
 
 
 
 
 
 
 
 

 

 
November 19, 2014 
 
To:  Members of the UL 858 STP and CSA Technical Committee for C22.2 No. 61 
 Stakeholders involved with industry cooking safety initiatives 
 
From:  AHAM Cooking Products Task Force 
 
Subject: Technical Report on Cooking Sensor Research 
 
Enclosed is a report of research contracted by AHAM and its members during 2013 and 2014 
and prepared by Primaira, LLC relating to cooking sensor control systems research.  This report 
addresses a number of technical questions that remained after the U.S. Consumer Product Safety 
Commission (CPSC) published a 2012 contractor report from Primaira, LLC.   AHAM members 
set out to address whether:  (1) the pan-contact sensing technology is a feasible technology that 
would help mitigate cooking fire risk without diminishing consumers’ expectations for the 
performance, ownership and maintenance of their cooktop, and (2) this information could be 
used to develop a reliable and repeatable test method for the applicable US and Canada voluntary 
safety standards? 
 
AHAM believes that the attached report and data show that the pan contact sensing technology, 
when used with coil element cooktops, has shown a level a feasibility that warrants moving 
forward with this technology and with a standards proposal.  However, the industry must validate 
cooking tests with the control parameters as modified for the Visons cookware on the electric 
coil element.  Additional work is required to ensure that cooking performance with both metal 
and glass pans are acceptable.  Nevertheless, the technology has shown to be feasible in the 
laboratory or concept stage.  
 
The testing of electric radiant cooktop (glass ceramic or “smooth top”) yielded several concerns 
that still need to be addressed.   These concerns include: i) pan flatness and the impact on sensing 
the pan temperature from below the glass-ceramic surface; ii) the interaction between the pan 
temperature sensors and the existing glass-break sensor; and iii) the interaction of different pan 
materials with the sensor.  Additionally, there is variation in the oil ignition temperature data, 
which demonstrates the difficulty of establishing a certain specified temperature limit as an 
absolute level.   AHAM believes manufacturers should be able to focus on delivering consumer 
performance expectations yet use their engineering capabilities to limit the energy to prevent 
ignition. 
 
AHAM and Primaira, LLC have identified further research opportunities after this round of 
research to better understand how a pan-contact temperature sensing device can be configured to 
reduce the likelihood of unattended cooking fires, not negatively impact the cooking processes 
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while maintaining this sensing technology across different pan materials and different heating 
levels.   Some of these additional research opportunities on radiant cooktops include: 
 

 Further testing of pan flatness and its interaction with the temperature sensor and 
impact on cooking performance, particularly time to boil water; 

 Determining the potential to remove the glass break sensors, or integrate them with the 
pan temperature limiting control; 

 Conducting tests to evaluate certain test conditions that have shown lengthened cooking 
times with stainless steel pans;  

 Conducting cooking tests with the control parameters as modified for the high wattage 
glass ceramic cooktop to confirm performance; 

 Confirming the appropriate safety margin for the controls given component tolerances 
and variation over time. 

Based on these issues, we do not believe the current pan temperature sensing technology for a 
glass ceramic radiant cooktops has proven to be feasible at this time; more research and 
development are needed.    
 
Based on these learnings, AHAM recommends that any new UL or CSA standard test procedure 
initially should apply to coil-element electric cooktops and ranges, which are associated with the 
majority of cooking-fire-related incidents. 
 
 
    
AHAM is pleased to add this information to the growing body of research into the mitigation of 
cooking fires. 
 
As always, AHAM is very interested in comments or suggestions for future research 
opportunities in this field.  
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Pan-Bottom Temperature Limiting Technology Testing      

 

1. Objective 

 

The objective of the program was to test the fire prevention efficacy of the pan-bottom 

temperature limiting control technology developed by Primaira, LLC. This research directly 

followed the work performed by Primaira under contract to the U.S. Consumer Product Safety 

Commission (CPSC) in 2011 and released in 2012. This current study demonstrated the 

performance of the control system incorporated into four electric cooktops (two glass ceramic 

and two coil element) as compared to the same units operated without the Primaira fire safety 

control.  

 

The specific objectives of the project were to: 

 

 Determine the uncontrolled ignition characteristics of cooking oil under a matrix of test 

parameters including electric cooktop element type, maximum element wattage, power 

level setting, pan material, pan size, and oil amount; 

 Demonstrate that the Primaira pan temperature limiting control technology mitigated the 

oil fires in each cooktop, pan, oil, and element configuration tested; and 

 Investigate the impacts of non-ideal conditions, such as warped pans, off-center pan 

placement, soiled sensors, and glass cookware on the performance of the Primaira pan 

temperature limiting controls. 

