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1.                                    Introduction 

 
The CIRAS-1 Portable Photosynthesis System went into manufacture in the autumn of 1992. Over the past seven 
years it has proven to be an extremely reliable instrument assisting hundreds of scientists from around the world with 
their research.  Throughout this period we have accumulated considerable experience with regards to the reliability 
and performance of the system. This service guide has been prepared to pass on this experience and assist users with 
troubleshooting and servicing of their equipment. 
 
Hopefully this guide will equip a competent user or technician with the skills to diagnose the common problems, 
service and maintain all of the CIRAS-1 consumable parts. The guide is divided into the following sections: 
 
 

•  Routine Maintenance, 
•  Troubleshooting CIRAS-1 Problems, 
•  CIRAS-1 Initialisation and Diagnostic Features, 
•  CIRAS-1 Calibration, 
•  Error and Warning Messages, 
•  User Serviceable Parts, 
•  Leaf Cuvettes, 
•  Cuvette Light units 
 
Repair of CIRAS optical bench requires specialist tools and factory based re-linearisation of their performance. In 
this event, the instrument should be returned to PP Systems. Details for returning equipment are shown below. 
 

1.1. Returning Equipment To PP Systems For Service 
 
When returning equipment to us for service or repair, it is critical that the equipment is properly packed up and that 
the documentation is complete and accurate for customs purposes.  PP Systems is not responsible for any customs 
charges such as import duties, VAT, etc., that could apply as a result of incorrect documentation.  
Please note the following: 
 
Packaging and Documentation. 
 
Notes on Packing Equipment. 
•  Please ensure that the equipment is safely packed in bubble wrap or similar packaging material. 
•  If not using the original packing box, ensure that the box is sturdy and proper parcel sealing tape is used.  We 

recommend using at least a double walled box. 
•  Make sure that the equipment is surrounded by impact absorbent packing inside the box. 
•  The equipment MUST be insured.  We recommend using the purchase price of the system as the insurance value. 
•  Advise us in writing (by fax or e-mail) as to how and when the equipment was shipped. 
 
Paperwork. 
Enclose a detailed letter stating: 
•  Full name and address (including telephone number, email etc.) of contact person responsible for returning the 

equipment. 
•  Whether or not the equipment is covered under warranty. 
•  Description of fault(s) including anything you may have done to the instrument prior to the problem. 
•  Required return date of the equipment. Please discuss this with PP Systems prior to shipping. 
Return of Equipment to Our UK Office. 
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When returning equipment to the UK for repair or upgrade, the following declarations must be clearly stated on the 
commercial invoice and airway bill for customs purposes: 
 

•  Temporary export to the UK from (country it is coming from) of goods for repair/upgrade. 
•  NOT FOR RESALE 
•  Zero commercial value. 
•  Value for insurance purposes only: (Amount defined by you). 
 

When returning equipment that we have loaned to you, the following declaration must be clearly stated on the 
commercial invoice and airway bill for customs purposes: 
 

•  Return of UK goods after temporary loan. 
•  Zero commercial value. 
•  Value for insurance purposes only: (Amount defined by you). 

 
Return Of Equipment to Our USA Office. 
 
When returning equipment to the USA for repair or upgrade, the following declarations must be clearly stated on the 
commercial invoice and airway bill for customs purposes: 
 

•  Temporary export to the USA from (country it is coming from) of goods for repair/upgrade. 
•  NOT FOR RESALE 
•  Zero commercial value. 
•  Value for insurance purposes only: (Amount defined by you). 

 
When returning equipment that we have loaned to you, the following declaration must be clearly stated on the 
commercial invoice and airway bill for customs purposes: 
 

•  Return of USA goods after temporary loan. 
•  Zero commercial value. 
•  Value for insurance purposes only (Amount defined by you). 

 
In addition, include a copy of the original invoice and our carrier’s airway bill with the shipment for customs 
purposes. 
 
PP Systems has offices located in both the United Kingdom and United States.  All packages should be addressed to 
one of the following: 

 

In Europe    In North America 
 

PP Systems    PP Systems 
Unit 2, Glovers Court   110 Haverhill Road, Suite 301 
Bury Mead Road    Amesbury, MA  01913 
Hitchin, Herts SG5 1RT   U.S.A. 

  UK 
Tel: +44 (0) 1462 453 411   +1 978 834 0505 
Fax: +44 (0) 1462 431 090   +1 978 834 0545 

 
Email:  service@ppsystems.com 
 

 

mailto:service@ppsystems.com
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2.                  Routine Maintenance 

 
The CIRAS-1 is a sophisticated piece of equipment that is often operated under sub-optimal environmental 
conditions.  It is therefore sensible to establish and follow a planned schedule of maintenance. The degree of 
maintenance required is determined by the extent of instrument use and the ambient operating conditions. However, 
PP Systems recommend the following schedule as a starting point. 
 

2.1.  Daily Maintenance Schedule. 
 

Before Making Measurements: 
 

A. Check that the absorber chemicals are fresh, all of the absorber columns are properly sealed and inserted into 
their respective manifolds (Section 2.5.1.). 
 

B. Before going out to the field: connect the PLC, connect charger (to avoid draining battery), switch on the 
instrument and allow it to fully warm-up (30 minutes). Set the reference CO2 control to zero.  
The REF CO2 value should decrease to less than 10 ppm and remain steady.  
Remove dead cylinder, assuming at least 24 hours have elapsed. Replace with new cylinder. 
Set the CO2 control to the desired measurement value and check that it is maintained. Section 3.4. contains 
information on troubleshooting the CIRAS CO2 control system. 
 

C. Check that the gaskets on the PLC (if used) are in good condition. Close the chamber without a leaf and run the 
system for two minutes. Check that the CO2 and H2O differentials stabilise at 000 (+/- 1) ppm. Section 3.7. 
contains information in troubleshooting cuvettes. 
  

 

After Making Measurements: 
 

A. Disconnect both the electrical and pneumatic connections to the cuvette from CIRAS.  
  

B. Check that the cuvette is clean and leave the jaws open so that the gaskets have a chance to recover and do not 
become crushed over-night. 
 

C. The CO2 cartridge MUST be left in place over night to discharge safely whilst the instrument is 
switched off. Avoid leaving the CIRAS in a bag, otherwise the CO2 from the cartridge will build up in the 
absorber columns. This will cause premature exhaustion of the chemicals and slower instrument warm-up as 
excess CO2 is flushed the next day. 
 

D. Place the CIRAS battery on the battery charger over night. Before leaving the instrument it is sensible to check 
that the red lamp on the charger unit is illuminated. This indicates that the battery is drawing current.  
It is important to charge the battery over night before storing the instrument for any significant period of time. 
If CIRAS is out of use for long periods then it is recommended that every month the unit is switched on and 
left to run for a couple of hours and that the batteries are recharged. 
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2.2.  Monthly Maintenance Schedule. 
 

A. Check the air supply and inlet filters (Section 2.5.4.). These should be white; if they appear dirty they need to 
be replaced (Section 2.5.4.). 
 

B. Check the air supply pumps (Section 2.5.6.) and if the instrument is subject to heavy use, clean the pumps 
(Section 2.5.6.). 

 
 

2.3.  Annual Maintenance Service. 
 
PP Systems offers an Annual Preventative Maintenance (APM) service for  CIRAS . This includes: 
 
•  Inspection of all internal plumbing, 
•  Inspection  / replacement of all O-rings, 
•  Replacement of all filters, 
•  Replacement of all chemicals, 
•  Electrical check, inspection and full calibration of CO2, H2O analysers and flowmeters. 
 
If a PLC is part of the system the service includes: 
 
•  Replacement of cuvette gaskets, 
•  Replacement of piping (if necessary), 
•  Checking and re-calibration of sensors. 
 
Please consult with PP Systems or your local agent for more details regarding this service. 
 

2.4. Tools Required For CIRAS Maintenance. 
 
Most of the routine maintenance tasks can be performed with standard tools found in any workshop and the spares 
that are supplied as standard with your CIRAS system. Certain items, such as a manometer and equilibrator substitute 
link pipe, for more in-depth repair can often be improvised. However, PP Systems also supply a CIRAS-1 Test Kit 
(CRS063) (Figure 2-1). The kit contains the following items: 
 

Tools & Test Gear CIRAS-1 Spares 

•  Manometer- used in conjunction with the syringe for 
leak testing. 

•  Flowmeter- low resistance float type for monitoring 
CIRAS air supply and sample flows. 

•  Flat blade screwdriver (4mm) 
•  Posidrive screwdriver (Size 1) 
•  Knife with snap-off blades 
•  Potentiometer trim tool 
•  Snipe nose pliers with smooth jaws for removing 

and replacing rubber pipes 
•  O-ringhook -a flattened bent wire for easily 

replacing the CO2 regulator “O-rings” 
•  Syringe 
•  Multimeter (Optional) 
•  Equilibrator substitute link pipe 
•  Socket with pipe connector for end of 

equilibrator/absorber tube 

•  Inlet Filters (6 each) 
•  “O” rings for CO2 regulator (6 each) 
•  “O” rings for absorber column (3 of each type) 
•  CIRAS-1 fuses, 3.15A (or 2A) (5 each) 
•  Selection of CIRAS-1 screws 
•  Silicone grease 
•  Selection of piping 
•  Screw in connectors (2 each) 
•  Small sinters (2 each) 
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Tools & Test Gear CIRAS-1 Spares 

•  Rubber plug to seal off absorber manifold sockets 
•  Pipe to cross-link absorber tubes 
•  Plastic T-pieces (2 each) 
•  Pipe reducers (2 each) 
•  Pump/valve test lead (elect) 
 

 
 

Figure 2-1.  CIRAS-1 Test Kit (CRS063) 
  

2.5. Routine Servicing. 
 
The CIRAS-1 uses a number of consumable chemicals and parts during operation. This section covers replacement 
and servicing of these items under routine conditions. More detailed trouble-shooting and repair information is 
included in subsequent chapters.  
 
2.5.1. Chemicals. 
 
The CIRAS-1 uses three different chemicals to condition the instrument air-supply: 
 
Soda Lime. 
 

Soda lime is used to remove CO2 from air entering the CIRAS-1. It is supplied as self-indicating granules (1-2.5mm) 
which turn from green to brown as they become exhausted. The contents of the absorber column should be replaced 
when they are two-thirds exhausted (Section 2.5.2.).  Soda Lime cannot be regenerated. 
 
Drierite. 
 

Drierite is used to scrub water vapour from the air supply during zeroing and operation with sub-ambient water 
vapour control settings. Drierite is supplied as blue granules that turn pink when exhausted. Columns should be 
replenished when two thirds of the chemical is exhausted (Section 2.5.2.). Drierite can be regenerated by baking in 
an oven at 200 °C for 1 hour. A single layer of granules should be spread on a tray. (this minimises colour loss, 
which is due to the loss of cobalt chloride by sublimation and by migration into the centre of granules). The drying 
power remains unaffected but the indicator colour becomes less intense. It is therefore sensible to mix re-used 
drierite with some fresh material to show when it is exhausted.  
 
Molecular Sieve. 
 

Molecular sieve is used to finally filter any remaining CO2 and H2O from the air supply during zeroing and from the 
water vapour control circuit. Unfortunately molecular sieve is not self-indicating and there is no obvious way to see 
that it is exhausted. It is therefore best to change the molecular sieve when changing your other chemicals. Please 
note that there is no foam pad at the molecular sieve end of the drierite / sieve column so extra care must be 
taken when changing this column. 
 

Molecular sieve can easily become contaminated through absorption of CO2 and H2O from atmospheric air. It is 
therefore strongly recommended that molecular sieve is decanted into small air-tight containers to minimise any 
exposure to air. The molecular sieve columns should be placed in a sealed polythene bag if they are removed from 
the CIRAS-1.   
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2.5.2. Absorber Columns. 
 
The absorber columns should be removed from the CIRAS-1 by pulling the columns off their respective manifolds. 
Care should be taken to gently pull both ends of the column out together. After the column has been removed one of 
the end-caps can be removed to release the contents.  
 
It is sensible to examine the absorber columns each time the contents are replaced as any leakage of ambient air into 
the gas circuits generally causes error messages during “Autozero” operation or fluctuating reference CO2 
concentration during measurement. 
 
There are three items that should be checked after re-filling a column: 
 
Foam Pads. 
 
The foam pads become worn over time and should be inspected regularly and replaced when torn or reduced in size. 
The foam must be of an open celled type, such as packing foam. 
Absorber Filters. 
 
Each absorber end cap contains a white plastic filter disc. Generally these do not need to be replaced. However, they 
must be present to prevent any of the column contents being drawn with the gas stream into the instrument. 
 
O-rings. 
 
The O-rings on the end caps of the columns should be very lightly smeared with silicone grease to aid ease of fitting 
and improve the seal. Once sealed, end fittings should be checked to ensure that the O-rings are seated correctly in 
their groove and that they are not trapped or pinched.  
 
There is also a small O-ring on each of the absorber end cap fittings. These seal the absorber column into the CIRAS 
manifolds. These should be in good condition. Replacement O-ring and filter sets can be ordered from PP Systems 
(Part Number STD017). 
  
2.5.3. CO2 Regulator. 
 
The CIRAS-1 Portable Photosynthesis System contains an internal air-supply unit that is used to control the CO2 
concentration of the reference gas supply. The CO2 is supplied from a disposable cartridge that is inserted into a 
regulator on the side of the instrument.  
 
Before inserting a fresh cartridge it is always sensible to check that the O-ring inside the regulator is properly seated.  
It can be deformed during accidental rapid discharge of the cylinder. If this is the case it must be replaced (Part 
Number STD037). It is also useful to roll the neck of the cylinder between thumb and forefinger. This places a thin 
layer of grease around the neck of the cartridge, which helps to provide a good seal. 
 
Please note – once a CO2 cylinder has been inserted, it takes 24 hours for it to discharge. The cylinder should  
                      ONLY be removed after this time has elapsed. 
 
There are two methods to check whether there is a charged cartridge in the instrument.  
 
Method 1. 
 
Switch on the CIRAS-1 and allow it to warm it up. Set the CO2 control to deliver 2,000 ppm CO2 (automatic 
systems) or turn the diverter control knob fully clockwise (manual systems). The air-supply unit should deliver a 
stable reference CO2 concentration of approximately 2,000 ppm CO2. If the CO2 concentration slowly declines (or 
fails to reach the set value) it is likely that the CO2 cartridge is discharged (or sufficiently discharged for safe 
removal). However, before removing, it is best to re-check using method 2. 
Method 2. 
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The air-supply unit vents excess CO2 to an exhaust port. This is located on the side of automatic units, beneath the 
CO2 regulator itself. Manual units (which have diverter control knobs beneath the regulator) have the exhaust in the 
base of the unit near the battery compartment.  
 
Switch off the CIRAS-1 and attach a 30 cm piece of tubing to the exhaust port. Briefly insert the tubing into a beaker 
of water; a steady flow of bubbles (approximately 3-4 ml min-1) will be observed if the cartridge is charged. If there 
are no bubbles the CO2 cartridge is probably discharged. 
 
Please note - it is important that the CIRAS-1 is switched off during this test to ensure that there is no 
possibility for water to suck back into the instrument. 
 
