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1 Installation 

This section contains a diagram outlining the installation of the IZS module. If the IZS module has al-
ready been installed, disregard this section.  

If required, install the IZS module as shown in Figure 1-1 and Figure 1-2 below. If additional plumbing 
information is required, refer to Figure 4-1 on page 10. 

Figure 1-1 CM2041 IZS Installation 
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Figure 1-2 CM2041 IZS Plumbing 
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2 Operation 

This chapter details the procedures for installing and removing the permeation tubes. 

2.1 Installing the Permeation Tube 

To install the permeation tube in the chamber, perform the following steps. Refer to Figure 2-1 below. 

Figure 2-1 Permeation tube installation and removal 

 

1. Remove the cover from the analyser. 

2. Remove the access plug from the top of the oven by turning the plug counter-clockwise, then 
pulling it firmly upward. 

3. Insert the permeation tube into the oven and push firmly on the end of the tube. This will help to 
secure the tube in the chamber. 

4. To fully secure the permeation tube in the chamber, reinstall the access cap and thread it into 
the chamber until tight. 

2.2 Removing the Permeation Tube 

To remove a permeation tube from the chamber, perform the following steps. Refer to Figure 2-1 
above. 

1. Remove the cover from the analyser 

2. Remove the access plug from the top of the oven by turning the plug counter-clockwise, then 
pulling it firmly upward. 

3. Using a pair of pliers, grasp the end of the permeation tube and pull toward you. Rotate the 
tube slightly while pulling. 

CAUTION: 
Remove the permeation tube for storage if the analyser is to be 
powered off or stored for any significant amount of time. 
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3 Adjustment 

This section details the procedures for setting the IZS temperature to read the approximate concentra-
tion desired for the daily span check (usually 80 % of full scale). 

Select a permeation tube and install it as described in Chapter 2 “Operation”. 

Note: Any permeation tube selected could have a relative accuracy of ±25 %. For example, if the de-
sired concentration is 400 PPB, the permeation tube may be up to 100 PPB high or low, or 300 to 
500 PPB. If this is acceptable, skip the “Calibration Adjustments” section below. 

Program the CM2041 analyser as described in the CM2041 Operation Manual and allow at least 
8 hours for warm-up. After the readings have stabilized, you can adjust the permeation chamber tem-
perature if necessary to obtain a more desirable span value as described in section 3.1 below. 

3.1 Calibration Adjustments 

The IZS module is designed to give a daily span check, not a calibration value, and as a daily check it 
is only intended to provide relative accuracy. The actual output value from the permeation tube may be 
adjusted without compromising the integrity of the check, as long as the analyser repeatedly responds 
at the same value. This section explains how to adjust your IZS to obtain a more desirable span value 
as described above.  

Permeation tube outputs are temperature sensitive, so the value observed from a perm tube may be 
altered by changing the permeation oven temperature. If the output from the permeation tube is too low, 
the temperature may be increased to increase the output. If the value is too high, the temperature can 
be decreased. The following gives specific adjustment procedures for the permeation oven and perme-
ation tube output. The temperature of the permeation oven is adjusted by the potentiometer on the IZS 
Heater Control PCA. 

All test points (TPs) are on the Heater Control PCA and are referenced to the GND TP on the Heater 
Control PCA. 

Table 3-1 below shows the permeation chamber temperature versus the set point (SP) voltage from the 
Heater Control PCA. 

Table 3-1 Permeation Temperature vs. Voltage 

Permeation Temperature (°C) Voltage (SP to GND) 

47 2.638 

48 2.591 

49 2.544 

50 2.497 

51 2.450 

52 2.403 

53 2.357 

This table is based on a Heater Control PCA supply voltage of 5.00 VDC. Because all voltage supplies 
can vary, the relative accuracy of this chart may change. The 5 volt supply can be measured on the 
Heater Control PCA 5 V TP (referenced to GND TP). Adjust the values on this chart by the percent 
difference from 5.00 this reads. (For example, if the 5V TP reads 4.9 volts, it is 2 % low. All readings on 
the chart should then be reduced by 2 % to determine the desired set-point voltage). 
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From Table 3-1, the average voltage change per °C is 47 mV. This value is used when calculating the 
necessary voltage adjustments to obtain a specified desired concentration from the permeation tube, as 
shown in the example below. 