 

Initial testing was conducted with the existing sensors and control algorithms as presented in the 

CPSC/Primaira report (Released by CPSC August 24, 2012). This was the study that established 

that the controls had minimal impact on cooking performance.  

 

A second set of sensors were fabricated in the same design as the original sensors for integration 

into additional (higher) wattage elements.  For most of the testing, the original control 

parameters in the algorithms mitigated fires and remained unchanged from the values defined in 

the original CPSC study. Modifications to the control parameters were made, as required, to 

achieve safety margin of oil temperature for operating conditions that were different that those 

covered in the original development work.  

2. Scope of Testing  

The test plan was designed to:  

    

 Establish baseline ignition temperatures (oil and pan) and time-to-ignition for electric coil 

and glass ceramic units (with no fire mitigation control operating). 
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o Electric coil wattage 2400W and 3000W 

 

 One coil element cooktop chosen was 2400 Watts. It is recognized that 

larger wattage coil elements were available, including an over 3000 

Watt element for canning that is available on the secondary 

aftermarket.  A second, higher wattage coil element was therefore 

tested as well.  

 

o Glass ceramic radiant element wattage 1950W and 3200W 

 

 The lower wattage element was a tri-ring element that allows for 

heating 3 rings of radiant heat energy.  Due to the size of the pans 

chosen, only the inner and middle rings were used for the testing, for a 

total of 1950 Watts.  The “10” or maximum setting was for only two of 

the three radiant rings being energized.  Additional testing may be 

necessary to show the performance on all three rings with larger 

diameter pans. 

 The higher wattage element was a power boil element in a different glass 

ceramic cooktop. 

 

o Test variables for the lower wattage elements included: 

 

 4 pan materials (aluminum, stainless, cast iron, glass/Pyrex) 

 Flat pans and warped pans  

 3 power level settings (Hi, “9” and “8”)  

 2 oil volumes (150 and 1000 ml) 

  

o Test variables for the higher wattage elements included:  

 

 3 pan materials (aluminum, stainless, cast iron) 

 1 oil volume (150 ml)  

 Highest power level setting 

 

 Establish the measurement repeatability of pan temperature and oil temperature at the 

ignition point for both electric units with no fire controls. 

 

 Demonstrate the fire mitigation performance of the prototype controls as applied to 

electric coil and electric radiant units.   

 

 Evaluate the impact of fire mitigation controls on element performance under non-ideal 

conditions, such as warped pots, off-center pan placement, soiled sensor, and glass 

cookware based on a number of tests outlined in the UL Technical Feasibility 

Performance Goals (TFPG). 

 

o Boil time with warped pots with fire mitigation controls engaged compared to boil 

times with warped pots used without fire mitigation controls 
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 The oversight task force for this research project elected to use a pan 

warped both in the upward and downward direction to an amount of 1/8 

inch at center. 

 

o Off-center location of pans on both electric coil and glass ceramic elements 

 

o Coil unit fire mitigation performance with the contact temperature sensor coated 

with contaminants 

  

 Soil used was an AHAM defined food mixture that was coated on and 

“baked” to the sensor surface in three repeats of an application process 

involving brushing the food onto the sensor and then turning the element 

on-and-off three times.  

 

o Fire mitigation testing for glass cookware on both the electric coil and glass 

ceramic cooktops 

 

This project covered the testing of the Primaira pan temperature limiting controls under all the 

test configurations listed above. Under any condition that the original control parameters needed 

adjustment to mitigate fires, Primaira modified the parameters as required, outside of the scope 

of this project.  

3. Standard Test Conditions 

 Oil type:  Wesson Canola oil in 1.25 gallon plastic jugs (Purchased at BJ’s Wholesale 

Club)1 

  

 Pans for ignition testing: 

 

o Aluminum Calphalon non-stick fry pan 10”*, 12” 

o (Aluminum medium gauge fry pan 10”) 

o Stainless steel All-clad fry pan, 10”*, 11” 

o Cast iron fry pan 10”*, 12”  

o Visions skillet 

o * designates pans tested in high wattage element tests 

 

  Instrumentation: 3 thermocouples imbedded in each metal pan, two thermocouples in the 

oil (see figure below). 

 

o A limited number of thermocouples were chosen to be in the oil so that this would 

not influence the heat distribution and oil ignition. 

