November 14, 1989PRIVATE 

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 1)

From:

Vytenis Babrauskas 



Marc Janssens

Subject:  Computation of time-averaged data

During the course of the ISO round robin, specific instructions to those participating laboratories were issued on how time-averaged data should be computed.  This straightened out some problems the laboratories in the ISO work had experienced with consistency of data.  The same information needs to be transmitted to U.S. laboratories and to others not participating in the ISO work.  The instructions are as follows:

· Remove any spurious spikes or dips from the data prior to performing any further operations.  Some data collection systems are more prone than others to collect occasional implausible scans.  These may be unexpected zero-readings, values greater than physically possible from the instrument, etc.  This procedure may be done by an automated purging routine in the software;  visual inspection of results should confirm spurious glitches are not being included.

· All calculations of average heat release values are to start at the first scan following ignition.  (Ignition has been defined as sustained flaming for at least 10 s;  the time of ignition is the time when this sustained flaming period begins, not when the 10 s flame verification interval has elapsed).  Use the trapezoidal rule to calculate integrated values.  For example, if the scan interval is 5 s, the 180 s mean heat release rate is obtained as:


  1.
Sum up the rate of heat release at the 2nd through the 36th scan after ignition.  Note that if the test is completed before the 180 s period is elapsed, all of the remaining points are to be set = 0, but the number of scans being averaged is unchanged.


  2.
Add half of the rate of heat release measured at the first scan and at the 37th scan after ignition.


  3.
Multiply the sum obtained in Step 2 by the scan interval (5 s) and divide it by 180.

· The total heat released is computed also by using the trapezoidal rule to calculate integrated values.  In this case the first scan to be used is the one after the last negative rate of heat release reading occurring at the beginning of the test.  (There will be negative readings, in general, since before the specimen starts burning the output is 0  noise).  The last scan to be used is the last reading recorded for the test.

· The total mass lost is determined by subtracting the final mass from the initial mass.  The final mass is the last mass reading recorded for the test.  To determine the initial mass can be difficult, since it takes some finite amount of time for the load cell to settle down, once the specimen is placed upon it.  The following procedure should be used to determine the initial mass.


  1.
Make sure that the damping of the load cell is correctly adjusted, as described in the User's Guide.


  2.
Find the maximum value of mass indicated over the period of 1st scan to 5th scan.  (The first scan is the one immediately after the specimen has been inserted and the data system started).  Record this maximum value as the initial mass.  Set all scans prior to this scan to be equal to that same value.

20 September 1990PRIVATE 

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 2)

From:
Vytenis Babrauskas


Head, Fire Toxicity Measurement

Subject: Correct position for spark plug in vertical orientation

The vertical specimen orientation is normally used only for special research investigations and not for standard product testing. Nonetheless, laboratories that do conduct vertical orientation tests must be able to do them correctly. An incorrectly positioned spark plug will result in overly long or irreproducible times to ignition. I have recently noticed that spark plugs are not correctly situated for vertical orientation testing at several laboratories I have visited. Thus, to make certain that all users know the correct operation and the correct procedures, I will summarize the requirements. (The instructions below are only for vertical orientation testing; I have not observed any laboratories to have problems in spark plug arrangements for horizontal orientation testing.)

The position in the vertical plane
The spark gap must be located 5 mm above the top of the vertical specimen holder. Please note that the spark plug electrodes must be of such design that they do not touch or hit the specimen holder when the gap is situated in the correct location. Also make sure that there is no spurious high voltage discharge between the electrodes and the metalwork when the gap is at the correct height. It may be impossible for users to try to adapt off-the-shelf single-electrode plugs successfully to meet this requirement. A coaxial plug which is known to work successfully in this applica​tion is described in the Construction Drawings.