Example: 

If you ordered a 400 PPB permeation tube and the concentration reading was 350 PPB after the warm-
up period, potentiometer adjustments would need to be made to increase the permeation chamber 
temperature and thus the concentration reading. In this case, the concentration reading is 50 PPB low, 
which is 14.29 % low (50/350). On average, permeation tubes change 7.6 % per °C. Therefore, the 
permeation chamber temperature should be increased by 1.88 °C (14.29 % / 7.6 % per °C). 

As stated earlier, the average voltage change per °C is 47 mV. Because the temperature needs to be 
increased by 1.88 °C, the voltage from the temperature circuit should be decreased by 88.4 mV 
(1.88 °C × 47 mV per °C).  

The potentiometer used in adjusting the permeation chamber temperature is the Heater Control PCA 
R6 (the only potentiometer on the PCA). Clockwise rotation of the potentiometer decreases the voltage 
(increases temperature). The test point labelled SP (set-point) is used to monitor the temperature con-
trol voltage, and TEMP monitors the actual oven temperature. Connect a DMM to the SP test point and 
adjust the voltage to the desired value. In this case, decrease the voltage (turn the potentiometer 
clockwise) by 88.4 mV as calculated above. The voltage is nominally set at the factory to 2.500 volts, 
so decrease the voltage to 2.412 volts (2.500 – 0.088).  

After setting the desired value, the TEMP test point may be monitored to verify that the oven is re-
sponding to the temperature change. The response of the TEMP reading to SP changes will be slow, 
and the permeation tube response will be even slower.  

After adjusting the potentiometer, observe the analyser's output on a strip chart recorder and wait for 
the concentration reading to fully stabilize (approximately 1 hour). 

Because permeation tubes and other components vary somewhat, additional adjustments may be nec-
essary if the concentration reading does not stabilize at the desired value.  

3.2 Permeation Rate Computations 

This section contains the necessary calculations for determining the correct permeation tube for various 
concentrations. This information can also be used to determine the correct concentration if you already 
have a permeation tube. Calculations for permeation tubes require that you determine the following:  

1. Analyser total flow rate (CM2041: 680 ml per minute) 

2. The desired span point in parts per million (PPM) or milligrams/cubic meter (mg/m3); also re-
ferred to as nanograms/millilitre (ng/ml) 

3. The permeation rate of the perm tube in nanograms/minute (ng/min). 

Use the formula below to compute the required permeation rate for the tube. This formula also works 
for computing concentration from a permeation tube. 

PR = C * FR 

Where: 

PR = permeation rate in ng/min. 

C = concentration in mg/m3 (1 PPM NO2 = 1.880 mg/m3) 

FR = flow rate in ml/min. 
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Example: If the desired span point for the analyser is 0.400 PPM, the following values apply: 

C = 0.400 PPM or 0.752 mg/m3 (1.880 * 0.400) 

FR = 680 ml/min. 

This results in: 

PR = {(0.400 PPM * 1.880 mg/m3) * 680 ml/min.} = 511 ng/min. 

This means a permeation tube with a permeation rate of 511 ng/min. would yield a nominal span value 
of 0.400 PPM in an CM2041 analyser. When ordering a permeation tube, the user would specify one 
with an approximate value of 511 ng/min. 

Many different factors affect the actual value obtained from a perm tube. Some of these are listed be-
low: 

• Actual Flow Rate: The CM2041 has a nominal flow rate of 680 ml/min. This flow can actually 
vary by up to 20 % from analyser to analyser. The actual total flow should be measured and 
recorded for a more accurate assessment of permeation tube values (refer to “Flow Test” on 
page 13). 

• Temperature: Permeation temperature is measured with a thermistor, which is typically a 2 % 
device. Combined with component tolerances, this can induce noticeable error in readings. 

