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Executive Summary

A significant portion of residential fires stem from kitchen cooking fires. Existing fire
data indicate that cooking fires primarily are unattended and most often involve oil or grease.
The purpose of this investigation was to ascertain the existence of one or more common features
or characteristics of the pre-ignition environment that could be used as input to a sensor in a pre-
fire detection device, The ultimate goal of this continuing study is to evaluate the feasibility of
incorporating such a device into the range that would react to a pre-fire condition and reduce the
occurrence of unwanted kitchen fires.

The focus of the study was unattended foods placed in pans on burners set to high heat.
Experiments were conducted with three different foods and with gas and electric ranges to
investigate the pre-igniti,on environment of actual range-top cooking fires. Numerous
temperatures in the near surroundings as well as local plume velocity and laser-attenuation
measurements were recorded. A Fourier transform infrared spectrometer was used to observe
significant species production above the food. Results of these experiments are presented and
evaluated.

The second part of this study was a literature and patent search of technologies with the
capability to act as either the sensor in a pre-fire detection device or as the automatic control that
would respond to a detectcr warning signal by shutting off the gas or electricity supply. A broad
range of potential detection technologies was reviewed because the pre-fire signatures had not yet
been identified. A bibliography and comments on the applicability of different technologies are
included.

The conclusions pertaining to the experiments are based on measurements and
observations of combinations of specific ranges; pans, foods, and ventilation so extrapolation to
other conditions should be performed with caution. The major conclusions of this research are
as follows:
● Strong indicators of impending ignition were temperatures, smoke particulate, and

hydrocarbon gases.
● Promising detection technologies include: tin oxide (Sn02) sensors for hydrocarbon

detection, narrow band infrared absorption for hydrocarbon detection, scattering or
attenuation types of photoelectric devices for smoke particle detection, thermocouples for
thermometry of the burner, pan, range surface (top and below), or range hood.

● Logical processing of signals from two or more of the detection technologies could be an
important means by which false alarms of pre-ignition conditions are eliminated.

● Control technologies exist that are applicable to the safe shutdown and restart of gas and
electric ranges upon detection of approaching ignition.

. . .
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1.0 Introduction

In 1994, 3,425 deaths, 19,475 injuries, and $4.2 billion in property damage were caused
by 438,000 home fires in the United States. 1 Through. analysis .of the 1988-1992 data collected
through the National Fire Incident Reporting System, NFIRS, the National Fire Protection
Association estimated that in that period, range/oven appliance fires averaged about 20 % of all
home fires and were responsible for approximately 20 YO of the injuries, 5 % of the deaths, and
5 YO of the property 10SS associated with home fires. A majotity of these range/oven fires
involved food.z Currently, there is not an adequate understanding of the pre-ignition conditions
of food fires that might be monitored to indicate an incipient fire nor of the devices that might
be used to detect and act upon such conditions. The overall objective of this project is to identify
pre-ignition conditions and the methods, materials, and devices that can be used to detect such
conditions and alert, or intervene, to reduce the risk of cooking-related fires associated with
electric and gas range:} and cooktops.

This objective was addressed through two major activities in Phase I. In order to identify
the pre-ignition conditions, experiments were performed to monitor specific aspects of the
environment and how they changed as ignition conditions were approached during heating of
various foods using combinations of range types and range-hood status (active/inactive).
Temperatures of the surroundings close to the pan as well as plume velocity and laser-attenuation
measurements were recorded. A Fourier transform infrared, FT~ spectrometer was used to
determine if the prochxtion of any specific gas species was significant. Analysis of the
experimental results his determined the conditions with potential, alone or in combination with
one another, to provide input to a pre-ignition sensor.

The second activity was the identification of methods, materials, and devices with
potential as means of detection and reaction to pre-ignition conditions. This was begun with a
literature and patent search. The search focused on sensing devices and technologies capable of
detecting one or more cooking-related conditions as well as control technologies capable of
shutting off gas and electric ranges in the event of a detected threat. The bibliographical
information on technologies related to these goals is provided with comments regarding their
potential usefulness in a range pre-ignition detection system.

2.0 Experimental

2.1 General Design

The focus of this set of experiments was to characterize the environment immediately
preceding ignition. Combinations of food type and cooking pan were chosen primarily to
investigate cases in which the food can ignite after a relatively short time of heating and likely
result in a serious fire hazard. High heating levels were chosen in order to ensure ignition, which
at low or medium settings might not occur at all or might require hours.

Three variables were changed in order to establish their effects on the pre-ignition
environment: (1) fwd type, (2) range style, and (3) hood operation. Different fbods were studied

1
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because a candidate signature must exist for each type of food if it is to have potential as input
to a universal pre-cooking-fire sensor. Diverse range types were of interest because of potential
variation in i~ition modes due to a proximate flame on the gas range, although in these
experiments, the ranges functioned primarily as sources of heat. The use of the different ranges
selected was expected to have some effect on the time lag of the behaviors of the recorded
variables because of the varied levels of heat flux output associated with each range. The range-
hood status was of interest for two reasons. l?irs~ the flow caused by an active range hood might
obscure the signature(s) of interest preceding ignition. Second, the different flow patterns might
alter entrainment of air wh~ch could effect the mechmism and location of ignition and thus the
preceding set of signatures as well.

The selected foods and ranges were chosen because they were typically used for cooking
in households and were representative of cooking fire scenarios that have actually been reported.
More uncommon range models, food types, and styles of cooking could have been tested, but
their results are less relevant at this stage.

.-

2.1.1 Facility Constm~ion

A small, stand-alone laboratory was built in Building 205, the Large-Fire Facility, at NIST
to acmmmodate these experiments. A schematic of the room is shown in Figure 1. The interior
dimensions of the room are as follows: 3.66 m (12 ft) width, 2.44 m (8 ft) depth, and 2.44 m
@ ft) height. The room was outfitted with double-tide doors, 163 cm (64 in) wide by 207 cm
(81 in) high, and fluorescent lighting. Access holes were made for external supplies of electrical
power and natural gas. The stmcture consists of 2.44 m (8 ft) lengths of 8.9 cm (3.5 in) by
3.2 cm (1.3 in) galvanized steel studding on the outside with 40.6 cm (16 in) centers supporting
1.3 cm (0.5 in) thick gypsum drywall with the interior painted white. A set of white wooden
cabinets with overhead cupboards and a countertop with cupboards below were installed. A space
in the center was reserved for range installation.

A range hood (described in Section 2.1.2) was installed above the range location. A
25.5 cm (10 in) wide by 8.9 cm (3.5 in) high rectangular hood duct passes through the wall
directly behind the range hood to an elbow that transitions to a 15 cm (6 in) diameter round duct.
The round duct is vertical for about 0.6 m (2 ft) where it connects to an elbow, traverses about
1.8 m (6 ft) horizontally to another elbow where the end is directed upwards and is positioned
approximately 10 cm (4 in) below a large 41 cm (16 in) diameter duct which connects to tie
draft hood afterbmer system.

A box hood, 188 cm (74 in) wide by 58 cm (23 in) deep by 91 cm (36 in) high, was
constructed over the doorway to capture most of the smoke produced by the experiments. The
hood was made of 9 mm (3/8 in) thick plywood. From 46 cm (18 in) above the bottom of the
hood to 67 cm (26.5 in), the width of the box tapers from 188 cm (74 in) to 30 cm (12 in). The --
top 24 cm (9.5 in) of the hood is 30 cm (12 in) wide by 58 cm (23 in) deep. The hood is
connected at the side of the top section to a 20 cm @ in) diameter, 4.3 m (14 R) long duct which
leads to a fan which pulls the exhaust into the duct of the afterburner system.

Electrical power was provided from two sources. AH of the instimentition was supplied -
120 V electricity from a portable electric sub-panel box with a 60 amp rating which split 240 V
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eletici~ into eight separate circuits. Electric ranges require between 208 V and 240 V, and

they are rated for each. Since 240 V provides approximately one-third more heating power than
208 V and it is the most mmmon range voltage in single family homes, it was desirable as a both
a typical and more hazardous case. The required 240 V usually consists of two lines of 120 V ~,
each and a neutral. The 220 V house circuit was boosted to 240 V by increasing one of the lines
from approximately 115 V to about 130 V. A separate circuit breaker was installed particularly ~
for the range. Current meters were used on the two lines to monitor the amperes drawn by the -“
range, and a third meter monitored the power usage in kilowatts on the boosted line.

Nat&al gas was provided through a 1.3 cm (0.5 in) tiside-dimeter pipe connected to the
low-pressure house supply. The low-pressure gas came into the pipe at 3.0-3.5 kPa (12-14 inches
of E@). A pressure regulator in the line was adjusted to decrease the pressure to 1.74 kPa
(7.o inches of HzCl). The natural-gas pressure was monitored with a pressure gauge tapped into
the line, and the flow was monitored with a 4.7 LJmin (10 SCFH) rotameter.

2.1.2 Kitchen Ranges and Range Hood

Three different ranges were to be tested: A - electric with open-coil sheathed heating
elements; B - gas; and C - electric with a smooth top. The first two were tested extensively, but
the electric smooth top was used for only two tests. Each range is 76 cm (30 in) wide and free-
standing. The electric range with open-coil elements has two 15 cm (6 in) and two 20 cm @ in)
burners. The 15 cm and 20 cm burner elements are rated at 1325 W and 2350 W, respectively,
for 240 V electricity. The front bmers facilitated the setting up of measuring iw~ments, so
the right front 20 cm burner was utilized for the tests since it was the largest of the two front
burners. The high-output gas range has two typical-power, 2.6 kW (9000 BTU/h) sealed burners
and two hl@-power, 3.5 kW (12000 BTU/h) sealed burners. The left front burner was utilized
for the tests since it was the only high-output burner in the front. The smoothtop electric range,
including the oven and burners, is rated for 11.4 kW at 120/240 V and 8.6 kW at 120/208 V.

The range hood is a 76 cm (30 in) wide model made of stainless steel, and it has a 94 L/s
(2OO cfm) flow capacity. The hood opening extends 45 cm (18 in) out from the wall and tapers
from about 75 cm (29.5 in) wide at the wall to 60 cm (24 in) at the front over the frontmost
15 cm (6 in). It was either off or engaged at maximum flow for each experiment.

2.1.3 Parmetiic Experiments

Parametric experiments were conducted so the results could be used to establish a test plan
detiiling the conditions of the ins~mented experiments. The purpose of these preliminary
experiments was to detemine the effects of pan material, shape, and size, and the amount of food
on the temperature of, time to, and mode of ignition of the food. These expetimenti (the first
five; Table 1) were conducted on a typical, inexpensive gas range with four medium output, 2.6
kW (9000 EWWhr) unsealed burners. The primary food tested was corn oil. One tiemomuple
in the oil monitored the temperature, and a stopwatch was used to time the observations.

Several tests were conducted with a simple procedure. The pan was secured with a ring
stand clmp tightened on the pan handle to prevent spillage. Using a graduated cylinder, an
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amount of room-temperature com oil was measured and poured into the pan. A stopwatch was
started as the burner was turned on at the highest setting. The temperature of the com oil was
recorded every 30 or 60 seconds. Upon ignitio~ a lid was placed on the pan to snuff out the
fire, and a C02 extinguisher was also available to assist with extinguishment.

Table 1 summarizes the conditions and results of the parametric tests, each of which was
performed once. The test plan evolved as greater understanding of the parameter interactions was
gained. The first five tests were performed on the inexpensive gas range with oil. The amount
of oil and pan type were varied. Oil cooked in stainless steel ignited in each case with the
greater amount of oil requiring more time. The combination of the average power output of the
range and the heat transfer characteristics of the aluminum pans did not enable the oil to reach
ignition temperatures. To aid in the selection of a carbohydrate test food, a sixth test was
performed on the open-coil element electric range with baked beans. Temperatures inside the pan
reached over 530 ‘C, but ignition did not occur. A seventh test was performed on the same
electric range with corn oil in a non-stick aluminum frying pan. This test was primarily used to
determine whether a fke could occur when the food was contained in an aluminum pan. The
temperature was not measured, but the oil did eventually ignite.

The results from these experiments were helpfil in deciding what materials to use in the
instrumented tests. Ah.uninum was ruled out as a pan material because of the inability of the
typical gas range to ignite com oil. Stainless steel provided both ignition and short test duration
which was desirable. The difference in oil volume for the tests conducted with stainless steel
affected the time of ignition, but did not greatly affect the ignition temperature. Similarly, the
temperature histories fix the tests using two types of aluminum pans and two amounts of oil were
different, but the final steady temperatures were comparable. Since the impact on test duration
was not large and find temperatures were similar, pan sizes and fmd amounts were selected
using reasonable cooking practices. The lack of ignition of the baked beans, although they were
heated in an aluminum pan, discouraged the use of this food in the fully-instrumented tests since
the ability to ignite ww doubtfid.

2.1.4 Instrumented-Test Parameters

Table 2 summarizes the food types, amounts, and the pans selected for testing. The
rationale behind the selection of vegetable oil was that preheating oil in a pan before Cooking a
solid food item inside is a common practice and is a known circumstance leading to many
cooking fires. Also, oils vaporize more readily than solid finds and thus cause more intense
fires. Soybean oil wa$ the particular oil chosen because it holds 75 YO to 80 % of the cooking
oil market.3 Most commonly used vegetable oils are processed in order to have less than 2 YO

free fatty acid content. This translates into similar smoke (140 ‘C -230 “C), flash (275 ‘C -
335 “C), and fire (350 ‘C -365 “C) points. 4 The pan size was selected so that the 20 cm (8 in)
burner &ea would most closely match the area of the bottom of the pan. The volume of oil was
chosen to provide a reasonable depth for f~ing in the pan.

Bacon was chosen as the second food. The rationale behind the selection of bacon was
that animal fats and greases are other commonly cooked foods, and grease and oil fires seem to
be the most prevalent cooking fires. Another scenario that was considered was the frying of lard
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Table 1. Conditions and results of pmmetiic tests

Test ~OOd, -n~e Pam Volume mm to Ignition
No. cm Ignition Temp.

Mass

1 Corn oil, 2.9 L (3 qt) sauce 500 mL 14 min 15 s 373 “c
D: typical- stairdess steel, copper clad
outpug gas bottom

18 cm diam., 11.7 cm ht.
Model U

2 Corn oil, 2.9 L (3 qt) sauce 500 mL No ignition; None,
D: typical- aluminum, ceramic coated Steady temp. T~teady=
output, gas Model V at 33 min 336 “C

3 Corn oil, 2.9 L (3 qt) sauce 250 mL 9 min 10 s 3’77 “c
D: typical- stainless steel, copper clad
output, gas bottom

18 cm diarn., 11.7 cm ht.
Model U

4 Corn oil, 2.9 L (3 qt) sauce cast 250 mL No ignition; None,
D: typical- aluminum, ceramic coated Steady temp. T,te.dY=
output, gas Model V at 25 min 334 ‘c

5 Corn oil, 25 cm (10 in) f~ing 250 mL No ignition; None,
D: typical- aluminum, non-stick Steady temp. :Stydg
output, gas Model W at 28 min

6 Baked beans, 1.9 L (2 qt) sauce 670 g No ignition; None,
A: open-coil aluminum, thin-gauge Increasing Temp.
sheathed Model X temp. exceeded
element, 530 “c
electric

7 Corn oil, 25 cm (1 O in) fi-ying 250 mL approx. 12 not
A: open-coil aluminum, non-stick min measured
sheathed Model W
element,
electric

.

.-
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Table 2. Food types, amounts, and the pans used

Food Amount Pan

(Volume or Mass)

Soybean oil 500 mL 26 cm (10.3 in) diameter frying
(Wesson brand) stainless steel, aluminum clad

bottom
6.0 cm height
Model Y

Bacon 227 g 26 cm (10.3 in) diameter frying

(Econovalue stainless steel, aluminum clad

brand) bottom
6.0 cm height
Model Y

Table sugar 227 g 1.9 L (2 qt) sauce
(Weis Markets stainless steel, aluminum clad

brand) bottom
17.8 cm diameter, 9.1 cm height
Model Z

7
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which is sometimes preheated for the intiodutiion of a vegetable, but cook~ng a meat which
creates its own grease is more common. Like vegetable oils, greases vaporize easily and may
cause intense fires. The mass was chosen as a raonable mount to be-cooked in a 26 cm (10.3
in) pan. This scenario would be especially appropriate for a cook who was in a bun-y and

therefore heated EN the bacon at once on a high heat setting.
Table sugar was chosen as the third food as an example of a carbohydrate. Sugar contains

almost no water or ask and its low melting point allows faster vaporization than unprocessed
vegetable matter. The rationale behind this selection included verbal evidence from several
people who had expetiencd prob~ems with sugar ignition. The preliminary experiment with
baked beans and other tests pefiomed at CPSC labs with pasta and potatoes all indicated
difilcul~ or unlikelihood of igniting more wmmonly cooked cmbohydrates.

The testing schedule was developed to stiemline the test set-up and to lessen the
possibility of systematic errors (thou@ randomness) surfacing in the results. The test matrix is
presented in Table 3. A total of men~-~o tests were conducted, of which only two used the
smoothtop range. Six of the tests were repeated to detemine consistency of results. The
selection of tests to be repeated was random because all of the tests exhibited similar smoking
and ignition phenomena. A general overview of the ignition behavior of the various scenarios
was desired which would lead to more rigorous testing of a specific signature or signatures in
Phase II under a variety of conditions to determine widespread applicability and reliability.

2.2 I~sme~tatio~

A variety of instruments was implemented to attempt to characterize the pre-i~ition
cooking environment. Memuremen= focused on themal aspects of the area with an attempt to
gain chemical, plume smoke, and plume velocity information as well. The goal of the effort was
to ascertain which mewuremen@ are effective for indicating approaching ignition conditions
without regard to practicality which will be a subject of fvture studies. Figure 2 is a pictorial
diagram of the layout of the instmmen~ for these tests.

2.2.1 Thermocouples

Thermocouples were used to measure temperatures in three general areas: the plume, the
p- and the range. The buoymt plume above the pan which consisted of hot air, gases, and food
aerosols generated by the heating process was equipped with a grid of thermocouples as shown
in Figure 3. The vertical centerline, or axis of symmetry, of the pan was monitored with six
thermocouples, and three heights were h~rizontally mapped with three additional thermocouples
each. The themomuples were Omega model no. 5TC-GG-(K)-30-(72) [30 gauge, 0.25 mm
(0.010 in) diameter, K-type (Chromel-Alumel), 183 cm (72 in) long, glass braid insulation].

*Certain commercial equipment, instruments, or materials are identified in this report to
specify adequately the expetimentil procdure. Such identification does not imply
recommendation or endorsement by the National Institute of Standards and Technology, nor does
it imply that the materials or equipment identified are necessarily the best available for the
purpose.
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Table 3. Experimental test matrix. The numbers are consecutive-test designations.