The position in the horizontal plane
In the horizontal plane, the standard specifies that the gap must be in the plane of the specimen face. The purpose of this require​ment is to make sure that the gap is located at the point in the plume where the highest concentration of pyrolysis gases exists. It may also be all right to arrange the spark plug so the gap is closer to the front face of the specimen holder than to the plane of the specimen (which is 1.6 mm inside the holder). In any case, the correct location must be verified by actually examining the location of the spark gap with respect to the pyrolysis gas plume ─ the spark gap must be close to the center of this plume. If it is not, please correct it.

9 September 1990

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 3)

From:
Vytenis Babrauskas


Head, Fire Toxicity Measurement

Subject: How to use smoke variables to describe product performance

During the recent Cone Calorimeter workshop in Canterbury it became evident that manufacturers are seeking a viable means of providing a product `quality index' based on smoke measurements in the Cone Calorimeter.  There seems to be considerable confusion in this regard, thus, I will try to provide some consistent guidelines.  I consider that there are two objectives:

· Provide a simple product description which correctly quantifies the expected goodness of the product's smoke performance.

· Presents information in units which are dimensionally correct and are derived with the proper treatment of smoke optics.

The basic quantity which is measured in the cone is the yield of smoke, which is expressed as the specific extinction area, σf.  The units of σf are (m2/kg).  This corresponds to m2 of smoke obscuration area evolved from a unit mass of fuel pyrolyzed.

To simplify our task, we note that, so far, a great deal of predictive meaningfulness has not been attached to the time-variant aspect of σf.  Thus, while plots of σf versus time are available, we mostly use the test average value. (We note that this is not the value averaged over test time, but rather the mass-weighted average.  This mass-weighted average for the entire test is trivial to compute since it is merely: (total smoke m2 evolved)/(total specimen mass lost).)

The concern of the product manufacturers is, of course, that σf is just the smokiness of the smoke from the product; it is not the rate at which a hazardous combustion product ─ smoke ─ is being produced.  Thus, if a manufacturer would just simply report values of σf according to which to judge his product, the rate at which the product burns would be completely ignored.  This obviously will not be the right way to make a ‘quality index.’

We can approach things from the other direction.  It is paramount that manufacturers give their clients information on heat release rate, 
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(kW/m2).  This can be reported as a curve of 
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versus time, or as some average or peak value. Until a specific method for a given product category is available for use, what time-period to use will not be known. It is expected that manufacturers will be reporting, at least, the peak 
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 values and the 180-s average values.

Given that 
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will always be available and given to the client, there has been a desire by manufacturers to be able to use this, as opposed to some other, measure for the product burning rate. For smoke hazard evaluation, what is needed is something we will call smoke production rate. For convenience, we will abbreviate this as SPR. The units are:
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We note that this is, properly, the rate at which smoke is actually being evolved from the given specimen, and, thus, it should be what corresponds to the driving force for hazard.  From the designer's point of view, when there is more or less product in the full-scale environment, what varies is the exposed surface area.  This differs from the concern of the scientist, who more often needs variables normalized per unit mass. We note that the SPR, as defined above, is scaled according to exposed surface area.  Thus, to estimate the smoke production rate in the full-scale fire, we would multiply the SPR by the exposed, burning surface area.  The amount of surface area which is burning at any one time is, of course, difficult to determine and must be done in the context of the hazard prediction method being established for a particular product category.

To evaluate SPR using our available 
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we need to consider the form:
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Thus, it is easy to report the desired SPR if σf and Δhc are available. The test-average σf is, as stated, already being tracked. The effective heat of combustion, Δhc, is also routinely tabulated in everyone's test reports. For purposes of data tabulation, we may note that the units of σf/Δhc are (m2/kJ); this combined parameter is, effectively, the ‘smoke/heat ratio.’

Thus, in summary, the message becomes simple:  (1) report to clients the SPR. (2) Obtain the SPR by means of your already-tabulated 
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, σf, and Δhc values (or using the combined ‘smoke/heat ratio’ tabulations in place of σf and Δhc separately).