2.5.4. Inlet Filters. 
 
The CIRAS-1 air supply section and analyser optics are protected by three 5.0 µm air inlet filters. These are located 
inside the air-inlet manifold, which is next to the “PLC” electrical connector on the CIRAS-1. The following 
procedure can be used to access the filters: 
 
1. Place the CIRAS on a flat table with the “PLC socket and gas fittings facing upwards. 
2. Remove the absorber columns. 
3. Identify the plate covering the inlet manifold (Figure 2-2.). 

 

 
Figure 2-2. Location of Inlet Filter Plate and retaining screws. 

 
4.  Remove the four  cross-head screws that secure the plate to the manifold (Figure 2-2). 

 
5. Gently prise the plate upwards with a flat blade screwdriver until it can be gripped and pulled off with fingers. 

N.B. the plate is sealed in place with O-rings. It may require a little force to remove it. 
 

6. The filters are white paper-like polypropylene discs at the bottom of the manifold recesses; they should be white 
(Figure 2-3). 
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Figure 2-3. Inlet Filters. 
 

7.  If they appear dirty they should be replaced (Part Number STD004). Blocked filters will impede the air-flow to 
the cuvette air supply and cause  the CO2 concentration of the reference gas to fluctuate. 

8.  The filters may be removed by lifting them up with a fine screwdriver and replaced by lowering a new filter into 
position with tweezers. 

9. Inspect the O-rings around the manifold gas entries and re-fit the manifold covering plate with screws. A very 
light smear of silicone grease can be used to lubricate the O-rings and ensure a good seal.  

 
2.5.5. Battery. 
 

The CIRAS-1 12 V 2.0 Ah lead-acid battery should be checked periodically to ensure that it takes up charge. 
Measuring the voltage across the terminals of the battery after it has been charged over-night can assess this. 
 
If the battery is not fully charged after 12 hours, check the 5 A fuse (manual CIRAS-1 units) or 3.15 A fuse 
(automatic CIRAS-1 units) that is located in the base of the CIRAS-1.  This fuse protects the charging circuit; if it is 
blown the internal battery will not take a charge. 
 

Please Note – the batteries should be fully charged before long-term storage. If they are stored in a  
                      discharged state it is possible that they will become deep-discharged. If this occurs the charge  
                      capacity of the battery is permanently reduced. 
 
2.5.6. Pumps. 
 
The CIRAS-1 Analyser section uses two rotary vane pumps, one to sample Reference air and the other to sample 
Analysis air. 
 
The CIRAS-1 Air Supply section uses two rotary vane pumps for Air Forwarding and additionally, in automatic 
CIRAS-1 units, one diaphram pump providing the Main Air supply flow 
 
Rotary vane pump components wear with prolonged use and material from the vanes may build up within the pumps. 
This can eventually reduce the pumping efficiency or even cause them to seize. If this happens the rate of air-
forwarding is insufficient for the gas blender and the CO2 concentration in the reference flow will fluctuate.  
 
The risk of this situation occurring can be minimised by regular pump servicing. 
 
The pumps used for Reference, Analysis and Main Air supply (Auto only) do not require regular maintenance 
(flowmeters monitor their performance). 
 
Opening CIRAS and Locating the Air Forwarding Pumps. 
 

1. Switch off and place the CIRAS-1 on a flat table with the “PLC socket and gas fittings facing upwards. 
2. Remove the absorber columns, placing any columns containing molecular sieve into sealed polythene bag to 

minimise its exposure to ambient air. 
3. Remove the four plastic screw covers from the case using a small, flat bladed screwdriver.  
4. Remove the four cross-head) screws that retain the case. 
5. Gently lift up the case from both sides. The case may stick where the equilibrator plugs into its manifold. If 

necessary lift the case between the LCD display and keypad as well as the sides. 
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A row of four pumps should be visible to the left, above the air-inlet manifold (Figure 2-4). The two pumps at the 
base of the instrument are the Air Forwarding pumps (Figure 2-4); they are labeled IN PMP on the CIRAS 
Flowmeter board. A worn or faulty pump normally displays some the following symptoms when the CIRAS-1 is 
switched on.   
 

 
 

Figure 2-4. Pump locations within CIRAS-1. 
 
1. Noise – a worn pump usually sounds rough or vibrates. 
2. Temperature – the outer casing (near the pump serial number) feels warm compared to other pumps. 
 
It is also important to check that both the electrical and gas connections to the pumps are satisfactory.  
 

Removing a Pump. 
 
It is very easy to remove a pump for servicing. First, trace the electrical connection to the pump and disconnect the 
2-pin connector from the terminal on the CIRAS-1 Flowmeter board. The connector is removed by gently bending 
back the connector lock and sliding out the connector. Please note the orientation of the red and black wire for 
correct re-fitting of the pump.  
 
The pump itself is secured in position by the gas connections. These are un-done by gently pulling the pump from the 
rubber connections. 
 
Servicing a Rotary Vane Pump. 
 

During pro-longed operation the vanes inside the pump will wear and deposit material inside the pump. It is sensible 
to clean  the pump by flushing it through with iso-propyl alcohol. The following procedure can be adopted: 
 
1.  Connect the pump to a 6-12V source and fit a 30mm tube to the pump inlet. 

(N.B. the CIRAS-1 can be used to supply power via the pump electrical connector. It is, however, essential 
that the flushing is done outside of the CIRAS-1 to avoid spillage into the instrument). 
 

2. Hold the pump above a beaker of iso-propyl alcohol and dip the tube into the alchol (Figure 2-5). Run the 
pump to draw alcohol through it. A small roll of cotton wool in the inlet pipe can act as a filter for the re-
circulating alcohol. 
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Figure 2-5. Flushing a pump with ethanol. 
 

If the pump is seized it may be freed by tapping it on the bench or by reversing the voltage to run it 
backwards. 
 

3.  Run alcohol through the pump for a minute or two to ensure that any material is removed. Please note that the 
CIRAS-1 pumps are not sealed, so it is normal to see alcohol leak through the sides of them during this 
procedure. When finished, run the pump in air for at least 15 minutes to allow any residual alcohol to 
evaporate. Ideally, let the pumps dry outside of the CIRAS-1 overnight. If the pumps are reconnected 
prematurely, the absorber chemicals will be exhausted quicker than usual.  
 

 
Fitting Pumps. 
 
The pumps are held in place by the santoprene gas connectors which join the pump inlet and outlet connectors to the 
CIRAS-1 gas circuit. These should be connected with the flat back of the pump oriented flush with manifold. The 2-
pin electrical connector should be re-connected. The two notches on the connector latch with the corresponding lock.  
  
2.5.7. Water Vapour Equilibrator. 
 
Periodically inspect and confirm that the equilibrator is pushed firmly into its manifold and that all of the internal 
tubing is seated properly in the equilibrator blocks.  
 
2.5.8. Leaf Cuvettes. 
 
The leaf cuvette should be routinely checked, after use, for debris such as dirt, broken off leaves / needles, etc.  If 
debris are found they should be removed carefully with a soft brush or lint-free cloth. 
 
The cuvette head should be stored in an open position. This prevents the gaskets from becoming permanently 
crushed.  The gaskets should be regularly inspected for leaks and tested by running the system with the heads closed 
and no leaf present in the chamber.  Under these conditions the CO2 and H2O differential should be 000 (+/- 1 ppm).  
Breathing around the cuvette should not result in an increase in the measured differential. Leaks are usually easy to 
localise by gently blowing around the cuvette through a fine piece of tubing and monitoring the position that results 
in a large differential measurement. Further cuvette troubleshooting is available in section 3.7.. 
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3. Troubleshooting CIRAS-1 Problems. 

 
Regular maintenance should ensure that the CIRAS-1 provides many years of trouble-free operation. However, as 
with any piece of sophisticated instrumentation, components have a finite life that will vary depending upon the 
intensity of use and operating environment. The aim of this chapter is to aid the operator in identifying the cause of 
any symptoms and where possible resolve the problem on-site. 
 

3.1. First Principles. 
 
The CIRAS-1 portable photosynthesis system is actually a number of instruments that have been combined into a 
single field-portable system. Often a problem with one component will manifest symptoms in other parts of the 
instrument. This can cause difficulty identifying the source of a particular problem. The best technique to over-come 
this is to isolate  the system components and test each one separately. 
 
 

3.2. Testing the CIRAS-1 as a CO2 / H2O Analyser Only. 
 
Obvious error messages such as 
 

Ref/Anal flow to low Filters/Pumps 
Pipes off/ 

Flow to high Flowmeters read 0.163. Any reading greater than 163 
indicates either no flow or flow in the wrong direction 
through the flowmeter. (Incorrectly inserted pump or 
reversed connector.) 

DP out of range Differential pressure between cells exceeds 15 ml. 
Sample pipe or filter blockage 

 

Refer to Section 6 for error messages. 
 

The CIRAS-1 IRGAs can be tested independently by disconnecting (electrically and gas lines) the leaf cuvette from 
the system. The reference and analysis ports should be connected together with a “Y” piece connector so they draw 
in air from a common gas stream (Figure 3-1). Ideally the gas should be of a known constant concentration. 
However, if this is un-available atmospheric air can be drawn in from a site that is located away from extraneous CO2 
sources such as roadways, vents or chimneys etc. It is often useful to pass this through a sealed smoothing volume to 
minimise fluctuations due to wind or pressure differences.  
  

 
Figure 3-1. Tubing Connections to Test CIRAS-1 as an IRGA Only. 
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It is important to make the connection to the reference port with small-bore santoprene tubing, covering only the 
small reference inlet. The air supply to the cuvette passes around the small reference inlet via the large outer pipe; 
this must be left unobstructed (Figure 3-1). 
 
Once connected, the CIRAS-1 should be switched on and allowed to warm up for at least half an hour. Select <1> 
REC from the main menu and progress through the menus until the measurement mode displays readings of both 
reference and differential CO2 and H2O vapour concentrations. 
 
The CIRAS-1 CO2 readings should be steady and match the known CO2 reference source that is feeding into the 
instrument. In the case of atmospheric air this should be in the range 350 to 400 ppm. The reference H2O reading 
will depend upon ambient conditions. (Information regarding the calibration of CIRAS-1 can be found in section 
5.0.) Both CO2 and H2O vapour differentials should be 0 (+/- <1) ppm as the same gas stream is passing through 
both reference and analysis cells.  
 

3.3. Problems Normally Associated with the CIRAS-1 Analyser. 
 
Below is a table of symptoms whose cause is normally associated with the IRGA side of the CIRAS-1 system. 
  
Problem Probable Cause Remedy 

CIRAS-1 does not turn on when 
power is switched on. 

 
Missing battery. 

 
Fit battery. 

 Low battery voltage (< 10.5V). Fit fresh battery or charge existing 
one using the white mains charger. 

 Blown 2A fuse. Replace with correct type 2 A  fuse  
(Section 7.6.). 

CIRAS-1 internal battery does not 
charge . 

 
Blown 3.15 A (Automatic CIRAS-1) 
or 5 A fuse (Manual CIRAS-1) 

 
Replace with correct type fuse, 
(Section 7.6.). 

Low analyser temperature 
 
Poor contact on the connector 
between the analyser optical unit 
housing and the motherboard. 

 
Turn off CIRAS-1 and remove 
battery and fuses. 
 
Remove the top and bottom of the 
CIRAS-1 enclosure to access both 
the computer board (PC025-x) and 
the optical unit housing. 
 
Slacken off the 4 screws that hold 
the optical unit housing to the 
chassis. 
 
Press firmly on the middle of the 
optical unit housing and, at the same 
time, the opposite side of the PC025-
x board to push the plug and socket 
together. 
 
Tighten screws and re-assemble. 

Unable to communicate with or 
transfer data to PC 

 
Cable not connected 

 
Connect RS232 cable and try again. 
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Problem Probable Cause Remedy 
 Incorrect COMM port selected Select correct COMM port. 

 
  

Incompatible cable 
 
Use the cable supplied by PP 
Systems or make up proper one (see 
Operator’s Manual for pin outs). 

  
PC was not started in DOS mode.  
The program can not run with 
Windows loaded. 

 
Reboot PC in DOS mode (Win95) or 
exit Windows (Win 3.x) and try 
again. 

CIRAS-1 displays strange characters 
on the LCD. 

 
EPROM not properly seated. 

 
Check EPROM and make sure that 
all pins are properly fitted in the ZIF 
socket (Section 7.5.). 

CO2 levels are higher than expected 
considering the reference source. 

 
Leak in the system, if reference 
source is of lower concentration than 
the air around the analyser. 

 
Check that all absorber columns are 
properly seated and that all O-rings 
are OK and slightly greased (Section 
2.5.2.). 
 

  
 

Check all pipes and connectors. 

  
Bad calibration 

 
Re-initialise and recheck. Re-
calibrate against a known standard  
(Section 5.0.). 

   

CO2 levels are lower than expected. 
 
Exhausted chemicals in zero 
columns 

 
Replace chemicals (Section 2.5.1.). 

  
Leak – See above 

 

 Bad calibration – See above Re-initialise and recheack 
Recalibrate against a known standard 
(Section 5.0.) 

 
CIRAS-1 stored records without 
pressing record button. 

 
CIRAS-1 and the automatic cuvette 
are drawing power from the same 
external battery.  

 
Run CIRAS-1 off its internal battery 
or different external battery. 

 

3.4. Testing the CIRAS-1 Analyser with the Integral Cuvette Air Supply. 
 

The integral cuvette air-supply unit test below should only be completed once the CIRAS-1 analyser-only test is 
completed satisfactorily.   
 

A further “Y” piece made with wide-bore Santoprene tubing should be made up for this test (Figure 3-2). The “Y” 
piece must be pneumatically attached to the reference and analysis connectors on the CIRAS-1 unit using the metal 
connectors from the cuvette (Figure 3-2). (If spare connectors are unavailable, the cuvette connectors can be 
removed be unthreading the retaining nut and pulling the connector from the cuvette tube. The reverse process may 
be used to attach the connector to the “Y” piece tubing.) The electrical connector from the leaf cuvette must also be 
plugged into the PLC-connector (Figure 3-2). 
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Figure 3-2. Connections Required to Test CIRAS-1 and the Integral Cuvette Air Supply. 
 
Before starting the test, it is advisable to check that the consumable items associated with the air supply are in good 
condition. These include installing fresh absorber column chemicals (Section 2.5.1.) and a fresh CO2 cartridge in the 
CO2 regulator, if the current one is exhausted or absent.  
 
 
The CIRAS-1 should be switched off before starting the test and re-started with the PLC electrical connection and  
“Y” piece in place. During initialization the system should detect the electrical connection to the PLC and start the 
cuvette air supply pump. Output from the cuvette air supply exits through the outer ring of the reference inlet pipe. 
When the reference air connector is fitted a sample of the cuvette air is drawn into the reference. The remaining 
cuvette air then goes to the Y piece where an analysis sample is drawn off and the rest vents to the atmosphere. Both 
reference and analysis samples therefore measure the same gas stream from the air supply unit. 
 
Select <1> REC and proceed through the menus to reach the measurement mode displaying reference and 
differential CO2 and H2O measurements. Ensure that all of the parameters are correctly set and that the flow rate is 
set to 250 ml min-1. 
 