45

xRangt! Range A Range B Range C
Food Electric with Open- High-Output ~S Electric with

Coil Elements Smoothtop

Hood On off On off On off
Statu$

Soybean Oil 1,4,8 5 14,16 18 7

Bacon 3,9 2,10 13,15 17,19 6

Table Sugar 11 12 20 21,22
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The pan area was monitored with several thermocouples. Two thermocouples contacted
the food inside the pan near the center at the bottom and approximately-7 mm (0.3 in) above the
bottom. These themomuples were Omega model number KMQSS-020(G)-12 [stainless-steel
sheathed, O.51 mm (0.020 in) sheath dimeter, K-type (C%romel-Alumel), grounded, 30 cm
(12 in) long]. The temperature inted?ace between the cooking element and pan was measured
with another O.51 mm (0.020 in) sheathed thermocouple. In the case of the electric range, the
themomuple was sandwiched between the centermost ring of the resistive element and the pan.
For the gas range, the thermocouple was located in the outer 2 cm (0.8 in) of the pan diameter
so as not to be in the flame itself. The tiemomuple was bent to cause contact with the pan
bottom. A special washer tiemocouple assembly (a thermocouple designed as a boltable washer)
was attached to the inside of each pan using an 6-32 type screw and nut through a 3.6 mm
(9/64 in) diameter through-hole 1.8 cm (0.7 in) above the bottom (inside) of the pan. This
thermoccmple was Omega model number WTK-6-60 [20 gauge, 0.368 cm (0.145 in) washer
diameter, M3.5 (#6) screw size, K-type (Ckomel-Mumel), 152 cm (60 in) long, glass braid
insulation] and was used to estimate the metal tempera~re at ignition since the ignition location
was most likely the hot metal surface where it interfaced with the food.

Thermocouples were placed at several other locations around the range and range hood
where it would be relatively easy to locate a built-in sensor. The thermocouples were Omega
model no. SA1-K [30 gauge, 0.25 mm (0.01 O in) diameter, K-type (Ckomel-Mumel), 91 cm
(36 in) long, Teflon insulated, self-adhesive backing]. The locations were as follows: 17 cm
from the center of the burner at the 2 and 8 o’clock positions (60 0 and 2400 clockwise from
rear of burner, respectively); mounted on the range hood’s vertical front wall both inside and
outside, centered above the active burneq below the range top under the burner area (electric
only); and on top of the range back, directly behind the burner (gas only). The thermocouple
below the electric range top was only implemented for a few tests.

2.2.2 Laser Attenuation Apparatus

In order to detemine relative aerosol mass mncentiation above the cooking are% two He-
Ne laser attenuation systems were arranged such that the beams passed through the axis of
symmetry of the pan 17.8 cm (7 in) and 27.9 cm (11 in) above the burner surface. The He-Ne
lasers were Melles Griot model number 05-LLR-811, and each generated a beam with 1 mW
power. They were mountd on a vetiical-timslation stand which provided the ability to finely
adjust their position. The tiasmitied light was received by two photodiodes which were mounted
on opticai rods and connected to a power source. The photodiodes (Hamamatsu S 1337- 101 OI3Q,
100 mmz active surface area), operational amplifier circuits, power source box, and mounting!
with connections for power input and signal output were the same as those used by I?itts et al.s
The pre-test output of the devices with unobstmcted laser light was 8-10 V.

2.2.3 Bi-directional Probe

The vertical gas velocity above the cooking
directional probe and a sensitive pressure transducer.

12

area was measured through the use of a bi-
The probe was stainless steel with 14.3 mm
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(9/16 in) inside diameter ends of 1.2 mm (3/64 in) wall thickness and 31.8 mm (1 .25 in) height,
and the support tubes were 113 cm (44.5 in) long. The probe end was located approximately
36 cm (14 in) above the burner surface and centered above the pan. Since most velocity
measuring instruments are hindered by particle-laden flows, a hi-directional probe was
implemented because of its ability to perform in smoke-laden flows such as are produced by pre-
fire and fire conditions.6 The probe was connected to a Setra model 264 pressure transducer for

-.
which the range was +J4.9 Pa (M. 1 inches of water) with an output of 2.5 Vdc for zero
differential pressure and 10 Pa/Vdc sensitivity. The transducer excitation was accomplished with
a Setra model 2195 regulated 12-28 Vdc power supply.

2.2.4 Fourier Transform Infrared Spectrometer

The spectrum clf major gas species above the cooking area was measured using an open-
path Fourier transform infrared spectrometer (FTIR). A MIDAC Corporation Model M2501-C
detector and Model M2402-C source were placed approximately 1.6 m (63 in) apart with the
burner of interest approximately centered between them. The two units were positioned at a
height such that the center of the 3.8 cm (1.5 in) diameter infrared beam passed through the
center axis of the pan approximately 15 cm (6 in) above the burner surface. The spectrometer
spectral resolution wax set to 4 cm- 1. Each set of sixty-four spectra was signal-averaged over
20 seconds to provide each data point.

2.2.5 Infrared Video

.

& infrared video camera was used to obtain thermal imagery of the cooking environment
over time so comparisons could be made of maximum temperatures and temperature gradients
in the period preceding ignition. The camera used was an Inframetrics model 525 camera and

power supply. It was connected to a Canon VR-20 portable video recorder and a JVC TM-22U
color video monitor. The camera was directed from an angle approximately 20° above the
horizontal plane of the burner and was located at sufficient distance to focus on a view that
included the burner, pan, some of the food, about 15-20 cm (6-8 in) on each side of the pan, and
about 25 cm (10 in) above the pan. The area framed by each image was about 56 cm (22 in)
wide by 39 cm (15 in) tall. The videotapes were reviewed, and individual Ill image frames were
digitally analyzed at 1 second, 45 seconds, and 90 seconds before ignition.

Two blackbody sources were utilized for calibration of the infrared video images. The
Mikron model M-310 source was set at 300 “C, and the Barnes Engineering source was set at
511 “C. The Mkron source provided a continuous readout of the temperature, but a Fluke model
52 IUJ thermometer was necessary to monitor the Barnes Engineering source while recording the
calibration video.

2.2.6 Standanl Video and Photographic Equipment

A VHS video tamer% Panasonic AG-170 Proline, was approximately centered outside of

13
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the doorway of the laboratory enclosure and was focused to capture a view of the entire cooking
scene including the range surface, cooking pan, range hood, and smoke plume. The abilities to
zoom close to the pan as well as achieve panoramic views were important features of the camera.
A Ricoh lvlirrai zoom lens camera was used to take still 35 mm
apparatus and test behavior.

2.3 Ilata ~~~~isiti~~, ~e~~etio~, and Plotiing

2.3.1 Data Acquisition

slide photographs of the

An Intel 486 computer controlled the data acquisition process. The computer
mmmunicated with an FIP3460 scanner box and HP3454A digital voltmeter. The data system
has a capacity of 20 instrument channels and 60 thermocouple channels, but only 3 and 24 were
used, respectively. Approximately one second of scan time is required for every 20 channels
used. The data system was capable of scanning the 27 channels at two second intervals which
was the setting for a few tests, but most of the tests used a three second time interval.

A data acquisition program developed at the Building and Fire Research Laboratory was
executed on the computer. The program requires input of instrument channel range,
themnocouple channel range, scan interval, display preference, and file name. The program
allows the user to take sets of “zero” and “span” readings of the instrument voltages for purposes
of calibration. For this series of tests, only a set of background zeroes, the output voltages for
ambient conditions, was necessary. The data were stored on the computer hard disk in a format
compatible with the data reduction program.

The FTIR spectrometer was controlled and the data were acquired with a dedicated Intel
386 computer. The FTIR scanned 64 times and produced average signals from the scans every
20 seconds. Initially, FTIR data were taken in the absorbance mode, but problems with data
collection in this mode necessitated switching to collection of data in the single-beam mode which
was then converted to the absorbance mode after each test using the data processing routines
within the FTIR software.

2.3.2 Data Reduction

The reduction of data was acmmplished with the WID software which was developed
at NIST especially for fire tests. 7 RAPD consists of a set of FORm subroutines that convert
voltages from instrumentation and thermocouples into meaningful physical values. Subroutines
are also available to further convert and combine basic variables into more useful forms. The
main subroutines used for these experiments were TC to convert thermocouple voltages to
temperatures, VELOCITY to convert the pressure transducer voltage into velocity, CONIIWTE
which combines any other channels arithmetically as desired, and SMOOTH which is described
in Section 2.3.3.

Instrument descriptions and calibrations are entered and the subroutines are accessed
through a control file with extension “.ctl”. A sample control file is included in Appendix D.
The control file specifies the treatment of the raw data and the output format. Each data file

14
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required a distinct conwol file for purposes of identification of the test and documentation in the
output as well as for the input of specific zero calibration data that-varied from test to test.
Before processing each file, the zero scan and first minute of background data were inspected for
anomalous readings, and the first five data points were averaged to provide the background zeroes
for the laser-attenuation and velocity measurements. These numbers were typed into the control
file. Applying RN?ID.EXE produced two files, a reduced file with extension “red” and a save
file with extension “.sav”. Each save file was inspected for reasonable output from each
instrument. The next step was to apply a calumnizing program COLUMN. EXE to the reduced
file. This put the data into a format that could easily be pulled into a plotting software package.

The FTIR data were reduced separately from the other instrument data. The integrated
areas for the hydrocarbon and water peaks were determined as a finction of time using a MIDAC
Grams/386 soflware program. Attempts were made to perform the same analysis on COZ, but
the results were found to be difficult to interpret. Carbon monoxide concentrations were below
the detectable limits OFthe instrument.

Infrared camera images were processed and analyzed using customized software.8

2.3.3 Data PIWting

Data plotting was petiormed on a Macintosh Centris 650 with Kaleidagraph version 3.0
software. Kaleidagraph puts the data into columns and rows with each column associated with
time or a channel of raw or processed data and each row representing a time step. Plotting of
the data involves selecting one independent and the desired dependent variables from one or more
data files. For comparison purposes, data were shifted in time for the few tests when background
periods of longer than 60 seconds were required due to start-up difficulties. In this fashion, a
variable from more than one test could be compared as if all of the tests were in the same time
frame, or as if all the tests had a common burner activation time.

The set of data from each test was presented in 12 different plots for analysis and archival
purposes. Two plots show the changes in velocity and laser-attenuation measurements in time.
A third plot shows the FTIR hydrocarbon and water areas as a fiction of time. The rest of the
plots are combinations of temperatures. Four vertical profiles of temperature and three horizontal
profiles of temperature: are plotted from the plume thermocouple grid. The last two plots are of
those temperatures associated with the pan and food and those associated with other range and
range-hood locations. The set of plots for one test will be presented in Section 3.0.

In some cases, actual fluctuations or noise in specific measurements obscured the overall
trends. Smoothing of the data was used in these cases to clarify the trends. If”3 pt smooth” is
noted on a plot then each data point was replaced by one defined by a least-squares linear fit
using three points consisting of the original point, the preceding point, and the following point.
This type of smoothing was utilized in the application of RAPID to raw data. If”3 ‘XO smooth”
is noted, then the same procedure was performed on the data, except 3 0/0 of the total population
was used to generate each linear fit and establish each new point. For a total population of300
smoothed by 3 0/0, nine points would be used and would consist of the original point, the four
preceding points, and Ihe four following points. This type of smoothing was implemented using
Kaleidagraph and was applied to reduced data when additional smoothing was deemed necessary.
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2.4.1 Experimental Operation

Each experiment began tith no heat applied to the food and ended soon after ignition of
the food. The duration of each test was detemined by the time to ignition which varied from
about 5 to 30 minutes, but was typically about 15 minutes. The steps involved in these
experiments are described in the following paragraphs.

All of the power cords and strips were plugged in or switched on. The test identification
and date labels were changed for photographic purposes. The pan-wall thermocouple was
attached, and the pan, tiemocouple, and lid were weighed together. After the food material
equilibrated to room temperature, the appropriate amount was weighed and placed in the pan.
Then the -pan, food, tiemocouple, and lid were reweighed to get an accurate mass of the food.
The pan was placed on the burner, and the pan handle was secured with a clamp to a heavy ring
stand to prevent spillage of the food during extin~ishment with the lid. As the pan was placed
on the burner, the burner-pan interface thermocouple was carefilly positioned. The lid was not
put on the pan, but the lowest thermocouples of the grid were checked for potential interference
when the lid would be used to extinguish the fire. The pan-wall thermocouple was plugged into
its data line, and the two food tiemocouples were positioned in the food. The plume
thermocouple grid was centered, and the He-Ne laser beams were turned on to check for
interference by the grid. Any range or range-hood thermocouples that had been previously
removed were repositioned.

The afterburner system and exhaust hood were turned on and allowed to equilibrate. If
the test protocol called for an active range hood, it was also turned on. The data acquisition
system was switched on, the program was initiated, and the required inputs were provided. The
pressure transducer was switched on, and tie height and centering of the hi-directional probe were
checked. The photodiode circuits were powered, and the horizontal alignment of the He-Ne
lasers was adjusted. For the electric range, the current meters and power meter were turned on
as was the digital vol~eter used to read the AC signals.

The FTIR and its computer were operated separately from the rest of the experimental
apparatus. The FTIR detector was filled with liquid nitrogen shortly before each test to cool the
sensing element. An iterative alignment procedure was performed on the FTB? receiver using
the spectrometer sofmare. Initially the apparatus was aligned to give 90 % of the signal, but
when some experiments experienced problems with flame radiation saturating the detector, it
became necessary to decrease the signal alignment to roughly 8(YX0.

The infrared camera also required liquid nitrogen. The camera was usually filled with
nitrogen about 10 minutes before a test and topped-off immediate y before the test to ~~arantee
sufficient cooling for a test of long duration. The infrared camera and optical video cmera were
both checked for need of cassette replacement. The optical video camera was focused and the
date and time labels were activated. The still photography camera was checked for slide film and
loaded if necessary. The initial cooking scene was usually photographed.

When all of the previous activities were completed, the test was nearly ready to begin.
Two zero scans were recorded with the data acquisition system and were checked for anomalies

.

16



CPSC-IAG95-1145

that might indicate reversed polarity, an open circuit, or power off to an instrument. Afler all
adjustments were macle inside, the operators vacated the room to allow the air currents to
equilibrate, after which a background scan was recorded with the FTIR. The data acquisition
operator then counted ~iown to a start time at which moment the recording of general data, FTIR
data, and the two vidcmtapes was initiated. Two stopwatches were also started simultaneously.
One minute of background data was recorded. The last five seconds of the background period
were counted down to enable the burner or heating element to be set on the highest level at the
one minute mark. Throughout the test, observations were made verbally and recorded on the test
log sheet. A blank log sheet is included in Appendix C. Infrared camera settings were recorded
as were times and numbers of photographs.

Upon ignition, the pan was covered with the lid to extinguish the fire, and the burner was
shut off using an external circuit breaker (electric range) or valve (gas range). A C02
extinguisher was available in case of re-ignition which did occur in the case of oil heated on the
electric range. Also, the sugar fires used only a C02 extinguisher ~d not the lid because the
sugar tended to overflow the pan and prevent use of the lid. Each experiment was usually
continued another five minutes in order to record the partial return of the variables to background
conditions. The lid could not be lifted safely until sufficient time had passed to allow cooling
of the pan below ignition temperatures.

While a pan was cooling, a calibration video was recorded for the infrared camera. The
camera was lowered and moved close to two blackbody sources that were set up in a corner of
the laboratory. The temperatures of the sources and the voltage level of the camera were noted
while the camera recorded 10-30 seconds of images. If the voltage level drifted, usually lower,
from pre-test levels, video was recorded under the current as well as reset conditions. Generally,
a calibration was performed between two consecutive tests to allow its use for both.

After a pan ww cool enough to handle safely, it was removed with the lid still in place
and weighed to determine the mass loss due to heating and the brief period of flaming. For the
soybean oil, the volume of the remaining material was also estimated, but this was somewhat
diffkult because of the increased viscosity of the oil and the diffkulty of removing all of it from
the pan into a graduated cylinder.

After each test was completed and materials were weighed, an already clean pan was
prepared for immediate use while the just-used pan and lid were cleaned for future use. It was
found that the pans could be adequately cleaned for multiple test usage with steel wool and strong
detergent. The exception was the pans that were used to cook sugar which could only be cleaned
sufilciently with excessive effort. The stainless steel surfaces were returned to smoothness with
minimal debris, and only oxidative coloring remained after cleaning.

2.4.2 Safety Practices

A set of safe~’ rules and precautions was developed because of the threats of smoke
inhalation, fire spread, etc. No personnel were permitted in the laboratory enclosure after the
cooking began to produce significant smoke and a layer of smoke developed unless breathing
apparatus was utilized. All of the personnel conducting or observing the experiment had to wear
safety shoes and safety glasses or goggles. Visitors were not allowed to pass the warning tape
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located onthefloor atthe door opening. At least one fire extinguisher was located near the
doomay and someone trained in fire containment was always nearby when ignition was
imminent.

3.0 R~SUltS ~~d Discussion

3.1 General Experimental Results

The results of the pwaettic experiments are further discussed in this section. The main
focus is on the ins~mented experiments and the possibility that any of the measurements
recorded can lead to pre-ignition detection.

3.1.1 Parametric Experiments

The parmetric experiments were primarily of interest for assistance in the selection of
the pans used in the instimented tests. The temperawre behavior of these tests is of some
additional interest. Figure 4 depicts the temperature versus time curves of the parametric tests
for which temperature was m~nitored. Both of the tests using stainless steel pans (shown as solid
lines) ignited, while the others which used aluminum pans (dashed lines) did not. The two tests
of diflerent amounts of com oil in a stainless steel sauce pan show similar tempera~re behavior,
except the one using the smaller mount caused compression of the curve in time. The tests of
different mounts of corn oil in a cermic-mated aluminum pan also show similar behavior
except the one using the smaller mount also caused time compression of the curve. The tests
of 250 mL of corn oil in two kinds of aluminum pans show similar behavior. Oil heated in
aluminum pans on this typical gas range fell short of ignition temperaties by at least 30 “C.

The last two parametric tests were mndudd on the open-coil electric range. The baked
beans test shows a very long water evaporation time, about 1500 seconds, until the temperature
begins to rise slmrply over 100 “C. Heating was continued for several minutes after smoke
production had decreased to a low level. The bean residue consisted of a dry char and ash. The
last test was mndu~ed using an aluminum frying pan with 250 ti of corn oil which did ignite
after approximately 12 minutes, but the temperature was not monitored. This test demonstrated
the ability of the electric range to ignite oil in a.n aluminum pan.