• Permeation Tubes: Permeation tubes are specified to be a nominal value 10 % to 25 %. This 
means that if a permeation tube is ordered with a permeation rate of 1000 ng/min., it can be as 
low as 750 or as high as 1250. (This does not mean the value will fluctuate by that much, but 
that the actual value observed from the permeation tube can vary as much as 25 % from the 
ordered value. Once installed and calibrated, permeation tubes typically remain within 3 % of 
their set value.) 



EVOLUTION SERIES CM2041 NITROGEN OXIDES ANALYSER  

HB4003-02 9 

4 Theory of Operation 

The CM2041 IZS module generates a known mass per unit time of span gas by heating a permeation 
device to a closely-controlled temperature. This controlled mass flow from the permeation device is 
diluted with a known and controlled mass flow into the instrument. This results in a constant ratio of 
span gas mass to air mass. 

The permeation device is composed of a reservoir filled with the span gas in liquid form and a Teflon 
permeation membrane. The liquid permeates through the membrane at a rate determined by the tem-
perature of the liquid and the pressure differential across the membrane. The CM2041 sample pump 
provides a purge flow that passes approximately 40 ml across the permeation device output. This en-
sures sufficient differential pressure across the permeation membrane. During a span check, the flow 
over the permeation tube is increased to approximately 680 ml (40 ml purge plus 640 ml sample).  

A re-settable thermostat is installed on the bottom of the permeation chamber so that in the event of a 
heater circuit failure, the permeation tube will not reach a high temperature and be damaged. This 
thermostat opens at approximately 65 °C, thus opening the heater, and remains open until manually 
reset by pressing the button on the thermostat. 

4.1 IZS Description 

The IZS module is composed of a permeation chamber, a heater/thermistor assembly, manual reset 
thermostat, pneumatic fittings and tubing, and a Heater Control PCA. 

Permeation Chamber 

The permeation chamber is constructed of machined aluminium. The areas where gas comes into con-
tact with the chamber walls are coated with white Kynar. A separate section contains a coiled copper 
screen that aids in slowing down and circulating the air so that it is maintained at a higher temperature. 
The chamber body is kept at a constant temperature by the heater/thermistor assembly, thus ensuring 
stable span concentrations. 

Heater/Thermistor Assembly 

The heater/thermistor assembly is used to maintain the permeation chamber at a constant temperature, 
which is adjustable from 47 °C to 53 °C. This adjustment is available to compensate for tolerances in 
permeation tube gas concentrations. The chamber needs to be maintained at a constant temperature in 
order to ensure stable span concentrations, because the span concentration varies if the temperature 
varies.  

Manual Reset Thermostat  

A manual reset thermostat is attached to the bottom of the permeation chamber. If the heater circuit or 
thermistor fails and the chamber temperature exceeds 65 °C, the thermostat opens, opening the heat-
er. This prevents possible damage to the permeation tube. After correction of the problem, the 
thermostat can be reset by pressing the button on the thermostat to close the heater.  

Valve Manifold 

Gas is routed through the analyser by a three-valve manifold incorporated as part of the IZS assembly. 
These valves select measure, zero, or span gas to be measured by the analyser. 

Pneumatic Fittings and Tubing 

All pneumatic fittings used in the IZS are made from Kynar. The tubing is Teflon. These materials are 
chemically non-reactive to the gases generated by the permeation device. 
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Heater Control PCA 

The Heater Control PCA contains circuitry for temperature control of the permeation chamber. Four test 
points (GND, 5V, SP, and TEMP) and a potentiometer are located on the PCA. These components are 
used to monitor and adjust the permeation chamber temperature. 

Figure 4-1 Pneumatic diagram 
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Figure 4-2 Major components 

 



EVOLUTION SERIES CM2041 NITROGEN OXIDES ANALYSER  

12 HB4003-02 

5 Service 

This chapter includes periodic maintenance procedures, a list of replaceable parts, a troubleshooting 
voltages table, and a troubleshooting guide. 