 

                                                 
1 This oil was chosen based on the work of Hughes Associates for the National Fire Protection Research Foundation 

in which the Canola Oil test ignited at a lower temperature than the other oils tested. We did elect to use 

commercially available oil rather than utilizing laboratory grade oil.  
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 Test duration: Tests were run until temperatures stabilized, cycled around a control point 

3 times, or ran for at least 15 minutes without ignition. 

4. Abbreviations  

The following abbreviations are used in tables and figures throughout this document. 

 

Abbreviation Stands for: 

EC Electric Coil 

GC Glass Ceramic 

AL Aluminum 

CI Cast Iron 

SS Stainless Steel 

AC All-Clad 

CAL Calphalon 

EM Emeril 

DC Dry Cook (empty skillet) 

P01, P02, etc Pan number (of material/size combination) 

High Maximum input rate of GE electric coil element 

9 Maximum input rate of Electrolux glass ceramic hob  

FM Fire Mitigation  
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5. Test Facility 
 

The testing was conducted in a 500 cubic foot burn room, inside a 20 foot long container. The 

control room housed data acquisition and safety systems.  

 

 

  
 

 

 

6. Results 

 

Uncontrolled ignition characteristics of cooking oil 
 

Baseline testing (no fire controls) defined the conditions that resulted in fires and the oil and pan 

temperatures at ignition. Pan temperatures at oil ignition ranged between 746°F and 823°F. Oil 

temperatures at oil ignition ranged from 705°F to 794°F over the tests of varying oil volume, pan 

materials, cooktop type and measurement location in the oil. Ignition temperatures were lower 

for larger volumes of oil.  

 

A summary of the baseline test results is shown in Tables 1a and 1b. Table 1a has temperature 

results in degrees Fahrenheit. Table 1b presents the data in Celsius.  
 
 
 
 
 
 
 
 
 
 
 

Interface Box 

Temperature Input to 
Controller 

Current Cable 
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Table 1a: Summary of Baseline Test Results (Fahrenheit) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cooktop
Cooktop 

Wattage

Oil 

Amount

Control 

Setting
Pan Type/Size Ignition?

Time to 

Light 

(minutes)

Pan 

Center 

Temp (F)

Surface 

Oil Temp 

(F)

Aluminum 10" Yes 9.6 785 753

Cast Iron 10" Yes 8.2 767 794

Stainless Steel 10" Yes 9.4 796 774

9 Stainless Steel 10" Yes 9.4 793 747

Aluminum 10" No 758 652

Cast Iron 10" Yes 13.6 746 759

6 Aluminum 10" No 605 518

Aluminum 12" Yes 28.0 785 705

Cast Iron 12" Yes 21.3 770 718

Stainless Steel 11" Yes 20.9 780 708

Aluminum 10" Yes 5.6 797 742

Cast Iron 10" Yes 5.4 817 757

Stainless Steel 10" Yes 5.8 823 758

Aluminum 10" No 756 652

Yes 27.6 808 762

No 904 787

Stainless Steel 10" No 627 529

Aluminum 10" No 741 645

Stainless Steel 10" No 627 569

8 Cast Iron 10" Yes 27.9 813 761

6 Cast Iron 10" No 782 654

Aluminum 12" No 683 565

Cast Iron 12" No 700 608

8 Stainless Steel 11" No 502 430

Aluminum 10" Yes 6.5 810 766

Stainless Steel 10" Yes 7.3 819 777

Cast Iron 10" Yes 14.9 797 740

Electric 

Coil 

Cooktop

High

Glass 

Ceramic 

Cooktop

High

8

High

150mL 

(137g)

1000mL 

(915g)

2400W

1950W

3200W
150mL 

(137g)
High

3000W
150mL 

(137g)
High

Cast Iron 10"

9

150mL 

(137g)

High1000mL 

(915g)
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Table 1b: Summary of Baseline Test Results (Celsius) 
 

 
 
 RED indicates the test resulted in the ignition of the oil 
1) Time to light is the time in minutes between the start of the test and the ignition of the oil 
2) Pan center temperature was measured with a thermocouple embedded in the center of the pan 
3) Surface oil temperature is measured 1/8th inch from the pan bottom 

 

 

  

Cooktop
Cooktop 

Wattage

Oil 

Amount

Control 

Setting
Pan Type/Size Ignition?