3.1.2 Ins~mented Experiments

A total of twenty-two tests, listed in Table 3 and consisting of twelve combinations of
range, food, and hood status, were conducted of which eighteen produced ignition and did not
experience problems with data mlle~ion or operational procedure. Seven of the test
combinations were repeated. Test one was repeated twice because the initial heating level was
too low. Tests six and seven were the only tests conducted on the smoothtop range because test
six did not produce ignition, and additional unsuccessful tests were considered likely to occur.

The reds of the ins~mentd experimen~ are provided primarily in graphical form
One test of oil heated on the electric range with the range hood off is used as a typical example

18



.-

500

400

300

200

100

0

CPSC-IAG95-1145

—— #1: 500 mL corn oi!, 2.9 L SS sauce, gas
--- -- #2: 500 mL corn 011,2.9 L alum./ceram. sauce, gas
—— #3: 250 mL corn oil, 2.9 L SS sauce, gas
--------- #& 250 mL corn oil, 2.9 L alum./ceram. sauce, gas
--------- #5: 250 mL corn oil, 25 cm alum. frying, gas

$ I 1-

— – - #6: 670 g baked beans, 1.9 L aluminum sauce, elec. /

I 7

/—
/

/

/

/

f

/

/

/

/

/
/

J 1 t * I I 1 1 1 I I 1 I I I 1 I t 1 I t 1 1 1 I 1 I , 1 I 1 ! ! ! I ! , r 1 11

0 500 1000 1500 2000 2500 3000 3500 4000

Time, s

Figure 4. Paramet tic experiments temperature versus time curves.



CI%C-IAG-95-1145

tirou@out this section. The results and discussion focus pfimatily on comparing the same
memurement from each different fire on the same plot and judging the potential use of that
memurement as a universal pre-ignition signature. Not all of the measurements are compared,
but certain measurements within each family of similar measurements were selected as both
typical of the type of memurement and most practical for future implemen~tion based on
location. The comparison plot curves all begin at the time the burner was energized and end
about two seconds before the i~ition time. The oil and bacon in the electric-range tests ignited
significantly faster than the same foods in the hi~-output gas-range tests. For this reason, the
me~urement comparisons are separated by range type. “On” and “OW in the comparison plots
legends refer to the status of the range hood for each test.

3.2 ~e~~erat~res

3.2.1 Pan arid Food

Figure 5 shows the temperatures from the pan and food thermocouples as a function of
time for a test of oil heated on an electric range with the range hood off. There was apparently
no temperature gradient within the oil since the two food curves coincide. The pan inside-wall
temperature was also identical to the food tempera~rm until ignition when the thermocouples in
the oil were displaced from the pan by the lid as it was used to extinguish the fire. After
ignition, the food tempera~es no longer indicated the temperature of the food since the
themocmples lost contact with the food and were on top of the lid. After ignition, the pan-
bottom temperature gradually approached the pan-side temperature.

Figure 6 shows a comparison of the pan-bottom temperatures for all of the food and
rmge-hood mmbinatiom heated on the electric range. The sugar results exhibit a much faster
temperature rise because heat is tiasfemed to sugar less efficiently than to oil which allows the
metal pan to retain more of its heat in the sugar case. The oil and bacon curves are all similar
to each other. Figure 7 shows a comparison of the pan-bottom temperatures for all of the food
and range ~mbinations heated on the hi@-output gas range. The tests of bacon and oil with the
range hood off experienced much higher temperatures than the same foods with the range hood
on. It is utiom whether this was due to the lack of heat extraction by the hood or some other
reason. It could also have been a conf@uration effect because a minor change in the proximity
of the themowuple to the burner flame could greatly influence the measured temperatures.

Figure 8 shows a comparison of the pan-side temperatures for all of the food and range-
hood mmbinations heated on the electric range. Except for the test of oil with the range hood
on, all of the temperature curves are similar. Figure 9 shows a comparison of the pan-side
temperawes for all of the food and range ecnnbinations heated on the high-output gas range. The
oil tests’ trends are similar, but the test with an inactive range hood does show faster heating.
The sugar test results show a much faster temperature rise due to the initially dry state of the
sugar, and the bacon test has a much slower temperature rise than either the sugar or oil.

The temperatures of the food and pan may show reproducible and predictable pre-ignition
behavior, but the locations are quite inconvenient for measurements during cooking. CM the
electric range, the burner and pan bottom should experience similar conditions so the burner is
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a good cmdidate for such measurements. The burner or pan temperature on the electric range
could be used in conjunction with other signatures if threshold temperate or integrated time and
temperature behavior were utilized to detect pre-i~ition wnditions.

3.2.2 Plume

Figures 10 through 16 show the plume thermocouple grid temperatures as a function of
tin-w for a test of oil heated on an electric range with the range hood off. The grid diagram of
Figure 3 helps in interpreting these figures. Figure 10 shows the vertical profile of the pan-
centerline ~mpera@es above the bwmer. Before ignition, none of the temperawes exceeded
100 ‘C. The plumes were relatively cool compared to the pans and food below. At the highest
point above the burner, the tempera~re only reached about 40 “C. Figures 11 and 12 show the
vertical temperature profiles 7.6 cm to the left and right (when facing the range) of the pan
centerline. The temperawres left of center were much less than those right of center. This
implies a high degree of asymmehy in the plume. At 16.8 cm above the burner, the temperature
right of the pan centerline was even 10 ‘C greater than the centerline temperature. Figure 13
shows the vertical temperature profile 15.2 cm to the left of the centerline. Of all of the vertical
tempera~res, these were the coolest.

Figures 14, 15, and 16 show the changes in horizontal temperatures with time along lines
16.8 ~m, 37.1 cm, and 67.6 cm above the burner, respectively. These figures also demonstrate
that the plume temperatures were shifted to the right of center. The plumes in the tests conducted
on the hi~-ou~ut gas range tended to shift to the left slightly. In every case, while the degree
was different for each test, the plumes tended to lean away from the center of the range.

Figure 17 shows a comparison of the centerline temperamre 37.1 cm above the burner for
all of the food and rmge-hood ~mbinations heated on the electric range. The behaviors of the
same foods were similar. Figure 18 shows a comparison of the centerline temperature 37.1 cm
above the burner for all of the food and range combinations heated on the high-output gas range.
The bacon temperature curves are similar, but the oil curves differ by about 20 ‘C and show
difierent trends. Sugar ignited very quickly, even relative to the parallel electric-range test.
These figures show that the range hood affects the ignition process and the plume to a minor
degree at most.

The plume may be a di~~cult location to position a tempera~re measuring device as a
range pre-ignition detector. The temperatures are not very high in the plume and do not change
significantly with time during heating.

3.2.3 Range and Range Hood

.-

Figure 19 shows the tempera~res of the range and range-hood themomuples as a
function of time for a test of oil heated on an electric range with the range hood off. The outside
surface of the hood actually cooled prior to ignition. The range surface thermocouples equidistant
from the burner have similar tempera~re curves. The temperature of the range beneath the
burner w-passed 200 ‘C which means that the space beneath the burner is a relatively hot
environment.
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Figure 20 shows a comparison of the range surface temperature 17 cm from the burner
center at the 8 o’clock position for all of the food and range-hood combinations heated on the
electric range. Figure 21 shows a comparison of the range surface temperature 17 cm from the
burner center at the 8 o’clock position for all of the food and range combinations heated on the
high-output gas range. All of the temperature curves are similar between food types and ranges
except for the longer duration and slower heating of the gas-range tests.

Figure 22 shows a comparison of the inside range hood sufiace temperature for all of the
fwd and range-hood combinations heated on the electric range. The curves appear quite different
at first but the temperatures differences are only between 2 ‘C and 5 “C. Figure 23 shows a
comparison of the inside range hood surface temperatures for all of the food and range
combinations heated on the high-output gas range. The gas range produced nearly 15 ‘C higher
temperatures in the hood than the electric range. The temperature increased much faster during
the gas-range tests compared to the electric-range tests due to the gas range’s instant flame. The
temperature curves are again very similar to each other.

A range-hood or range-surface temperature sensor has some potential as a pre-ignition
device in conjunction with some other signal. A high-temperature threshold in these areas could
theoretically be surpassed by cooking safely for a long time period or using multiple burners
simultaneously so temperature would probably not fwction successful y as a lone signature of
impending ignition. A high temperature in the presence of another, more discriminating pre-
ignition signature might aid in decreasing false alarms that could occur if only one signal was
monitored. The temperature of the space below the burner also has potential as a pre-ignition
detection input. The area is convenient, and for the electric range, it reached relatively high
temperatures that would clearly indicate the high heating conditions on the burner above.

3.3 Plume Velocity

Figure 24 shows the vertical plume-gas velocity measured by the hi-directional probe
35.6 cm above the burner as a function of time for a test of oil heated on an electric range with
the range hood off. The initial minute of the test shows that the noise level associated with this
measurement is approximately * 0.08 m/s. After the heating process, the fluctuations are on the
order of i 0.2 mls. There is a fairly sharp rise in velocity and then a leveling off.

Figure 25 shows a comparison of the vertical-velocity measurements 35.6 cm above the
burner for all of the fbod and range-hood combinations heated on the electric range. The cooking
of sugar, which heats fastest, produces the highest velocities due to early buoyancy. The cooking
of oil produces a more quiescent flow, with bacon’s behavior lying between that of sugar and oil.
The tests with the range hood off actually show slightly higher velocities, but the differences are
not great enough to draw any conclusions. Again, the influence of the range hood seems to be
relatively inconsequential. Figure 26 shows a comparison of the vertical-velocity measurements
35.6 cm above the burner for all of the food and range combinations heated on the high-output
gas range. These velocities are 20 YO to 50 YO higher than those for the same electric-range tests.
AIl of the food curves are more similar for the gas range than for the electric range. The plume
generated by the gas flame tends @ bnhte the velocity behavior and somewhat smear out food

and range-hood effects. Velocity does not seem to be a universal signal of impending ignition.
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Figure 22. Plot of range hood inside surface temperature versus time for all tests on the
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3.4 Laser Attenuation

.
In. these experiments, laser attenuation is the decrease in laser-light intensity due to

interference or obscuration by particles in the path of the beam. Laser attenuation was calculated
by subtracting the voltage measured during the test from the pre-test background-zero wdue and
dividing the result by the same background-zero value. Figure 27 shows laser attenuation, with
units of volts-per-volt, as a function of time for the two He-Ne lasers for a test of oil heated on
an electric range with the range hood off. A sharp increase in attenuation begins at 450 seconds.
The increase, while sharp, is fairly linear until ignition.

Figure 28 shows a comparison of the laser-attenuation measurements 17.8 cm above the
burner for all of the food and range-hood combinations heated on the electric range. The sugar
curves are different than those of oil and bacon in that they rise very sharply after two minutes
of heating, but the rate of rise decreases within a minute to slopes similar to the other foods. The
oil and bacon curves are similar except for the period of time a&er heating begins until the curves
rise. Bacon requires about two minutes less to generate significant smoke levels.

Figure 29 shows a comparison of the attenuation measurements 17.8 cm above the burner
for all of the food and range combinations heated on the high-output gas range. The sugar
ignited much earlier than the oil and bacon. Local heating, melting and charring was observed
in the pan of sugar where the gas flame impinged on the pan. Less time was required for the gas
range to cause a local area to ignite than the electric range required to heat all of the sugar. The
bacon and oil curves are similar in shape to those for the electric range except that they are
stretched in time.

All of the foods produced large quantities of smoke that created a smoke layer in the
upper region of the room. The smoke layers were clearly visible, up to 60 cm in thickness, and
noxious in odor. When this occurred, the room air became unbreathable and even caused
discomfort in its diluted form outside of the room. Characteristics associated with these large
quantities of smoke are important features of the pre-ignition environment. Light attenuation and
the related phenomenon of scatter show considerable potential as pre-ignition signatures.
Threshold levels of attenuation or scattering would be most appropriate since the slopes of the
attenuation curves are similar for different finds on a given range.

3.5 FTIR Gases

Relative changes in concentration of general hydrocarbons, carbon dioxide, and water were
obtained from the FTIR data analysis. Absolute concentrations were not calculated due to the
difilculty associated with calibration of the FTIR with known quantities of the required gases over
the range of plume temperatures encountered during testing. The qualitative trends of the species
as ignition approached were determined. The area referenced in the following figures is the area
under the curve of absorbance plotted versus frequency. The area is calculated by integrating
between the wavenumbers (frequency units of cm-l) that bound the spectral band, or peak, of a
specific gas species. The area, with units resulting from the product of absorbance and
frequency, has little quantitative meaning without calibration, but relative changes in an area
reflect relative changes in the gas concentration.
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Figure 30 shows the total hyh-oca.rlxm ad water areas as a function of time fen-a test of
~~]~ea~e~ on ~ elec~ic range with the range hood off. Hydrocarbon area is the area under the

hydrocarbon spectral peak integrated from 2782 cm-l to 3029 cm-l. Thk frequency range
corresponds to the spectral band produced by the stretching of carbon-hydrogen bonds in alkanes,
alkenes, and aromatic hydrocarbons. 9 The limited spectral resolution of the instrument and the
likely overlap and interference of the spectra of many hydrocarbons prevented fi.uther
identification of specific organic compounds within the broad peak. The hydrocarbon curve rises
sharply in a manner similar to the laser attenuation curves. The water area is the area under the
water spectral peak integrated from 1644 cm-l to 1755 cm-l. Water increases more gradually
than the hydrocarbons and peaks at one fourth of the hydrocarbon amount.

Figure 31 shows a wmparison of the hydrocarbon-area measurements for all of the food
and range-hood combinations heated cm the electric range- Sugar produces similar levels of
hydrocarbons to those produced by the other foods, but in a shorter period of time. The CWVeS
closely resemble those for laser attenuation except sugar generates the most hydrocarbons,
followed by bacon and oil.

Figure 32 shows a comparison of the hydrocarbon-area measurements for all of the food
and range combinations heated on the high-output gas range. The gas range seems to produce
similar levels of hydrocarbons from heating food to those produced by the electric range. The
coarse time resolution of these measurements makes it difficult to accurately compare the
maximum levels since the last spectral scans before ignition are averaged with scans tier
ignition, The data points shown are those averages that were not tainted by post-ignition scans,

Figure 33 shows a comparison of the water-area measurements for all of the food and
range-hood combinations heated on the electric range. The heating of sugar produces much more
water than either bacon or oil due to the breakdown of the chemical structure of sucrose. For
bacon, water initially boils off due to the water content of the meat, and then more water vapor
forms later as a pyrolysis product. Heating of the oil produces no water initially, but increasing
amounts form as some components of the oil begin to break down.

Figure 34 shows a comparison of the water-area measurements for all of the food and
range combinations heated on the high-output gas range. Water was measured immediately upon
the start of each test using the gas range. This is due to the addition of a constant level of water
vapor from combustion of the burner flame to the water contributed from the foods.

~ effort was made to generate Coz mea cu~es by integrating the C02 SPeCtral band
from 2320 cm-l to 2383 cm-]. The results initially seemed nonphysical because of negative areas

which implied a decrease in C02 from ambient levels. One possible explanation is that little or
no air, which contains C02 on the order of several hundred ppm, WaS en~ained by the PIume ~d
passed by the FTIR beam in the section of the path length over the pan. Thk would cause less
C02 to be measured during the experiments than was measured as background levels. Since the
background data were subtracted from the experimental da@ negative areas resulted. Another
explanation is that the increased temperature of the plume relative to the cool background caused
the C02 molecules to spread apart, and the decreased number density of COZ molecules was
interpreted as an absolute decrease in C02 by the FTIR. A third possibility is that the increase
in plume temperature during the test over the ambient background temperature produced enough
additional infrared radiation from the plume to cause the relative absorbance by C02 in the hot
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plume to seem less than the ambient C02 absorbance.
Total hydrocarbons or related phenomena have high potential as pre-ignition signatures.

Attainment of a threshold level would warn of impending ignition. The high rate of change of
hydrocarbon levels when they first begin to develop could also be used as an early warning of
approaching ignition condhions if it can be shown to be a behavior uncharacteristic of normal
cooking. Water and carbon dioxide are not good candidates for pre-ignition signatures because

. . gas-powered ranges safely yield both gases through combustion of the hydrocarbon fuel. There
are also numerous other household sources of C02 and water that would obscure those gases
generated by cooking food.

3.6 Recorded Images

3.6.1 Infrared Video

Infrared images were captured
1,45, and 90 seconds before ignition.

from the infrared videotape recordings at approximately
The images were calibrated using calibration images also

captured from the infrared video. Figure 35 is the image one second before ignition for the test
of oil heated on the electric range with the range hood off. Most of the images displayed slight
to nearly imperceptible temperature changes over the 90 second period of time. The images of
sugar cooked on the electric range showed more obvious changes because of the expansion of the
material over the pan edge. Although the accuracy of the temperature calibration is poor because
of the unknown emissivities of the materials in view, it is likely that if large changes in the
thermal environment did occur, they would be seen in these images. Infrared imaging does not
appear to be usefi.d for pre-ignition detection.

3.6.2 Standard Video

The videotape recordings of the fires captured much of the observable phenomen~ and
the ignition behavior can be watched frame by frame to observe location of flame initiation.
Audible comments made by the test persomel during the test concerning operational activities
and observations are also included on the tapes.

3.6.3 Photographs

A total of 132 photographs were taken in the course of the experimental portion of this
project. The subjects of the photographs are the experimental apparatus and test behaviors before,
during, and after each test.

3.7 Effects of Variables

3.7.1 Range Type

The quantities and trends of most measurements are similar between the range types. The
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primary effect of range type was the amount of time required to bring food to ignition. Although
sugar very quickly ignited on the gas range, oil and bacon needed about-50 ‘/0 more time to reach
ignition conditions on the gas range compared to that needed on the electric range. Sugar
required about 50 ‘/0 less time to ignite on the gas range than it required on the electric range,
but the reason for this is explained in Section 3.7.2. While the gas burner flame is at a higher
temperature than the electric element, the heat transfer rate to a pan is less for this particular gas
range compared to this electric range. One reason for this is that the flame contact area on the
pan is less than the open-coil element contact with the same pan.

The measurements of velocity and temperature in the plume are higher at earlier stages
for the gas range because of the instantaneous manner of burner ignition compared to the gradual
temperature rise of an electric element. The burner post-flame gases themselves contribute to
heating of the area above the burner more than the natural convection from an electric element.

3.7.2 Food Type

Oil and bacon require several minutes to reach boiling, and then smoking, conditions. The
bacon fat must first liquify, as well, before boiling can begin, yet the lesser mass of liquid
produced by the bacon compared to the oii requires less time to heat, vaporize, and produce
smoke. Sugar requires less time than bacon and oil to begin generating smoke, and the
production of smoke is more abrupt and less gradual than that of the other foods. Sugar and
bacon seem to produce darker smoke than oil. Sugar has a unique behavior in that it melts,
resolidifies, and then continues to pyrolyze as an intumescent (bubbling and swelling) char.

