 
“TC+” and “TC-” on the backplane board with an Ohm meter. 
If an open is measured, replace the thermocouple.

Shorted/Failed Thermocouple

Check that the thermocouple leads are not shorted to chas-
sis ground by using an Ohm meter to measure between ter-
minal TC+ on the backplane board and chassis ground, and 
between terminal TC- on the backplane board and chassis 
ground. If shorted, replace the thermocouple. 

Temperature Check

Using a thermometer, check the temperature of an environ-
ment. Place the thermocouple in this same environment and 
check that the reading of the test meter measures the same 
temperature as the thermometer. If the thermocouple measures 
the temperature incorrectly (greater than 1% of expected tempera-
ture), replace the thermocouple.

NOTE
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Reversed Thermocouple 
Wires

      To check if the thermocouple wires 
are reversed, display the thermo-
couple millivolts on the front panel 
display. See Display section in 
Setup key chapter for help.

       If the millivolts are negative, the 
thermocouple wires are reversed 
to TC+ and TC- on the backplane 
board.

Thermocouple Compensation Circuit Check

  To check the thermocouple you will need a digital volt meter. 

-    First display the thermocouple millivolts on the front panel 
display. The display should measure a positive voltage. 

-    If the display measures a negative voltage, reverse the 
wires leading to pins TC and TD on the backplane board. 

-    To check the thermocouple compensation circuit, mea-
sure across capacitor C on the backplane board. If you 
measure less than 15 volts, measure across connec-
tions TC- and Cell-. This should measure 12 mV (± 2 at 
extreme ambient temperatures). 

-    If you don’t measure this voltage, replace th backplane 
board.

Wiring Checks

Make sure all wiring connections between the control unit 
and the sensor are terminated to the proper locations and 
are seated properly. Ensure wires are not reversed and the 
cable is not damaged.

Backplane Board Connections Connector
Label Wire Connection

TB2 - Pin 1

TB2 - Pin 2

Cell +
Cell -

Cell Lead
No Connection

TB2 - Pin 3

TB2 - Pin 4

TC +
TC -

T/C Yellow Lead
T/C Red Lead

TB1 - Pin 1

TB1 - Pin 2

Furnace
Furnace

Furnace Lead
Furnace Lead
(No Polarity)

Calibration Setup Checks

      Check that the correct calibration 
gas values have been entered into 
the analyzer. 

   -   From the Calibrate Key, select 
the Cal Gas Value menu option 
and check that the calibration gas 
values entered match the analyzed 
concentration of the cylinders.

Calibration Gas Check

Are the calibration gas cylinders turned on? Are they empty? 
Does the calibration gas bottle pressure have at least 500 lb. 
of pressure?

Are the flow rate and delivery pressure of calibration gases 
correct? They should match the flow rates for normal opera-
tion.  

Are the PPM calibration gas cylinders made of aluminum and 
not steel?
Are the calibration gas cylinders less than two years old?
Calibration Line Check

       Ensure that your calibration line is 
not contaminated with such things 
as pipe dope, cutting fluid, oil or 
solvents. All these contaminants 
produce hydrocarbon vapors that 
interfere with the proper calibration 
of your analyzer leading to lower-
than-expected oxygen readings. 

To test for contaminated lines, you must temporarily bypass 
your current calibration line with a clean calibration line (directly 
from the calibration gas cylinder to the sensor calibration inlet 
port using a flow meter to set the proper flow) and compare the 
response with that from the possibly contaminated line. The best 
calibration gas to use for this check is O2 zero calibration gas.
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AC Power Checks

Loss / Inadequate AC Voltage to the Sensor
Measure the AC voltage to the backplane board at J4 Pins 1 
and 4. Ensure that this voltage is sufficient. 

Check the measurement technique used by the volt meter (for 
example, RMS, average, peak, etc.). Specifications are based 
on RMS measurements.

Furnace Checks

Open Furnace
Disconnect power to the analyzer. With an Ohm meter, mea-
sure across TB1 Pins 1 and 2 (both labeled AC on connec-
tion) on the backplane board. The resistance of the furnace 
should be 42.75 and 47.25 at room temperature. Add 5% if 
the furnace is still hot.

If the furnace resistance is not within allowable tolerances, replace 
the furnace.

       Verify the correct line voltage at 
J4 Pins 1 and 4 of the backplane 
board.

Loss of AC Power to the Furnace
With line voltage present, check the voltage at terminal TB1 
Pins 1 and 2 on the backplane board. (The voltage at termi-
nals TB1 Pins 1 and 2 will be either on or pulsating on and 
off.) 