9 January 1991PRIVATE 

MEMORANDUM FOR U.K. laboratories with Cone Calorimeters (No. 4)

From:
Vytenis Babrauskas


Head, Fire Toxicity Measurement

Subject: Smoke meter functioning

A number of UK laboratories will be shortly conducting inter-laboratory trials on the Cone Calorimeter. Since some of them are new to the use of laser smoke measuring systems, we would like to anticipate and prevent any problems prior to occurrence.

The most common faults that occur with the smoke meter are misalignment and deposition of soot on the optics. The latter will almost never be a problem with suitably trained operators, but may cause difficulties for novices. The point to remember is that the smoke meter contains an air purge circuit which functions solely by pressure differential. This means it does not work when the fan is shut off! Thus, the caveats here are obvious: (1) Never shut down the fan until all smoke has been thoroughly cleared from the apparatus. (2) Do not use burn anything under the Cone hood unless the fan is running, and, in fact, successfully clearing smoke.

Misalignment of the smoke meter optics can occur from several causes, including careless leaning against or bending of the assembly and also from sustained heating or overheating. This requires significant expertise to re-align once misalignment has taken place, but at least we can outline a simple procedure for all operators, whereby they can determine whether the system is still in good order. The way to do this is to set up a white optical target about 1 to 2 m in front of the endcap of the photometer. Often a room wall will serve nicely. Remove the endcap and let the laser beam shine on the target. Watch to see that there is only one, bright, circular pin-spot, with a second much dimmer one. You must not see three or four spots or a general brightness over a wide area. You must, especially, not see any rings around the spot. Now go over to the laser and gently move the laser head up and down and to each side. The spot should move slightly when you do this. It should not jump and should not dim or black out. Now, put some translucent plastic over the open end of the beam tube and look at the image formed on this piece of plastic (DO NOT STARE INTO THE BEAM ITSELF). There must not be an aurora or an overall bright glow inside the beam tube. All that is not the main spot or the second spot should be very dim.

If you find that anything is not the way it should be described, based on the description above, the time has come for disassembly and repair. The user should, as a minimum, consult the appropriate sections within the User’s Guide for the Cone Calorimeter (which all operators should have and should keep readily available). I must point out, however, that repairs to the smoke meter are not among the easiest tasks for an operator. It will be greatly to your advantage if you can review these procedures with a service representative of the manufacturer of your unit. I would urge that all new purchasers do this at the first visit of their service representative, even if there is no malady of the smoke meter. This will allow them to review exactly what the ‘normal’ conditions are with someone who is knowledgeable.

25 September 1991

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 5)

From: Vytenis Babrauskas

Subject: Correct use of PMMA calibration specimens

The User’s Guide for the Cone Calorimeter gives detailed instructions on how to prepare black PMMA specimens which are used for checking the proper calibration and operation of the Cone Calorimeter. I have noted that several laboratories have interpreted these instructions not in the way they were meant to be interpreted. The only thing different about preparing a black PMMA calibration specimen from the way things are done for normal testing samples is the edge condition. A normal testing sample is wrapped with aluminum foil. The calibration sample is not wrapped in aluminum foil, but, instead, has cardboard sides glued onto it. [The reason for this is that, by means of this special preparation technique, a more steady-burning plateau can be reached. The technique is, conversely, not used for test samples since it would be incompatible with most other types of products.]

It is especially to be emphasized that the specimen holder must contain a layer of refractory fiber blanket on the bottom when burning these calibration samples, just the same as it does for normal specimen testing.

25 September 1991

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 6)

From: Vytenis Babrauskas

Subject: Electric power to the spark plug

Both the ASTM and the ISO standards on the Cone Calorimeter prescribe certain details of how the spark plug is to be used. These instructions are functionally identical. Neither one involves using an intermittent (on-off-on-off-on, ...) spark pattern. Thus, intermittent spark operation must no be used.

I believe this problem is restricted only to instruments manufactured by PL and the University of Ghent, but all users should check this to make sure. Spark power is to be applied full time until the specimen has ignited.