A reason for sugar’s faster ignition behavior on the gas range as compared to the electric
range is related to the ring-shaped gas flame and the failure of the heat to spread across the entire
sugar mass equally. As liquids, oil and grease tended to conduct and convect heat more readily
than sugar, and they equalized the temperature distribution. Sugar retained the heat unevenly in
the local area above the burner flame which allowed the lesser amount of sugar to progress to
ignition in less time than all of the sugar would have required. The aluminum clad bottom of
the pan was not completely successfi.d in distributing the heat evenly. It is possible that the test
of sugar on the gas range with the range hood on faiied to ignite because the remaining sugar
acted as a heat sink and a barrier to plume generation which prevented the local
transformation from developing enough flammable vapor and high temperature.

area of sugar

3.7.3 Range-Hood Status

The range-hood capacity seemed to be overwhelmed by the plume behavior of the heated
foods. When smoke generation was at steady, high levels, most of the smoke seemed to bypass
the range hood. The largest hood available in our survey had about 75 YO greater flow capacity
than the hood used, but it is likely that such an increase would only partially alleviate the
accumulation of smoke. The high-output gas-range test on sugar with the range hood active did
not produce ignition conditions, while sugar cooked on the same range with the hood inactive did
ignite. It is not known whether the hood played a significant role in this case, if the explanation
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in Section 3.7.2 is valid, or if a wide range of behaviors accompanies the heating of sugar. Since
the status of the hood did not affect ignition conditions in a clear rnmer. the presence or absence
of a range hood of similar capacity to this one or whether such a range hood is active or not
should not significantly affect the inputs to a detector sensing any of the conditions measured in
these experimen~.

3.7.4 Pan Material

A flmmable liquid food cooked in an aluminum pan
slowly, if at all, when wmpmed to heating the same food in

tended to reach ignition conditions
a stainless steel pan for the ranges

used in this study. The use of stainless steel in the -pans always produced ignition for oils and
fatty meat under high heating for these particular ranges. The reason for this is the high thermal
mnductivi~ ( 1’70Witi) and thermal diffbsivity (70x I 0-6 mzls) of aluminum which contribute
to high heat losses to the sides of the pan. Thermal mndu~ivi~, k, is a property of a material
that describes the relative ease of heat mndutiion through it. The thermal difisivity of a
material, oi, describes the relative ease of heat wnduaion tiou@ it mmpwed to its capacity for
energy storage. Stainless steel has much lower values of these thermal properties (k = 15 W/rnK,
01 = 4x10-6 m2/s) which gives it a tendency to retain more heat than a material with higher

property values. Heat easily condu~ed to the sides of an aluinum pan is then transferred to the
air due to the much greater contact area between hot metal and air mmpmed to the stainless steel
case in which the walls are relatively cool compared to the bottom, and the pan’s high
temperawres are concentrated where air does not come into contact.

3.8 Reproducibili@

Seven of the experiments were repeated with the same conditions to determine test-to-test
variation of the recorded variables. The experiments were very reproducible. Differences
between the maximum memurement values and the heating times required for ignition of repeated
tests were &picalIy less than 10 ‘A and often under 5 ‘A. Two figures are provided to illustrate
these typical variations.

Figure 36 shows a comparison of the pan-centerline tempera~res 16.8 cm above the
burner and the pan-side temperatures bemeen two tests of bacon rooked on the electric range
with the hood off. The heating time required to produce ignition conditions for test 9510 was
31 seconds (6.7 Yo) greater than that required for test 9502. Just before ignitio~ the centerline
temperawre for test 9502 was approximately 20 ‘C (5.2 Yo) greater than that of test 9510. The
pan-side tempera~re for test 9510 was approximately 33 ‘C (5.4 ‘?40) greater than that of test
9502. The maximum temperatures, temperature trends, and heating periods were similar for each
of these tests.

Figure 37 shows a mmpmison of Imer-attenuation memuremenfi 17.8 cm above the
burner between two tests of oil cooked on the gas range with the hood on. The heating time
required to produce ignition renditions for test 9516 was 34 seconds (3.6 ‘/0) greater than that
required for test 9514. Just before ignition occurred, the attenuation level for test 9514 was
4.89’0 (5.5 ?40, relatively) greater than that of test 9516. The mwimum atienwtion levels,
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attenuation trends, and heating periods were similar for each of these tests.

3.9 Re-Ignition Behavior

Re-ignition occurred frequently for the tests with oil cooked on the electric range in
stainless steel pans after the oil was extinguished with the lid. The residual heating ability of the
de-energized electric burner built up very high temperatures within the closed pans. Attention
should be given to this phenomenon because current recommended safety practices may not take
it into account. A high capacity fire extinguisher maybe necessary to completely extinguish such
a fire with or without initial extinguishment with the lid.

4.0 Literature Search

4.1 Objectives

The second major activity of this project was the identification of methods, materials, and
devices with potential to detect and react to pre-ignition conditions. This was accomplished with
a literature and patent search. The search focused on technologies capable of detecting one or
more cooking-related signatures and the control technologies capable of shutting off gas and
electric ranges in the event of a danger signal from a detector. The bibliographical reference
itiormation related to these technologies is provided in Append~x A.

4.2 Search Databases and Strategies

4.2.1 Databases

The databases that were searched were NIST’S fire document collection (FIREDOC),
Engineering Index (EI), National Technical Information Service (NTIS), and Derwent World
Patent Index (WPI). FIREDOC is a database managed by the Fire Research Information Services
at NIST. The documents contained in FIREDOC primarily are related to fire, smoke, flame, and
combustion fields, although the database has started to include research literature associated with
building technology as well. FIREDOC was the primary resource for investigating technologies
related to smoke detection because the subject has been thoroughly researched and documented
at NIST and elsewhere. FIREDOC was not helpfi.d at all, however, in the investigation into
control technologies.

The EI and NTIS databases, while covering the broad range of all scientific research, also
contain several orders of magnitude more papers than FIREDOC. These databases were very
helpfil in finding research reports that are indirectly related to or unrelated to fire or smoke, but
could have bearing on this project’s objectives. NTIS also contains literature that has limited
publication and distribution. EI and NTIS were more helpful than FIREDOC in obtaining
controls references. The detector patent search was limited to smoke detectors. A controls search
was also conducted using the patent database.
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After generating each list, the documents were screened by title and abstract for any
potential use related to the two goals. Selected documents were read fb.r better understanding of
novel methob and designs. The screened

4.2.2 Detector Strategies

The literature and patent search for
prior bowldge of what the pre-i~ition

lists are provided in Appendix A.

detection and sensor technology was started without
signatures might be if they existed at all. Many

conditions could be assumed based on common sense Su-ch as higher temperatures than those
experienced during safe cooking, some mount of smoke, and some increase in veiocity above
the burner due to buoyancy. The other unknown signatures left the scope of the search very
broad. The search strategies, located in Appendix B, were based. on primarily looking for smoke
and fire detector technologies and then expanding the inquiry to include other kinds of
temperature, heat, radiatio~ velocity, and hydrocarbon gas sensor technology. Upon completing

the present experimental mewurements, plume velocity and infrared imaging were not found to
be potentially usefid signatures, so their related techologim are not includd. In addition to
papers on the sensed conditions, those on the topics of smart sensors, fuzzy logic, and artificial
intelligence used in detectors were examined.

4.2.3 Controls Strategies

Control technology for shutiing down gas and electric ranges upon receiving input from
a detection device is not new or innovative. Gas burners in some applimces already have flame
sensors that cause the gas valves to close upon a “no-flame” condition. Smoothtop electric ranges
ah-eady have tiemostit-wntiolled override technology that discontinues current to the heating
elements when the cermic top temperatirm approach levels that could damage the material.
Although these tec~ologies are available in other applications than those proposed, and
itiomation was ~tiered from manufa~rers on the cument application, additional searches
were pefiormed to look for novel methods and teckologies that are applied to other equipment
or appmati, but may be utilized for these purposes.

1.S ~earc~ Results

4.3.1 Detectors

The searches for detectors and sensors resulted in the discovery of many technologies with
vqing degrees of applicability to the range pre-ignition problem. Perhaps the most valuable
resource as an overview of detector tw~ologi~ is a paper by ~osshadler.~” Some of the
major detection technologies are compared in Table 4. Smoke detectors of the ionization,
photoeltic, mndemation nuclei, and electrostatic types were investigated. These common
smoke detector teckologies are fairly simple and are a logical choice for more in-depth inquiry
since the expetimen~l results point towards smoke-relatd phenomena as the most evident
ignition precursors. Ionization detectors require a radioactive ionizing material which would
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Table 4. Detection technology comparison.

Device or Method Detection Simplicity Relative Other Problems
Effectiveness cost or Features

Ionization smoke Very high Medium Low Too sensitive,

detector Radioactive

Photoelectric High Medium Low
smoke detector

Condensation Very high Medium Medium
nuclei detector

Electrostatic Unknown Low Medium May not work on
Smoke Detector non-combustion

smoke

Tin oxide coated High High Medium

semiconductor

Piezoelectric Very high Low Medium Too sensitive,
microbalance mass becomes
sensor overloaded

Catalytic gas High High Low Confbsed by

sensor mixtures,
can be poisoned

Electro-chemical High Low High Requires high

sensors temperature,
slow

Infrared imaging Low Medium High Interference of
gas flame

Thermocouple Medium High Low
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probably not be easy to market for use near food. Ionintion detectors also provide much greater
sensitivity than would be required for range use. Condensation nuclei type smoke detectors
would respond properly to smoke levels, but these also are very sensitive and need humidification
components that make the device overly complex. Electrostatic detectors measure the charge on
soot particles, but they may not work well with. smoke that is not a product of mmbustion.

Photoelectric detectors require only a light source and a light receiver to detect scattered
or attenuated light. The moderate simplici~ of this tectiolo~ makes it attractive for potential
use on ranges. A problem with point type photoelectric smoke detectors is that they require the
smoke to come to the detector through ambient flows or diffhsion. A point type detector installed
on a range would not see smoke until too late because the buoyant plume carries smoke up and
away from the range. A point type dete~or would function well in the range hood or installed
somewhere above the range, but those locations are outside the scope of this project. Smpling
type photoeletic detectors have similar di~lcultim as the wndemation detetiors because they
require a flow system to carry the air and smoke inside.

bother kind of photoe}e~ic smoke detector is the beam type which directs light from
an emitter diode into the air and receives scattered light back from particles onto a detector diode.
If particles from smoke reach a high enou@ density, a tieshold level of received light is attained
and the detector signals a danger condition. Complications with this device are the potential
inadvefient blockage of the detmor and large scale reflection of li@t back to the detector by
nearby objects. These issues are ad&msable through a design process.

Another p~icle-bmed detector is the piemeletic microbalance mass sensor which
detects the chmging particle loading on an oscillating quartz crystal by its frequency change, but
it responds to only smaller particles and bewmes Ioadd easily. Simikar in concept to the l?TEt
spectrometer used in this project’s experiments is the monitoring of specific infrared spectral
bands to detect various gases.

Chemical detectors are a more recent addition to detector technology. 6as sensors using
tin oxide (Sn02) are sensitive to carbon monoxide as well as oxidizable hydrocarbons, so either
would be detected if present as food ignition approaches. Platinum doping allows the sensor to
operate at room temperature instead of 300 ‘C. Catalytic sensors heat when in contact with
specific chemical gases, but the catalyst can become poisoned, and it can be confimed by mixtures
of gases. Elemochemical sensors change their eletical properties when an impinging gas causes
a reaction, but these sensors are usually slow and require high tempera~res.

TemperaWre could be monitored by many methods including infrared emission, but
sophisticated thermometry is expensive. Temperature technology in the form of thermocouples,
thermistors, or R~s (rwisWce temperature devices) is inexpemive and versatile. One or more
of these devices could be used in conjunction with a smoke detection device to prevent false
alarms by providing additional checks on the possible approacKlng fire situation. Since sensing
of a tempera~re th=kold would be most appropriate, thermistors, which are very sensitive to
changes, would probably not be the best choice. The platinum in RTDs can make their cost
prohibitive depending on the size of the device. Themowuples remain an effective and
inexpensive metiod of tiemome~.

The mmbination of smoke sensing and temperature sensing devices in a single dete~or
requires a microprocessor of some sort to logically inte~ret the incoming sensor information.

,..
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Appendix A also contains a section on fuzzy logic, artificial intelligence, and smart sensors as
applied to multi-parameter detection. The algorithms and hardware can range from simple to
very sophisticated and would depend on the final design of the detector. The number of inputs.

.“ to the smart system and how they should be interpreted would impact the complexity and cost
of the detector. Costs of the individual components have not been assembled because they are

,. so dependent on actual design and application..

4.3.2 Controls

Very few of the documents found in the NTIS and EI databases were directly related to
the needed technology, but many of the patents were similar to or exactly the kinds of controls
being sought. Several of the patents are for power disruption devices designed for smoke or fire
ahum input. Other patents are for gas safety valves with detector inputs. Brochures that were
obtained from companies advertise similar technology to that which was sought. The technology
for shutting down gas and electric ranges as ignition conditions are approached is readily
available and is relatively inexpensive since much of it is mass produced for application to ranges
and other appliances.

5.0 Conclusions

The conclusions pertaining to the experiments are based on measurements and
observations of combinations of specific ranges, pans, foods, and ventilation so extrapolation to
other condhions should be pefiormed with caution. The conclusions of this research are as
follows:
● Food cooked in a stainless steel pan more quickly reached ignition conditions than the

same food cooked in an aluminum pan.
● For the particular open-coil element electric and high-output gas ranges used in these

experiments, food cooked on the electric range reached ignition conditions more quickly
than the same food cooked on the gas range with the exception of sugar which reached
ignition conditions more quickly on the gas range.

● For the particular ranges used in these experiments, cooking food on the electric range
produced similar ignition conditions to those produced by cooking the same food on the
gas range.

● The temporal heating and ignition behaviors of soybean oil and bacon were simila~
however, sugar had a unique behavior.

● The particular range hood used was not found to have a significant effect on ignition
conditions, and its active or inactive status appeared irrelevant to pre-ignition detection.

● Weak indicators and non-indicators of impending ignition were velocity above the burner
and infrared imaging of the cooking area.

● Strong indicators of impending ignition were food, pan, range, and range-hood
temperatures, smoke particulate, and hydrocarbon gases. Some pre-ignition temperature
signatures will require more study since they may be mimicked by normal, safe use of the
oven or multiple burners.
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a Tin oxide (Sn02) sensors are available that are sensitive to hydrocarbons including carbon
monoxide. Although CO was below the detectable limits of-the I?TIR spectrometer,
hydrocarbons showed a si~ificant increase preceding ignition, and a finite amount of CC)
is usually a pyrolysis product. Tin oxide sensors could be used to detect increasing pre-
ignition levels of hy&ocmbons.

4 The ma~i~de of spectrally specific infrared absorption could be measured as a means
of detecting hydrocarbon gases.

e The scattering or attenuation types of photoelectric smoke detectors could be applied to
the detection of range pre-ignition conditions due to the large qumtities of smoke
produced as i~ition approaches.

0 Themowuple themomeq of the burner, pan, range surface (top and below), or range
hood is an easily implemented means of pre-ignition detection, especially in conjunction
with another method.

* Logical proc=sing of signals from two or more of the aforementioned sensors could be
an important means by which false alarms of pre-ignition conditions are eliminated.

e Control technologies exist that could be applied to the safe shutdow and restart of gas
and electric ranges upon detection of approaching ignition.

.
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Research is being conducted to describe the characterktica of an improved fze detector which promptly reacts to smoke while
distimating between smoke and odors from fwe and non-fue sources. This study is investigating signature patterns associated with f~e and
environmental sources via small- and large-scale tests toward tbe development of an improved fire detector. On the tests, smoke and odors are
produced fkom a variety of conditions: flaming, pyrolyzing and heated samples, and nuisance sources, such as aerosols, household products and
cooked food. Measurements include light obscrsratio% temperature,mass km. CO, C02, 02 and oxidizable gas concentmtiorss. The feasibility
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allowing the detector to d~crimiiate between signatures tiom f~ and nonfiie sources. The primary purpose of this preliminary study is to
investigatethe patiems of signaturesassociated with fme and environmental sources using small-scale experiments. We geaerated products from
a wide range of conditions, from flaming or pyrolyzing samples, to heated samples and samples obtained with an atomizer. We aJsomeasured
gas concentrations, tight obscuration and temperatureto characterize the products. By analyzing the da~ we identfled trends fi-om which au
elementary expert system can be formulated to identi& the source of the airborne products. Several patternsere evident. The maximum C02
concentrations achieved during experiments with flaming fues =e si~lcantly ~eater than the maximum C02 concentrations achieved during
expedients with nonfkumingfues @s-ol@ng fwes, heated liquids, and environmental odors). ~e mmflaming sources can be identified based
on the CO and metal oxide sensor peak measurements.Except for three experiments using pyrolyzing solids, tke peak CO concentration is greater
- though the Taguchi detector respomseis less - for nontlarningfwes than for environmental sources. Subsequent application of a neursdnetwork
properly classifies all except one pyrolyzing free.
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s.
Stndy of InteKlgentFire Detection System .4 System Consisting of Fuzzy Expert System and Two Sensing Elements.
F~e Research Institute,Tokyo, Japan
Report of Fue Research Instituteof Jap@ No. 75, 51-62, 1993.