       If voltage is present but system is 
not heating:

Disconnect power and check the furnace resistance. If no 
voltage is present at terminal TB1 Pins 1 and 2 on the back-
plane board, check for the DC furnace drive signal at the top 
of resistor R4 and the anode side (side opposite the stripe) of 
diode D1 on the backplane board.. The furnace drive is a 15 
VDC pulse train and depending on the duty cycle of the pulse 
train, the measured voltage will be between 4 and 15 VDC. 
If this furnace signal is present and you have no voltage at terminal 
TB1 Pins 1 and 2, replace the backplane board.

       If the furnace drive signal is not 
present:

Replace the display module.

Cell Checks

      If the cell fails when you first begin 
to use the analyzer, it is probably 
a leak in the inlet sample line or 
an improper calibration gas setup, 
and not a problem with the cell 
itself. 

If your analyzer doesn’t respond properly to the calibration 
gas, then it may be a problem with the cell. Before replacing 
the cell, put the analyzer through a primary calibration. If this 
does not work, check the following:

•Are the gases at proper flow rate and pressure?
•Is there a leak or plugged plumbing in the inlet sample line?
•Is the cell is hot enough?

If this does not solve the problem, replace the cell and run another 
primary calibration and a regular calibration after the primary 
calibration.
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General Troubleshooting

       Your system may pass calibrations 
yet still seem to be reading incor-
rect oxygen levels.

       Leaks can lead to inaccurate read-
ings especially if operating under 
a significant pressure or vacuum. 
Check that all compression fitting 
and pipe thread connections are 
leak tight.

Leak Check
Sniff the fittings with another gas using a piece of tygon or 
plastic tubing with a 1/8” stainless steel nozzle to apply the 
gas from a cylinder. Using stainless steel prevents problems 
that might occur with plastic melting the nozzle on hot sensor 
components.

Connect a vacuum pump to the outlet of the sensor (should 
not exceed 5 psi) and apply a low PPM calibration gas to the 
inlet of the sensor. This pulls the low calibration gas into the 
sensor. 

Allow the gas to stabilize and then measure the cell millivolts 
from the front panel display. Remove the top cover and spray 
100% oxygen over the sample inlet plumbing and if the cell 
millivolt decrease, it indicates a leak in the plumbing. If you 
cannot view the analyzer display, apply a volt meter the Cell 
+ and Cell - connections on the backplane board to see if the 
cell millivolts change, indicating a leak.

Do not spray gas on the reference side of the cell.
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PARTS REPLACEMENT

The operations in this chapter should be performed only by quali-
fied service personnel. There are no operator-serviceable components 
inside the CG1000, and an operator should never open the cover of the 
analyzer.

This appendix shows you how to replace system parts and is divided into 
the following sections:

• Cell Replacement
• Thermocouple Replacement
• Furnace Replacement
• Pump Replacement
• Transformer Replacement
• Backplane Board Replacement
• Display/Keypad Module Replacement

Unplug the power cord from the power source and the analyzer when 
servicing system components. High voltages are present inside the 
analyzer when power is applied.

The furnace is hot, even after power has been removed from the 
analyzer. Use caution and wear appropriate gloves if removing the 
furnace insulation cover to access the furnace. 

Always use a backup wrench when working on sensor plumbing. This 
helps to prevent damaging welds and distorting sensor plumbing.
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Cell Replacement

Removing the Cell

1. Using the flow knob on the front of the analyzer, reduce the flow of 
sample gas into the analyzer by turning the knob completely clock-
wise.

This knob is a needle valve and cannot act as a shutoff valve.

2. Disconnect the power plug from the AC power source and from the 
analyzer.

3. Remove the analyzer top cover by removing the four screws and 
washers on the sides (bottom sides) of the analyzer and remove the 
top cover.

4. Remove the flow knob on the front of the analyzer. 

•	 Insert	a	 .05”	allen	wrench	into	the	slot	 in	the	flow	knob	and	turn	
counterclockwise to loosen it. 

•	 Remove	the	spring	beneath	the	knob	and	keep	to	 insert	 the	new	
cell.

5. Remove the analyzer front panel.

•	 Push	 the	 front	panel	 to	 the	 right	until	 it	unlatches	 from	 the	 side	
tab.

•	 Push	to	the	left	until	it	unlatches	from	the	other	side	tab.

6. Remove the cell clip from the cell using a pair of long nosed pliers (see 
Figure 7-3 for location of cell clip). 

7. It will be easier to remove the U-tube in the next step if you first re-
move the power supply module. It makes it easier to access fittings.

8. Remove the U-tube (see Figure 7-1) by loosening the two Swagelok 
nuts on the ends of the U-tube and pull it straight down and away 
from the analyzer. Always use a backup wrench when working on 
sensor plumbing.

9. Disconnect the L-shaped exhaust tubing that connects to the T-fitting 
of the inlet tube assembly by loosening the Swagelok nut. Always use 
a backup wrench when working on sensor plumbing.