25 September 1991

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 7)

From: Vytenis Babrauskas

Subject: Reporting of time-average values for heat release rate

The ASTM standard on the Cone Calorimeter mandates that time-average values of HRR be reported for periods which begin with the time of ignition and end 60, 180, and 300 s later. Similarly, the ISO standard mandates reporting of 180 and 300 s time-average HRR values.

It has come to my attention that reports are being generated by some laboratories where zeros or some indication of `cannot compute' are being given for these averages instead of reporting true averages. These averages can only be zero if the specimen did not ignite at all. If it ignited and burned, there will be a legitimate 60, 180, 300 s, etc. value even if flame-out occurs at, say 45 s. The reason is that specimen will ever thereafter produce a 0 HRR, regardless if we are recording the data or not.

Both test standards contain analogous instructions on how to determine the end of the test. It is perfectly proper to record that the end of test was at, say, 260 s, but a correct, non-zero value is still computed and reported for 
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. The ‘end of the test’ means merely that this is time that, according to the relevant standards, data reporting can be stopped because the specimen has become, effectively, non-burning. Data are then required to be collected for 2 min more. The actual tabulation sheets where data are printed every, typically, 5 s will not contain this extra 2 min period. It is necessary, however, so that proper time shifts can be made, so that proper smoothed derivatives for mass loss could be computed, and other necessary computations. One these computations are made, the reported data sheet is chopped at the ‘end of test’ time. If the end of test was at, say, 260 s, then the HRR for the remaining time increments will be set =0 so that the 300 s average could be reported. These time-averaged HRR values then become the only reporting entity which ‘goes beyond the end of the test.’

Manufacturers should be urged to correct any software that needs correcting, so that proper computations could be done. In the meantime, laboratories needing to report these data can perform a very simple hand calculation. For example, if data collection stopped before 300 s and a 
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 was not reported, to compute the 
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 by hand, find the value of total heat released at the test q" (MJ/m2). Divide this by 300 s. Then multiply the results by 1000 to convert from MW to kW; this gives the desired result in units of kW/m2.

The lack of significance of flame-out time
This is also a good opportunity to emphasize an important point about the HRR of products. In a well-designed HRR calorimeter quantities such as the time to ignition or the various time-average values of HRR are reproducible. The fine performance of the Cone Calorimeter on the ISO and the ASTM round robins certainly demonstrates that. The time to flame-out, however, is not a variable which is expected to be reproducible. This fact has nothing to do with the Cone Calorimeter, per se, but is a general phenomenon of combustion. A number of factors can contribute to this. Small variations in burning rate during the course of the test can prolong or shorten the time. Non-uniformities in specimen manufacture can result in flame-out variations. Most commonly, however, smoldering products or composite products show very substantive differences in flame-out time. This usually shows up as a small, localized flame lodged in one part of the specimen at the end of rapid burning period. Such a flamelet can take a highly variable amount of time to go out.

The lesson from all this is that it is unwise to create any reporting variables or engineering variables which use the flame-out time. There are fire models being developed which require an effective burning time, but that must be computed in a different way. Usually, in such a model this effective burning time would be computed by first defining a characteristic HRR (in the Cleary/Quintiere model, for example, 90% of 
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  is used for this), then obtaining the effective burning time by dividing the total heat released by the characteristic HRR. Such an effective burning time will, invariably, be shorter than the flame-out time.

Detailed instructions on how to compute time-average HRR
The explanations for this were originally sent to the laboratories in November 1989. For convenience, we repeat here these same instructions.

· Remove any spurious spikes or dips from the data prior to performing any further operations.  Some data collection systems are more prone than others to collect occasional implausible scans.  These may be unexpected zero-readings, values greater than physically possible from the instrument, etc.  This procedure may be done by an automated purging routine in the software;  visual inspection of results should confirm spurious glitches are not being included.

· All calculations of average heat release values are to start at the first scan following ignition.  (Ignition has been defined as sustained flaming for at least 10 s;  the time of ignition is the time when this sustained flaming period begins, not when the 10 s flame verification interval has elapsed).  Use the trapezoidal rule to calculate integrated values.  For example, if the scan interval is 5 s, the 180 s mean heat release rate is obtained as:


  1.
Sum up the rate of heat release at the 2nd through the 36th scan after ignition.  Note that if the test is completed before the 180 s period is elapsed, all of remaining points are to be set = 0, but the number of scans being averaged is unchanged.