[ONLY AJ3STRACT IN ENGLISH]

Other Detectors and Sensors

Author (Inventor) ARAKAWA M, TERASAWA T, OGAWA M, KAIvH H
Sensor in form of rntegrstedcircuit e.g. smoke detector - has integratedcomponents mounted on dieledric insulating substrate
Patent Assignee: (MATW ) MA’IXJSHITA ELECTRIC WORKS LTD
WPI kc No 90-133257/18
Patent (basic)
PatentNo Kind Date Field of Search
DE 3934873 A 900426 (BASIC)

Author (Inventor> CAWLEY D CAWLEY R
Fire suppression system for decorative e.g. christmastree automatically shuts down electrical system when tree catches f~e using smoke detector
Patent Assignee: CAWLEY D
WPI ACC No: 91-17707524
Patent (basic): - <BASIC> US 5018586A 910S28

D’hico, A. (Ed. )
Proceedings of EUROSENSORS V
Proceedings of EUROSENSORS V Rome, Italy, 1991 Sep 30-Ott 2
Sensors and Actuatom, A Physical v 31 n 1-3 pt 3 Mar 1992.
Pnbl by Ekevier Sequoia S~ Subscription Department Lausanne 1, Switz. 287p
1992

DePaulA Ramon P. (Ed.)
Fiber Optic imd Laser Sensors XII
NASA Headquarters, Washmgto% DC, USA
Fiber Optic and Laser Sensors XJI San Diego, CA USA
SPIE - Int Soc for Opt E&neetin~ Bel~mgbam, W.4 USA
Roceedings of SPIE - The InternationalSociety for Optical Engineering v 22921994.. 468p
1994
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Egan, Margaret R; Litton, Charles D.
Detector responses to both fwe and non-fiie contaminants,
Bur of Mines, Pittsburgh, PA USA
New Technology in Mime Health and Safety, Phoeni& AZ, USA 1992 Feb 24-27
New Techrrol Mine Health Saf Publ by Soc of Petroleum Engineers of AJME, Richedio% lX, USA- p 69-80
1992

Fabricius, N. ; Guttmarm,H.J. ; Hollenbacb, U. ; Ingenhoff, J. ; Wolf, B.
Prozessmesstechnik rnittels inte@rt optischer Sensoren auf G1asbasis. Teilvorhaben: Integriert optische Sensor- und
Sigmdverarbeitnngskomponer-denin Gles. Abschhrssbericht. (Process measuring practice by glass-based integrated optical sensosx. Subproject
optical sensor- and signal processing components in glass. Final repost)
IOT Entwicklnngsgesellschaft fuer JntegrierteOptik-Technologie mbH, Waghaeusel (DE).
NTIS Accession Numb&. TJB/A94-04429/XAB
1992 62p
Germao
Germany

Author (Inventor): FRJTZ F V
WPI ACC No: 90-354757/47
Seif-penetrating remote sensing smoke detector - with mast positioning sensor to provide signal to main alarm unit in presence of combustion
products in space
Patent Assignee: (FRIT ) FRITZ F V
Patent (basic)
PatentNo Kind Date Field of Search
US 4968975 A 901106 (BASIC)

Gutiemez, F.J. (Ed.}, (ir-aci% J. (Ed.)
Proceedings of EUROSENSORS VI
Proceedings of EUROSENSORS VI, San Sebastian, Spain
Sensor%and Actnatom, A Physical v 37-38 n 2 Jun-Aug 1993. Publ by Elsevier Sequoia S~ Subscription Deparkne@ Lausanne 1, Switz. 804p
1993

Kersey, Alan D. (Ed.> DakirL John P. (Ed.)
Distributed and Multiplexed Fiber Optic Sensors IV
Naval Research Lab., Washmgto% DC, USA
Dwtributed and Multiplexed Fiber Optic Sensoxs IV, San Diego, CA, USA
SPIE - Int Soc for Opt Engineering, Bellirtgham, WA USA
Proceedings of SPJE - The IntermrtionrdSociety for OpticaJ Eagineetig v 22941994.. 175p
1994

L~on, Charles D.
Two faces of smoke.
Bur of Mines, Pittsb~ Ph USA
New Technology in Mme Health and Safety, Phoenix, -AZ USA, 1992 Feb 24-27
New Technol Mine Health Saf Publ by Soc of Petroleum Enginesm of AIME, Richrmlso& TX, USA- p 95-104
1992

Lhton, C. D.; Fume, i% L.; Opferma J. J.
APPLICATION OF SUBMICRON PARTICULATE DETECTOR TO REAL MINE FJRES.
US Bur of Mines, Pittsburgh Research Ce@ Pittsburgh, PA USA
20 InternationalConference of Safety in Mines Research Institutes. Sheffield, Engl, 1983 Ott 3-7
Health & Safety Executive Available from Health & Safety Executive, Explosion & Flame Lab, B.xto~ Engl 12, 12p
1983

Litto& Charles D.; Vmson, Robert P.
Application of the diesel discriminating f~e sensor to the measurement of respimble coal dust
U.S. Dep of the Interior, Pittsbnrgg, PA. USA
Proceedings of the 29th IAS Annual Meeting. Part 3 (of 3), Denver, CO, USA
IAS knmal Meeting (IEEE Industry Applications Society) v 3 1994. IEEE, Piscatsway, NJ, US~94CH3452-O.
1994

p 2121-2125
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Naum~ Abmed (Ed. > Baixeras, Joseph M. (Ed. > Kreisler, Alain J. (Ed. > Cors~ Carlo (Ed. )
Is&red and Optoelectronic Materials and Devices.
E. F. Johnson Co., BloomingtorL MN, USA
Infrared and Optoelectronic Materials and Devices, Hague, Neth, 1991 Mar 12-14
SPIE - Int Soc for Opt Engineerin~ Bellingham, WA USA, EPS - European Physical SOIZEuroptica - European Federationfor Applied Optics;
ANRT - Assoe Natl de la Recherche Techstiqu~ Assoc Elettrotecnica ed Elettronica hlian~ et al
proceedings of SPIE - The InternationalSociety for Optical Engineering v 15121991. Pubi by Int Soc for Optical Engineering, BellirsghartLWA
USA 299p
1991

Author (Inventor) PIEREN H, KUNZ P, PORTENIER M
Gas flow speed monitor for smoke detector uses cooling effect of gas flow on temp. sensitive resistance element
Patent Assignee: SECURITON AG
WPI ficc No: 85-062494/1 I
Patent (basic): BE 900472 A 850228

ScItnidt-@ A; Kr@ W.; Bmtscher, H.
Electrostatic Fire Detector.
AMT Univ., Duiiburg, West Germany
NT Univ., Duisburg, West Gemmmy
ETH-Zmich, Switzerland
Fire Safety JonmL&Vol. 17, No. 6,423-430, 1991.
University of Duisburg. Intematioml Conference on Automatic Fire Detection ‘AUBE ‘89”, 9th. September 26-38, 1989, Duiibu~ West
Germany, I.uc& I-L, Editor, 215-225 pp, 1989.

Author (Invetttor~ TANGUAY W P
Variable level sensitivity smoke detector - diminishes sensitivity of detector for temporary time period by increasing predeteed level causing
alarm generation
Patent &+signee (SEAT ) SEA’IT CORP
WP1 z%cc No: 89-015753/02
Patent (basic)
PatentNo Kind Date Field of Search
US 4792797A 881220 (BASIC)

Author (Inventor): TAYLOR H L EHRET C O
Air flow control system with smoke detector for building closes vent and disables recirculating air blower when fw, smoke, or h@ heat is
detected
Patent Assignee: TAYLOR H L
WPI kc No: 90- 192421/25
Patent @sic): US 4928583 A 900529

Ionization Detectors

Author (Inventor> BEYERSDORF H
Ionisation smoke detector with measuring chamber - is operated by measuring potential of measuring electrode for extra electric field strength
PatentAssignee: (BEYE ) BEYERSDORF H
WPI Acc No 90-261718/35
Patent (basic)
PatentNo Kmd Date Field of Search
DE 3904979.4900823 (BASIC)

Author (inventor> HEBERLEIN G E, BRUSKI G P
ModuIar smoke detector for electrical equipment cabinet - has fan to induce air&em interiorof cabinet to ionisation detector via flow controller
Patent Assignee: (ALLB ) ALLEN BRADLEY CO
WPI .&CC No: 88-346055/48
Patent @sic)
PatentNo IGmdDate Field of Search
US 4785288A 881115 (BASIC)

Author (Inventor> KAMINA.KA Y, KOIZUMI .% NAGSHIMA T, I-HRAIY, SATO T
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Ionisation type ceiling mounted smoke detector - has innex electrode and outer electrodes in ring and in line with gaps in casing
PatentAssignee: (HOCH ) HOCHIKI CO LTD
WPI f%CC No. 89-208002/29
Patent (basic)
PatentNo Kind Date Field of Search
DE 3843297A 890713 (BASIC)

Author (Inventor): MOCHZUKI M
Ionisation type smoke detector transmittingfme signal - derives sensor section output from junction between fixed resistor artdconstant current
source haviug variable resistor to adjust output
PatentAssignee: (NOHM ) NOHMI BOSAI LTD
WPI ACCNo: 93-378784148
Patent (basic)
Patint No Kmd Date Field of Search
EP 571842 Al 931201 (BASIC)

Newman, J. S.

MoWled Theory for the Characterization of Ionization Smoke Detectors.
FactoW Mutoal Research Corp.. Norwood, MA
InternationalAssociation for Fue %fe~ Science. Fwe Safety Science. Proceedings. 4th InternationalSymposium. July 13-17, 1994, ottaw~
Ontario, Canad% Jntl.Assoc. for Fire Safety Science, Boston, I@ Kashiwagi, T., Editor, 785-792 pp, 1994.

Author (Inventor): SASAKI T
Ionisation type-smoke detector has radioactive source to ionise air withii irmerand outer chambers and electrical circuits for detecting potential
PatentAssignee NOHMI BOSAJ KGGYO CO LTD
WPI ACC No: 88-353624/49
Patent (basic) US 4786811 A 881122 (BASIC)

Takahash~ I.; Matsuzaw% T.; Sakaguchi, M.
Ionization chamber-type CO sensor
Nemoto & Co I.@ Tokyo, Jpn
Procee&mgs of the Fourlh InternationalMeeting on Chemical Sensors. Part 2 (of 2), Tokyo, Japan
Sensors and Actuators, B Chemical v B14 n 1-3 pt 2 Jmr 1993. p 539-540
1993

Anther (Inventor): THORP E J
Smoke detector having low height ionisation type sensor - has ion source which is pmpendicalw wx.t. common electrode and divides cylindrical
chamber irrtotwo target eleetrode regions
Patent Assignee: (PITT ) PI’ITWAY CORP
WPI ACC No: 91-008847/02
Patent (lm.sic)
PatentNo Kind Date Field of Search
EP 405473 A 910102 (BASIC)

Willey, M.
Line Type Heat Detectors - Their Operation and Application
Patol Systems, UK
Fii Surveyor, VOI. 21, No. 2, 8-12, April 1992.

Temperature Sensors

Br-enci,Ma.ssimo, Guzzi, Donatelia, Mencagli% Andrea, -i% Anna
Optical fiber sensor system for fw detection in hazardous environments
Istitato di Ricerca srdle Orrde Eletkomagnetiche, Firenze, Italy
Measurement v 12 n 2 Dec 1993. p 183-190
1993

“$

-.

BryanL J. E. ; Bemte% J. E. ; PinkstoL W. H.
Infrared Fiber-optical Temperature Sensor (Patent)
Departmentof the Navy, WashingtosL DC.
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,

Report No.: PAT-APPL7-744 046; pATENT-5 145257
NTIS Accession Number AD-DO15 495/5
Fded 12 Aug 91 patented 8 Sep 92 10p
Supersedes PAT-APPL-7-744 046.

Davis, IL M. ; Antoine, G. J. ; Diner, T. E. ; Wicks, A. L.
Measurement of a Surface Heat Flux and Temperature
Virgiia PolytectiIc Inst- and State Univ., Blacksburg.
National Aeronautics and Space Administration WasMmgton, DC. Apr 94 15P
In NASA Langley Research Center, National Educstom’ Workshop: Update 1993. StandardExperiments in Engine*g Materials Science and
Technology p 203-218.
NTIS Accession Nmnbec N94-36407/2CCAB

Fumiss, C. Paul
hnproved temperaturemeasurement m heat treatmentt%maces using special sensors
Incothenn Ltd
IndustrialHeating v 60 n 3 Mar 1993. p 86-89
1993

Kuo, C. H.; Kukamii A. K.
Analysis of Heat Flux Measurement by Circular Foil Gages in a Mixed Conveetiodl?adiation Enviomment.
Pennsylvania State Univ., University Park
Journal of Heat Transfer, Vol. 113, No. 4, 1037-1040, November 1991.

NERAC, hlC., Tokiu& CT.
fiber Optic Temperature Measurernen&Sensors, and Thermometers. (Latest citations fkom the INSPEC Database) (Published Search)
National Technical Information Service, Sprirrgfiel& VA.
Dec 93180 citations miniium
NTIS Accession Numbe~ PB94-857349L%4B
Supersedes PB93-851046

NERAC, klC., Tolkmdy CT.
Fiber Optic Temperature Measurement Sensors, and Thermometers. (Latest citations from the INSPEC Database) (Published Search)
National Technical Information Service, S@rit@eld, VA.
NTIS Accession Number PB95-877577LYAB
Apr 95101 citations minimum
Supersedes PB94-857349

NERAC, hlC., ‘fohn& CT.
Sensors and Probes m Heat Treating. (Latesl C*1OSM ffom METADEX) (NewSearch)
National Technical Information Service, Springfield, VA.
NTIS Accession Number PB95-852331L%%B
Oet 94191 citations miniimn

N% D. ; Spuclder, C. M.
Non-Contact Heat Flux Measurement Using a Transparent Sensor
National Aeronautics and Space AdminktrW“om Clevelan& OH- Lewis Research Center.
NTIS Accession Number N93-32330/UXAB
Report No.: NAS 1.15:106252 NASA-TM-106252
Jul 93 13P

Photoelectric Detectors

.4uthor (Inventor) APPLEBY D ELLWOOD S H
Point obscuration sensor smoke detector transmits IR radiation t%omat le=t two sources along different path%measuring absorption coetR. to
calculate concentmtion of species and thus detect fwe
Pstent Assignee: APPLEBY D (ELLWi) ELLWOOD S H
WPI ACC No: 93-388882149
Patent (basic) Gr3 2267963 A 931222
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Author (Inventor): BEST J ~ ELLNER I L, KAPRELL4N E K
Optical smoke detector and alarm - directs light from IR LED into closed smoke chamber tow~ds refletior, ad ~te~ scattered Wafion to
signal alarm condition
Patent Assignee: (CERG ) CERJ3ERUS AG
WPI Am No: 90-123706/16
Patent (basic)
Patent No Kind Date Field of Search
US 4906978 A 900306 (BASIC)

.
--

..
.Author(Inventor): BLAIR H V, MCLIN X HALIK J ~ COATES W J
Smoke detector with scattering discrimination - monitors scattered light at two angles and electronically discriminates between scatterirsgto
measure amount of smoke
Patent Amiguee: (ALLC ) ALLIED-SIGNAL INC
WPI ACCNo: 92-399026/48
Patent (basic)
Patent No Kind Date Field of Search
WO 9219955 Al 921112 (BASIC)

Fibre-optic smoke sensor.
Brenci, M.; Guzz~ D.; MencagliA A.; M@aa~ A- G.
CN~ Florence, Italy
Proceedings of Eurosensors V, Rome, Italy. 1991 Sop 30-Ott 2
Sensors and Actuators, B Chemical v B7 n 1-3 Mar 1992. p 780-783
1992

Cole, M.
Alternative strategy.
LE.I. Group, Londorq England
Journal of Applied Fire Science, Vol. 2, No. 2.105-117, 1992-1993,
AFPA Seruiuar.The Future of H-dons. May 1991, 1993.

WP1 f%cc No. 90-126209/17
Light sensing air pollution or smoke detector - adapted to receive and amplfi sigmds received from solid state photocell subjected to flashing
light source
Patent Assignee: (COLE ) COLE M T
Author (Inventor): COLE M T
Patent (basic)
Patent No Kind Date Field of Search
EP 365047 A 900425 (BASIC)

.Author(Inventor) EDWARDS J
Particle detector e.g. for smoke detector - passes air over sensor which detects reflected radiation from walls and particles
Patent Assignee: (FIRE ) FIRE FIGHTING Em (FIRE ) FIRESTONE TIRE & RUBBER CO
WPI I%CC No: 9 1-022370/03
Patent (basic)
Patent No Kittd Date Field of Search
WO 9016053 A 901227 (BASIC)

Egan, M. R
DieseI-Discriminating Detector Response to Smoldering Fires.
Bureau of Mines, Pktsburgh, PA
lC 9353; 16 p. December 7, 1992.

Reliable fiie detection is essential for both safe evacuation and contaimnent or extinguishment. In order to increase reliability by
reducing tirenumber of nuisance fwe alarms in underground mines that rssediesel-powered equipmen~ the U.S. Bnrean of Mines has developed
a diesel-dkcriminating fn detector (DDD). R was designed to diwriminate between smoke produced by a fire and tbe smoke-laden exhaust of
a diesel engine. Experiments were conducted by the Bareau ot compare the smoke detection capabilities of the DDD with those of conventional
f~e detectors in response to smoldering coal and conveyor belting.

Fire Prevention
Detecting Alternatives.
Fire preventio~ No. 238,26-28, April 1991.
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.

Since their introduction in the late 1950’s, ion-chamber smoke detectors have dominated the early warning fiie detection market to
the extent that today they probably account for over 90 per cent of installed detectors.

Foxy P.
Product profile: Developments With the VESDA Aspirating Smoke Detectom.
IEI Ltd., UK
Fire Surveyor, VOL 21, No. 3, 16-18, June 1992.