NOTE
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Figure 7-1.  U-Tube.

10. Remove the elbow fitting from the end of the inlet tube assembly by 
loosening the Swagelok nut. Use a backup wrench.

11. Remove the inlet tube (Figure 7-2) from the furnace by turning the T-
fitting on the inlet tube assembly counterclockwise until you can pull 
the assembly out of the furnace. Push the cell towards the furnace and 
away from the cell inlet tube until the cell detaches from the cell inlet 
tube. This will allow you to remove the inlet tube assembly from the 
analyzer.

Cell

Cell
O-Ring

Spacer
Cell

Contact Clip

T-Fitting

Cell
Inlet Tube

Silicon
Seal

Port
Connector

Swagelok
Nut

Elbow
Fitting

Figure 7-2.   Inlet Tube Assembly.

Figure 7-3.    Furnace assembly.
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12. Reach in and remove the cell straight out of the entry hole. Discard 
the cell O-ring but keep the spacer and cell contact clip for insertion 
with the new cell.

13. Once you remove the inlet tube assembly, check that the cell inlet tube 
is not cracked or loose. If cracked, order a new cell inlet tube. If loose, 
do the following:

•	 Loosen	the	Swagelok	nut	the	connects	the	T-fitting	to	the	elbow	fit-
ting and disconnect the T-fitting from the elbow fitting. 

•	 Pull	out	the	cell	inlet	tube.

•	 Reposition	the	cell	inlet	tube	and	silicon	seal	in	the	T-fitting.	

•	 Extend	the	inlet	tube	3/8”	(.95	centimeters)	past	the	T-fitting.	

•	 Reconnect	the	T-fitting	and	elbow	fitting.	

•	 Hand	tighten	and	then	use	a	wrench	to	tighten	an	additional	one-
quarter turn.

Installing the New Cell

Refer to Figures 7-2 and 7-3.

1. Order the new cell (part number 72611KE). This cell will come with its 
own cell O-ring.

2. Place the spacer directly on the white band of the cell.

3. Take the new O-ring and slide it over the open end of the cell until it is 
midway between the white band and this open end.

4. Place the cell contact clip over the open end of the cell. The easiest 
way to do this is to lay the contact clip on a flat surface and then place 
the cell into it. Ensure that the cell contact clip touches the new O-ring 
(Figure 7-2).

5. Insert the cell into the T-fitting and continue to push in the cell as 
you pull the O-ring back away from the cell entry hex nut with your 
thumb and forefingers. You should feel the cell contact collapse as you 
push in the cell. You will need to apply extra pressure until the cell 
touches the bottom of the T-fitting. Once the cell bottoms out, push 
the O-ring back against the T-fitting. Let the spacer sit against the O-
ring. The contact cell clip must stay near the open end of the cell and 
must not touch the white band of the cell. The O-ring must be posi-
tioned on the white band.
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6. Insert the inlet tube into the analyzer and then push the Swagelok 
nut on the end of the T-fitting through the opening in the front of the 
analyzer chassis (beside the flow knob). This will provide room so that 
you can swing the cell past the analyzer chassis and insert it into the 
furnace (see Step 7 ).

7. Insert the cell into the cell entry hex nut hole and continue to push in the 
cell until the threads of the T-fitting  engage the cell entry hex nut. Turn 
the inlet tube assembly clockwise until you can no longer tighten easily 
by hand. The exhaust fitting portion of the T-fitting should be oriented at 
9 o’clock as you look in from the front of the analyzer. (You may need a 
wrench to position the exhaust fitting in the 9 o’clock position.)

8. Reconnect the exhaust tubing 1/4” O.D. Swagelok nut to the T-fitting. 
Hand tighten the Swagelok nut, then use a wrench to tighten an ad-
ditional one-quarter turn. Always use a backup wrench when working on 
sensor plumbing.

9. Reconnect the elbow fitting to the inlet tube assembly and tighten 
until handtight. Tighten an addition one-quarter turn using a wrench. 
Always use a backup wrench.

10. Reconnect the U-tube and hand-tighten the U-tube Swagelok nuts. 
Use a wrench to tighten an additional one-quarter turn. Always use a 
backup wrench.

11.  Place the cell clip on the cell using a pair of  long-nosed pliers (Figure 7-3).

12. Place the front cover on the analyzer. 

13. Reattach the flow knob.

• Turn the flow valve clockwise as far as possible.

• Insert the spring onto the valve (kept from Step 4 of  
“Cell Replacement”)

• Push the flow knob onto the valve and use a 0.5” allen wrench to 
turn it clockwise and tighten it.

14. Place the top cover onto the analyzer.

15. Tighten the screws and washers  that connect the top cover to the 
analyzer.

16. Reattach the power plug to the analyzer.

17. Turn on the analyzer.

18. Recalibrate the analyzer.
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Furnace Replacement

Removing the Old Furnace

Figure 7-3.    Furnace assembly.