The following procedures vary depending upon which air supply unit is fitted to the CIRAS-1. 
 
Manual Integral Cuvette Air Supply Unit. 
 
The manual system has H2O and CO2 control knobs located on the left-hand side of the unit beneath the CO2 
regulator. The following procedure can be used to test the air supply: 
 
1. Set both CO2 and H2O controls to zero by turning both knobs fully counter-clockwise. After 2 - 3 minutes the 

reference CO2 and H2O values should drop close to zero (< 10 ppm CO2 and < 0.1 mb H2O). The values should 
remain steady with differentials  (+/- <1 ppm CO2 and +/- 0.2 mb H2O). 
  

2.  Set the CO2 control to 2,000 ppm and the H2O control to 100 % of ambient by turning both knobs fully 
clockwise. After 2 - 3 minutes the reference CO2 and H2O values should be approximately 2,000 ppm CO2 and 
100% of ambient humidity respectively. The values should remain steady (noise and drift/min within +/- 0.1% 
of reading or +/- 1 ppm CO2, +/- 0.1 mb minimum) with differentials of +/- <1 ppm CO2 and +/- 0.2 mb H2O. 

 
 
Automatic Integral Cuvette Air Supply Unit. 
 
The automatic system allows direct control of the cuvette air supply unit from the CIRAS-1 keypad. It can be 
distinguished from the manual system by its lack of knobs on the left-hand side of the unit, beneath the CO2 
regulator. The following procedure can be used to test the air supply: It is assumed that the control mode is the 
default start up value of 1. 
 

Ref

An T-piece
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1.  After entering the measurement mode press the “Y” key to access the CO2 and H2O control settings. Enter 
“0000” for both the CO2 and H2O controls. Press “Y” to return to the measurement mode. After 2 - 3 minutes 
the reference CO2 and H2O values should drop close to zero (<10 ppm CO2 and < 0.1 mb H2O). The values 
should remain steady with differentials of  (+/- <1 ppm CO2 and +/- <0.2 mb H2O).  
 

2.  Return to the control settings mode by pressing the “Y” key. Set the CO2 control to 2,000 ppm and the H2O 
control to 100 % of ambient. Then press the “Y” key to return to the measurement mode. After 2 - 3 minutes the 
reference CO2 and H2O values should be approximately 2,000 ppm 100% of ambient respectively. The values 
should remain steady (noise and drift/min with +/-0.1% of reading or +/- 1 ppm CO2, +/- 0.2 mb H2O Minimum) 
with differentials of (+/- <1 ppm CO2 <0.2 mb  H2O). 

 

3.5. Problems Normally Associated with the Integral Cuvette Air Supply. 
 
Problem Probable Cause Remedy 

Fluctuating Reference CO2. 
 
Dirty or faulty air forwarding pump.  
A faulty pump will be hot if touched. 

 
Flush it out with alcohol (90%) 
(Section 2.5.6.) or replace if 
necessary. 

  
Dirty air supply inlet filter 
 
Excess pressure entering the CIRAS-
1 via the exhaust CO2 port (normally 
on extremely windy days). 

 
Replace filter (Section 2.5.4.). 
 
Place CIRAS-1 in a carrying bag or 
shield the CO2 exhaust port from the 
external environment taking care not 
to impede gas discharge. 

Low CO2 reading regardless of 
setting. 

 
Exhausted CO2 cartridge. 

 
Replace with new cartridge. 

  
CO2 cartridge not fully inserted. 

 
Tighten the regulator holder until you 
hear the CO2 cylinder pierce. 

  
Thin tubing from regulator to air 
supply is disconnected. 
 
 
Pressure release ‘O’ ring on regulator 
failed. 
 
Midpoint set with no CO2 bulb in 
CIRAS 

 
Open the CIRAS, locate the CO2 
regulator and re-connect tubing 
(Section 7.4.). 
 
Replace ‘O’ Ring 
 
 
Reset mid-point. 

High CO2  readings. 
 
Blocked CO2 exhaust port. Any 
blockage will cause high CO2  
readings. 
 
Incorrect midpoint settings  

 
Check CO2 flow at exhaust 
 
 

Reset CO2 midpoint under calibration 
(Section 5.4). 

 
CO2 exhausts in just a few hours after 
fitting new cylinder. 

 
Cracked or damaged “O” ring in 
regulator. 

 
Fit new “O” Ring and apply a very 
light smear of silicone grease for 
better seal (Section 2.5.3.). 
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Problem Probable Cause Remedy 
  

Faulty regulator 
 
Check Regulator (Section 7.4.). 

CO2 exhausts rapidly after fitting new 
CO2 cartridge 

 
Missing or damaged “O” ring in 
regulator. 

 
Fit new “O” ring and apply a very 
light smear of silicone grease for 
better seal (Section 2.5.3.). 

  
Faulty regulator. 

 
Replace with latest type of regulator 
(Section 7.4.). 

Erratic CO2 differential 
 
Fluctuating Reference CO2. See 
above 

 

   
  . 

Slow drift in CO2 concentration 
 
Please Note. 
Slow drifts in CO2  concentration are 
normal after: 
•  Setting [CO2] set to a new value, 
•  Changing the drier column, 
•  Setting the humidity control, 
•  Following changes in ambient 

temperature. 
 

 
Exhaustion of soda lime causing the 
breakthrough of the atmospheric CO2 
. 

 
Replace the soda lime. 

Slow decline in [CO2]. 
 
CO2 cartridge is exhausted. 

 
Replace CO2 cartridge. 

 
 
CO2 starvation. 

 
Check for kinked pipes. 

Fluctuating CO2 readings. 
 
Exhausted molecular sieve, which is 
liberating CO2 into the air supply 

 
Replace with fresh molecular sieve 
(Section 2.5.1.). 

 
 
Exhausted soda lime 

 
Replace with fresh soda lime (Section 
2.5.1). 

 
 
Leak around the absorber columns. 

 
Check that all absorber columns are 
properly seated and that all “O” rings 
are OK and slightly greased (Section 
2.5.2.). 

 
 
Leak around water vapour 
equilibrator. 

 
Check that all the tubing is connected 
on both ends of the equilibrator, and 
that it is seated properly (Section 
2.5.7.). 
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Problem Probable Cause Remedy 

 
 
Automatic Air Supply Unit: 
Interaction between pulse frequency 
of the air supply pumps and the 
solenoid valve used to set the CO2 
concentration.  This occurs only with 
CIRAS-1 units with Automatic 
Integral Cuvette Air Supply. 

 
Change the CO2 or flow rate by 10%. 

 
 
Manual Air Supply Unit: 
There is an interaction between the 
two pumps pulse shape. 

 
Sinters may be added to the outlets of 
the two air supply pumps. Contact PP 
Systems for more information. 

CIRAS-1 does not recognize cuvette 
when turned on. 

 
Poor electrical connection between 
the cuvette and the CIRAS-1 
 
Broken wire on the cuvette cable. 
 
Broken electrical socket on the 
CIRAS-1 

 
Reconnect properly. 
 
 
Inspect and re-solder wire(s) 
 
Return to PP Systems for service 
 

 

3.6. Testing the Leaf Cuvette with the CIRAS-1 System. 
 

The leaf cuvette should only be tested once it had been determined that the CIRAS-1 analysers (Section 3.2.) and 
cuvette air-supply (Section 3.4) are working properly.   
 

Before starting the tests make sure that the leaf cuvette is both electrically and pneumatically connected to the 
CIRAS-1. When ready, switch on the CIRAS-1 and select <1> REC to progress through the menus to the 
measurement mode display. Leave the instrument to fully warm up for half an hour before proceeding.   
 

The test procedure depends upon whether the CIRAS-1 has a manual or automatic cuvette air supply system. 
 
Manual Cuvette Air Supply Systems. 
 

1. Set both CO2 and H2O controls to zero by turning both knobs fully counter-clockwise. After 2 - 3 minutes the 
reference CO2 and H2O values should drop close to zero (< 10 ppm CO2 and < 1 mb H2O). The values should 
remain steady with differentials of zero (+/- <1 ppm CO2 and +/- 0.2 mb H2O). 
  

2.  Set the CO2 control to 2,000 ppm and the H2O control to 100 % of ambient by turning both knobs fully 
clockwise. After 2 - 3 minutes the reference CO2 and H2O values should be approximately 2,000 ppm CO2, 
100% of ambient respectively. The values should remain steady (noise and drift/min within +/-0.1% of reading 
on +/- 1ppm CO2, +/- 0.1 mb H2O with differentials of zero (+/- <1 ppm CO2 and +/- 0.1 mb H2O). 

 
Automatic Cuvette Air Supply Systems. 
 

1.  After entering the measurement mode press the “Y” key to access the CO2 and H2O control settings. Enter 
“0000” for both the CO2 and H2O controls. Press “Y” to return to the measurement mode. After 2 - 3 minutes 
the reference CO2 and H2O values should drop close to zero (<10 ppm CO2 and <1 mb H2O). The values should 
remain steady with differentials of zero (+/- 1 ppm CO2 and +/-<0.2 mb H2O).  
 

2.  Return to the control settings mode by pressing the “Y” key. Set the CO2 control to 2,000 ppm and the H2O 
control to 100 % of ambient. Then press the “Y” key to return to the measurement mode. After 2 - 3 minutes the 
reference CO2 and H2O values should be approximately 2,000 ppm 100% of ambient respectively. The values 
should remain steady with differentials of zero (+/- <1 ppm CO2 and +/- <0.2 mb H2O). 
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The presence of a differential during the test usually indicates a leak in the PLC. The following procedure can be 
used to confirm a leak. 
 
1. Set the instrument flow rate to 150 ml min-1 (minimum) and reference CO2 control to a minimum. Passing CO2-

free through the cuvette with minimal positive pressure out of the chamber should maximise the effect of any 
leak. The differential values should be noted. Blow around and note if the differential increases. (NB If the 
cuvette has been exposed to high CO2 it will take several minutes to equilibrate.) 
 

2.   Increase the flow rate to 470 ml min-1 (maximum) and note the differential values. The increase in flow rate will 
increase the positive pressure out of the chamber and therefore reduce the effects of a leak. If the differential 
values decrease in response to increased flow rate it is likely that there is a cuvette leak. 
 

 

3.7. Problems Normally Associated with Leaf Cuvettes. 
 
Problem Probable Cause Remedy 

 Fluctuating CO2 differential with 
empty cuvette 

 
Worn cuvette gaskets. 

 
Replace (Section 8.0.). 

 Cuvette head not properly aligned. Align heads. 
  

Kinked pipes or. Restriction in 
reference or analysis lines 

 
Unkink pipes. If problem persists, 
blow into both lines to clear the 
pipes.  
Please note that blowing into the 
pipes will cause a build up of 
condensation. 

  
Not getting adequate mixing in the 
chamber 

 
Check the impeller blade and replace 
motor if necessary (Section 8.2.3.). 

  
Dirty cuvette head 

 
Clean out with 90% ethanol and 
allow at least 1 hour for drying. 
Alcohol fumes will cause 
discolouration of the absorber 
chemicals. 

  
Leak on the reference or analysis 
tubing where they attach to the 
CIRAS air connection. 

 
Unscrew the fittings at the tubing 
ends of the connectors to access the 
point where the tubing is fitted.  Cut 
off the part where there is a leak and 
reassemble (Section 8.2.4.). 

  
Leak around impeller motor 

 
Remove the motor by unscrewing 
the 2 mounting screws. Apply 
silicone grease between mating 
surfaces and re-fit motor to cuvette. 

Incorrect leaf temperature reading 
with thermistor. 

 
Not properly plugged into connector. 

 
Plug in properly. 
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Problem Probable Cause Remedy 
  

Sensor is not in contact with leaf. 
 
Align sensor so that the leaf comes 
in contact with the sensor when the 
cuvette is closed. 

  
Faulty sensor 

 
Replace. 

PAR Sensor cannot display negative 
readings. To prevent a negative zero 
offset, they should be set to read say 
+3umolm-2s-1 in the dark.  

If at low light the PAR sensor reads 
zero then the zero offset is probably 
negative and the sensor should be re-
calibrated. 
Similarly if in the dark there is a 
large positive display then 
recalibrate. 

 
Zero potentiometer requires 
adjustment  

 
Cover PAR sensor and adjust the 
PAR zero pot until a slight positive 
reading is displayed (Section 8.2.5.). 

Faulty PAR reading. 
 
Out of calibration. 

 
Recalibrate against a known standard 
(Section 8.2.5). 

PAR readings vary under constant 
lighting conditions. 

 
Intermittent short 

 
Check all wiring and re-solder if 
necessary.(Contact PP Systems) 

Positive CO2 differential with a 
healthy leaf / plant enclosed in the 
cuvette. 

 
Leak around the gaskets 

 
Replace gaskets if worn or try and 
re-align leaf in the cuvette to get a 
better seal. 
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4. CIRAS-1 Initialisation & Diagnostics Features. 

 
The troubleshooting procedures described in chapter 3 should enable the operator to resolve most commonly 
encountered CIRAS-1 problems. However, there may be situations where further support is necessary. Before 
contacting PP Systems (support@ppsystems.com) it is helpful to re-initialise and run the CIRAS-1 diagnostics 
features.   
 

4.1. Initialisation. 
 
The calibration factors for each CIRAS-1 analyser are determined at the factory and written to an EPROM chip 
inside the instrument. These factors should be restored with the initialisation function to allow easy comparison with 
our original factory records before commencing further diagnostics. 
 
The CIRAS-1 initialisation option is accessed by pressing the <0> (Zero) key from the main menu.  The following 
prompt is displayed: 

 
    1: SEE DATA INPUT 
    2: INITIALISE 

 
Select <2> to initialise.  The instrument then  prompts with 4 question marks (????) for the initialisation code.   
 
   ENTER CODE ???? 
 
To proceed enter 0462.  If entered correctly, the following will be displayed before returning you to the main menu: 
 
   MEMORY CORRUPT 
   DUMP THEN CLEAR 
 
This message indicates that the database pointers have been set to the end of the database to allow a complete 
memory dump (the data itself is intact).  The memory MUST be cleared before making measurements. 
 
Once the instrument has been initialised it will operate with default settings and the original factory calibration. At 
this point it may be worth testing the instrument to see if the problem has been resolved. Some problems have been 
attributed to incorrect user-calibrations of the instrument (Section 5.0.).  
 

4.2. Diagnostics. 
 
The CIRAS-1 contains numerous sensors to measure CO2, H2O, leaf environment and gas flow through the 
instrument. The diagnostics function collects the signals from each of these sensors and summarises them. The aim is 
to produce a simple form of data that can be faxed or sent to PP Systems. This can then be compared with our 
factory records to identify any changes in the system. It is helpful if the following information is also sent with the 
diagnostics data: 
 
 
•  Description of the problem. 
•  The circumstances under which the problem occurs / occurred. 
•  What was the last thing done to the system before the problem occurred? 
 
The procedure for operating the diagnostics functions depends upon the program in the EPROM of your instrument. 
(This is usually referred to as firmware). Instruments running firmware versions less than 4.0 have built-in 

mailto:support@ppsystems.com
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diagnostics that are accessed and read directly from the CIRAS-1 display. The raw data should be manually 
transposed to a form for transmission to PP Systems (Appendix C). Instruments containing firmware versions 4.0 or 
greater should be connected to an IBM compatible PC using the RS-232 cable supplied. The AUTODIAG.EXE 
software is provided on a diskette that should be run on the PC to interrogate the CIRAS-1. The resulting data can 
then be dumped to a printer and faxed to PP Systems. 
 