.4trthor(Inventor) HAWKINSON D
Fastalignment system for projected beam smoke detector has A-D converter outputturnedto digital valves read by micro-controller to &termine
how rmmy light emitting diodes to turn on
Patent Assignee PITIWAY CORP
WPI ACCNo: 93-368097/46
Patent (bssic) US 5260765 A 931109

Author (Inventor): KAJII 5, HONMA H H, NARUMIYA J F
Smoke detector with light emitting and receiving sections - has monitoring terminal to relay signal for set period which is shortened when
comected to esternat meter
PatentAssignee: (HOCH ) HOCHIKI CO LTD
WPI ACCNo: 85-243606/40
Patent@sic)
PatentNo Kind Date Field of Search
DE 3506956A 850912 (BASIC)

Author (Inventor): KAPRELL4N E K
Combined scatter and light obscuration smoke &tector - with output of each receptor subjected to bsndpass filter, amplifier and comparator
PatentAssignee ( ) KAPRELIAN E K (KAPR ) KAPRELIAN E K
WPI ACCNo 89-300521/41
Patent (basic)
PatentNo Kind Date Field of Sesrch
US 4857895 A 890815 (BASIC)

Author (Inventor> KAWAI H, SAWA H
Photoelectric e.g. scatteredlight smoke detector - has Iightemitterand sensor and smoke detector unit with baseplate and peripheralwall passing
air but not light and having insect net
Patent Assignee (HOCH ) HOCHIKI CO LTD
WPI ACCNo: 88-286899/41
Patent (basic)
PatentNo Kind Date Field of Search
DE 3809738A 881006 (BASIC)

Author (Inventor> (TWKI ) KIDDE GILAVINER LTD
High sensitivi~ smoke detector - has light source dwcting light beam along input pati and beam confining device preventing light ti-om
tmvelling backwards
Patent Assignee (TWKI ) KIDDE GIL4VINER LTD
WPI ACCNo: 92-009370/02
Patent (basic)
PatentNo Kind Date Field of Search
EP 463795 A 920102 (BASIC)

Anthor (Inventor> KIUWJTWALD H, KELLER W, HEINZEL
Compact optical smoke detector - has socket supporting rotstionrd symmetric integralhousing and labyrinthcover with recess in base receiving
balsncing resistor
PatentAssignee: (SIEI ) SIEMENS AG
WPI .&CCNo: 89-O16942/03
Patent (basic)
PatentNo Kmd Date Field of Search
EP 299410 A 890118 (BASIC)

Author (Inventor): MOCHLZUKI M
Light-scatteringtype smoke detector - has array of light-shielding columns each having dark light-reflecting surfaces artdlight-receiving elements
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PatentAssignee: (NOHM ) NOHMI BOSAI KOGYO CO LTD
WPI i’%ccNo: 87-066544/10
Patent (basic)
PatentNo Kind Date Field of Sezuch
EP 213878A 870311 (BASIC)

Author (Inventor): MOCHIZUKI M, ITO H, KOBAYASHI R
Smoke detector for fwe ala-m - detects smoke density in smoke chamber in accordance with signal which light receiving element onpts when
receiving light emitted by lamp
PatentAssignee: (NOHM ) NOHMi BOSAI LTD
WPI i%cc No: 94-009353/02
Patent (basic)
PatentNo Kind Date Field of Search
EP 577045 Al 940105 (BASIC)

Author (Inventor): MOCHIZUIU M, ITO H, KOBAYASHI R, MORITA T
Smoke detector with lamp and light receiver for fme alarm - calculates smoke density based on calibration vahses for two reference gases, witlr
light from lamp scattered by smoke m detection chamber
PatentAssignee: (NOHM ) NOHMI BOSAI LTD
WPI ACCNo: 94-02775 1/04
Patent(basic)
PatentNo Kmd Date Field of Search
EP 580110 Al 940126 (BASIC)

.4uthor (Inventor) MUELLER K, RYSER P; WIESER D, KUNZ R E, ROSSI M, GALE M T
Optical smoke detector using light dithction principle - has planar optical element in light path between light source and cooperating radiation
detector.
PatentAssignee: (CERG ) CERBERUS AG
WPI .4CCNo: 94-093873/12
Patent (basic)
PatentNo Kid Date Field of Search
EP 58$3232Al 940323 (BASIC)

.4uthor (Inventor): NAG.40KA A, SHIMOMURA S, ARAKAW.4 M, TERASAWA T, KAMi H, OGAWA M
Photoelectric smoke detector - uses light receiving element to detect smoke particles in projected light
PatentAssignee: (MATW ) MATSUSHITA ELECTRIC WORKS LTD
WPI .,4cc No: 91-096394/14
Patent(basic)
PatentNo Kind Date Field of Search
GB 2236390 A 910403 (BASIC)

Author (Inventor): NAG.ASHJMA T
Light scattering me smoke detector forms labyrinth members by taking dispersion of light emitting rauges of light emitting device and range
caused by assembly device into consideration
PatentAmignee: HOCHIKI CO LTD
WPI /iCC No: 94-050842/07
Patent(basic): GB 2270157 A 940302

.4uthor (Inventor) NAGASI-HM.4 T
Light scatteringtype smoke detector has number of labyrinthmembers for facilitating inflow of smoke from outside and cutting off light entering
from outside
PatentAssignee: HOCHIKI CORP
WPI .4cc No: 94-3 19021/40
Patent(basic): GB 2277376 A 941026

Author (Iuventor): ORIOKA Y; MOCHIZUKI M
Photoelectric smoke detector - includes light emitter arrsnged so that emitted light is reflected from facing wall at given angle onto other walls
patent Assignee: (NOHM ) NOHMI BOSAI KOGYO CO LTD
WPI Acc No: 86-08902 1/14
Patent(basic)
PatentNo Kind Date Field of Search

.
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EP 175940A 860402 (BASIC)

Author (Inventor): POGRMAN R N
Forward andback scatteringloss compensated smoke detector compares transmittedlight with scatteredlight and inclu&s two lightphotodetectors
for detecting directly scattered light and ratiometric value is produced in accordance with traosmittcd versus scattered light
Patent Aw.ignee: CWINS ELECTRONICS CO INC
WPI ACCNo: 94316279139
Patent (basic) US 5352901 A 941004

-.
Ryser, P.; F%.@ G.
Gptical fire and secority technology Sensor principles and detection intelligence.
1991 InternationalConference on Solid-State Sensors and Actuators, San Francisco, CA USL 1991 Jun 2428
IEEE Electron Devices SW, Cerebus AG, Switzerland, Ertdress& Hauser, Germanfi Ford Motor Co , USA General Monitors, USA et al
Transducers ’9191 Int Conf Solid StateSens Actuators. Publ by IEEE, IEEE Service center, Piscataway, NJ, USA (IEEE cat n 91CH2817-5).
p S79-583
1991

Author (hventor): RYSER P WERNER J
Gptical smoke &tector for fmealarmsystem has 2 sources and 2 detectors connected in optical bridge circuit preceded by electrical time multiplex
bridge
PatentAssigstew CERBERUS AG
WPI ACC No: 94-O10074/02
Patent (basic> EP 578189 Al 940112

Wltiise~ Henry K.; Ovcrby, John K.; kmsfor~ Michael J.; Tam Patricia
Smoke and mirrors: a fiber optic smoke sensor
Naval Surface Wart%-eCent., Annapolis, MD, USA
Fiber Gptic and Laser Sensors ~ San Diego, CA USA
SPIE - Int Soc for Opt Engineering Bellingham, WA US.4
Proceedings of SPIE - The Iutematiomd Society for optical Engineering v 2292 1994. socie~ of Photo-Gptical InstrumentationEngineers,
Beiliigh~ WA USA p 123-133
1994

General or Multiple Technologies

Ahol% H.
Performance of Smoke Detectors in Computer Rooms.
VTT-Tectilcal Research Center of Ftiand, Espoo
VTf Research Reports 681; Reject PAL6007, 33p. May 1990.

Smoke detectorshave been compared man environmentsimilar to a real computerreom. Four differenttest fireswere used smoldering
transformer coi~ smol&ring cable, smoke bomb producing white smoke and flaming polyurethane foam. The test samples included optical and
ionization point-type detectors, optical beam detectoss, channel detectors and sampling detectors.

Anon
Detecting attematives.
Fire Revention n 238 Apr 1991 p 26-28
1991

BudnicK E. K.
hr Situ Tests of Smoke Detection Systems for Telecommunications Central ~lce Facilities.
Hughes Associates, Inc., Colutnbi% MD
InternationalSymposium on Fire Protection for the Telecommunications Industry. May 14-15, 1992, New Orleans, LA 1-27 pp, 1992.

Bukowski, R W.; hSOrLN. H.
InternationalFre Detection Bibliography, 1975-1990.
InternationalFme Detection LtieratureReview and Techsicat Analysis.
National Instituteof Standardaand Technology, Gaithersburg, MD
NISTIR 4661; 193 p. September 1991.

‘l& bibliography was collected fkom numerous internationalsources and representsa~ complete a compilation of publications from
the 15 years covered as could be collected. Nearly 1000 references are included, separated into one of 20 topics such ss aerosols and smoke,
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industrialoccupancies, ships, smartdetectcm and systems, and system reliability studies. Each such section begins with a brief summary and cites
tbe more important papem within. The bibliography ends with a commentary on what the overall litmatureshows, what research is needed to
achieve more reliable detection system operation and reduced unwanted alarms. An author index and a Fey work index are provided.

Comolly, G. F., Jr.
Automatic Fire Detectors: A Specification primer.
Factory Mutual Research Corp., Norwood, MA
Consulting-Specifying Engineer, Vol. 11, No. 5, 44-46, April 1992,

Conti, R S.; Litfo~ C. D.
Response of Underground Fire Sensors: An Evaluation.
Bureau of Mines, P~bnrgk PA
RI 9412 17p. 1992.

Thii U. S. Bureau of Mines report discusses the results of research conducted m tbe Bureau’s experimental mine at Lake Lynn

Laboratory on the response of fire sensors to simulated mine frees, which included (1) a slowly developing coal-conveyor belt fue, (2) a mpidly
burning liquid fuel-beit f~, and (3) a liquid fnel-bek fm in the presence of diesel exhmrst.During these tests, several mine fm sensors were
evaluated with respoect to sensor placemenL spacing, and type. The data indicate that smoke sensors alarm several minutes before CO sensors
d% and thaL in the prese3nce of diesel exhausL a prototype dieseldkcrimin atirsgsmoke sensor can successfully fonetioxrwithout berng sensitive
to the diesel contaminants. The vertical placement of sensors in the enhy near the fire was also shown to be critical in terms of alarm times.
Addkional data showed that variations exist in response time and level of response for two brands of electrochemical CO sensor. Results also
indicatethat early detection of fwes will improve tbe probability of mrners’ escape, because of reduced smoke concentrations during the incipient
stages of the fre.

Author (Inventor> (FUIT ) FUJITSU LTD
Firing smoke monitor system using detection, comparison and discrimination - has automatic alarming based on early smoke finding by smoke
detector under any circumstances using two different monitors
PatentAssignee: (FUIT ) FUJITSU LTD
WPI kc No: 92-361600/44
Patent(basic)
PatentNo Kind Date Field of Search
JP 4263394A 920918 (BASIC)

Grosshandler, W. L.
Assessment of Technologies for Advanced Fire Detection.
Nationsl Instituteof Standards and Technology, Gaithersburg, MD
American Society of MecharicaI Engineers (ASME). Heat and Mass Transfm in Fwe and Combustion Systems. HTD-VOL 223. Winter -&mual
Meeting. November 8-13, 1992, Anaheim, CA Am. Sot. of Mechanical Engineers, New Yo~ NY, Cho, P.; Qnintiere,J., Editors, 1-10 pp, 1992.

The majority of fues are sensed either by tbe heat or tie smoke they produce at a set location in space, with an alarm signaJbeing
issued when a threshoid temperatureor particulate level is exceeded. Many of these sensors are inexpensive and perfectly suitable for certain
applications, but issues such as fidse alarms and increased perfonnan= can necessitate alternative sensing techniques. Advances in sensor
technology, in microelectronics, and in our understandingof ignition and flame spread provide an opporhmity to greatly enhance the performance
of fwe detection systems in traditional applications. Technological advances have also led to new situationswith unique protection requirements
at a time when environmental considerations have eliminated our most effective suppressants(halons), making the eariy detection of a fire even
more critical- This article describes some of these developments. suggests possible applications, and indicates Iiikations to the technologies which
need to be overcome before exploitation is feasible.

Grosshandler, W.
Assessment of Technologies for Advanced Fire Detection (Fd rept)
National Inst. of Standards and Technology (BFRL). Gaithersbnrg, MD. FN Science Div.
1992 lop
NTIS Accession Number PB95-126330
pub. in proceedings of a conference on Heat and Mar-cTransfer in Fire and Combusti.a Systems, An&e+ CA., I+ovember 8-13, 1992, p1-10.

Grosshandler, W. L.
Review of Measurements and Candidate Signatures for Early Fire Detection. [ABSTRACT ONLY]
National Instituteof Standards and Technology, Gaithetsburg, MD
NISTIR 5499; September 1994.
National Instituteof Stamhuds and Technology. Ammal Conference on Fire Research: Book of Abstracts. October 17-20, 1994, Gaithersb~
MD, 137-138 pp, 1994.

““.-

The currem generation of fwe detection systems is desigoed to respond to the smoke, hex or the elastromagnetic radiaiion generated
duringsmoldering and flaming combustion. Smoke is sensed eitherby measurin~ with a photodector, the light shich is scatteredfrom a controlled
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light source, or by the change in curmsttcreated by charged particles passing through an ionizing radkiton field. Heat can be easily sensed by
a number of conventional devices, such as compensated thermocouples and thermistors. Both the absolute temperatureand rate of temperature
rise are used to define alarm conditiom. The ultraviolet and intiared portions of the electromagnetic spectniin aretypically detected with vacuum
tube and solid statephotodhies, photoconductive and photovoltaic cells, thermopiles and pymdectric cells.

Luck, H (Ed. )
9tb InternationalConference on Automatic Fire Detection - AUBE ’89.
Univ Duiiburg, Dep of Communications, Electrical & Electronic Engineering, Duisburg, Ger Conference Title: 9th InternationalConference on
Automatic Fire Detection - AUBE ’89, Dukbur& Ger, 1989 Sep
Fme Safety Journal v 17 n 61991. pub] by Elsevier Science Pnbl L@ %rkist~ Engl. p 421-553
1991

Meachm B. J.
International Developments in Fwe Sensor Technology.
F~eTecL Meile% Switzerland
Journal of Fire Protection Engittecrin~ Vol. 6, No. 2, 89-98, 1994.

Morrow, G. S.; Litton, C. D.
In-Mine Evaluation of Smoke Detectors.
Bureau of Mines. Pittsb@ PA
Ic 9311; 17p. 1992.

lhk report presents the results of a U. S. Bureau of Mines evaluation of smoke detectors placed in conveyor belt entries of
underground coal mines. ‘flte selected mines arc located in six different Mine Safe~ and Health Ah ‘msstmtion(MSHA) districts, are operated
by seven dfierent companies, and use abnospheric monitoring systems flom seven dticrent manufacture. Principal concerns are early detection
and warning of f~es, reliability of operatiou fiequcncy of maintenance, artd adaptability of detectors to monitoring systems and the mining
environment. The datacontained in this report provide for some comparisons between smoke detectors and CO scnsom, specifically in the areas
of early detection of fms and susceptibility to nuisauce alarms due to diesel exhaust contaminants. Finally, recommendations for perforsnauce
standards, sensitivity tests, detector classificatiotL and maintenance are presented.

NERAC, hlC., Tolland, CT.
Fire AIarsnsand F~e Detectors. (Latest citations ffom the Ei Compendex*Plus dstabasc) (Published Search)
National Tcdtnicat Information Service, Sprin#lel& VA.
Jan 95250 citations
NITS .Accession Number PB95-868337LXAB
Supersedes PB94-879749

NERAC, Inc., Tollan& CT.
Smoke Detectors. (Latest citatiorMfrom the U.S. Patent Database) (Published Search)
National Technical htformstion Service, Sprin#;el& VA.
May 93161 citations miniimn
Accession Number PB93-867844XAB
SuperSe&s PB90-862756

Seno, M. &, Bonasmo, A. S.; KnighL K. S.; Newman, J. S.
FT-IR Based System for FR Detection.
Advanced Fuel Research Inc., East Hartfor& CT
Factory Mutual Research Corp., NorwooIZ MA
NISTIR 5499 September 1994.
National Insthnte of Standardsand Technology. Annual conference on Fire Research: Book of Abstracts. October 17-20, 1994, Gaithcrsburg
MD, 139-140 pp, 1994.

A major advance in fue safety technology during the past two decsdes is the availab~ of low cost smoke detcetms based on either
ionization or photoelectric detectors. However, these deteetom have some *whacks beca~e of the ~@ ~quencY of f~e ~~s ad
maintenance problems. Other types of detector technologies have been developed for specflc gases, such as C02, CO. or 02, based on metal
oxide semiconductors, ele@ochemiczd sensors, or optical sensors.

Author (Inventor) STE’ITER J K PAN L
Modular component for a residential smoke detector alarm - comprises an amperometric sensor having a sensor electrode for CO and a
counter-electrode, and a current-to-voltage converter circuit
PatentAssignee: (TRAM) TRANSDUCER RES lNC
WPI ACC No: 94-234032/28
Patent (basic)
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Stinshoff, D.
From ‘Shouting’ to ‘Thinking’: The History of Fire Detectosx.
Fire Internationzt~Vol. 136,24,26, August/September 1992.

Ye% ByeossgdeoK Konishl, Ryosnke; Osti Tomoyuti, Sugah% Kazunori
Discrimination of many kinds of odor species using fuzzy reasoning and neural netwosks
Tottori Univ, Tottoti Jpn
Sensors and Actuators, A Physical v 45 n 2 Nov 1994. p 159-165
1994

Youngblood, W. W.
Increased Fm and Toxic Contaminant Detection Responsibility by Use of Distributed, Aspirating Sensoxs
Wyle Labs., Inc., Huntsville, AL.
National Aeronautics and Space Administration, Washington, DC.
1990 25p
NTIS Accession Nomben N93-27722161XA.B
In NASA Washmgto% Technology for Space Station Evolution. Volume 2: Dati Management SysternlEnvironrnentalControl and Liie Support
systems p 517-541.

Author (Inventor): BADIN A N LOGUTOV V Y A
Thermal circuit breaker for low power appliances has stopper set m housing and larger bimetallic plate set on heat store
PatentAssignee: BAIXN A N
WPI Acc No: 90-097407/13

~RPX> N90-075214
Patent (Basic) SU 1485322 A 8906079013

The circuit breaker comprises the housing (1) contg. two interactingcontact bimetallic plates (2,3) with arms of different lengths. The
larger bimetallic plate (3) has a heat storage cell <4), and is flied in housing having freedom of its angukw rotation in a bending plane. The
honsing (1) has a stopper(14) for its free encLand a switch containing lever hinged in the housing, bimetallic plate clamp with regulation screw
contact spring and a contact. The bimetallic plate (3) has a reset spring (5) with regulation screw (6) for a fast resetting. USE - In thermal circuit
breakers for electical heaters. Servi= is extended and reliability is improved.

Bellinger, T. F.
RUNNING OVERLOAD PROTECTION FOR MOTORS --2.
.411is-ChahnessEngineering Review v 40 n 1 1975 p 28-31
1975

Bersouar,M.
PYROTECHNIQUE CIRCUiT INTERRUPTER FOR THE PROTECTION OF ELECTRICAL SYSTEMS.
Carbone-Ferraz Inc. Parsippany, NJ, USA
IEEE Tmnsactions on Power Apparatus and Systems v PAS-103 n 8 Aug 1984p 2006-2010
1984

?i)enouar,MHamed
PYROTECHNIQUE CIRCUIT INTERRUPTER FOR THE PROTECTION OF ELECTRICAL SYSTEMS.
Carbone-Femaz Inc, Parsippany, NJ. USA
CECON ’83 Recor& Cleveland Electrical/Electronics Conference and Exposition 1983.
Cleveland, Ohio, USA
1983 Oet 4-5
IEEE Cleveland Section, Cleveland, Ohio, USA Joint Chapter on Electronics & Measurements
Cleveland ElectricaVElectronics Conference and Exposition 1983. Publ by IEEE, New Yos& NY, USA p 36-39
1983

Benow, M.
PROTECTING POWER SEMI-CONDUCTORS USING FAST ACTING AND CURRENT LIMITING INTERRUPTING DEVICES.
Carbone-Ferraz Inc, Parsippany, NJ, USA
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Industrial& Commercial Power System Technical Conference 1984.
Papers presented at the 1984 Annual Meeting - IEEE Industry Applications Society.
Atlant+ GA USA
1984 May 7-10
IEEE Industry Applications Sot, Static Power Converter committee, New York NY, USA IEEE, Atlanta Sectiom Atlan@ GA USA
IEEE conference Record of Jrsdustrialand Commercial Power Systems Technical Conference 1984. pub] by IEEE, New Yo~ NY, USA. p 86-96
1984

Bettousr, M.
PYROTECHNIQUE CIRCUIT INTERRUPTER FOR THE PROTECTION OF ELECTRICAL SYSTEMS.
Carbone-Femaz Irtc, Parsippany, NJ, USA
Tectilcal Papers - IEEE Power Engineering Society 1984 Winter Meeting.
Dallas, ~ US.4
1984 Jan 29-Feb 3
IEEE Power Engineering Sot, New York NY, USA 5 p.
Publ by IEEE, New Yo~ NY, USA
1984

Author (Inventor) BORELLI L FERRARI A TAGLL4FEIU?0 B
Control and monitoring appts. for gas burners uses controller monitoring physical val~ flame detectio~ gas safety solenoid valve, electric fin
motor and relays with monitor logic
Patent Assignee: RBL RIELLO BRUCIATORJ LEGNAGG SPA
WPI ACCNo 94-120073/15

-X> N94-094049
<BASIC> EP 591910 Al 9404139415

When the value of sensed characterktics exceeds predeterminedlimits, the feed to the motor (M) supplyrng air continues via contacts
(B1,B2) if the flame continues to burn a&r the safety gas solenoid valve has been de-energised. A retay (B) is excited via the normally closed
contact (1E) of a second relay (E) in the equipment logic. The second relay (E) is in series with a resistance (BLG) wound round a hi-metallic
stripand in pamllel with a closed contact (2RF) in the flame monitoring logic circuit (A.RF) interruptingfeed to the motor. ADV.4NT.4GE Has
backup safety and operates in the transientperiod between end of pre-ventilation and flame ignition.