1. Remove the cell mount nut (see the “Cell Replacement” section for 
help). The cell and inlet tube can be removed as a single unit.

2. Disconnect thermocouple wires from TB2, TC+ and TC- on the back-
plane board.

3. Disconnect the furnace wires from TB1, AC and AC on the backplane 
board.

4. Remove all inlet tubing. Remove the T-fitting from stainless steel 
exhaust tubing. Remove tubing from pressure transducer (top right of 
backplane board; remove tubing from flow sensor (small black box on 
the left of the backplane board).

5. Place a nut driver on the left and right of the furnace. Take the nut 
driver on the left and loosen it until the kep nut can be removed. Pull 
the plate, acorn nut, and all-thread piece out to the right and remove.

6. Carefully feed the thermocouple and furnace wires through the hole 
in the insulation cover as you remove the furnace insulation cover 
from the insulation base. The thermocouple wires and furnace wires 
should remain attached to the furnace.

7. Loosen the captive screw on the furnace L-bracket until the furnace is 
loosened from the L-bracket.

8. Pull the furnace straight out and remove it from the analyzer.
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Installing the New Furnace

1. Retrieve the new furnace and thermocouple assembly (PN 72691SE).

If replacing just the thermocouple, also do the following (Figure 7-4):

Figure 7-4. Thermocouple assembly.

 Retrieve an anti-seize and lubricating compound (for example, NEVER 
SEEZ catalog number NSB-4 from Bostik Chemical Group). Apply the 
anti-seize compound to the inside diameter of the Swagelok body.

Retrieve a Neo-Lube No. 1 dry film conductive lubricant from Huron Industries, 
Inc. and apply it to the following:

• Both furnace holes
• Captive screw on furnace bracket 
• Inside and outside of back and front ferrules
• Inside of Swagelok nut
• Threads of Swagelok body

 Allow the lubricant to dry.

2 Insert the thermocouple with Swagelok nut and ferrules into the 
Swagelok body as far as possible. Hand tighten the Swagelok nut. 
Push the thermocouple stop against the Swagelok nut, then tighten 
with a wrench one-quarter turn.

3 Place the new furnace into the furnace L-bracket; tighten the furnace cap-
tive screw. Make sure that the furnace sits against the “L” shape bracket.

4 As you put the furnace insulation cover back on the furnace, place the 
thermocouple and furnace wires attached to the furnace through the 
hole in the furnace insulation cover.

5 Reinstall the plate that fastens the furnace insulation cover to the fur-
nace by reversing the actions taken in Step 5 of removing the furnace.

6 Reconnect the thermocouple wires to TB2, TC+ and TC- on the back-
plane board. Yellow wire - TC+, Red wire -TC-.
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7 Reconnect the furnace wires to TB1, AC and AC on the backplane 
board. Polarity not required when reconnecting these wires.

8 Reconnect the cell assembly as described in the “Cell Replacement” 
section.

9 Reattach the power plug to the analyzer.

10 Turn on the analyzer.

11 Recalibrate the analyzer.
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Replacing the Pump

Removing the Old Pump

1. Remove the analyzer top cover.

2. Remove both tubes that connect to the pump. Push the gray ring on 
the pump fitting towards the pump so as to free the tubes.

3. Remove the fitting from the top of the pump by turning the fitting 
counterclockwise.

4. Remove the wires that connect to the pump (mark the wires for identifi-
cation). Looking from the side of the motor the wire connections are:

Wire Color Connection
brown/white top front connection
red/white top rear connection
yellow/white bottom rear connection

5. Disconnect the pump ground wire from the stud on the chassis.

6. Remove the four screws and accompanying lockwashers underneath 
the analyzer that hold the pump to the analyzer. Save these screws 
and lockwashers for installing the new pump.

7. Remove the pump.

8. Remove the four isolation pads and two kep nuts from the pump. 
Save these to install the new pump.

Installing the New Pump in the Analyzer

1. Retrieve the new pump (PN 38019JE). Attach the isolation pads to the 
new pump by replacing the two flathead screws with two isolators 
and attaching the other two isolators to the corner openings using the 
kep nuts.

2. Reconnect the wires to the pump by reversing the actions taken in 
Step 4 of “Removing the Old Pump.”

3. Place the new pump into the analyzer.

4. Reattach the four screws and lockwashers underneath the analyzer 
(holds the pump to the analyzer).
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5. Clean the old teflon tape off the fittings and place new teflon tape on 
the fittings.

6. Loop the AC harness wires around the pump inlet and outlet tubing. 
This will prevent these wires from rubbing against the cover when 
you reinstall the analyzer top cover.