4.2.1. Identifying Instrument Firmware Version. 
 
The firmware version is displayed in the lower right hand corner of the CIRAS-1 display when the instrument is 
switched on. Any instrument supplied with a PLC Automatic Leaf Cuvette requires firmware version 4.0 or greater. 
 
4.2.2. Diagnostics in Firmware Versions Before 4.0. 
 
It is essential to make sure that the sensors in CIRAS-1 are fully temperature-equilibrated before checking the 
diagnostics. This means that the instrument should be run for at least 30 minutes.  
 
The diagnostics functions can be selected from the main menu by pressing the <0> (Zero) key. The following menu 
should be displayed: 
 

    1: SEE DATA INPUT 
    2: INITIALISE 

 
The <1> key should be pressed to show the data as it is collected from the sensors. The diagnostics consists of five 
menus that can be stepped through with the <Y> key; the <N> key. Presses will finally return to the main menu.  
 
Menu 1 (Analyser / Cuvette Flows) 
 
This menu displays information from the instrument flow meters (N= a digital value from the instrument): 
 
   REF = NNN  AN.=NNN 
   MNNN FNNN  D/ANNN 

Where: 

 REF = Reference cell flow rate (m1 min-1)  
 AN = Analysis cell flow rate (m1 min-1) 
 M = A/D Output from cuvette air supply flow meter 
 F = Cuvette air supply flow (m1 min-1) 
     (Firmware versions prior to V2.0 show the total     
                                flow i.e. F = Cuvette Flow + Reference Cell Flow)  
 D/A = D/A Output to Air Supply Flow Controller 
 
The <0> key allows the operator to enter a new air supply flow rate. The cuvette air supply reading should change in 
response to the new value. 

[The following Key Presses apply only to firmware versions prior to V2. 
  Please note that these steps are used in the factory calibrations, and should not generally be used. Use Key 0 to    
  adjust Air Supply flowrates. 

Key <1-9>  Increment D/A output by specified units, increasing ASU   
   flow. 

Any <Function> Key Decrement D/A output by 10 units, dropping ASU flow.] 

Menu 2 (A/D Reads and Analyser Mode) 
 
This menu displays raw data from each of the CO2 and H2O detectors after it has passed though the 16-Bit A/D 
converters. 
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  HR: NNNNN  HA: NNNNN 
  CR: NNNNN  HA: NNNNN 
 

Where: 

 HR = Reference H2O  
 HA = Analysis H2O  
 CR = Reference CO2  
 CA = Analysis CO2  
 
At each measurement update, a character string that includes the 4 measured values is transmitted through the 
measurement port. Pressing the following keys changes the analyser mode. 
   

Key <1>  Measure Mode 
  Key <2>  DIFF-BAL Mode 
  Key <3>  ZERO 
 
Menu 3 (Cuvette Sensors) 
 
This menu displays data from the leaf cuvette sensors. Temperature readings are in °C x 10. 
   

LCT NNN   RH    N 
  LT   NNN    PAR  NNNN 
 

Where: 

LCT = Cuvette temperature (°Cx 10) 
RH = Probe RH (If HTR/HTP Connected) 
LT = Leaf thermistor reading (°Cx 10)  
PAR = PAR reading 

 
Menu 4 (Cuvette, Pressure Transducer & Analyser Temperature) 
 
This menu displays leaf cuvette data, pressure transducer and analyser temperature readings. 
 
  RAD    NNN   O-C        N 
  ATP  NNNN   ANT  NNN 
 

Where: 

RAD = Radiation sensor input 
O-C = Cuvette Open/Closed (0 = open, 1 = closed, 2 = record button) 

 ATP = Atmospheric pressure measured in the reference cell (mb) 
ANT = Analyser temperature (°C x 10) 

 
Menu 5 (Battery Voltage, Probe Type, Differential Pressure) 
 

This menu displays with battery voltage, probe types, differential pressure and probe temperature. 
 

   BAT  NNN   PTY          N 
   DP  NNNN  EGMT NNN 
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Where: 
BVM = Battery voltage (x10) 
PTY = Probe type connected where: 

   0 = Analyser only (No Probe) 
   1 = RH/T or RH/T/PAR or RH/T/LUX or PAR or LUX or Solarimeter 

      2 = Oxygen Probe 
      3 = Closed Systems 

         8 = ADC Cuvette 
 

 DP = Differential pressure measured between reference and analysis cells (mb x100 with 0≈2500) 
EGMT = Probe temperature (IF HTR/HTP connected) x 10 

 
4.2.3. Additional Features After Version 2.0. 
 
 
Later versions of firmware in manual CIRAS systems allow the operator to display the H2O and CO2 detector 
readings that are stored in memory following an “Autozero”. The absence of water vapour and CO2 during a zero 
ensures maximum infra-red transmission through the sample cells. As a result the detectors should read maximal 
values. These can be compared with factory records to check the optical properties of the system.  
 
The instrument should be switched on and allowed to warm up. Select <1> REC from the main menu and press the 
<Y> key to enter measurement mode. The system should be allowed to complete a full zero in order to store the 
relevant values. Once this is complete press the <N> key to return to the main menu. The readings are displayed by 
pressing <3> CAL and selecting <0> zero. The stored ZERO values are displayed in the following format: 
 

HR .............. HA ............. 
CR ............. CA ............. 

 
The <Y> key can be pressed to display the instrument calibration constants in the following format: 
 

HR ............. HA ............. 
CR ............. CA ............. 

 
These values should be written down and faxed to PP Systems. 
 
4.2.4. Diagnostics in Firmware Versions 4.0 or Greater. 
 
 
Instruments with firmware version 4.0 or greater (all instruments operated with automatic leaf cuvettes) are supplied 
with diagnostic software (AUTODIAG.EXE) on diskette. This should be run on an IBM-compatible PC under MS-
DOS only. Win95 or Win98 systems should be re-booted in MS-DOS mode. 
 
The AUTODIAG.EXE program will prompt for the number of the COMM port connection. (This must be either 
COMM 1 or COMM 2).  The CIRAS-1 should then be connected to the selected COMM port using the 9 pin to 9 
pin ribbon cable supplied and the RETURN key pressed on the PC keyboard. The software will then wait for data to 
be transmitted from the CIRAS-1. 
 
The CIRAS-1 should be switched on and allowed to warm-up for at least 30 minutes. After this period press the <0> 
zero key on the main menu and select option <1> SEE DATA INPUT. Press any key to start transmitting data to the 
PC. 
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The data is presented in the following format:  
 

**********************AUTO DIAGONOSTICS PROGRAM**************** 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

************************IMPORTING DATA BLOCK********************* 
xxxxxxxxxxxxxxxxxxxxAdd some data???? 

1  REF = ....... AN =....... M = ....... F = .......  D/A = ....... 
 
2  HR = ....... HA = ....... CR = ....... CA = ....... 
 
3  LCT =....... RH = ....... LT = ....... PAR = ........ 
 
4  RAD = ....... O/C = ....... ATMP = ....... ANT = ........ 
 
5  BVM = ....... PTY = ....... DP = ....... EGMT = ........ 
 
6 ZERO HR = ....... HA = ....... CR = ....... CA = ....... 
 
7 SFAC HR = ....... HA = ....... CR = ....... CA = ....... 
 
8  TCON = ....... +/- = ....... PAR1 = ........   PAR2 = ........ 
 
 
Where: 

REF = Reference cell flow rate (ml min-1) 
AN = Analysis cell flow rate (ml min-1) 
M  = A/D Output for cuvette air supply flow (ml min-1) 
F = Calculated total air supply flow [Cuvette flow + reference cell flow (ml min-1)] 
D/A = D/A Output to air supply flow controller 

 
HR = Reference humidity 
HA = Analysis humidity 
CR = Reference CO2 
CA = Analysis CO2  

 
LCT = Cuvette temperature (ºC) 
RH = Probe RH (If HTR/HTP connected) 
LT = Leaf temperature (ºC) 
PAR = Overall PAR level (µmol m-2 s-1) 

 
RAD = Radiation sensor input 
O/C = Cuvette open/closed/record button. 
                 (Cuvettes have a micro switch to signal opening and a record button.) 

   0 = Cuvette open 
   1 = Cuvette closed 
   2 = Record 

ATP = Atmospheric pressure measured in reference cell (mb) 
ANT = Analyser temperature (ºC) 

 
BVM = Battery voltage (V) 
PTY = Probe type connected (Ref EGM manual) 

     (See Menu 2 (A/D Reads and Analyser Mode)) 
DP = Differential pressure measured between Reference and Analysis cells (mb) 
EGMT = Ambient Air Temperature or Probe temperature (If HTR/HTP connected) 
TCON = Temperature control value (0 = Minimum heat/cool, 255 = Maximum heat/cool) 
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+/-         = Polarity of the cooler modules (255 = Heating 0 - = Cooling) 

PAR1 = D/A PAR level of centre bulbs (255 = Maximum level, 0 = Minimum level) 
PAR2 = D/A PAR level of outer bulbs (255 = Maximum level, 0 = Minimum level) 
SFAC = Scale factors for H2O and CO2  calibration 

   (Should be close to 1, for a perfect calibration). 
ZERO = Zero reads gained during calibration for HR, HA, CR, CA. 

 
The diagnostic results can be printed out using the <PRINT SCREEN> key on the PC.  This should be faxed to PP 
systems where the data can be compared with the instrument’s original factory performance.  
 
4.2.5. Changing the CIRAS-1 Operating Mode During Diagnostics. 
 
The CIRAS-1 contains a pair of H2O and a pair of CO2 analysers. During measurement mode the reference and 
analysis cells measure gas before and after it has passed though the leaf cuvette respectively, hence differences in 
reference and analysis reading may be attributable to differences in the two gas streams. 
 
The CIRAS-1 can be set to MEASURE, DIFF-BAL or ZERO mode during the diagnostics procedure: 
 
In DIFF-BAL mode the DIFF-BAL valve is closed so that gas from the air-supply cuvette is passed equally through 
the reference and analysis cells. This allows the relative performance of the reference and analysis cells to be 
compared. 
 
In ZERO mode both the ZERO and DIFF-BAL valves are closed. This ensures that only CO2-free and H2O-free air 
is passed through both reference and analysis cells. The transmission of infra-red light through the cells should be 
maximal under these conditions. As a result the diagnostics data provides a good base line to compare the optical 
properties of the instrument with factory records. 
 
The following CIRAS keypad presses switch the CIRAS-1 mode of operation: 
 

KEY <1>  Selects MEASURE MODE 
 

KEY <2>  Selects DIFF-BAL MODE 
 

KEY <3>  Selects ZERO MODE 
 
The flow rate from the cuvette air supply can also be adjusted to verify that the forwarding pumps respond to control 
commands. Key <4> should be used to adjust the flow rate from the cuvette air supply (0 – 470 ml min-1). 
 
4.2.6. Testing the Control Features of the Automatic Leaf Cuvette. 
 

Automatic leaf cuvettes contain a number of components that are controlled by the CIRAS-1. The following list of 
key-presses may be used to drive the cuvette control devices during diagnostics testing. Their effect should be 
monitored to see that they are responding correctly. The heat sinks on the peltier elements should feel warmer or 
colder depending upon setting whilst it should be easy to observe changes in light output during testing.  
 

Cuvette Temperature Control:  
 

KEY <5>  Sets the current to the peltier units.  (See KEY 6 for the set values). 
0 = Minimum cooling or heating. 
255 = Maximum cooling or heating. 

 
KEY <6>  Sets the direction of the current flow through the peltier units determining   

   heating and cooling. 
0 = Cooling  
255 = Heating  
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Light Control:  (Auto cuvette light units only) 

KEY <7>  Sets the center lamp drive current.  The entry range is 0-255. 0 = Min 255 = Max 
 

KEY <8>  Sets the main side lamps drive current.  The entry range is 0-255. 0 = Min 255 = Max 
 
When an Auto Cuvette is connected to the CIRAS-1, the following readings displayed on the PC screen represent 
cuvette measurements: 
 RH = External battery voltage (V) 
 EGMT = External air temperature (ºC) 
 LT = Radiation sensor reference temperature (ºC) 
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5.                             CIRAS-1 Calibration. 

 
The CIRAS-1 system incorporates novel features to minimise sensor drift and maintain system calibration: 
 
The “Auto Zero” function periodically flushes both reference and analysis cells with air that has been scrubbed to 
remove CO2 and H2O. The measured signal under these conditions provides a base line for the instrument to check 
its own performance and correct for any drift in the absolute measurements of both CO2 and H2O.  
 
The “DIFF-BAL” function periodically splits the reference inlet air between the reference and analysis cells. The 
performance of the analysis and reference cells is then directly compared and balanced to ensure an accurate 
differential measurement. 
 
These self-checking features ensure that CIRAS-1 remains extremely accurate and rarely requires re-calibration. 
Typically a calibration should remain valid over many months; as a result PP Systems recommends that the system is 
periodically checked against a standard (perhaps once a month until users become comfortable with the instrument) 
but only re-calibrated when necessary. 
 

5.1. Checking CIRAS-1 Calibration. 
 
The CIRAS-1 CO2 calibration can be checked very quickly by connecting a known gas source to the reference cell 
inlet. This is achieved by disconnecting the pneumatic and electrical connection from the leaf cuvette to the reference 
inlet and placing a piece of narrow-bore Santoprene tubing over the inner reference connector pipe (Figure 5-1). The 
outer ring surrounding the inner reference connector pipe must be unobstructed, as this is the outlet from the 
cuvette air-supply (Figure 5-1). A smoothing volume should be attached to the Santoprene pipe and a further pipe 
used to draw in atmospheric air from clean site. Typically atmospheric air sampled away from CO2 polluting sources  
(e.g. vehicles or chimneys) should contain between 360 to 400 ppm CO2.  
 

 
 

Figure 5-1. Calibration tubing connection to the CIRAS-1 reference connector. 
 
The gas from a calibrated cylinder can also be used to check the instrument. However, a T-piece must be inserted 
between the CIRAS-1 and the cylinder. The open leg of the T-piece should have a 30 cm pipe to vent excess 
pressure to atmosphere. This is essential to prevent the CIRAS-1 from becoming pressurized (Figure 5-2). The 
connection to the reference connector is as shown in figure 5-1. 
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Figure 5-2. “T”-piece tubing connections used to flow cylinder gas past the CIRAS-1 reference and analysis 
connectors. Excess gas is allowed to vent to atmosphere via a 30 cm vent pipe. 

  
Normally the CIRAS-1 calibration should be within 1-2% of a certified calibration source. If this is not the case, the 
instrument may be re-calibrated. (But check chemicals are fresh first). 
 

5.2. CO2 Calibration. 
 
During calibration, the signals from the detectors in both CO2 cells are referenced against gases of known CO2 
concentration. The CIRAS-1 calibration procedure uses two reference points: zero CO2 (generated from air that has 
been scrubbed through soda lime, drierite and molecular sieve) and a user-defined CO2 concentration (normally a 
cylinder of certified CO2 composition). 
 