5.1 Periodic Maintenance 

The table below outlines a periodic maintenance schedule for the CM2041 IZS module. This schedule 
is based on experience under normal operating conditions, and may need to be modified to suit specific 
operating conditions. 

Table 5-1 Routine maintenance 

Interval1 Item Procedure 

6 months Zero Air Scrubber Check/Replace2 

1 year 

Sintered Filter Replace 

Flow/Leak Check Perform 

1 Suggested intervals for normal operation, and actual intervals will vary depending upon application. 
This table can be used as a guideline, but the user should develop a maintenance schedule to suit 
their specific requirements. 

2 Replacement interval determined by ambient pollutant levels. 

 

Check Zero Air Scrubber 

The zero air supply is critical to the operation of the CM2041 analyser and the IZS module. Poor zero 
air can result in numerous problems (for example, inaccurate measurements near zero and span drift). 
Check the quality of the zero air system by challenging the analyser with a known good zero air source 
(such as commercially available Ultra Zero Air or a known good charcoal scrubber). To check the zero 
air system, perform the following: 

Required equipment: Test zero air supply 

1. From the CALIBRATION MENU place the analyser in CAL. MODE: ZERO. This allows the ana-
lyser to sample zero air from the zero air scrubber. Allow the analyser to sample for 
approximately 15 minutes. 

2. Record the front panel NO, NOX, and NO2 readings as the initial values. 

3. Connect the challenge zero air to the Sample inlet of the analyser. Be sure the inlet pressure is 
maintained at ambient pressure. 

4. From the CALIBRATION MENU, select CAL. MODE: MEASURE and press the <Enter> key. 
This allows the analyser to sample the challenge zero air. Allow the analyser to sample for 
5 minutes. 

5. Record the front panel NO, NOX, and NO2 readings as the challenge values. 

6. Compare the initial NO, NOX, and NO2 values and the challenge values. They should agree 

within 0.002 PPM. If the initial value is more positive than the challenge value, recharge or re-
place the zero air scrubber. 

7. Disconnect the challenge zero air and reconnect the sample line to the Sample inlet of the ana-
lyser. Verify that the analyser is in the Sample Measure mode.  
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The life span of a zero air scrubber system typically depends on the amount of pollutants the system is 
required to scrub. Closely monitor the performance of the zero air system after initial installation and 
note when the zero air begins to degrade. This interval can be used as the baseline for establishing a 
zero air maintenance schedule.  

Sintered Filter Replacement 

The sintered filter is used as a final filter to prevent contamination and blockage of the purge orifice. If 
the filter becomes plugged, purge flow through the permeation chamber will be lost. Normally, replace-
ment of the sintered filter alone is sufficient to maintain operation, but check and clean the purge orifice 
occasionally to ensure proper operation. 

Recommended equipment: Orifice/filter removal tool (P/N 98000190) 

1. The sintered filter is in one arm of the Kynar tee connected to the permeation chamber outlet. 
Use the orifice removal tool to remove and replace this filter. Be sure to use a new O-ring when 
reinstalling the new filter, and orient the filter with its threaded port facing outward. 

2. The orifice filter is in one arm of the Kynar tee connected to the exhaust line of the analyser. 
Use the orifice removal tool to remove and clean or replace this orifice. Be sure to use a new 
O-ring when reinstalling the new orifice, and orient the orifice with its threaded port facing out-
ward. 

3. Perform flow testing of the IZS module after replacement of the filter or orifice ( refer to “Flow 
Test” below). 

Figure 5-1 Maintenance components 

 

Flow Test 

Perform flow testing of the IZS module whenever a permeation tube is replaced or whenever corrective 
maintenance is performed.  

Required equipment: Flowmeter (1 SLPM nominal) 

1. Remove the analyser cover.  
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2. From the CALIBRATION MENU select CAL MODE: MEASURE. 

3. Disconnect the Zero Air inlet from the top of the chamber and connect the flow meter to this 

port on the chamber. Verify a flow of 0.04 0.01 SLPM. 