7. Reconnect the fittings to the pump, tightening until snug (until touch-
ing the top of the pump). Ensure that the pump is oriented correctly. 
The inlet tubing (shorter length tubing) should go into the hole in the 
pump with the arrow pointing towards the hole. The outlet tubing 
(longer length tubing) should go into the hole with the arrow pointing 
away from the hole.

8. Place the top cover back on the analyzer.

9. Reattach the power plug to the analyzer.

10. Turn on the analyzer.

11. Recalibrate the analyzer.
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Replacing the Transformer

Disconnect the power cord from the  analyzer when servicing sys-
tem components. High voltages are present inside the analyzer when 
power is applied.

The furnace insulation cover and furnace are extremely hot, even after 
power has been removed from the analyzer. Use caution and wear ap-
propriate gloves if removing the furnace insulation cover to access the 
furnace. 

1. Unplug the power plug from the analyzer.

2. Unplug J4 connector from the backplane board.

3. Unplug J3 connector from the transformer.

4. Unplug J7 connector from the backplane board. You will need to do 
this to make room to remove the transformer.

5. Remove the four screws, the four shoulder washers, and the four lock 
washers on the top of the transformer using a flat blade screwdriver. 
Keep the screws and washers to insert into the new transformer.

6. Remove the transformer and retrieve the new transformer (PN 
72765SE).

7. Place the new transformer in the analyzer, then place the shoulder 
washers, lock washers, and screws (in that order) on the transformer 
and tighten.

8. Reconnect J3, J4, and J7 connectors.

9. Put the top cover back on the analyzer.

10. Reapply power to the analyzer.

11. Recalibrate the analyzer.
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Replacing the Backplane Board

Disconnect the power cord from the  analyzer when servicing sys-
tem components. High voltages are present inside the analyzer when 
power is applied.

The furnace insulation cover and furnace are extremely hot, even after 
power has been removed from the analyzer. Use caution and wear ap-
propriate gloves if removing the furnace insulation cover to access the 
furnace. 

1. Disconnect the power plug from the analyzer.

2. Remove the cover.

3. Remove tubing from U5 and U4.

4. Remove the wires from TP2 (Cell + and T/C + and T/C -)and TB1 (AC, 
AC).

5. Remove J3, J4, J5, J6 and J7 connections.

6. Remove the front panel and flow knob on the front panel.

7. Remove the power supply and display modules (see the applicable 
section in this appendix for help).

8. Remove the two screws on the solder side of the backplane board 
(where the backplane board is connected to the chassis).

9. Take a screwdriver and loosen the screws on the bottom and top of 
power supply module connector on the backplane board (where 
power supply/keypad module goes into the analyzer).

10. Slide the backplane board over to the right until the screws are disen-
gaged, then remove the backplane board from the analyzer.

11. Retrieve the new backplane board (PN 80464SE).

12. Reverse the above steps to install the new backplane board.

13. Recalibrate the analyzer.
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Figure 7-5.   CG1000 main components.
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Replacing Display/Keypad Modules

This section describes how to remove or replace the display module or 
power supply/keypad module on the analyzer.

Disconnect power from the analyzer before attempting to replace 
modules.

1. Using the flow meter knob on the front of the analyzer, reduce the 
flow of sample gas into the analyzer by turning the knob completely 
clockwise.

This flow knob is a needle valve and cannot act as a shutoff valve.

2. Disconnect the power plug from the analyzer.

3. Remove the analyzer top cover by removing the four screws on the 
sides (bottom sides) of the analyzer, and remove the top cover.

4. Remove the flow knob on the front of the analyzer. To do this:

•	 Insert	a	 .05”	allen	wrench	into	the	slot	 in	the	flow	knob	and	turn	
counterclockwise to loosen it. 

•	 Remove	the	spring	beneath	the	knob	and	keep	for	when	you	reinsert	
the flow knob.

5. Remove the analyzer front panel. To do this, push the front panel to 
the right until it unlatches from the side tab, then push to the left until 
it unlatches from the other side tab.

6. Pull on the power supply/keypad module (PN 90253VE) and remove 
this module from the CG1000.

7. Reach under the display module (PN 90219VE) and pull on the dis-
play module to pull it out.

8. Reverse these steps to reinstall the display module or power supply/
keypad module. If you are replacing the display module, when you 
receive the new module, you must also remove jumpers AI2, AI3, and 
AI4 before installing the display module. You can leave jumper AI5 in 
place.

NOTE
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SERIAL COMMUNICATIONS

Communication Protocol

Communication with all analyzers through the RS-485 connection uses 
the following word format:

	 	 8 data bits
   1 stop bit
	   No Parity

In addition, the baud rate is fixed at 9600bps.

The communication protocol is a basic master/slave, command/response 
protocol.  The master initiates each communication transfer.  There is one 
master on the communication line, but there can be multiple sensors act-
ing as slaves.  Up to 32 sensors can be connected on one network.