It is therefore vital that both of these references are accurate. In the case of cylinder gas, it is sensible to crosscheck 
against a second cylinder or a clean atmospheric air sample. Cylinder mixtures should be on air diluent, not nitrogen. 
The zero gas will only be accurate if the absorber chemicals in the zero columns (columns 5 and 6) are fresh. 
Particular attention should be paid to the molecular sieve which can be contaminated by incorrect storage (Section 
2.5.1.). 
 
Before commencing a calibration it is important to run the instrument for at least 30 minutes to ensure that it is fully 
warmed-up. Sensor performance is temperature sensitive; any calibration made whilst the sensors are equilibrating 
may not be valid. 
 
Once the instrument is warmed up it can be calibrated. It is important to note that the CIRAS-1 must NEVER be 
connected directly to a gas cylinder. The twin T-piece arrangement (Figure 5-2) should be used to pass gas from the 
cylinder at 250 ml min-1 past a T-piece connection to each cell and finally though a 30 cm length of pipe to 
atmosphere. This allows the instrument to draw in gas from the stream whilst safely venting excess pressure. The 
connection to the reference cell is made to the small inner pipe of the pneumatic connector, leaving the surrounding 
ring unobstructed. On no account should the gas be bubbled through water to indicate surplus flow. If CIRAS-1 
ingests water the pumps will almost certainly seize and there will be deposits. in the instrument cells. Repair 
following water ingestion can be VERY expensive 
 
The calibration procedure is started by selecting <3> CAL from the main menu. The menu will prompt for CO2 <1> 
or H2O <2> calibration. If the <1> key is pressed the instrument will display the current setting for the calibration 
gas concentration (NNNN). 
 

CO2 CONC = NNNN 
     CORRECT Y/N 
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This value should match the certified CO2 concentration of the calibration cylinder and be similar or higher than the 
anticipated measurement range of the instrument i.e. it is sensible to calibrate the instrument with a reference gas 
containing 350 - 450 ppm CO2 when measuring around 350 ppm CO2. The <N> key allows a new value (0100 to 
2250 ppm) to be entered directly from the keypad whilst the <Y> prompts the instrument to wait until the calibration 
gas stream is switched on. 
 

    PRESS ANY KEY 
      WHEN READY 
 

Press any key on the keypad to continue, the calibration gas is flowing. The CIRAS-1 will then perform a “zero” to 
set the 0 ppm CO2 reference followed by sampling of the calibration gas. The measured concentration of the 
calibration gas is displayed (NNNN). 
 

     CO2 CONC = NNNN 
    KEY 0 WHEN READY 
 

The <0> key should be pressed once a steady reading is achieved. It takes the instrument a few moments to re-
calculate its calibration factors and store them to memory. 
 

    INPUT ACCEPTED 
       PLEASE WAIT 
 

5.3. H2O Calibration. 
 
The water calibration operates on a similar principle to the CO2 calibration; sensor readings are referenced against 
dry air and pre-conditioned air that contains a known concentration of water vapour. 
 
Traditionally a known water vapour concentration is generated by bubbling air through water at a specific 
temperature. However, this method risks drawing liquid water into the instrument. Such an event would cause 
extensive damage to the cells, pumps and flowmeters. PP Systems recommends cycling air through a ferrous sulphate 
column (FeSO4.7H2O) to equilibrate the vapour pressure of the air with that of the salt. The vapour pressure at a 
given temperature can be looked up from tables (Appendix A). This technique has the advantage no liquid water is 
involved so there is minimal risk to the instrument. PP systems supply a ferrous sulphate-based water vapour 
calibrator system for this purpose. 
 
5.3.1. The Water Vapour Calibrator. 
 
The calibrator consists of an insulated container filled with ferrous sulphate salt (FeSO4.7H2O). Thermistors measure 
the temperature of ambient air as it enters the calibrator and the temperature as it emerges. The water vapour 
pressure above the ferrous sulphate is calculated as a function of the salt temperature. 
 
The procedure to calibrate the H2O analysers  is very simple: 
 
1. Run the CIRAS-1 for at least 30 minutes to ensure that it is fully warmed-up.  
2. Connect ONLY the electrical connector from the calibrator to the PLC electrical connector. 
3. Select <3> CAL from the CIRAS main menu. 
4. Select <2> H2O Calibration. 
5. Press any key and after the instrument has completed a “zero” look for any warning message indicating that the 

ferrous sulphate is too hot. If the ferrous sulphate is too hot there is a risk of condensation entering the 
instrument and the calibrator must be left to equilibrate with the ambient air temperature. 

6. If there is no error message it is safe to proceed. 
7. Connect the pair of upper pipes on the calibrator to the reference and analysis OUTLET ports (Figure 5-3). 
8. Connect the lower pipe that it fitted with narrow-bore tubing to the small reference inlet pipe (Figure 5-3). 
9. Press key <0> when the water vapour measurement reaches a steady value. This should occur after a couple of 

minutes. The calibration is complete. 
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Figure 5-3. Water vapour calibrator connections to CIRAS-1. 
 
5.3.2. Water Vapor Calibrator Maintenance. 
 
The ferrous sulphate salt can humidify many litres of air, and it should last many years as it is being used in a re-
circulating mode.  However, it will eventually become exhausted; the degree of exhaustion can be determined by the 
weight of the salt. This is calculated as follows: 
--------------------------------------------------------------- 
Weight of the container empty    =  g  
--------------------------------------------------------------- 
Weight of the container filled with FeSO4.7H2O, 
including wire and plug but excluding pipes   =  g 
--------------------------------------------------------------- 
Therefore initial weight of FESO4.7H2O   =  g 
--------------------------------------------------------------- 
For 50% exhaustion of the FESO4.7H2O (*) 
the expected weight loss of the salt is 10%   =  g 
--------------------------------------------------------------- 
Therefore replace FESO4.7H2O when calibrator 
weighs (Initial Weight – ‘Exhausted’ Weight)  =  g 
--------------------------------------------------------------- 
(*) The FESO4.7H2O should be replaced when it is 50% exhausted. 
 
These values are shown in the Instruction Manual sent out with the Equilibrator and on a label in the lid of the unit. 
 

5.4. Setting the CO2 Midpoint for Units with Automatic Air Supply. 
 
Most CIRAS-1 photosynthesis systems feature an automatic cuvette air-supply to regulate the CO2 and H2O 
composition of the air passing over the sample. The CO2 control mixes ambient air, after it has been scrubbed 
through a soda lime column, with pure CO2 from the cartridge. The rate of CO2 addition is controlled by the 
switching rate of a solenoid valve.  As a result the relationship between the rate of solenoid switching and the CO2 
composition of the cuvette air supply must be known for the instrument to generate user-required CO2 compositions. 
The following procedure enables the instrument to calculate this relationship: 
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1. Ensure that the CO2 cartridge is not exhausted 
2. Plug both the reference and analysis PLC connectors into the CIRAS-1. Do NOT connect the PLC electrical 

connector. 
3. From the main menu select <3> CAL. 
4. Select <1> CO2 and enter a concentration of 0000. 
5. The instrument will perform a zero.  
6. Afterwards the solenoid valve will switch at a 50% open / 50% closed setting (i.e. the valve midpoint).  
7. The instrument should display a steady CO2 concentration on the display between 800 and 1300 ppm. This is 

half the maximum CO2 concentration that can be generated by the air-supply unit. 
8. When the value is steady (after approximately 5 min) press <0> to store the value. 
 
The instrument stores the measured CO2 concentration at the valve midpoint setting. During control mode 1 
(Approximate CO2 control) these values are used to calculate the frequency of valve switching required to deliver a 
certain CO2 concentration. 
 
If the CO2 value measured whilst setting the midpoint is less than expected or not steady press <N> to quit the 
calibration. Normally this is due to an empty CO2 cartridge or a bad connection to the leaf chamber reference pipe. 
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6.                Error & Warning Messages. 

 
There are a number of warning messages that can be displayed by CIRAS-1. This chapter lists the different types 
of warning, the problem that they relate to and some potential solutions. 

6.1. Warning Messages. 
 
Message Displayed on the 
CIRAS-1 LCD 

What Does It Mean? Solution To The Problem 

  
ANALYSER TEMP = XXX 

 
The analyser temperature is more 
than 2oC below set value or above 
65oC. (N.B. Temperature is x10). 

 
May be caused by operation under extreme 
ambient temperature conditions (>50°C or 
<0°C), or possible thermostat/heater failure. 
Contact PP Systems if the latter is suspected. 
 

 
ANALYSIS FLOW = XXX 
 
Or 
  
REFERENCE FLOW =XXX 
 
A TRANSIENT DISPLAY IS 
OF NO CONSEQUENCE. 

 
Flow Too Low: 
A restriction of gas flow through 
either the analysis or the reference 
cell . 
 

 
Flow Too Low: 
Remove all gas connections to determine 
whether the problem is in the CIRAS-1 or the 
cuvette piping.   
 
If the problem is in the CIRAS-1, check: 
 
1. The inlet filters are clean (Section 

2.5.4.). 
2. The analysis / reference pump by 

swapping it with one of the other pumps, 
3. Check pipe connections to the mass flow 

meters.  
  

Flow Too High: 
Indicates a high flow rate into the 
cell.  

 
Flow Too High: 
Remove all gas connections to determine 
whether the problem is in the CIRAS-1 or the 
cuvette piping. If the problem persists there is 
probably a faulty massflow sensor or flow 
controller failure.  Contact PP Systems. 

 
BATTERY VOLTS =XXX 

 
The battery voltage has dropped 
below 10.5V. (N.B. Voltage is x 
10.) 

 
Re-charge or replace battery. 

 
CALCULATION NOT 
COMPLETED 

 
The record key was pressed too 
rapidly after previous recording 
and the measurement has not been 
updated. 

 
Wait at least 3 seconds until previous 
measurement is updated before making next 
recording. 
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Message Displayed on the 
CIRAS-1 LCD 

What Does It Mean? Solution To The Problem 

  
CHECKSUM MEMORY 
ERROR  

 
Possible memory corruption.  
Usually happens when changing 
EPROMs with power to the 
CIRAS-1 on.  Could be a simple 
erroneous read of the EPROM. 

 
Initialize the CIRAS-1 (Section 4.1.), 
recalibrate and clear the system memory. 

 
CIRAS WARMUP NOT 
COMPLETE 

 
Attempted a calibration or tried to 
store DIFF-BAL values before the 
CIRAS-1 had warmed up. 

 
Let the CIRAS-1 warm up for at least 30 
minutes prior to any calibration or storage of 
DIFF-BAL values to ensure accuracy of 
analyser stability. 

 
CUVETTE FLOW = XXX 
 
 
TRANSIENT DISPLAY IS 
OF NO CONSEQUENCE 

 
The cuvette flow differs by +/- 
10% from the set value. 

 
Check the following: 
•  The PLC pipes in case they are kinked. 
 
•  Absorber columns for leaks (usually 

around “O” rings) and make sure that 
they are seated in the manifold properly.  

 
•  The “AIR IN” inlet filter should be 

clean. If it is dirty it must be replaced. 
 
DATABASE FULL 
PRINT AND RESET 

 
The CIRAS-1 memory is full. A 
maximum of 820 records may be 
stored. Further records over-write 
the final stored record. 
 

 
Dump the stored data and clear the memory. 

 
DIFF-BAL RANGE 
EXCEEDED 

 
The current CO2 or H2O 
concentration is outside the range 
used to set up the DIFF-BAL 
parameters (i.e. the reference and 
analysis cell CO2 concentrations 
differ by more than 25 ppm). 

 
Press the <Z> key to re-zero the instrument. 

If the problem persists, re-initialise the 
instrument (Section 4.1.). 
 

 
DIFF-BAL OUT OF RANGE 

 
The DIFF-BAL correction values 
are >0.5mb or 20 ppm. 

 
Press the <Z> key to re-zero and diff-bal the 
instrument. 
 
If the problem persists check that the analyser 
columns are fresh and seated properly in their 
manifolds.  Then re-zero and diff-bal the 
instrument. If this fails to solve the problem, 
contact PP Systems. 
 

 
DIFF-BAL 
RECOMMENDED 

 
CIRAS-1 recommends that a 
manual zero and diff-bal is 
performed. This message is only 
displayed when ZERO option 0 
(Manual Zero) is in use. 

 
Press the <Z> key on the keypad and select 
DIFF-BAL. 
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Message Displayed on the 
CIRAS-1 LCD 

What Does It Mean? Solution To The Problem 

 
ZERO RECOMMENDED 
 

 
The CIRAS-1 recommends that a 
manual zero is performed. This 
message is only displayed when 
ZERO option 0 (Manual Zero) is 
in use. 

 
Press the “Z” key on the keypad and select 
ZERO. 

 
ZERO TOO LOW 
 
 

 
The raw A/D readings during the 
zero were below 33,000 bits. The 
absence of CO2 and H2O during 
the zero measurement means that 
these values should be maximal. 
 
Either CO2 or H2O was present 
during the zero (i.e. it was not a 
valid zero) or there is a problem 
with the CIRAS-1.  
 

 
Turn the CIRAS-1 off and check the 
condition of the chemicals. Pay particular 
attention to the molecular sieve (Section 
2.5.1.). 
 
Also check the columns for cracks or leaks 
around the “O” rings. If problem still persists, 
contact PP Systems. 

 
ERROR CODE NN 
 

 
There is a software error in the 
calculations. 

 
Press any key to return to the main menu.  
Reset all set-up parameters and try again.  If 
problem persists, note the exact error code 
message and report it to PP Systems. 

The following codes have been reported: 
 
ERROR CODE 10 

 
Divide By Zero 
 

 
Initialise the CIRAS-1 (Section 4.1.). 

ERROR CODE 20 Arithmetic Overflow 
 

 

ERROR CODE 30 Arithmetic Underflow 
 

 

ERROR CODE 40 Bad Argument  
  
MEMORY CORRUPT 
PLEASE RESET 
 

 
There are 2 pointers associated 
with storage of records.  One is to 
the number of records currently 
stored and the other is the address 
of the next record.  These pointers 
can get out of line if the CIRAS-1 
is switched off in the middle of 
recording because one is updated 
and the other is not. 

 
Dump the stored data to recover any existing 
records. Re-initialise the instrument (Section 
4.1.) and clear the memory before recording 
any new data. 
 
 

  
NON-LINEAR      
RESPONSE 

 
This normally occurs when 
making soil respiration / canopy 
photosynthesis measurements 
(with SRC & CPY) in a closed 
mode of operation.  The message 
indicates that the rate of change in 
CO2 is non-linear.   

 
Check the seal around the base of the SRC 
chamber or CPY chamber to ensure that it is 
not leaking. 

 
NO MORE RECORDS IN 

 
All the records have been 

 
No action needs to be taken. If transfer is 
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Message Displayed on the 
CIRAS-1 LCD 

What Does It Mean? Solution To The Problem 

STORE transferred from the CIRAS-1. successful then the CIRAS-1 memory should 
be cleared. 

 

6.2. Status & Error Codes. 
 
Status Codes 
 
During operation the CIRAS-1 presents a two-digit code at the lower-right hand side of the display. These are also 
stored in memory and downloaded with instrument data. Under normal operating conditions the following codes are 
used. 
 