Time to 

Light 

(minutes)

Pan Center 

Temp (C°)

Surface 

Oil Temp 

(C°)

Aluminum 10" Yes 9.6 418 401

Cast Iron 10" Yes 8.2 408 423

Stainless Steel 10" Yes 9.4 424 412

9 Stainless Steel 10" Yes 9.4 423 397

Aluminum 10" No 403 344

Cast Iron 10" Yes 13.6 397 404

6 Aluminum 10" No 318 270

Aluminum 12" Yes 28.0 418 374

Cast Iron 12" Yes 21.3 410 381

Stainless Steel 11" Yes 20.9 416 376

Aluminum 10" Yes 5.6 425 395

Cast Iron 10" Yes 5.4 436 403

Stainless Steel 10" Yes 5.8 439 403

Aluminum 10" No 402 344

Yes 27.6 431 406

No 484 419

Stainless Steel 10" No 331 276

Aluminum 10" No 394 341

Stainless Steel 10" No 331 298

8 Cast Iron 10" Yes 27.9 434 405

6 Cast Iron 10" No 417 346

Aluminum 12" No 362 296

Cast Iron 12" No 371 320

8 Stainless Steel 11" No 261 221

Aluminum 10" Yes 6.5 432 408

Cast Iron 10" Yes 7.3 433 414

Stainless Steel 10" Yes 14.9 421 393

Glass 

Ceramic 

Cooktop

1950W

150mL 

(137g)

High
Cast Iron 10"

9

1000mL 

(915g)

High

3200W
150mL 

(137g)
High

Electric 

Coil 

Cooktop

2400W

150mL 

(137g)

High

8

1000mL 

(915g)
High

3000W
150mL 

(137g)
High
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Repeatability of the tests was good, as shown in Table 2. 

 
Table 2: Repeatability of Ignition Testing 
 

Pan Type/Size Ignition? Time to light 
(Minutes) 

Oil Temp. 
1/16" from Pan 

°F 

Oil Temp. 
1/8" from Pan 

°F 

AL-10in yes 9.6 714 752 

AL-10in yes 9.62 710 748 

AL-10in yes 9.67 720 760 

AL-10in yes 9.42 725 753 

Average  9.58 717 753 

Std Dev  0.11 6.6 4.8 

 

Primaira pan temperature limiting control technology effectiveness 

 

The testing showed that the Primaira pan temperature limiting control technology mitigated fires 

and demonstrated the safety margin of the system. The safety margin was defined as the 

difference between the oil temperature at which ignition occurred (without controls active) and 

the maximum oil temperature reached while the pan temperature limiting controls were 

operating. This testing confirmed that, based on the tests selected for this round of evaluation, the 

set point temperature had been selected appropriately to achieve fire mitigation. Previous work 

established that the set point did not compromise cooking performance for the range of cooking 

tests conducted at that time.  

 

We tested the pan-temperature limiting controls with a full factorial test matrix of the test 

variables listed with the lower wattage elements (2400W coil, 1950W glass ceramic). All these 

tests were conducted with metal pans. 

 

 No fires were experienced in any of the tests conducted. 

 

o Electric coil and glass ceramic cooktops 

o 150 ml oil and 1000 ml oil 

o Elements at the settings of “high” , “9” and “8” 

o Aluminum, cast iron and stainless steel (clad) pans 

 

We tested the pan-temperature limiting controls with a reduced test matrix for the higher wattage 

elements (3000W coil, 3200W glass ceramic). 

 

 No fires were experienced in any of the tests conducted with metal pans 

 

o Electric coil range, glass ceramic cooktop 

o 150 ml oil 

o Electric coil element on highest setting, Glass ceramic element set to highest (9), 

as well as 8 and 7 

o Aluminum, cast iron and stainless steel (clad) pans 
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 The control parameters for the glass ceramic cooktop element control algorithm were 

modified from their original values to accommodate the higher wattage element. The 

modified parameters can be used on lower wattage radiant element in glass ceramic 

cooktops as well. The control parameters for the electric coil element were not modified 

for the higher wattage coil element.  

 

 Comparison of all the tests with and without pan temperature limiting controls operating 

showed that the controls did not affect the initial oil heat up rates. 

 

o Temperature profiles of oil with and without controls overlapped for the first 5 to 

10 minutes of heating. 

o Pan temperature limiting control maintained the steady state oil temperature 

below ignition threshold. 

 

Figures 1A and 1B below illustrate the impact of the controls on a cooking cycle on the electric 

coil cooktop. Heat-up rates of small and large amounts of oil are unchanged by the controls. 

However, the steady state temperature of the oil is limited by the controls. Red dots on the 

graphs indicate ignition.  The graphs include pan and oil temperature profiles with and without 

fire mitigation (FM) controls activated.  