Command Message Format

The command message format is as follows:

Start Character Node Address Command Letter Data Checksum End Character
“>” (ASCII charac-
ter 3E Hex)

2 Hex ASCII char-
acters (00 to FF)

(See Command 
Section for list of 
commands)

(n characters - 
depends on com-
mand)

2 hex ASCII char-
acters (sum of all 
preceding charac-
ters except the “>” 
character)

Carriage Return 
(ASCII character 
0D Hex)
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Where:

The Start Character is the greater than character (“>”, which is ASCII 3E 
hex).

The Node Address is from 00-FF, and is represented as two hex ASCII 
characters. Each sensor has a unique node address.  Note, however, that 
the maximum number of sensors that can be connected on the network is 
32 and for the gateway, we have limited the valid addresses from 01-32.

The Command Letter is from ASCII A-Z (upper case only).

Data is a string of characters whose meaning depends on the command 
(see below) and where the number of characters returned also depends 
on the command.  Limit is 20 characters.

Where:

The Start Character is the greater than character (“>”, which is ASCII 3E 
hex).

The Node Address is from 00-FF, and is represented as two hex ASCII 
characters. Each sensor has a unique node address.  Note, however, that 
the maximum number of sensors that can be connected on the network is 
32 and for the gateway, we have limited the valid addresses from 01-32.

The Command Letter is from ASCII A-Z (upper case only).

Data is a string of characters whose meaning depends on the command 
(see below) and where the number of characters returned also depends 
on the command.  Limit is 20 characters.

The Checksum is the sum of all the preceding characters (excluding the > 
character) - modulo 256 or the characters “??” (?? is equivalent to 2 ASCII 
3F hex characters).

The End Character is a carriage return (equivalent to ASCII character 0D 
hex).  

The system disables any checking of the checksum if the checksum 
character is equal to ?? (?? is equivalent to 2 ASCII 3FH hex charac-
ters). This makes testing by the programmer easy, but it is strongly 
recommended that the integrity check be enabled in the final system.

NOTE
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General Serial Communication Commands

Normally, we will use these general serial communications commands.

Read Number (F)

This command reads the value of a variable in the analyzer. The data sec-
tion of this command is a number from 00-FF. These numbers correspond 
to the variable you wish to read. The table below provides a list of these 
variables and their location codes.  If a variable is selected beyond the end 
of the table, an error will be returned.  The value returned is followed by a 
text string for the units, where applicable.

Example:
Request Oxygen with the following string:  >00F080E 
Returned string:     A20.9 %O2D4 

Write Number (H)

This command sets a value in the analyzer. The data section of this com-
mand is a two-digit hex number (00-FF) to point to the location to write 
from the variable table, followed by the value of the variable.  A simple 
acknowledge is returned if the command was accepted.

Read Date and Time (M)

This command is used to read the dates and times stored in the analyzer.  
The data consists of a single digit where 0 is used to read the current date 
and time, 1 is used to read the date and time of the last calibration and 2 
is used to read the date and time of the last verification. Date and time is 
returned as mm/dd/yy hh:mm in 24 hour (military) time.

Set Date and Time (N)

This command is used to set the analyzer’s current date and time. The 
data string is of the form: mm/dd/yy hh:mm in 24 hour (military) time.  
Leading zeroes are required, for example:  03/18/93 20:02.
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Development Serial Communication Commands

These commands are used during initial serial communication design.

Echo (A)

The echo command is used to test the serial protocol and line integrity. 
Any text sent to the analyzer is echoed back to the host.

Bad Command (B)

Just returns a bad command (error code 01) reply.

Acknowledge (C)

Returns a simple acknowledge.  This command can also be used later to 
check that the sensor is on-line and ready to communicate.

Data Format (J)

This command is used to check how data is output through the serial link.  
For each variable that is accessible through the Read Number and Write 
Number commands, a string is returned that describes the format of the 
number. This response data consists of three characters:

 Format  Access  Location

  Where Format is:
  F Float
  H  Hexadecimal
  U  Unsigned decimal

  Access is as follows:
  r  read only
  w  write only
  b  read/write

  Location is:
  r  RAM
  e  EEPROM

Due to the nature of EEPROM memory, each location in the memory has 
a limited number of writes allowed (approximately 10,000). The location 
character can be used to determine where the data is stored internally to 
the analyzer and act accordingly.
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Command List

The following command letters are available:

   Letter   Description
   A   Echo
   B  Bad Command
   C  Acknowledge
   F  Read Number
   G  Calibrate
   H  Write Number
   J  Data Format  (Series 2000 software only)
   M  Read Date and Time
   N  Set Date and Time

Responses

An analyzer returns a variety of responses that can be broken into two 
categories, success and failure.