First Digit Second Digit 
0 = PLC Open 0 = OK 
1 = PLC Closed 1 = DIFF-BAL Required 
2 = Record Button Pressed 2 = ZERO Required 

A typical screen display of CIRAS-1 calculated data is shown below: 

E12.34  G0050  T23 
A+7.8  CI 0374   10 

Where: 

E = Evaporation (transpiration) rate in mmol m-2 s-1 
G = Stomatal Conductance in mmol m-2 s-1 
T = Leaf Temperature in oC 
A = Net photosynthesis (assimilation) in µmol m-2 s-1 
CI = Internal CO2 concentration in ppm 

= Status Code. 
“1” indicates that the PLC is closed  
“0” indicates everything is normal. 

 
The CIRAS-1 overwrites the status codes with an appropriate error code if a hardware fault or problem is detected. A 
list of error codes and likely problems is given below. Further information is available in Section 3. 
 
Error Codes 
 
Error Code Problem. Likely Cause. 

99 Analyser Temperature Too Low. Faulty connection between CIRAS-1 optical unit and 
motherboard (Section 3.3.). 

98 Analyser Temperature Too High. As Above or extreme environmental conditions. 

96 Analysis Cell Flow Too High. Pump control problem, contact PP Systems. 

95 Reference Cell Flow Too Low. Kinked PLC pipes, dirty reference pump. 

94 Reference Cell Flow Too High. Pump control problem, contact PP Systems. 

93 Battery Voltage Less Than 10.5V. Battery requires re-charging. 

92 Zero Reading Too Low. Poor chemical absorbers or absorber column leak (Section 
2.5.1.). 
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Error Code Problem. Likely Cause. 
91 Cuvette Flow Differs By +/- 10% 

From Set Value 
Kinked PLC pipes, dirty inlet filters or absorber column 
leaks. 

90 CO2 Diff-Bal Out Of Range Absorber column leak around manifold. 

89 H2O Diff-Bal Out Of Range As above. 

88 Timeout On Diff-Bal Ref CO2 or H2O value not steady. 

87 Analysis Cell Flow Too Low Kinked PLC pipes, dirty analysis pump. 

87 Pressure Differential Between 
Reference And Analysis Cells Out Of 
Range (< 20 Mb Difference) 

Kinked PLC pipes. 

86 Calculation Error (e.g. Divide By 
Zero or Result Too Large ) 

Check zero chemicals and columns. 

Contact PP Systems. 
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7.                                  User Serviceable Parts. 

 
The previous chapters detail items that should be included as part of a scheduled maintenance program. However, 
there are a number of other user-serviceable parts which customers can repair on-site in the event of a problem. This 
chapter covers the servicing / replacement of such parts.  
 

7.1. Main Air Supply Pump. 
 

The main air supply pump controls the flow of air from the gas blender to the cuvette. It is a very reliable pump and 
its location in the gas circuit means that it should operate for a long period without any maintenance. It is important 
to note that the pump only operates when a leaf cuvette is electrically connected to the CIRAS-1. This connection 
should be checked first when troubleshooting any cuvette flow problems. 
 
If the pump fails to operate with a PLC connection in place the CIRAS-1 should be opened and the  electrical 
connection to the pump checked. A two-pin connection housing from the pump should be located over a pair of  
“OUT PUMP” pins on the PC021-x board (Figure 7-1). The gold connectors on the pin connector housing should 
face the black plastic connector lock on the PC021-x board. 
 

 
 

Figure 7-1. Location of the main air supply pump and its associated electrical connection. 
 

If the reference concentration is erratic there may be a leak associated with the main air supply pump. This can be 
tested by blowing around the pump whilst the flow rate is displayed on screen. If the CO2 content fluctuates in 
response to blowing it is likely that there is a leak through the diaphragm, replace diaphragm or complete pump. 
 

7.1.1. Replacing the Main Air Supply Pump 
 

The pump can be removed very simply: 
 
1) Switch off the CIRAS-1. 
2) Remove the single screw that holds the pump in position. It is located behind the pump body. 
3) Locate the pump’s electrical connection to the PC021-x board. (flow meter board). 
4) Note the polarity of the connection. Then gently bend back the connector lock and slide the connector off the 

pins. 
5) Pull the pump up vertically and disconnect the pipe connections. 
 
A new pump can be fitted by: 
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1. Remove pump-mounting plate (including foam pad) from old pump. Fix to new pump using double-sided 
adhesive tape. 

2. Slip the CIRAS-1 piping over the appropriate gas entries on the pump. 
3. Seat the pump in position on top of the blender assembly and secure it in position with its screw. 
4. Gently slide the 2-pin electrical connector over the pins on the PC021-x board, making sure that the polarity is 

correct. The gold pins in the connector should face the plastic connector lock on the board. 
 

7.2. CO2 / H2O Diverter (Manual CIRAS-1 Instruments). 
 

Early CIRAS-1 photosynthesis systems use manual diverters to control the CO2 and H2O composition of the cuvette 
air supply. These diverters do not have any user serviceable parts and the technology has since been superseded by a 
more user friendly automatic system. Where possible, PP Systems recommends upgrading the CIRAS-1 to an 
automatic system. 
 

The most common problem reported with the diverters is that the reference CO2 and (or) H2O fails to change when 
the controls are turned. This is usually because the grip exerted by the control knob on the internal shaft of the 
diverter has become slack or shaft is stuck at one of its extremes. The grip can be tightened with the following 
procedure: 
 

1. Remove the blue end caps from the control knobs with a fine flat blade screwdriver. 
2. Whilst firmly holding the knob, tighten up the exposed screw. 
3. Refit the blue end cap and check that the problem has been corrected. 
 

If the knob still slips after adjustment, it should be completely removed to expose the diverter shaft. A pair of pliers 
can be used to test whether the shaft turns. The diverter needs to be replaced if the shaft is seized. For further 
information please contact PP Systems. 
 

7.3. CO2 Gas Blender Assembly (Automatic CIRAS-1 Instruments). 
 

Systems that feature an integral automatic cuvette air supply have a gas blender which is located just behind the main 
air supply pump (Figure 7-2). Most common problems with the automatic CO2 mixing system occur because the air 
forwarding pumps fail to deliver sufficient flow to the gas blender (Section 2.5.6.). However, it is possible for the gas 
blender to fail due to a broken diaphragm. 
 

 
 

Figure 7-2. Partially disassembled CIRAS-1 showing location of the gas blender. 
 

The diaphragm is beneath the white circular disk facing the CO2 regulator (Figure 7-3). Normally it should be held in 
place on the gas blender by an aluminum plate. However under certain circumstances it can pop out. If this occurs 
the diaphragm should be carefully examined for any signs of damage and replaced if necessary. In an emergency a 
temporary diaphragm can be made by fastening a piece of polythene across the aluminum retaining plate. It should 
work long enough for a replacement to be delivered.  
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Figure 7-3. Upper-view of the CIRAS-1 gas blender assembly.  
 

The CO2 gas blender may be removed as follows: 
1. Remove the main air supply pumps (Section 7.1). 
2. Disconnect pipe between CO2 regulator and blender. 
3. Remove the rear absorber column manifold (located closest to the PLC electrical connector)(Figure7.2) held in 

position by  the pair of screws that go through the bottom black aluminum panel into the manifold. 
4. Remove the pipe at the outer end of the manifold. 
5. Unplug the solenoid valve attached to the manifold and ease the manifold sideways out of the unit whilst 

carefully disengaging the pipe on the underside of the manifold. 
6. Undo the pair of hexagonal pillars holding down the blender unit. 
7. Unplug the solenoid valve connectors from the circuit board. 
8. Ease the blender up and out of the CIRAS-1, very carefully disengaging the pair of pipes from the flowmeters. 

(hold with snipe nose pliers to ensure that they do not become disconnected from flowmeters). 
 
Replacing the blender diaphragm: 
 
1. Remove the four screws retaining the diaphragm assembly and carefully prise off the assembly. 
2. Check that the diaphragm sealing face on the blender body is clean and apply a thin smear of silicone grease to 

the face. 
3. Offer up the replacement diaphragm assembly (be sure to fit the retainer plate) and carefully tighten the four 

screws in clockwise sequence a little at a time to ensure even pressure on the diaphragm seal. 
4. Re-fit the blender, manifold and pump to the CIRAS-1 ensuring that the pipes to the flowmeters and the 

manifold are correctly re-connected. 
5. Re-fit all electrical connectors and re-assemble case and absorber columns. 
 

7.4. CO2  Regulator. 
 

The CO2 regulator controls the safe discharge of CO2 from the cartridge into the CIRAS-1 system. Two different 
types of regulator have been used during CIRAS-1 production: the original type had a circular, black plastic 
cartridge holder whilst the new design has a tri-lobe knob on the end of the cartridge holder.   
 

The new design is much more robust than the old design and features safety release vents under a rubber seal 
towards the regulator outlet. If the outlet were blocked any excess gas would be released through these vents rather 
than blowing out the sealing O-ring around the cartridge. As a result PP Systems recommends replacing old 
regulators with the new type if they fail. 
 
The CO2 source is a soda charger cartridge, containing approximately 8 g of liquid CO2. Whilst CO2 is evaporating a 
pressure of 800 to 1200 psi will be maintained in the regulator. This is sufficient to maintain a constant flow of pure 
CO2 for approximately 12 hours. After this period the pressure will decline and eventually become inadequate to 
maintain the set CO2 concentration in the reference gas stream. At this point there will still be residual pressure in the 
cylinder; however, the small volume of gas left in the cylinder means that the cartridge can be safely removed after a 
24 hour period. 
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The following safety procedures must be obeyed at all times: 
 
•  The CO2 cartridge must not be removed until exhausted (at least 24 hours after installation). 
•  The latest CO2 regulator is a constant flow device; its outlet must not be restricted otherwise the pressure 

will rise until the safety vents open. 
 
7.4.1. Testing the CO2 Regulator. 
 
The CO2 regulator is a constant discharge device. As a result there should be a constant flow out of the CO2 exhaust 
pipe. This can be checked using the following procedure: 
 
1. Switch off the CIRAS-1. 
2. Connect a 30 cm length of pipe to the CIRAS-1 CO2 exhaust port. In the case of automatic systems the port is a 

short length of tube that pokes out of the side panel, close to the CO2 regulator. Manual systems have a small 
metal tube, close to the battery compartment.  

3. Place the end of the tube into a beaker of water. A trickle of CO2 bubbles (one or two bubbles a second) should 
be observed leaving the port. 

 
There are generally two scenarios if CO2 is not being expelled at a rate of one or two bubbles per second. 
 
1. The flow is significantly greater or massive. In this case the regulator must be replaced. 
2. There is no flow from the regulator –   

1) This is probably due to an empty CO2 cartridge or 
2) the CO2 cartridge has not been pierced by the regulator or 
3)  pipe disconnected between regulator and blender or 
4) failure of the pressure relief seal. 

 
 
7.4.2. Removing the CO2 Regulator. 
 
It is most important to make sure that the CO2 cartridge is empty before working on the CO2 regulator. As a result 
work should never be carried out within 24 hours of the last cartridge change. 
 
The rear panel (absorber column side) will need to be removed to gain access to the CO2 regulator: 
 
1. Remove the absorber columns and store any molecular sieve columns in a sealed plastic bag to prevent 

contamination. 
2. Loosen the CO2 cartridge holder slowly in half-turn increments.  Move the holder gently from side to side to 

encourage the cylinder to detach from the piercer until any residual gas escapes. Continue slowly loosening the 
holder until the gas fully escapes and the holder is off completely. 

 

3. Remove the four plastic screw covers from the case using a small, flat bladed screwdriver and remove the four 
cross-head screws. 

 

4. Gently lift up the case from both sides. 
 

5. Turn the CIRAS-1 over and use a small flat blade screwdriver to remove the pair of plastic screw covers from 
the side spacer on the regulator side of the instrument. Then, remove the pair of cross-head screws that hold the 
side spacer in place. 

 

6. Remove the pair of pipes that extend from the optical bench compartment to gain better access to the regulator 
(Figure 7-4). Great care must be taken to avoid damaging the Santoprene piping. PP Systems recommends using 
a small pair of pliers with a smooth jaw. The jaws may be covered with small off-cuts of tubing to provide extra 
protection.  
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Figure 7-4. Location of the CO2 Regulator and Santoprene pipe connections to the optical bench. 
 

7. Remove the tubing from the regulator by sliding it off the plastic port that comes out of the bottom of the 
regulator (old type) or rear of the regulator (current type). 

 

8. Remove the two spacers that secure the regulator (old type) to the chassis and lift out the faulty regulator. Two 
screws fix the new type regulator to its mounting block. 

 
7.4.3. Inserting a Replacement CO2 regulator. 
 
The procedure to fit a new regulator is basically the reverse of removal (only new type regulators are available for 
replacements): 
 
1. Fit the replacement regulator into position on mounting block. If changing old type to new, fit mounting block to 

chassis before fitting regulator. 
2. Secure the regulator by tightening the two screws. The cartridge should not be fitted at this point. 
3. Connect the thin tubing to the plastic port that exits out of the back of the regulator. 
4. Refit the piping onto the appropriate optical unit connectors.  
5. Fit the aluminium safety sleeve to the case side panel with screws provided. 
6. Re-fit the CIRAS-1 case and insert the cartridge holder into the regulator. 
 
Early CIRAS-1 units with serial numbers smaller than 143 (including systems that have been upgraded with the 
automatic integral cuvette air supply unit prior to June 1995) must have their CO2 stop valves removed if the latest 
type of CO2 regulator is fitted. Further information about this can be obtained from PP Systems. 
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7.5. Eproms. 
 

The instructions and factory measured calibration factors for the CIRAS-1 are stored on a pair of memory chips 
(EPROMS) inside the instrument. These should never require maintenance but they may need replacement if the 
system is upgraded to run with automatic temperature / light control leaf cuvettes.  
 
7.5.1. Replacing EPROMS. 
The EPROM chips that are used in CIRAS-1 must be protected from static electricity.  As a result, there are several 
precautions that the customer should take before removing EPROMS. The risk of damage can be minimised by 
earthing both the operator and the lab bench surface. This can be done by covering the surface of the bench with a 
conductive material (e.g. aluminium foil) that is electrically connected to an earthing point such as metal water pipe 
or tap. The operator should also be earthed using a wrist strap or by holding a wire that is connected to the same 
earthed point. Please contact PP Systems for further information. 
 
Once suitable earthing arrangements have been made, the CIRAS-1 case can be opened and the rear panel removed 
to reveal the main motherboard. The position of the EPROMS is shown in figure 7-5. They are the only chips that 
have an adhesive label on them. NOTE: - CIRAS MUST switched off before EPROM replacement. 
 

 
 

Figure 7-5. CIRAS-1 EPROM locations. 
 

Each EPROM is located in specific orientation on a ZIF socket. Before starting to remove the chip note the position 
of the notch on the end of the chip relative to the rest of the instrument. 
 