  2.
Add half of the rate of heat release measured at the first scan and at the 37th scan after ignition.


  3.
Multiply the sum obtained in Step 2 by the scan interval (5 s) and divide it by 180.

· The total heat released is computed also by using the trapezoidal rule to calculate integrated values.  In this case the first scan to be used is the one after the last negative rate of heat release reading occurring at the beginning of the test.  (There will be negative readings, in general, since before the specimen starts burning the output is 0  noise).  The last scan to be used is the last reading recorded for the test.

· The total mass lost is determined by subtracting the final mass from the initial mass.  The final mass is the last mass reading recorded for the test.  To determine the initial mass can be difficult, since it takes some finite amount of time for the load cell to settle down, once the specimen is placed upon it.  The following procedure should be used to determine the initial mass.


  1.
Make sure that the damping of the load cell is correctly adjusted, as described in the User's Guide.


  2.
Find the maximum value of mass indicated over the period of 1st scan to 5th scan.  (The first scan is the one immediately after the specimen has been inserted and the data system started).  Record this maximum value as the initial mass.  Set all scans prior to this scan to be equal to that same value.

18 December 1991

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 8)

From: Vytenis Babrauskas

Subject: Use of molecular sieve for removing CO2
Some laboratories have proposed the use of molecular sieve instead of Ascarite as the media to use for removing CO2 from the sample gas fed to the oxygen meter. We have explored this possibility and have not found satisfactory results. The molecular sieve used was Type 4A, Form 8x12 beads. This alternate sorbent was substituted in the same sorbent trap as used for Ascarite. It was found that both heat release rate and total heat release values reported for PMMA were substantially altered. We understand this to be because the molecular sieve beads (which were slightly smaller than the Ascarite granules and, thus, would have had more effective surface area) are not as effective at removing CO2 flowing through at high flow rates. Molecular sieve is often the proper media of choice for certain chromatography applications, but the difference should be pointed out that there the flow rates are normally much smaller.

We urge that no Cone Calorimeter users should go over to using a molecular sieve product as their CO2 sorbent without very carefully determining that benchmark PMMA values are unchanged.

19 October 1992

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 9)

From: Vytenis Babrauskas

Subject: Software errors regarding baseline oxygen values

Recently it came to my attention that a software error was present in the PL Cone software. The symptoms were abnormally high heats of combustion being reported for wood combustion.  During the final stages of the combustion of a wood material, the primary reaction is oxidation of carbon. This has an effective heat of combustion of ca. 32 MJ/kg. For the erroneously reduced data I examined, values in excess of 50 MJ/kg were being reported for this period.

The problem was identified to be in the baseline oxygen value used by the data reduction software--a fixed value of 20.95% oxygen was being used. In the actual operation of the Cone Calorimeter, it is both difficult and unnecessary for the operator to tweak the span adjustment to record exactly 20.95% for the baseline period. Minor differences in the starting value should, however, be handled correctly by the software. Apart from the incorrect way of assuming 20.95% was the actual baseline, there are two alternative ways of handling the data, both acceptable. (1) In all the equations, use the actual reading baseline oxygen reading, as measured during the pre-test baseline. (2) Use a nominal value of 20.95% in the equations, but scale all the oxygen data values for the entire test by a scaling factor which will result in the starting value being exactly 20.95. The first of these two methods is clearer to understand and easier to implement, but either will lead to acceptable results.

I have only examined two manufacturers’ instruments in connection with this issue: PL Thermal Sciences (which had the problem) and Dark Star Research (which did not). Users of other systems should investigate whether their systems might have this problem. PL instrument users, of course, should request corrected software from the manufacturer.