4. From the CALIBRATION MENU select CAL MODE: SPAN. Verify a flow of 0.68 0.13 SLPM. 

5. Disconnect the flow meter and reconnect the inlet tubing. 

Leak Test 

Perform leak testing of the IZS module whenever corrective maintenance is performed. To perform a 
leak check, remove the permeation tube, reinstall the access cap, and check according to the instruc-
tions in the CM2041 Service Manual.  

CAUTION: 
The permeation tube must be removed from the permeation 
chamber to perform a leak test. 

5.2 Replaceable Parts 

Table 5-2 Replaceable parts 

CM2041 IZS Module Spare Parts Requirements 

Description Part Number Level 

O-ring, orifice and sintered filter 25000447-007 1 

O-ring, access cap 25000447-018 1 

Orifice, 3 mil 98000180-01 1 

Filter, sintered 98000181-1 1 

Heater thermistor assembly 98000214-1-SP 1 

PCA, Heater Control 98507029-SP 1 

 

5.3 Troubleshooting 

DC Power Supply Voltages 

Before consulting the troubleshooting guide below, verify that the DC power supply voltages on the 
Heater Control PCA are present and within the specifications given for each voltage listed in the follow-
ing table. 

Table 5-3 DC Power Supply Voltages 

Voltage DMM (–) DMM (+) Response 

+12 V GND P1B +12 ±0.5 V 

+5 V GND 5V +5 ±0.25 V 
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Troubleshooting Guide 

Use this troubleshooting guide to find the symptom, then follow in order the possible causes and fault 
solutions. When the problem is discovered, take the action described. If you cannot identify the prob-
lem, E-mail technical support – techsupport@casellamonitor.com. 

Symptom Possible Cause Solution 

The DC voltages in Table 5-3 
above are not present. 

Power cable not connected. 
Verify that Heater Control PCA 
cable P2 is connected to Vreg con-
nector J2. 

Failed Heater Control PCA. Replace Heater Control PCA. 

Low span. 

Open thermal switch. Reset thermal switch 

Permeation tube depleted. Replace permeation tube. 

Flow too high. 
Check flow (refer to “Flow Test” 
section). 

Temperature too low. 

Check SP and TEMP test points. 

They should read 2.5 0.3 VDC. 
Refer to Chapter Error! Reference s
ource not found. beginning on 
page Error! Bookmark not 
defined. for adjustment procedure. 

High span. 

Flow too low. 
Check flow (refer to “Flow Test” 
section). 

Temperature too high. 

Check SP and TEMP test points. 

They should read 2.5 0.3 VDC. 
Refer to chapter 3 for adjustment 
procedure. 

Unstable or inconsistent span 
readings. 

Bad zero air. 
Check the zero air supply (refer to 
“Check Zero Air Scrubber” on page 
12). 

Loss of purge flow across 
permeation tube. 

Verify a purge flow of approximately 
40 cc/min. (refer to the “Flow Test”). 
If flow is low, replace the purge filter 
or orifice. 

Analyser flow unstable. 
Check analyser flow and verify that 
it is stable over time. 

mailto:techsupport@casellamonitor.com
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Symptom Possible Cause Solution 

Permeation chamber tempera-
ture not stable. 

1. Heater or thermistor failure. 
Check resistance across thermistor 
(P1-3 to P1-4). The resistance 
should be approximately 11 kΩ at 
50 °C, or approximately 30 kΩ at 
25 °C (ambient). Check heater 
(P1-1 to P1-2). The resistance 
should be approximately 4 Ω. If the 
circuit is open, check the re-
settable thermostat on the bottom 
of the perm chamber. 

2. Temperature control circuit has 
failed. Measure voltages at TEMP 
and SP. The voltages should be 2.5 
±0.3 V, and within 0.05 VDC of 
each other. If not, replace the PCA. 
Refer to the PCA replacement pro-
cedure. 

Permeation tube unstable or 
depleted 

Replace permeation tube. 
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6 Circuit Diagrams 

 