Borodenko, V. A-
MAGNETICALLY CONTROLLED CONTACT-VIBRATORS IN INSTALLATIONS FOR RELAY PROTECTION AND ANTIFAILURE
AUTOMATION.
Soviet Power Engineering (English tradation of Elektricheskie Stsntsii) v 11 n 1 Jan 1982 p 78-84
1982

.4uthor (Inventor) BOSQUI P Y PILLARD J C
Fkune monitor for burnerwith reversibly movable screen closes safety vaive when UV radiationceases to excite photoceff during variable periods
of window opening
Patent.&igoee ENTR GEN CHAUFFAGE (GECH) ENTREPRISE GEN CHAUFFAGE IND PILLARD (GECH) ENTR GEN CHAUF IND
WPI ACC No 92-073323/10

<XRPX> N92-055 132

Patent (B&c) DE 4127425 A 9202279210
Ultraviolet radiation from the flame is monitored by a photocell (3) onto whose cathode (3a) the radiation is cone. by a lens (5)

fhrouslr artaxiai bore (4) and window (8a). The opsque screen (18) interposed between the window (8a) and the photocell (4) is moved into and
out of the optical path at intervals of about 1 second by a reversible stepping motor (16). The pcrio&c@ can be varied to suit the quahtics of
flame in various burners.USEIADVANTAGE Eap. on gas-fsred boilers. Failuresarising ffom weakening of restoringspxingconventiouaUyfitted
to sliding screen are avoided.

Bucklan@ I.G.
Use of fire and gas detection systems as part of the safety control package
Health and Safety Executive, Engt
Symposium on Major Hazards Onshore and Offshore
Manchester, Engl
Institutionof Chemical Engineers Symposium Series n 1301992. Publ by htst of Chemical Engineers, Davis Builditt& Rugby, EngL p 283-292
1992

Author (Inventory / BURKHARDT R CESCHIA M PODBIELSKI M
Dynamic response monitoring circuit for burner flame monitor has flame relays controlled by respective tlarne sensor eval~on -es coupled
to common output
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PatentAssignee: (HBRA ) HARTMANN & BRAUN LEIPZIG GMBH (GERT ) VEB GERAETE & REGLERWERK TEL (GERT ) GERAETE
& REGLER WERK LEIPZIG
WPI ACC No: 89-279450/39

<XRPX> N89-213500
PatentNo. (Basic) EP 334027 A 8909278939
German

The dynamic response monitoring circuit has an evaluation singe ( 10,20) coupled to each flrunesensor (41,42) controlling a flame relay
(11,21) associated wtih a comon output (A). A switch (13,23) cormected in series with each flame relay (1 1,21) is comected to the respective
evahrationstage (10,20) via a diode (17,27). Pref. each flame sensor (41,42) receives the emitted flame radiation via a clocked liquid crystal cell
(31,32) switched between the opaque andtransparentstatesin exact phase opposition. The flame signals provided by the evaluation stages (10,20)
control an operating circuit (4). J!DVANTAGE Provides back-up flame monitoring facility.

A dynamic selt-monitoring circuit for automatic tlarne guards, comprising one or two fiarne monitoring in multi-burner plants, two
transmission charmels(2, 3) being provided and linked by an AND-circuit at an output (A) aud alternatelysupplied via a clock-controlled device
(7, 31, 32) with the flame signal delivered by the flame sensor (6, 41, 42) and each comprising a flame relay (11, 21) and a circuit (10, 20) for
evaluatingtie flame signa~ and switches (13, 23) are disposed iu series with the flame relays(11, 21) and are actuatedby actnatiug circuits ( 110,
210) connected respectively via diodes (17, 27) to the outputs of the two evaluating circuits (10, 20) and evaluating their switching state, aud
a startingcircuit (4) is provided.

Author (Inventor> CHANG S
Cooking stove busner gas valve automatic controller has reiay activating motor aud c~osing valve when circuit is in conductive state
Patent Assignee: (CHAN/) CHANG S
WPI ACC No: 8% 142230/21

<XRPX> N88-108635

PatentNo. (Basic): GB 2197738 A 8805258821
A rotatable shaft cormected to the open valve is itsone angular orientation and the sensor detects the presence of a gas flame at the

burner. The switch is in its corresp. sngular orientation maintaining its on position and a control circuit in its non-conductive state. When the
sensor detects the absence of a flame at the burner with the gas valve open, the control circuit is cltanged to its conductive state to activate the
motor. The shafi and switch are rotatedto a second angular orientation so that the switch is placed in its off positio~ thus deactivatingthe motor,
with the valve closed. The circuit rncludes a relay activating the motor and closing the valve when the circuit is iu its conductive state. Prefl the
switch is a notched whee~ which when in the second angular orientation receives a contact element of the switch. ADVANTAGE Burning period
is set in advance, automatically switching gas supply off at predetermined time and if burning gas it extinguished i.e. blown OULgas supply is
automatically aud -ediately turned off.

Author (Inventor> CHANG S
Automatic controller of master gas switch e.g. on cooker has flame induction rod monitoring gas burnerflame and closiug relay when flame stops
Patent Assignee: (CHAIW) CHANG S
WPI i%cc No: 88-33794247

<XRPX> N88-256129
PatentNo. (Basic) US 4783600 A 8811088847

The automatic conbmller comprises a valve corttroilinq the level of gas flow fi-om a gas source to a gas burner. AO electrical mkuy
motor is coupled to the valve for rapidiy closing the valve. Electrical power is suppiied to energise tbe motor. Aflame-responsive circuit cormects
the motor to the power supply when a flame of the gas burner stops. A time-responsive circuit cotmects the motor to the power supply at the end
of a user-selectable burner-on cycle. A motor stop means inactivates the power supply after the motor closes the valve to stop the motor. The
stoppm includes a drive shaft coupling the motor and the valve and a compressive wheel affixed to the drive shaft and haviuq a notch on its
circumference. A touch switch cooperates with the comprmsive wheel snd h~~a release bution arrangedto move into the notch when the motor
has rotated the drive shafi to close the vrdve.

Author (Inventor) DANJOU F BOIRON G
Safety device monitoring gas burner operation uses timed relay circuit to selectively switch thermocouple io and out of circuit to enable and
dkable its operation
Patent Assignee: (CSEL-) CONS ELEC R V SA (CSEL) CONSTR ELECTRIQUES RV SA
WPI Acc No: 91-22481631

<XRPX> N91. 171620
Patent No. (Basic) EP 439417 A 9107319131
French

The safety device has two relays. The first (41) has its coil comrected m series with a capacitor (25) by a diode (42) to prevent relay
excitation during capacitor chqging and permit reiay excitation during capacitor d=charge. A second relay (48) supplied by this circuit has
contacts (48~48b) at the terminals of a thennocoople (11) to enable thermocouple operation when igoit.ion is required and inhibit it when
extinction is required. ADVANTAGE Prevents thermocouple holding supply valve open duriug hot starting and stopprng of gas burner.

Safety device for the operation of a gas fuel burner(2), including a delayed control system (lb) comprising: a circuit (14) for producing
a low-voltage d.c. supply, a capacitor (2S) intended to be suppiied by the circuit (14) on appearance of a control command, aud a circuit (27)

...
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for discharging the capacitor (25) when the charging voltage of the capacitor (25) reaches a threshold voltage (Va) which is freed by a means
(29), such thatthe discharge time corresponds to at leastthe ignition duration(Ta) of the burner,the discharge of the capacitor making it possible
to drive switching means (41,41a) which open a solenoid valve (4) allowing fuel to be fed to the burner, chaFacterisedin thattie switching means
include a fmt relay (41) mounted in series with the capacitor (25), via a diode (42) mounted to prevent energ~mg of the relay during the charging
of the capacitor and to allow energi%tg of the relay during the discharge of the capacitor, and in that it comprises a second relay (48) supplied
by the cinxrit (14) for producing a low-voitsge d.c. supply, the two contacts {48z48b) of which are mounted atthe terminalsof a thermocouple
(11), so as to close the thermocouple circuit as soon as an ignition command intervenesand to dmable operation of the thermocouple as soon as
a command for extinguishing the burner intervenes.

.-
Author (Irwentor): ENTO K
Combustion controller comprises flame detection circuit, thermostatconnec~d with electronic stie~ valve coil and generatingelectromotive force
accor&mg to flame temp. of burner NoAbstract
PatentAssignee: (RINN ) RINNAI CO @JNN ) RINNAI KOREA CO (RINN ) IUNNAI CORP (RINN ) RINNAI KOREA CO LTD
WPI .4CCNo 93-40207U50
PatentNo. (Basic> KR 9303902 B 9305159350

.Author(Inventor): ERDMAN J L
D@ital controller component failure detection for gas appliance controlling operation of combustion air blower and gas valve es function of
essentially square wave input sigmda fi-omthermostat
Patent Assignee (HONE ) HONEYWELL INC
WPI ACCNo: 92-032521/04

== N92-024770
PatentNo. (Basic) US 5076780A 9112319204

The control system for a ga+fued heating appliance comprises a number of sensors, including a combustion air pressure switch in
a serial energiaationpathfor providing sirmsoi&l alternatingcurrentsensor signals indicative of condtions related to an ignition sequence of the

wplis-- A s@~ conditioner isconne~ed to wenumber of sensors for convtig tie sensor signals to a set of pcriodicatlY idtemating input
signals. A controller controls the appliance to initiatetbe ignition sequence as a function of tbe presence or absence of the periodically alternating
input sig@s. A gas valve is comected in the serial energisation padu and a gas valve relay having a gas valve relay coil is connected between
the serial energisationpath and tbe controller. Gas valve relay contacts are connected in the serial energiaationpath between the gas valve relay
coil and the gas valve. ADVANTAGE Safe operation ancVorshutdown in event of failure.

FaRenyManti-ed
Unterauchungvon Stoerungen in Gasbrennersnlagers13eruecksichtigmtgdes Schliessverhaitens von Magnetvengtilen.
Study of disturbances in gas-burner equipment. Taking into account the closure behavior of magnetic valves..
Univ Kaiscrsla~ KaiserslantemyWest Ger
GWF, das Gas- und Wasserfach GasJErdgasv 129 n 9 Sep 1988 p 432-443
1988

...

.

Author (Inventor} FROHLICH H KEMPA P ROLOFF H J
Protective device for light monitoring sensor in burner control unit comprises movable wall with slit to trap particlesreleased from the light source
being monitored
PatentAssignee: (ZIST ) ZENT INST SCHWEISSTECHNI
WPI ACCNo: 89-086324/12

<XIU%M> C89-038271
<XR.PX> N89-065774

PatentNo. (Basic} DD 261318 A 8810268912
Light sensitive element measuringthe magnitude of an electromagnetic beam is protected from sparks, slag spray or dust emanating

from the source by a movable wall haviug at least one slit in which the wall speed is given by a min. value of b/d x C where b is the lerxgdrof
the sliL d is the depth of the slit and C the max. speed of a spark or slag spray. USEL4DVANTAGE During weiding or cutting esp. with burners.
prevents the measuring element giving false readings due to the sparks, slag spray or dust hitting the sensitive part of the element

Author (Inventor) FROHLICH H KEMPA P ROLOFF H J
Protection device for light monitoring sensor in a homer control unit made of rotatable light permeable tubular cover to prevent sparks, dust etc.
reaching sensor element
Patent Assignee (21ST ) ZENT INST SCHWEISSTECHNI
WPI ACCNo: 89-086325/12

<=> C89-038272
<XRPX> N89-065775

PatentNo. (Basic) DD 261319 A 8810268912
Light sensitive element (1) measuring asselectromagnetic beam is protected from sparka, spray etc. emanating ffom the source by a
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rotation body (5) made of light permeable material which is ftid into a housing (3). The body (5) rotates around the element (1) fixed into the
housing by rneens of a gas slream (8) hitting conductor plates (10). USE/ADVANTAGE Inwelding and cutting esp. with burners. The permeable
rotation body prevents sparks and dust etc. from hitting the element (1) and causing false readings of the~ght some

Gle~ D. J. Cook C. J.
NEW FAULT-IN’IZRRUPTING DEVICE FOR IMPROVED MEDIUM-VOLTAGE SYSTEM AND EQUIPMENT PROTECTION.
S.&C Electric Canada Lt& Rex&de, Gr& Can
Conference Record Industry Applications Society, IEEE-IAS- 1984 Annual Meeting
Chicago, II+ USA
1984 Sep 30-Oet 4
IEEE Industry Applications Sot, New Yo~ NY, USA
Conference Record IAS Annual Meeting (IEEE Industry Applications Socie@) 1984. Pabl by IEEE, New YorlG NY, USA p 335-342

Gl~ Douglas J. CoolG Carey J.
NEW FAULT-INTERIU.JPTING DEVICE FOR IMPROVED MEDIUM-VOLTAGE SYSTEM AND EQUIPMEFTI PROTECTION
S&C Electric Canada L@ Rexda.le, G@ Casr
IEEE Transactions on Industry Applications v IA-21 n 51985 p 1324-1332
1985

Gl~ D. J.
NEW FAULT-INTERR_G DEVICE FOR IMPROVED MEDIUM-VOLTAGE SYSTEM AND EQUIPMENI PROTECTION.
S&C Electric Canada Ltd, Rexdale, OSICCan
IEEE Conference Record of 1984 Annual Pulp and Paper Industry Technical Conference.
Toronto, OSILCan
1984 Jurr19-22
IEEE Industry Applications Sot, TechnicaJ Operations Committee Pulp & Paper Industry, New Yorl+ NY, USA
IEEE Conference Record of Annual pulp and Paper Industry Technical Conference 1984. Publ by LEEE,New Yo~ NY, USA. p 70-77
1984

Goldste@ M. Anderson, T.
Chemical CO Detector for an Automatic Gas Safety Shutoff Valve. Final Report, June 1984-Septernber 1988
Quantum Group, Inc., San Diego, CA
Gas Research Inst-, Chicago, IL.
Report No: GRI-89/0033
NTIS Accession Numb= PB91-243063/XAJ3
Jul91
67p

Gubiiq F. Orgoreiec, A. Plaper, M. Hrova@ J.

CONCEPT OF ELECTRIC POWER SYSTEM EMERGENCY CONTROL BY MEANS OF MULTIPUEtPGSE AUTOMATA.
Elektroinst Milan Vidmar, Yosl
InternationalConference on Large High Voltage Electric Systems (CIGRE), proceedings of tie 28th Session.
Paris, Fr
1980 Aug 27-Sep 4
CIGRE, Paris, Fr
InternationalConference on Large High Voltage Electric Systems v 2. Publ by CIGRE, Paris, Fr p 32.08. 1-32. 08.8
1980

.4tsthor(Inventor) HALL P J
Gas-filled heating rmithas valved burner and ignition assembly removably mounted with thermostat and electronic automated control
Patent Assignee: (CARV-) CARVER & CO ENGIN
WPI Ac. No: 87-137330/20

<XRJ?X> N87- 102922
Patent No. (Basic) EP 222221 A 8705208720

A burner,valve essembly, ignition electrode, flame sensor eIec&ode, thermostatand electronic automatic control member areassembled
together as a single replaceable unit The unit is removably installed in a heater. The unit has separable electrical correctors for releasable
securement to manual actuators. The unit is releasable connected to a fiel supply duct. The valve assembly controls a supply of combustible fiel
to the burner. USE Esp. for caravan.

A heater unit comprising a thermalty conductive main body (14), a burner (80), for bumign fuel in a combustion chamber (41, 42)
for heating said body, a valve assembly (71) which is associated wfi control me-to control a supply of combustible fiel to teh further and
to operate ignition means (73) for istkiatiugcombustion in response to mamdly actuable electrical switch mearssconnectable to the control meams,

.