Success

All successful responses start with an A.  If there is data returned, it will 
follow the A and have a checksum after it. All responses end with a car-
riage return.

  Success End
  A  

  Success  Data   Checksum    End Character
  A  (n characters) (2 hex ASCII characters)   

  Examples: A   Simple acknowledge

AFF0050 Acknowledge with data
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Failure

All failure responses start with an N followed by a two hex digit failure 
code and a carriage return.

  Failure  Failure Code    End Character
  N   (2 hex ASCII characters)  

Failure Codes are as follows:

  Failure Code Description

  01  Bad command letter

  02  Bad checksum

  03  Input overrun in serial communication

  05  Parameter out of range

  08  Error in receipt of a character

  09  Cannot calibrate/verify now

  0A  Internal error

  0B  Illegal access (read-only variable)
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Variable Table

The following pages provides a summary of the variable locations, names, 
and descriptions available. 

Command 
Letter 

Variable Name Format DATA FORMAT 

00 Flags_3 HEX 0 – Sensor at op.temp 
1 – Over/Under temp 
2 – Inject Cal Gas Active 
3 – Reserved 
4 – Reserved 
5 – Reserved 
6 – Reserved 
7 – Cal/Verify Not Permitted 

01 Inf_mess_flag HEX XX XX XX XX 
1  2  3  4 
 
Byte 1 (bit #) 
7 - Auto Cal Pending 
6 - Auto Verify Pending 
5 - System Calibrating 
4 - System Verifying Cal 
3 - Calibration Aborted 
2 - Cal Verify Aborted 
1 - T/C Comp. Failure        
0 - Thermocouple Failure   
 
Byte 2 (bit #) 
7 - Calibration Required 
6 - Excessive Cal Error 
5 - Memory is Corrupted 
4 - Primary Calibration 
3 - Span Gas Range Error 
2 - Zero Gas Range Error 
1 - Cell is Over Temp 
0 - Temp Rise Failure 
 
Byte 3 (bit #) 
7 - Available 
6 - Available 
5 - Available 
4 - Available 
3 - Low flow alarm 
2 - High flow alarm 
1 - High excess combustibles 
0 - Med excess combustibles 
 
Byte 4 (bit #) 
7 - Available 
6 - Available 
5 - Available 
4 - Available 
3 - Available 
2 - Available 
1 - Available 
0 - Available                 
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Command 
Letter 

Variable Name Format DATA FORMAT 

02 Config_flags HEX System configuration flags 
7 – Future use 
6 – Future use 
5 – Future use 
4 – Future use 
3 – Future use 
2 – Future use 
1 – Future use 
0 – 0 – Alarm relay deenergized 
    1 – Alarm relay energized 

03 Iout_flags HEX Analog outputs flags  
XX XX  
1  2   
 
Byte 1 (bit #) 
- Analog Output #2 
7 – Future use 
6 – 0 = (4 – 20) ma 
    1 = (0 – 20) ma 
5 – 0 = holds during verify 
    1 = tracks during verify 
4 – 0 = holds during cal 
    1 = tracks during cal 
 
- Analog Output #1 
3 – Future use 
2 – 0 = 4 – 20 ma 
    1 = 0 – 20 ma 
1 – 0 = holds during verify 
    1 = tracks during verify 
0 – 0 = holds during cal 
    1 = tracks during cal 
 
Byte 2 (bit #) 
- Analog Output #2 
7 – Future use 
6 – 0 = 4 – 20 ma 
    1 = 0 – 20 ma 
5 – 0 = holds during verify 
    1 = tracks during verify 
4 – 0 = holds during cal 
    1 = tracks during cal 
 
- Analog Output #1 
3 – Future use 
2 – 0 = 4 – 20 ma 
    1 = 0 – 20 ma 
1 – 0 = holds during verify 
    1 = tracks during verify 
0 – 0 = holds during cal 
    1 = tracks during cal 
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Command 
Letter 

Variable Name Format DATA FORMAT 

04 Probe_type INT  
05 Display Line 

#1 
INT  0 – Blank line 

 2 – Oxygen 
 4 – Cell Temperature 
 6 – Cell Millivolts 
 8 – T/C Millivolts 
10 – Current Time & Date 
12 – User Text 
14 – Flow  