The ZIF sockets on earlier instruments were fitted with a lever mechanism, which grips the legs of the chip. The 
EPROM is removed by lifting the lever to release the pressure on the EPROM legs; the chip can then be prised out 
of the socket with a flat blade screwdriver. Current instruments (as shown in figure 7-6) have a screw driver slot; the 
pressure on the legs of the chip is released by turning the slot one quarter of a turn anti-clockwise. It should then be 
possible to prise the chip out with a flat blade screwdriver. The replacement chip should then be inserted into the 
socket in the correct orientation and secured by turning the screw driver slot one quarter of a turn clockwise to grip 
the legs. 

 
Figure 7-6. ZIF socket. 
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7.6. Fuses. 
 
The electrical systems in CIRAS-1 are protected with, 5 x 20 mm fuses: 
 
•  The 2 A quick blow fuse protects the analyser circuits. 
•  The 3.15 A slow blow (Automatic Air Supply CIRAS-1) or 5 A slow blow (Manual Air Supply CIRAS-1 and 

IRGA only) protects the charging circuit.  These fuses may blow if you reverse the connections on the CIRAS-1 
white power supply/charger.   

 
It is most important to make sure that any replacement fuse is of the CORRECT TYPE AND RATING. If the 
replacement fails there is probably an electrical problem that must be repaired before attempting to operate the 
instrument. Failure to address the underlying fault may cause instrumentation damage. 
 
Analyser Circuit Protection. 
 
The analyser circuits are protected by a 2 A quick blow fuse. It can blow because of a fault in either the CIRAS-1 or 
the leaf cuvette (in the open or closed position). The following procedure can be used to isolate which part of the 
system is faulty: 
 
1. Insert a fresh fuse. 
2. Turn on the CIRAS-1 whilst the leaf cuvette is disconnected. 
3. If the fuse blows the electrical fault is within the CIRAS-1. 
4. Turn off the CIRAS-1. 
5. Switch on the CIRAS-1 with the leaf cuvette connected in the open position. 
6. If the fuse blows there is a problem with the leaf cuvette.  
7. If the fuse remains intact, switch off the CIRAS-1 and re-start it with the leaf cuvette connected in the closed 

position. 
 
Fuse Replacement. 
 
The fuses are located in holders on the underside of the instrument, just above the battery compartment door. The 
fuse holder should be turned anti-clockwise four or five turns to remove the holder. The old fuse should be replaced, 
making sure that the replacement is in contact with the copper spring inside the holder.  Once the fuse is inserted, the 
holder should be pushed into the instrument and turned clockwise four or five turns to tighten. 
 
Automatic Cuvette Protection. 
 
Each of the automatic cuvettes are protected by an in-line fuse in the positive (red wire) connection to the power 
source. The cuvettes draw a considerable current; in the event of a failure it is important to use a replacement fuse of 
the correct rating – (PLC(B)A, PLC(R)A = 10 A, 5 x 20 mm fuse: PLC(N)A,  PLC(C)A = 15 A, standard 
automotive blade fuse). 
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8.                           Leaf Cuvettes 

  
PP Systems manufacture a range of cuvettes that are designed to suit different types of samples. Their principle 
function is to make a gas-tight seal around the sample area and ensure adequate mixing of the gas stream over the 
sample surfaces whilst photosynthesis occurs. Standard cuvette systems are designed to equilibrate with ambient 
temperature whilst Automatic systems feature peltier elements for temperature control. The boundary layer resistance 
for each cuvette is determined at the factory and written on the “tested label” which is located on the cuvette handle. 
The procedure for re-measuring the boundary layer resistance (Rb) is described in section 8.3. 
 
The cuvette is probably the most vulnerable part of the CIRAS-1 system. During fieldwork, it is moved from sample 
to sample so there is an inherent risk of wear to the gaskets and material being deposited inside the chamber. It is 
therefore most important to follow the routine maintenance procedures listed in section 2.1. 
 
Occasionally there may be problems where a piece of material has been drawn into the cuvette. This can cause a 
partial blockage of the gas pipes, leading to error messages on the CIRAS-1 (Section 6.0.). If this happens it may be 
necessary to open the cuvette head for cleaning (Section 8.1.). 
 
The cuvette also contains several components, which may eventually need to be replaced or re-calibrated. The 
complexity of automatic cuvette systems means that these systems should only be serviced by PP Systems. However, 
the Standard cuvettes can be serviced on-site with minimal tools. 
 

8.1. Opening the Cuvette Head For Gasket Removal. 
 
The following procedure should be used to open the head on standard cuvette systems: 
 
1. Place the leaf cuvette window-down on a soft surface. 
2. Unscrew the hinge pin, and pivot the handle forward. The lower jaw of the chamber should swing clear. 
 
For automatic systems: 
 
1. Locate the black nuts behind the fan assembly on the lower jaw. 
2. Remove the black nuts and gently swing the lower jaw open. Care must be taken to avoid damaging the 

electrical connections to the lower fan and temperature sensors. 
 
Once the lower jaw is clear the old gaskets can be removed by gently prising them off the cuvette head with a flat-
blade screwdriver. The replacements have a self-adhesive backing that should be used to stick them into position. 
 

8.2. Servicing Standard Cuvette Systems. 
 
Standard leaf cuvette systems can be serviced on-site. This involves checking the accuracy of the PAR sensor and 
replacing any of the following items if they are worn out: 
 
•  impeller blade, 
•  impeller motor, 
•  cuvette fan, 
•  cuvette tubing.  



CIRAS-1 Troubleshooting & Servicing Guide   

© 1999, PP Systems Page 45 

8.2.1. Replacing the Impeller Blade. 
 
The cuvette head should be opened to allow easy access to the rear of the head (Section 8.1.). A small flat blade 
screwdriver should placed underneath and in the centre of  the impeller blade. It can be used to gently lever the blade 
off the motor spindle. 
 
A replacement blade can be placed on the motor spindle and gently slid into place with a pair of pliers. 
 
8.2.2. Replacing the Cuvette Fan. 
 
The cuvette fan is located on a heat sink just behind the cuvette head. It is held in position with four cross-head 
screws that locate into four spacers in the heat sink. These screws should be removed and the fan lifted off the 
cuvette. The power connection to the 3-pin plug on left side of the cuvette must be disconnected to remove the fan. 
 
8.2.3. Replacing the Impeller Motor. 
 
The following procedure can be used to replace the impeller motor: 
 
1. Open the head of the cuvette (Section 8.1) 
2. Remove the impeller blade (Section 8.2.1.) 
3. The motor is held in place by a pair of screws located either side of the motor spindle. These screws should be 

removed. 
4. Gently withdraw the motor out of the back of the chamber. 
5. The cuvette handle must be opened to access the electrical connections to the motor. 
6. Remove the three screws located at the front, and the single screw located at the rear of the handle. 
7. Slide the handle cover back off the cuvette to expose the circuit board beneath. 
8. Tug the electrical wire at the motor end. It should be possible to see the cuvette end of the wires move. 
9. The motor wires are soldered to extension wires in the cuvette handle. The polarity of the connection should be 

noted and the wires un-soldered. Once this is done they may be withdrawn through the front of the handle. 
 
The reverse procedure should be used to fit a new motor.  Care must be taken to ensure correct polarity of the 
electrical connections. 
 
8.2.4. Replacing Cuvette Tubing. 
 
The Santoprene or Butyl tubing that pneumatically connects the cuvette to the reference and analysis cells of the 
CIRAS-1 can be damaged. The most common problem is pin-hole leaks close to the pneumatic connections in the 
CIRAS-1 that are sometimes caused if the tubes become pinched during operation. The immediate remedy is to trim 
the damaged pipe, remove the pneumatic connector from the discarded pipe and re-connect it above the leak. If the 
pipe-work becomes too short the tubing will have to be replaced.  
 
The tubing passes up through the connection braid into the handle of the cuvette where it is connected to the cuvette 
by a plastic gas fitting. The cuvette handle must be removed to gain access to the fittings. Old tubing can be 
disconnected by pulling it off the plastic gas fitting and withdrawing it out of the braid. It is most important to note 
which tube goes to which cell on the CIRAS-1. Replacement tube should be threaded up through the braid into the 
cuvette handle and slipped over the appropriate plastic gas fitting (Figure 8-1.). 
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Figure 8-1. Tubing Connections Within the Cuvette. 
 
8.2.5. Checking the Calibration of the PAR Sensor. 
 
The PAR sensor should provide a very stable light response over time. However it is sensible to periodically check 
the reading against another reference sensor. It is important to note that the electronics in each cuvette are 
individually set to match the performance of each sensor. If a PAR sensor is replaced the following calibration 
procedure must be used: 
 
1. Remove the cuvette handle. 
2. Connect the cuvette to the CIRAS-1 and switch on. 
3. From the main menu press <0> and then select <1> SEE DATA INPUTS. 
4. Press <Y> twice to get the display showing PAR. 
5. Completely cover the sensor with opaque material and if necessary adjust the zero potentiometer (PT1) until the 

PAR display flickers just above 0 (Figure 8-2). 
6. Place the PAR sensor and the reference sensor side by side under uniform light conditions. Ensure that you are 

not shading the sensors or significantly affecting their field of view, and that the tops of the sensors are at the 
same height and parallel. 

7. If necessary adjust the span potentiometer (PT2) until the PAR sensors read the same value (Figure 8-2). 
8. When finished replace the cuvette handle. 
 

 
Figure 8-2. Location of the PAR Sensor Calibration Potentiometers on the Cuvette PCB. 
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8.3. Measurement of Boundary Layer Resistance (Rb). 
 
The boundary layer resistance is determined at the factory for each leaf cuvette. Its value is written on the “tested 
label” that is attached to each cuvette and the instrument-packing note. If these are lost the following procedure 
based on the method of Parkinson (1985)1 and Parkinson and Day (1990)2 can be used to determine the Rb value: 
 
1. Cut out a leaf replica from filter paper. The exposed area (sun and shade sides) should not exceed 2 cm2 i.e. 

smaller than the window aperture so it may be necessary to cover part of the replica with foil on both sides. 
The wet filter paper must not be in contact with the sealing gaskets. 

2. Wet the leaf replica, blot any excess water and insert the replica into the centre of the cuvette. 
3. Cover the cuvette with a cloth. (The ambient light during the measurement is assumed to be zero). 
4. From the main menu on CIRAS-1, select <1> REC, then set the flow rate to 470 ml min-1 and press <Y>. 
5. Enter the exposed area of the leaf and proceed to the measurement display. 
6. Set the reference CO2 and H2O to zero. Customers with automatic cuvettes should set the cuvette to track 

ambient temperature by setting the temperature control value to 50. 
7. After the initial equilibration the humidity difference reading will decline. When the displayed value remains 

unchanged for approximately 10 seconds, register the value by pressing <0>. 
8. The instrument will then display an initial Rb value; this is updated by an iterative calculation until a steady 

value is displayed. The final value can be saved to update the value that is stored in the CIRAS-1.  
 
A table of typical Rb values for different cuvette types is given in Appendix B. The measurement should be checked 
if the measured value is significantly different from that quoted. The most common problems when measuring the Rb 
value are caused by: 
 
•  Failure to blot excess water from the filter paper, 
•  Not centering the filter paper in the cuvette, 
•  Interference from ambient light, 
•  High humidity within the cuvette reducing the rate of evaporation from the filter paper. This may be caused by 

too low a flow rate or too long an exposed area of filter paper. 
•  Failure of the cuvette mixing fan. 

                                                           
1 Parkinson, K.J. (1985) A simple method for determining the boundary layer resistance in leaf cuvettes. Plant, Cell 
and Environment 8: 223-226. 
2 Parkinson, K.J. and Day, W. (1990) Design and testing of leaf cuvettes for use in measuring photosynthesis and 
transpiration, pp. 207-229. In Measurement Techniques in Plant Science (Eds. Hasimoto, Y., Kramer, P.J., Nonanic, 
H. and Strain, B.R.) Academic Press Inc., USA. 
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9.                        Cuvette Light Units. 

 
PP Systems manufacture a corresponding white light source for each of its cuvettes. Each source is specially 
designed to deliver as much light as possible whilst evenly illuminating the sample. This chapter details procedures 
for servicing both Standard and Automatic light units.  
 

9.1. Standard Light Units.  
 
9.1.1. Fitting the Light Unit. 
 
The Standard light units feature a pair of spring clips at the base of the lamp housing. The lamp is fitted to the 
cuvette by placing one of the clips into the groove on the side of the cuvette head and pushing the lamp unit towards 
the unclipped side to engage the other clip. Once in position, the lamp should sit above the sample area of the 
cuvette. 
 
9.1.2. Lamp Power Supply. 
 
In the laboratory a regulated 12 V, 4 A supply should be used. If this is unavailable a 12 V-battery charger may be 
used in parallel with a 12 V battery. This ensures that the voltage reaching the lamp unit is stable. During field 
operation a fairly large capacity marine or auto battery is required (e.g. PLC(B) 20 Ah, PLC(N) 40 Ah.) 
 
It is important to note that the standard 12 V lead acid battery used in CIRAS does not have sufficient capacity and 
should not be used to power the light unit. 
 
9.1.3. Controlling the Light Intensity. 
 
 
Each unit is supplied with a white plastic diffuser and some metal gauzes. The diffuser should be placed into the 
lower filter slot of the lamp housing to ensure even sample illumination. Various combinations of metal gauze can be 
placed above the diffuser to control the light intensity. An alternative technique is to regulate the light intensity by 
changing the voltage supply to the lamp. However, this also changes the spectral output of the lamp, and is therefore 
not recommended. 
 
9.1.4. Determining the Cuvette Light Intensity. 
 
 
The cuvette light intensity is normally measured under a range of gauze combinations prior to starting an experiment. 
This can be done by opening the cuvette head (Section 8.1.), detaching the PAR sensor from its clip and placing it 
inside the cuvette head to measure the PAR at leaf level. Measurements of PAR should be made on the CIRAS-1 
using all of the gauze combinations that will be used during the experiment.  
 
Once the PAR measurements are complete the cuvette head can be reassembled. The appropriate PAR value and 
transmission conversion factor should be entered into the CIRAS-1 at the 3Q menu setting. The transmission 
conversion factor converts the PAR measurement to energy absorbed by the leaf. A table of appropriate 
transmissions for energy balance calculations available in Appendix D. 
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9.1.5. Replacing Lamp Bulbs. 
 
The lamp is fitted with a quartz halogen Class M, projection type M35 bulb (M35 12V, 20W, G4 base). A type M47 
bulb can also be used; it provides longer life but approximately 20% less light output. 
 
The square metal casing that surrounds the light unit must be removed to access the light bulb. In early units, the 
metal casing is secured to the fan housing by four self-tapping screws, one on each face of the light unit. Once 
removed, the casing can be taken off the light unit. Care must be taken to free the power supply leads grommet from 
the casing.  
 
Washers on the four fan retaining screws secure the casing on newer units. These should be removed to allow the 
casing to slide upwards. The bulb holder in all units is held in place by a single screw. It should be removed to allow 
access to the lamp. Replacement bulbs should be handled with a clean cloth or gloves to avoid depositing grease on 
its surface. Such deposits damage the surface of the bulb and may reduce its operating life. Once the bulb has been 
replaced the light unit should be reassembled before operation. 
 