To investigate for the presence of this problem, one simply recreates the conditions leading to its occurrence. Select a wood specimen for testing. Deliberately mis-adjust the oxygen analyzer reading to be low (say, 20.80%) while sampling room air. Run the sample and reduce the data. The effective heat of combustion during the period when the specimen is flamelessly glowing, but prior to being burned out, should be, very roughly, 30 MJ/kg. Values greatly higher (say, 50 MJ/kg) indicate incorrect handling of baseline readings and a need to take remedial action.

12 July 1993PRIVATE 

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 10)

From: Vytenis Babrauskas

Subject: Errors from the use of silica gel desiccant

Cone Calorimeter testing requires the use of a desiccant in the gas sampling line. Recently Mrs. K. Chartier‑Richard of Isover St. Gobain pointed out that some desiccants can adversely affect the readings of CO2. Her work included silica gel (which showed the problem) and CaCl2 and P2O5 (which did not). The latter two, however, are not considered to be practical drying agents. Even CaCl2, which is available in convenient pellet form for initial use, sets up into a hard, solidified mass after being used. This makes it impractical to remove and replenish it. Laboratories have most commonly used either silica gel or Drierite (97% anhydrous calcium sulfate with 3% cobalt chloride, which serves as a color indicator). Thus, it was important to determine (a) if the findings at Isover St-Gobain can be replicated; and (b) whether Drierite is or is not acceptable from this point of view.

Courtesy of Mr. Per Thureson, Cone Calorimeter experiments were conducted at the Fire Technology laboratories of SP using three desiccant media: silica gel, Drierite, and CaCl2. Each was supplied in pellet form with a size range of about 3 mm in the small dimension and slightly larger in the long dimension. It was found that silica gel did introduce errors into the CO2 readings, while Drierite and CaCl2 did not.

From a technical point of view, either Drierite or CaCl2 are adequate, although, CaCl2 is not particularly practical for actual use. By contrast, both silica gel and Drierite are convenient to use. They are available with color indicators and this can be used to determine when replacement is necessary. Both can also be regenerated by oven drying overnight at 105ºC. They are also economical in use, even though the color agent fades during repeated drying cycles. The latter problem is avoided by mixing in a small amount of new pellets into each regenerated batch.

Thus, based on the above results, the recommendations are the following. Silica gel is acceptable for use in oxygen consumption and other combustion gas measuring systems only under very limited conditions: if oxygen measurements are not accompanied by CO2 measurements. Many laboratories, however, either use procedures whereby CO2 readings are utilized in heat release rate computations or else they need to report CO2 values as part of combustion studies. In either case, silica gel must not be used when such valid CO2 readings are needed. By contrast, Drierite does not exhibit this problem and is equally easy to use in the laboratory; thus, its use in these applications can be confirmed.

5 October 1993

MEMORANDUM FOR Laboratories using Cone Calorimeters (No. 11)

From: Vytenis Babrauskas

Subject:  Cone heater thermocouples

It has been noticed that there have been two distinct problems in some Cone Calorimeter installations with the cone heater thermocouples. Some laboratories are running calorimeters where one or more thermocouples protrude so far into the cone heater that they are actually visible because they stick out from the front face. Other laboratories have been experiencing the opposite problem: the thermocouples have either pulled back, away from being in contact with the rear heater coil face, or, they are doing this intermittently, i.e., as the heater heats up.

Please note that the design of the cone heater requires that the 3 thermocouples be in contact with the rear face of the heater element. If the thermocouples protrude through the windings and are visible at the front heater surface, they will be influenced by flame heating more than is the heater element itself. This will cause the temperature controller to turn down the power more than it should when flaming increases. Conversely, if one or more thermocouples pulls away from the back, this will cause the temperature controller to overheat the heater, since its temperature rise will not be adequately registered.

Use of black PMMA in a 20 or 25 mm thickness can help in spotting either of these problems. Such heater lack of control can show up as HRR plateaus which improperly drift up or drift down. Note that the problem may be hard to identify if thinner plaques of PMMA are used, since then the burning fails to have an adequate plateau region.
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