 

 
 

Figure 1A:  Oil Temperatures on Electric Coil Element with and without FM Controls.        
(150 ml. oil) 
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Figure 1B:  Oil Temperatures on Electric Coil Cooktop with and without Controls Active. 
(1000 ml. oil) 

 

 

 

Figure 2A illustrates the difference in pan and oil temperatures for the two element wattages, 

2400W vs 3000W, for the electric coil element. In this case, the controls hold the pan and oil to 

the same maximum temperatures, independent of the maximum wattage of the coil element. The 

higher wattage element did reach its maximum temperature in a slightly shorter time, as 

expected. Figure 2B illustrates the difference in pan and oil temperatures for the two element 

wattages, 1950W vs 3200W for the glass ceramic. Both Figures 2A and 2B illustrate runs with 

the controls active.  
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Figure 2A:  Pan and Oil Temperature Comparison of High and Lower Wattage Elements 

with Controls Active. – Electric Coil Element 
 

 

Figure 2B:  Pan and Oil Temperature Comparison of High and Lower Wattage Elements 
with Controls Active. – Glass Ceramic Cooktop: Radiant Element 

 

1950W 
Element  
(Light Lines) 

3200W 
Element 
(Bold Lines) 
 

3000W 

Element 

(Bold line) 

2400W  

Element  

(Light Line) 
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A comparison of maximum pan temperatures and maximum oil temperatures reached under the 

same test condition, with and without controls operating is shown in Figures 3 and 4. The 

difference between maximum pan temperatures with and without controls ranges from 57°F to 

186°F, indicating a significant safety margin for the control set points selected. The difference in 

maximum oil temperature with and without control was consistently over 100°F. Figure 3 

illustrates these data for electric coil elements; Figure 4 illustrates these data for glass ceramic 

elements.  

 

 

 
 
Figure 3:  Pan Center and Oil Surface Temperature Comparisons at Ignition without 

Controls versus Maximum Temperatures with Controls (Electric Coil Elements) 
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Figure 4: Pan Center and Oil Surface Temperature Comparisons at Ignition without 
Controls versus Maximum Temperatures with Controls (Glass Ceramic Radiant 
Elements) 

 

 

Pan temperature limiting control performance under non-ideal conditions 

 

Warped pan and off-center placement of pans did not impact the ability of the controls to 

mitigate a fire. The oil temperatures in the warped pan and off-center tests were maintained at or 

below 600F for both electric coil and glass ceramic cooktops. Soil on the sensor in the electric 

coil cooktop did not impact the ability of the controls to mitigate fire. The oil temperature 

profiles of tests conducted with clean sensors compared to those with 1, 2, and 3 layers of soil 

were generally the same (i.e. within 10 – 20F of each other).  

 

The pan bottom temperature limiting controls did not impact boil time with warped pans on the 

electric coil element. The controls did extend boil time with an inwardly warped pan on the glass 

ceramic; however, the boil time without the control operating with a pan warped inward on the 

glass ceramic was longer than is likely to be viewed as acceptable by a consumer in any case. 

The modified controls extended the boil time for one pot type with the high wattage element. 

 

No ignitions resulted from the use of Visions cookware on the glass ceramic cooktop. The 

algorithms were adjusted for use with the Visions cookware on the electric coil because in this 

case the oil temperatures were higher than the pan temperatures. No ignitions resulted with the 
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modified control parameters with the Visions pan.  A few additional tests were conducted with 

this modified algorithm but re-runs of earlier testing may be necessary to demonstrate that this 

modification does not change the basic cooking performance in other tests or with a variety of 

cookware, cooking performance, and TFPG conditions mentioned before.  

7. Summary and Next Steps 

This cooking safety projects addressed a number of questions that existed after the review of the 

2012 CPSC report.  AHAM and Primaira, LLC have identified a number of research 

opportunities as an outgrowth of this round of research to better understand how a pan-contact 

temperature sensing device can be configured to reduce the likelihood of unattended cooking 

fires. These additional research opportunities include: 

 

 Conducting cooking tests with the control parameters as modified for the high wattage 

glass ceramic cooktop to confirm performance; 

 Conducting cooking tests with the control parameters as modified for the Visions 

cookware on the electric coil element to ensure that performance with both metal and 

glass pans is acceptable; 

 Determining the potential to remove the glass break sensor, or integrate its actuation with 

the pan temperature limiting control; 

 Confirming the appropriate safety margin for the controls given component tolerances 

and variation over time.  

 

AHAM and Primaira, LLC are pleased to add this information to the growing body of research 

into the mitigation of cooking fires.  
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