9.2. Automatic Light Units. 
 
9.2.1. Fitting Automatic Light Units. 
 
The procedure for fitting automatic light depends upon the chamber that is being used. The broad cuvette light unit is 
fitted by aligning the two pins on the front of the cuvette head with the mating holes on the light unit. The unit can 
then be slid back over the cuvette to locate the light unit plug into the socket of the cuvette. It is removed by pulling 
the shroud of the light unit plug, with the red dot, forward; this disengages the plug and releases the light unit. 
 
Narrow, conifer and pod cuvette light units use a different type of mounting system. A pair of holes at the back of the 
light unit should be aligned with pins on the cuvette head; the thumb screw should be tightened to retain the lamp 
and the electrical connection made from the light unit to the socket on top of the cuvette handle. 
 
9.2.2. Lamp Power Supply. 
 
Automatic light units must be powered by an external 12 V source. This must be capable of delivering at least 6 A in 
the case of broad cuvettes, 12 A in the case of narrow, conifer and pod cuvettes.  
 
A 40Ah car battery is suitable for field use. Under no circumstances should the automatic cuvette be connected 
directly to a battery charger, as the battery is required to smooth the unregulated output of the charger.  
When operating CIRAS-1 in the field it is also inadvisable to run the CIRAS-1 from the same power supply as the 
automatic cuvette; fluctuations in the battery status during changes light intensity can trigger the CIRAS-1 to record 
data un-commanded. 
 
PP Systems supply appropriate cables for connection to the battery; these are rated at 32 A. Lower rated cables may 
not be suitable due to voltage drop along the cable. 
 
9.2.3. Replacing Lamp Bulbs. 
 
The automatic light units are fitted with a quartz halogen Class M, projection type M35 bulb (M35 12V, 20W, G4 
base). Broad and Rice light units also have axial lamps; these are miniature filament bulbs. 
 
Broad and Rice Cuvettes: 
 
The following procedure should be used to replace the main lamps in the broad cuvette: 
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1. Allow the light unit to cool down following operation. 

 
2. Detach the light unit from the cuvette. 

 
3. Remove the light unit shroud by unscrewing the six fixing screws. 

 
4. Remove the pair of fixing screws and crinkle washers that hold the rear board in place (Figure 9-1). 

 
5. Gently lever the rear board from its sockets. 

 
6.  Using a clean cloth or gloves, remove the bulb from its socket. Take care to avoid touching the other bulbs as 

grease will damage the surface of the bulbs. If a bulb is accidentally touched it should be cleaned with 
methylated spirits and allowed to dry before operation. 
 

7. Insert the new bulb, using a clean cloth. 
 

8.  Re-assemble the light unit. 
 

 
Figure 9-1.  Exploded View of the Auto PLC(B) Light Unit with Housing Removed. 

 
The following procedure can be used to replace the axial lamps: 
 
1.  Follow steps 1-3 above to access the lamps. 
2. Turn the light unit upside down and remove the four screws (covered in rubber sleeving) that retain the IR 

filter (Figure 9-2). Gently pull or shake the filter out of the light unit. 
 

 
Figure 9-2. Exploded View of Auto PLC(B) Light Unit. 



CIRAS-1 Troubleshooting & Servicing Guide   

© 1999, PP Systems Page 51 

 
3. Unsolder the axial lamps from their sockets and pull them free. 
4. Remove any solder from the socket and feed the wire of the new lamp into the socket.  
5. Straighten the wires and pull the lamp into a central position. Re-solder the wires and trim them from the 

outside. 
6. Clean the filter and gently lower it into place.  
7. Thread the filter retaining screws through the light unit body until approximately 1mm protrudes. Stretch the 

rubber sleeving over some tweezers and place the stretched end over the protruding screw. Thread the screw in 
fully and pull the tweezers away to leave the sleeving in place. Repeat for the other filter retaining screws, 
leaving an even gap between the edges of the filter and the walls of the light unit. 

8.  Re-assemble the rest of the light unit. 
 
Other Automatic Cuvettes: 
 

The procedure for other types of cuvettes is the same: 
 

1. Un-thread the pair of screws beneath the switch, where fitted on the front of the lamp housing. 
2. Remove the pair of screws on either side of the lamp housing and separate the front and rear halves of the light 

unit. Care should be taken to avoid damaging the filters. 
3. Replace any blown lamps and re-assemble the unit. 
 
9.2.4. Replacing Cooling Fans on Automatic Light Units. 
 

If a cooling fan fails the light unit should be switched off and allowed to cool down. The unit should not be operated 
until the fan is replaced, otherwise it will over-heat. 
 

Broad and Rice Light Units: 
 

1. Remove the light unit shroud to expose the light unit circuit boards. 
2. Remove the four screws that hold the fan in place. 
3. Unsolder the red and black wires leading from the fan to the circuit board (Figure 9-2). The wires are attached 

to the Fan + and Fan – connections on the board. 
4. Remove the broken fan. 
5.  Insert the replacement fan, making sure that the arrow on the fan body points AWAY from the light unit. Place 

the wires in position, crop to length and solder the RED wire to the FAN+ and the BLACK wire to the FAN- 
connection. 

6. Replace the fan spacers and washers and secure the fan. 
7. Replace the shroud and test the unit to make sure that the blades spin freely. 

 
Other Automatic Light Units: 
 
1. Separate the front and rear halves of the light unit following the procedure for replacing lamps. 
2. Remove the pair of  screws on the top of the light unit, which hold the bulb mounting plate in place. 
3. Carefully remove the bulb mounting plate out of the light unit, taking care not to strain any of the wires. 
4. Remove the screws  and nuts that holds the fan to the shroud. Note the positions and lengths of screws for re-

assembly. 
5. Trace the fan wires to the printed circuit board, note the connections and de-solder the connections. 
6. Remove the old fan, trim the wires on the new fan to the correct length and fix the fan in position. Check that 

the fan blades rotate freely. 
7 Solder the fan wires in place. Make sure that the power leads (the other pair of wires soldered to the same 

points) are also correctly soldered. 
8. Reassemble the light unit and test the fans. 
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Appendix A.     

 
FeSO4 Temperature vs. Vapour Pressure (mb) 
 
T .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 
0 2.53 2.56 2.58 2.60 2.63 2.65 2.67 2.70 2.72 2.75 
1 2.77 2.80 2.82 2.85 2.87 2.90 2.93 2.95 2.98 3.01 
2 3.03 3.06 3.09 3.11 3.14 3.17 3.20 3.23 3.26 3.28 
3 3.31 3.34 3.37 3.40 3.43 3.46 3.49 3.52 3.56 3.59 
4 3.62 3.65 3.68 3.71 3.75 3.78 3.81 3.85 3.88 3.91 
5 3.95 3.98 4.02 4.05 4.09 4.12 4.16 4.19 4.23 4.27 
6 4.30 4.34 4.38 4.41 4.45 4.49 4.53 4.57 4.61 4.65 
7 4.68 4.72 4.77 4.81 4.85 4.89 4.93 4.97 5.01 5.06 
8 5.10 5.14 5.18 5.23 5.27 5.32 5.36 5.41 5.45 5.50 
9 5.54 5.59 5.64 5.68 5.73 5.78 5.83 5.88 5.92 5.97 
10 6.02 6.07 6.12 6.17 6.22 6.28 6.33 6.38 6.43 6.49 
11 6.54 6.59 6.65 6.70 6.76 6.81 6.87 6.92 6.98 7.04 
12 7.09 7.15 7.21 7.27 7.33 7.39 7.45 7.51 7.57 7.63 
13 7.69 7.75 7.81 7.88 7.94 8.00 8.07 8.13 8.20 8.26 
14 8.33 8.39 8.46 8.53 8.60 8.67 8.73 8.80 8.87 8.94 
15 9.01 9.09 9.16 9.23 9.30 9.38 9.45 9.52 9.60 9.67 
16 9.75 9.83 9.90 9.98 10.06 10.14 10.22 10.30 10.38 10.46 
17 10.54 10.62 10.70 10.79 10.87 10.95 11.04 11.12 11.21 11.29 
18 11.38 11.47 11.56 11.65 11.74 11.83 11.92 12.01 12.10 12.19 
19 12.28 12.38 12.47 12.57 12.66 12.76 12.86 12.95 13.05 13.15 
20 13.25 13.35 13.45 13.55 13.65 13.76 13.86 13.96 14.07 14.18 
21 14.28 14.39 14.50 14.60 14.71 14.82 14.93 15.04 15.16 15.27 
22 15.38 15.50 15.61 15.73 15.84 15.96 16.08 16.20 16.32 16.44 
23 16.56 16.68 16.80 16.93 17.05 17.18 17.30 17.43 17.55 17.68 
24 17.81 17.94 18.07 18.20 18.34 18.47 18.60 18.74 18.87 19.01 
25 19.15 19.29 19.43 19.57 19.71 19.85 19.99 20.14 20.28 20.43 
26 20.57 20.72 20.87 21.02 21.17 21.32 21.47 21.62 21.78 21.93 
27 22.09 22.24 22.40 22.56 22.72 22.88 23.04 23.21 23.37 23.53 
28 23.70 23.87 24.03 24.20 24.37 24.54 24.72 24.89 25.06 25.24 
29 25.41 25.59 25.77 25.95 26.13 26.31 26.49 26.68 26.86 27.05 
30 27.24 27.42 27.61 27.80 28.00 28.19 28.38 28.56 28.77 28.97 
31 29.17 29.37 29.57 29.77 29.98 30.18 30.39 30.59 30.80 31.01 
32 31.22 31.44 31.65 31.86 32.08 32.30 32.52 32.74 32.96 33.18 
33 33.40 33.63 33.85 34.08 34.31 34.54 34.77 35.01 35.24 35.48 
34 35.71 35.95 36.19 36.43 36.68 36.92 37.17 37.41 37.66 37.91 
35 38.16 38.41 38.67 38.92 39.18 39.44 39.70 39.96 40.22 40.49 
36 40.75 41.02 41.29 41.56 41.83 42.11 42.38 42.66 42.94 43.22 
37 43.50 43.78 44.07 44.35 44.64 44.93 45.22 45.52 45.81 46.11 
38 46.40 46.70 47.01 47.31 47.61 47.92 48.23 48.54 48.85 49.16 
39 49.48 49.79 50.11 50.43 50.75 51.08 51.40 51.73 52.06 52.39 
40 52.72 53.06 53.39 53.73 54.07 54.41 54.76 55.10 55.45 55.80 
41 56.15 56.51 56.86 57.22 57.58 57.94 58.30 58.67 59.03 59.40 
42 59.77 60.15 60.52 60.90 61.28 61.66 62.04 62.43 62.82 63.20 
43 63.60 63.99 64.39 64.78 65.18 65.59 65.99 66.40 66.80 67.22 
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T .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 
44 67.63 68.04 68.46 68.88 69.30 69.73 70.15 70.58 71.01 71.44 
45 71.88 72.32 72.76 73.20 73.64 74.09 74.54 74.99 75.44 75.90 
46 76.36 76.82 77.28 77.75 78.22 78.69 79.16 79.64 80.11 80.60 
47 81.08 81.56 82.05 82.54 83.04 83.53 84.03 84.53 85.03 85.54 
48 86.05 86.56 87.07 87.59 88.11 88.63 89.15 89.68 90.21 90.74 
49 91.28 91.81 92.35 92.90 93.44 93.99 94.54 95.10 95.65 96.21 
50 96.78 97.34 97.91 98.48 99.05 99.63     
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Appendix B.     

 
Typical Rb Values for PP Systems Cuvette Types. 
 

PLC Type Rb 
(m2/s-1/mol-1) 

  
Broad Cuvette (PLC(B)) 0.20 

Narrow Cuvette (PLC(N)) 0.20 
Pod Cuvette (PLC(P)) 0.30 

Conifer Cuvette (PLC(C)) 0.30 
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Appendix C.     

 
Manual Diagnostics Data Submission Form. 
 
Analyser Flows: 
 

 

REF =                             ml min -1 VARIABILITY = 
AN =                              ml min -1 VARIABILITY = 
  
Cuvette Air Supply: 
 

 

F =                                  ml min -1 VARIABILITY = 
  
Now press <0>, and at ??? ENTER 470  
 
F =                                   ml min -1 

VARIABILITY = 

  
Now Press <0>, and at ??? ENTER 250 
 

 

F =                                    ml min -1 VARIABILITY = 
  
Press <Y> to display next menu.  
Press <3> to place CIRAS in ZERO MODE  
Note the following when readings are stable: 
 
IRGA Reads: 
 

 

HR = VARIABILITY = 
HA = VARIABILITY = 
CR = VARIABILITY = 
CA =  VARIABILITY = 
  
Press <1> to return CIRAS to measure mode.  
Press <Y> to display next menu.  
These following checks are primarily for the PLC.  
  
Leaf Cuvette Temperature:  
  
LCT = Approx Ambient Temperature = 
  
Leaf Temperature Sensor (If not connected = 800):  
  
LT =  
PAR =                  Does it respond to changed light levels (Y/N)? 
O-C is relevant only for PLC (0=open, 1=PLC closed, 
2=record button). 

 

  
Atmospheric Pressure: 
 

 

ATP = VARIABILITY = 
ANT = VARIABILITY = 
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Press <Y> to display final menu.  
  
Battery Voltage =  
  
Differential Pressure: 
 

 

DP = VARIABILITY = 
  
Press <Y> to display the first menu again then <N> to 
return to the main menu. The following only applies to 
firmware versions after 2.0.  
 
Now from the main menu select <1> REC and proceed 
to measure mode. When CIRAS has completed a FULL 
ZERO then return to the main menu and select <3> 
CAL. From the calibration menu, press <0> to display 
stored ZERO values: 

 

  
Stored ZERO values:  
 

 

HR = HA = 
CR = CA = 
  
Now press <Y> for display of the calibration constants. 
 

 

Calibration Constants: 
 

 

HR = HA = 
CR = CA = 
 



CIRAS-1 Troubleshooting & Servicing Guide   

© 1999, PP Systems Page 57 

Appendix D.     

 
Transmission Factors for Converting PAR (µmol m-2 s-1) to Energy (W m-2) Absorbed by the Leaf. 
 
   Light Source    
PLC Types Sun & 

Sky 
Tungsten 

with 
Calflex 

Filter (PP 
Systems 

Light 
Units) 

Tungsten 
Only 

Warm White 
Fluorescent 

Cold White 
Fluorescent 

GroLux High 
Pressure 
Sodium 

Perspex Shield & 
TPX Window 
PAR Measured 
Outside Cuvette  
Old Style PLC(C) 
& PLC(P) 

0.17 N/A 0.31 0.11 0.11 0.12 0.12 

TPX Window 
PAR Measured 
Inside Cuvette 
New Style PLC(C) 
& PLC(P) 

0.23 0.19 0.55 0.14 0.14 0.15 0.15 

Calflex Window 
PAR  
Measured Outside 
PLB(B) & PLC(N) 
Standard 

0.14 0.12 0.17 0.12 0.12 0.12 0.12 

Calflex Window 
PAR Measured 
Inside Cuvette 
PLC(B) & 
PLC(N) 
Automatic 

0.17 0.16 0.19 0.14 0.14 0.14 0.14 

Glass Window 
PAR Measured 
Inside Cuvette 
PLC(B) Auto with 
Hansatech 
Modification 

0.24 0.19 0.76 0.14 0.14 0.15 0.15 
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