06 Display Line 
#2 

INT Same as Command letter 05 

07 Display Line 
#3 

INT Same as Command letter 05 

08 Oxygen FLOAT  
    
0B Cell Temp FLOAT  
0C Cell mV FLOAT  
0D T/C mV FLOAT  
0E Current Output 

#1 function 
INT 0 – Oxygen 

2 - Cell Temperature 
4 – T/C mV 
6 – Cell mV 

0F Current Output 
#2 function 

INT Same as Command letter 0E 

    
12 Current Output 

#1 20mA SP 
FLOAT  

13 Current Output 
#1 4 mA SP 

FLOAT  

14 Current Output 
#2 20mA SP 

FLOAT  

15 Current Output 
#2 4 mA SP 

FLOAT  

    
1A Current Output 

#1 filter 
INT 0 – 100 

1B Current Output 
#2 filter 

INT 0 – 100 

    
1E Alarm 3 SP FLOAT In ppm (See command 6C for %) 
1F Alarm 4 SP FLOAT In ppm (See command 6D for %) 
    
29 Recovery time HEX XXXX- Where 0200 means 2:00 
2A Span gas value FLOAT  
2B Zero gas value FLOAT  
    
4D Pressure FLOAT  
4E Operation Temp FLOAT  
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Command 
Letter 

Variable Name Format DATA FORMAT 

5D Alarm 3 
Function 

INT 0 – 02/Flow 
1 – In Cal. 
2 – In Verify 

5E Alarm Config HEX Bit # 
7 - Future use 
6 - Future use 
5 – Alarm #4 Low O2 
4 – Alarm #4 High O2 
3 – Future use 
2 – Alarm #3 Hi/Lo Flow 
1 – Alarm #3 Low O2 
0 – Alarm #3 High O2 

5F Gas counter HEX Cal gas in use 
00 – Span 
01 – Zero 
7F – Thermal Cal recovery 
80 – Cal recovery 
81 – Normal operation 

60 Cal state HEX 0 – Secondary cal 
1 – Verify 
2 – Thermal cal 
3 – Normal operation 

61 Alarm Flags HEX Bit # 
15 – Future use 
14 – Future use 
13 – Future use 
12 – Future use 
11 – Future use 
10 – Future use 
 9 - Flow low alarm 1 
 8 - Flow high alarm 1 
 7 - Future use 
 6 - Future use 
 5 - Future use 
 4 - Future use 
 3 - oxygen low alarm 2 
 2 - oxygen high alarm 2 
 1 - oxygen low alarm 1 
 0 - oxygen high alarm1 

    
69 Oxygen FLOAT Oxygen value in ppm 
6A Alarm3_flg HEX 1 – Alarm 3 is in ppm 

0 – Alarm 3 is in % 
6B Alarm4_flg HEX 1 – Alarm 4 is in ppm 

0 – Alarm 4 is in % 
6C Alarm 3 SP FLOAT In % (See command 1E for ppm) 
6D Alarm 4 SP FLOAT In % (See command 1F for ppm) 
6E Flow FLOAT  
7A Hi_flow_set FLOAT Flow High Alarm SP 
7B Lo_flow_set FLOAT Flow Low Alarm SP 
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MENU OPTION CHARTS

Setup Key Menu

Setup Key Menu Menu Options

Display

O2
Cell Millivolts
Flow
Date/Time
Thermocouple Millivolts
Cell Temperature
User Text
Pressure
Turn Off

Password Enter password
System Tests Various

System Serial # Serial #
Manufacturing #

Primary Calibrate Perform a primary calibration

Sensor Configure regular
Hydrocarbon Upset

Communication
Baud Rate
Node Address
Enable/Disable

Pump Turn Pump On
Turn Pump Off

Carrier Gas

Nitrogen
Carbon Dioxide
Helium
Argon

Table B-1.    Setup Key menu.
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Calibrate Key Menu

Calibrate Key Menu Menu Options
Initiate Cal Start a Calibration
Initiate Verify Start a Verification

Cal/Verify Data Cal Data
Verify Data

Cal Gas Values Span Gas
Zero Gas

Configure Verify Define Verify Gas value
Define Verify Gas acceptable range

Set Clock
Set time/date
Define recovery time duration after a 
calibration

Table B-2.    Calibrate Key menu.

Alarm Key Menu

Alarm Key Menu Menu Options

Alarm Set Points
Alarm 3 Value
Alarm 4 Value

Alarm Configure
(for Alarms 3 and 4)

High O2 Alarm
Low O2 Alarm
High fLOW
Low Flow

Relay Configure
Energize on alarm
De-Energize on alarm

Select Function
(applies to Alarm 3 only)

O2
Start of Calibration
Start of Verify

Exception Log N/A

Table B-3.    Alarm Key menu.
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Analog Range Key Menu

Analog Range Key Menu Menu Options

Set Current Range 20 mA
0 or 4 mA

Set Track/Hold

Hold output at last process reading 
during calibration
Track calibration readings during 
calibration

Set Current Mode 4 to 20 mA
0 to 20 mA

Output Filtering
Enter output filter value
100 = no filtering
1 = maximum filtering

Select Function

O2
Cell Temperature
Thermocouple Millivolts
Cell Millivolts

Table B-4.   Analog Range Key menu.
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