-=
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to sensor means comprising a flame sensor (74), for sensing the presence of combustion, and to a thermostat (75} and characterised in that (a)
the body has an upstanding heat tmmfcr main wdl (34) which has a combustion chamber side exposed to heat m the combustion chamer, and
hasprovided thereina fuel connector duct (53) to receive fuel fi-oma supply pipe (1 15) connectable to the b;dy (14] (b) the heaterunit comprises

> an integrally replaceable unit (15) which incorporates the flame sensor (74), the thermostat (75), the burner ignition means (73), the vatve
assembly (71] the burner (80) rmd an electronic automatic control unit (72) of the control means fastened together to form the integrally
replaceable unit (15> (c) the replaceable unit (15) is secured releasable by festem (79) to the main wall (34) of tbe body (14) so that (i) the
burner and the valve assembly (71) are located on the combustion chamber side of the main wall (34> (ii) the valve assembly is releaaably
clamped to the body (14) to aealiigly engage the body around the fuel comector duct (5), to receive fuel theret?orn,(@ the thermostat(75) is

s-. held in thmmrdcontact with the main wall (34) and (iv) the electronic automatic control unit (72) is located in a space sepmted ffom the heated
space in which the burner is d=posed so thatthe electronic automatic control unit (72) is shiel&d from burner hex (d) the flame sensor, ignition
means, valve assembly and thermostat are electrically comected in the replaceable unit (15) to the electronic automatic control un

Heising C. IL Patterao~ IL C.
Reliability expectations for protective relays.
Associated Power Analysts Inc, USA
Fourth InternationalConference on Developments in Power System Protection
Ediib@ E@
1989 Apr 11-13
IEE Confkrenee Publication n 302. Publ by IEE, Londo~ EngL p 23-26
1989

Hitche@ I. R.
PROCESS SAFETY BASED ON INSTRUMENT SUPERVISORY& SAFEGUARDING SYSTEMS: DESIGN& TESTING PHILOSOPHIES.
UKF Fertilizers L@ Chester, Engl
Process Meaauremen~ Control and Applications.
Part of PROMECON Control & InstrumentationExhibition and Conference. Part of PROMECON Control & InstrumentationExhibition and
Contkrence.
Londo~ Engl
1984 Jun 19-22
I@ of Measurement & Control, London, E@
Publ by bratof Measurement & ContioL Londo~ Engl p 269-274
1984

HUBE~ E. J.
Safety considerations in the selections of switches and relays.
Underwriters’ Lab Inc, Melville, NY
ASME Pap 71-DE-33 for meeting Apr 19-221971, 5 p
1971

Author (Inventor} JENSEN G E
Temp. alarm partic. for kitchen use comprises smatl and easily handleable unit for direct application on cooking unit and incorporating inbuilt
thermostatic contact NoAbstract
Patent Assignee (JENS/) JENSEN G E
WPI ACCNo: 93-259881/33
PatentNo. (~lC) DK 9101844A 9305129333

Author (Inventor): JONES G E PRICE B L
Relay operation checking circuit for e.g. burner control has load and lockout relays to power and deactivate device respectively and generator
for supplying short duration signals
PatentAssi~ee: (GASC ) BRITISH GAS PLC
WPI ACCNo: 89-124557/17

<XRPX> N89-094967
Patent No. (Basic) GB 2209076 A 8904268917

The relay operation system includes a load relay RL2 for powering a device, a lockout relay RL16 for deactivating the device, a
detector circuit QI, R37, C17, D9 for sensing short durationsignak, and generatorR30, C16 for providing a succession of short durationsignals
for input to the detector circuit via the coil of the lockout relay. The system fiuther comprises a supply for powering the load relay in response
to the detected signal succession whereby a check on the continuity of the lockout relay coil and the powering of the outputrelay is effected by
the same signal. The signals are normally insfilcient to actuate the lockout relay. K the lockout relay f~s to operate, the resistor R37 will
eventually fail to disable the load relay. If the lockout relay becomes open circuit the load relay is de-energised.

.4uthor (Inventor): KNUTSON .4 E
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Electric ki~hen stove safety shut-off uses smoke detector to actuate relay to interruptsupply of power to stove
PatentAssignee (KNV’J’/) KNUTSON A E
WPI Acc No: 87-129221/18

<XRPX> N87-096575
PatentNo. (Basic) US 4659909 A 8704218718

The detector is mounted externally of the stove end supplies an electrical signal when smoke is detected. A power cutoff device is
connected to and actuated by the sigoal-snpply for automatically intemrpting the supply of power through a power-conveyor to the stove when
smoke is detected. The relay is interposed between the stove plug and its wall receptacle. The power cutoff device automatically grounds the
power-conveyor upon receipt of the signal so as to actuate a circuit breaker and require manual resetting of the latterbefore the supply of power
to tbe stove carsbe resumed. ADVANTAGE Lessens resulting damage should fwe occur. No modit%ation to internal stove circuitry required.

Laabs, John
TwO-CHIP THERMAL SENSORtWl”fCH PROVIDES CONTROI+ W.ARNING, AND SHUTDOWN.
Haley Eng Sy~ Pawcatuc~ Conu
Electronic Design v 28 n 20 Sep 27 1980p 150, 152
1980

Lakes, Larry S.
CIRCUIT PROTECTION IN AUTOMATIC TRANSFER SWffCH APPLICATIONS.
Diesel Progress Nor& American v 51 n 2 Feb 1985 p 58-60
1985

Lauffer, Dle&ich
Use of Electrically Ignited and Mouitored Natural Gas Bumem.
EINSATZ VON ERDGASZUENDJ3RENNERN MIT ELEKTRISCHER ZUENDUNG UND UEBERWACHUNG.
Hegwein Gmb~ Stuttg@ West Ger
Gas Waerme Internationalv 33 n 2-3 Feb-Mar 1984p 63-66
1984
GERMAN

LesiIL N. M. Savin, S. N.
Estimation of the noise immunity of digital relay protection devices and automatic machmes based on a microcomputer.
Electric Technology U.S.S.R (English Translation of Elekb-khestvo) n 2 1989p 61-67
1989

Anthor (Inventor): MALIK S
Fire alarm system for domestic appliance comprises dedicated smoke sensor to supply signals to isolating relay for disconnecting power supply
PatentAssignee: (MA.W) MALIK S
WPI ACCNo: 94-257294/32

<XRIX> N94-202751
PatentNo. (Basic> GB 2275556 A 9408319432

A dedicated smoke sensor unit (10, 15) is instzdledproximate the appliance and wired to a isoladng relay unit (23) housed in a module
thatplugs into the mains socket (13). The applimce power lead in turn be connected into the maimscircuit via tie module. A remote alarm unit
is connected through the mains wiring and the system draw power from the mains supply to drive each unit Alternatively, the system can be
batterypowered nnduse radio frequency technology. When smoke is detected in the body of the appliance the remote alarmnn~ battery or mains
powered, is activated by coded signals and the circuit sinmitaneously isoIatesthe mains power to the appliance whZst activating fme extinguishers
(24) when f~d. USE/~VANTAGE Appliance such as washer-driers and tumble driers which use heating elements and are prone to catching
fwe. Invariably, such appliances are installed irsor close to kitchens where smoke detectots are impractical due to cooking fumes.

Author (Jnventor) MATSUSHITA DENKI SANGYO KK
Cooking timer for domestic toasting appliance uses microcomputer controiJedrelay and has sensor to terminateoperation if high temp. is detected
NoAbstract
Patent Assignee: (MATU ) MATSUSHITA DEIW3 SANGYO KK
WPI .4CCNo: 94-29 1477/36

-X> N94-229455
PatentNo. (Basic): JP 6221577 A 9408099436

Author (Iuventor) MCGRATH P J
Flame detection circuit for electinicrdly controlled giu-fued appkmce applies akernatingvoltage across flame probe and irrdlcatesflame presence
according to flame induced DC component
PatentAssignee: (BLAC) BLACK TOMATIC CONTROLS LTD
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WPI ACCNo: 92-261455/32
-X> N92-199954

PatentNo. (Wit) GB 2252436 A 9208059232
The flame detection circuit comprises the flame probe, a device for applying an alternatingvoltage across the flame probe, and a device

responsive to the DC component induced by the flame probe in the presence of a flame to provide an indication of whether a ikse is present
in the vicini@ of the flame probe. The device for applying the alternatingvoltage comprises a pair of terminalsfor connection to the two supply
rails of an A.C. supply, an impedance device connected across the terminals, and an .&C. currentpath between a node in the impedance device
and the flame probe such thatthe impedances between the no& and each terminal arc equaL USE/ADVANTAGE For monitoring flame presence
to ensure safe operation of giw-fwed appliance. Polarity of AC supply may be reversed and neutralpole not tied closely to local earthwhile need
for isolating transformer is eliminated. Uses cheap compact components.

Author (Inventor) MIKHALKEVICH E P
Circuit breaker for domestic appliances has screw thread at one end of body and fixed contact interacting with body stop.
PatentAssignee (MIKH/) MIKHALKEVICH E P
WPI ACCNo: 93-349103/44

<XRP~ N93-269215
PatentNo. (B&c) SU 1758692 Al 9208309344

When the insulated insert(3} sittingon tbe screw thread(11) of one currentconducting ring (5), is turne~ the insert(4) engages with
the wrew thread (10). Ring is camcctcd to one of the tcrmids (7) and the other ring to another terminal (7). The electric circuit is then
completed. The speed of connection of the circuit breaker dependa on the gap (a). Furthermovement of insert(3) of already closed circuit breaker
takes place until the stop at tbe lid (2). USFJADVANTAGE As circuit breaker suitablefor building, e.g. switching on and off domestic appliances
Reliabii and noiseless operation

Author (Inventor> MITSUBISHI DENKI KK
Internalpower supply circuit for electronic equipment has fault detection relay switch whose AND circuit contacts arc short-circuited with power
on
Patent Assignee: (M?TQ ) MITSUBISHI DENKI KK
WPI ACCNo: 90-1 10959/15

<XRPX> N90-085821

PatentNo. (13s.4c) JP 2060421 A 9002289015

Morris, George V.
Safety Control for Electronic Circuits, Patent
Departmentof the Army, WasbingtoU DC.
Report No PAT-APPL206 756 PATENT-4 201136
NTIS Accession Number AD-DO07 884/0
Filed 19 Jan 51 patented 6 May 80
4p
Supersedes PAT-APPL-206 756-51.

Muller, R. S.
Solid-State Sensor and Actuator Workshop Held in Hilton Head Islan~ South Carolina on 4-7 June 1990, Final rept
California Univ., Berkeley.
Army Research GtXce, Research Triangle P* NC.
NTIS Accession Nusnbec AD-A224 850/8
Report No: ARO-27885.1-ELCF
1990
196p

Ohtsu, Toshtide
MERCURY CONTACT RELAYS OVERCOME OPERATING PROBLEMS IN SWITCHING.
NEC, Jpn
JEE, Journal of Electronic Engineering v 20 n 199 Jul 1983 p 38-39
1983

Author (Inventor) RICHARDS D A
Electrical appliance esp. toasterhaving safety switching arrangementhasrelay and latch de-energised if fault detection is inputfrom residusl core
balance, so that heating ekments are turned off and bread carriage is returnedto upper position
Patent Assignee: @NEA-) PNE APPLIANCE CONTROLS PTE LTD
WPI Acc No: 94-048169/06

<XRPX> N94-094759
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PatentNo. (Basic): US 5283421 A 9402019406
When a carriage of the toaster is in a lower positiou a switch (21) is closed and power passes through a bridge rectifier circuit (22)

to au integratedcircuit ( 19), whick for the norsnaIcooking operatiom switches SCR (20) off so that a relay (7) is energised, switching switches
(8) and (9) onto energise heating elements (2) and (3). Power is also supplied to a latch (27) to hold the carriage in the lower position. If,
however, a fault detection is input ffom a residual core balance (12) to the integrated circuit (19), SCR (20) is switched on so that power fkosn
bridge rectit%r (22) is shorted. T%is causes relay (7) and latch (27) to be de-energised so thatthe heating elements (2) end (3) are turned off and
the carriage is returnedto the upper position, causing switch (21) to open. ADVANTAGE Prevents unexpected energisation of appliance when
power supply is re-cormected.

Author (Inventor): RINNAI CO
Burner with flame failure safety circuit has detector and electromagnetic safety valve in firel supply passage NoAbstmct
Patent Assignee: (RJNN-) RJNNAI CO
WPI ACCNo: 92-005007/01
PatentNo. (Basic): KR 9007260 B 9010069201

Sak@ Masayoshi Kate, Masakazo Fntsuha% KoicKl Mtidono, M=o
Safety control of power press by using fail-safe multiple-valued logic
Nippon Signal Co L@ Urawa, Jpn
IEICE Transactions on Information and Systems v E76-D n 5 May 1993. p 577-585
1993

Sclndcantz, Jr. James H.
Transient Protection Device Current Intermspter,Patent Application
Departmentof the Navy, Washington DC.
NTIS Accession Numbec AD-DO09 016/7
Report No: PAT-APPL-6-314 592
Filed 26 Ott 81
12p

.4uthor (Inventor) SEDCRE G
Automatically activating or deactivating el.cdi=l appliance on presence of fire by placing secondary switch with fii sensing switch actuatore.g.
heat or smoke sensor between operating components of appliance and power source
Patent fsignee: (WARN-] WARNAREST INC
WPI ACCNo: 93-197553/25

<XRPX> N93-151984

PatentNo. (Basic): CA 2052781 A 9304059325
A The method involves placing a secondary switch between the operating components of an .Ieckical appliance and a power source.

The secondary switch has an open position and a closed position. In tie closed position electrical current flows fkom the power sonrce to the
operating components of the electical appliance. Jnthe open position the flow of electrical current betweertthe power source and the operating
components of the electrical appliance is dmrupted. The secondary switch has a fm sensing switch actuator in the form of a heat sensor or a
smoke sensor, such thatthe position of the secondary switch is alteredupon the presence of a f~e being sensed. USE E.g. for deactivahg electric
stove if fwe originated tlom that appliance, for activating radio/akmn clock in pressnce of fwe as a warning to occupants of residence.

Author (Inventor): SHARP KK
Microwave oven has sensor having light emitting element and light receiver to detect smoke and condition of combustion to control relay and
stop heating NoAbstract
PatentAssignee: (SHAF ) SHARP KK
WPI ACCNo: 93-33 1977/42

<XP.PX> N93-256004

PatentNo. (Basic> JP 5240447 A 9309179342

Stein, H. L.
GROUND-FAULT CIRCUIT INTERRUPTERS AND PROTECTOR.
Spec@ng Engineer. Des Plaines, II+ USA
Specifjiig Engineer v 54 n 1 Jul 1985 p 87-90
1985

Sugimoto, Noboru FIstsnh~ Koichi
Energy for ss4ety imfosmationtransmittedin safety control system.
Research Irtstof Industrial Safety, Tokyo, Jpn
JSME InternationalJournal, Series 3: Vibratiow Control Engineering%Enagiueeringfor Industry v 35 n 2 Jun 1992 p 214-222
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1992

Author (Inventor) TAKENAKA KOMUTEN CO

..

.

Heatingelementwith protective device for domestic appliances or electric blanket uses temp. sensitivetwisted wires to monitor main heating wires
and has control circuit to interruptsupply if preset temp. is exceeded NoAbstract
PatentAssignee (TKEN ) TAKENAKA KOMUTEN CO
WPI ACCNo: 95-096341/13

<XRPX> N95-076 125
PatentNo. (~lC~ JP 7023529 A 9501249513

Author (Inventor): TAYLOR J C JONES C E
Thermostatically-controlled electrical appta. e.g. domestic iron where switch intermpts power to appliance afier preset number of thermostat
operations to improve safety
PatentAssignee (STRI-) STRIX LTD
WPI ACC No: 91-310751/42

<XRAfvf> 1391-1346r.)9

<XRPX> N9 1-238196
PatentNo. (Basic) WO 9115026A 9110039142

thermostatically controlled electrical appta. e.g., domestic iron comprises a switch (100) dwposed in the power supply circuit for
interruptingthe power afier a given number of cycles, a bimetallic strip (106) heat uo and deflects while the power supply is activated and then
retoms to its original position es it COOISthus moving an actuatingmember (1 17) via a rack (116) and a pawl (114) whereby aftera given number
of cycles the map action blade (110) acts to ooen contacts (112, 104) and a rocker arm (120) mounted on the member (117) so that in one
orientationof the switch tie blade (1 10) will operate in a much smaller number of cycles. ADVANTAGE Switches off the power to the iron after
a period of time.

Author (Inventor) TOKYO GAS CO LTD
Controllerfor clothes driercomprises thermostatinstalledatburnercontrolling device stopping operation untilthertnostatrestarts,allowing drying
operation when filter is ordy a little choked
PatentAssignee (TOLG ) TOKYO GAS CO LTD
WPI ACC No: 95-084460/12

<~> C95-1337953
cXRYX> N95-066851

PatentNo. (Basic) JP 7008693 A 9501139512
The device comprises a thermostat ixrstalledat a burner pti and a device to stop operation until actuation of the thermodat afier

starting the operation is smaller than a set value, and stop the operation only temporarily when the time is the set value or more and restartthe
operation when the thermostat is restored. USE Drying operation is continued when a falteris choked only a little.

Author (Inventor) UECKER R P
Gas valve assembly for burner control has one stage of opemtion controllable by thermostatic device and second stage inhiated by pilot fiarne
detected by ignition controller
PatentAssignee (JOHV ) JOHNSON SERVICE CO
WPI ACC No: 89-15981 1/22

=X> N89-121860
PatentNo. (Basic) GB 2210155 A 8906018922

The control apparatnscomprises a valve for permitting fhel to flow from an rnletto a main pressure chamber and to a pifot burner.
A valve permits fuel to flow from the pressurechamber a f=t o~]ce to a fti chamber adjacent the first side of a main valve diaphragm, thereby
cusing a main valve to cmmence opening to supply fi.iel to en outlet A pressure regulator is biased to a closed by a spring and inchulcs a
diaphragmhaving two sides the tlratside being in a pressure sensing relationship to said otulet and to a second side fo tbe main valve dlapbragm.
The seoend side of the diaphragm is irta pressure sensrng relationship to atmospheirc ambient The pressure regulator is configured to be urged
to open an exhaust passage at a pressureat the outlet thereby permittingfiel to flow fiorn the main pressure chamber the fti oritice to the The
flow of fuel results in a pressure ditkrential across the main valve d~hragm to maintainthe pressure at the outlet at a constant value.

A valve permits fhel to flow from an inlet to a main pressure chamber and to a pilot burner. A second valve bcrmits fuel to flow from
the pressure chnber through a fmt ofilce to a fm.t chamber adjacent the fmt side of a main valve diaphra~ thus causing the main valve to
commence opening to supply fuel to an outlet. A fmt pressure regulator is biased closed and includes a re@ator diaphragm having a f- side
and a second side. The fmt side is in a pressure sensing relationship to the outlet and to a second side of the main valve diapk while the
second side of the regulator diaphragm is in a pressure sensing relationship to atmospheric ambkmt. The pressure regulator is cont@rcd to be
urged to open an exhaustpassage at a predeterminedpressure atthe outleL thus permittingfuel to flow tiom the main pressure chamber through
the fmt or-itlce to the outlet- ADVANTAGE pressure diierential across main valve dkqbagm maintains outlet pressure at constant value.
@(lopp)@

A step opening valve for controlling the flow of gaseous fiel to a burner and including: vafve means cor@urcd for staged operatioq
said means being arranged for permitting fkel to flow fkom an inlet to a main pressure chamber and to a pilot burner during a ffi stage of
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o-o~, a main valve ~laP~gm for con~olling tie flOWof fiel thromgba marnvalve to an ontlet passage comestible to stid bmneq a f~t
regulator for cxmtrollingthe position of said main valve diaphragm dtig a low bnmer ftig ra@ a second regulator for controllingthe position
of said main valve diaphragm during a high bnrner ftig rate; a timing diaphragm coacting with a pre%ure blocking valve for controllably
disabling said fmt regulatoL said vrdve means being arrangedfor permittingfiel to flow, during a second stage of opemtio~ from said pressure
chamber to said maix valve diaphragm, to said timing diaphragm and to the control areas of said fti and second regulato~, said main valve
diaphragm thereby moving said main valve to a position for providing said low burner ftig rate as set by said fti re~latoq said timing
diaphragm thereafterurging said blocking valve to a position for dkabling said fmt regnlator after a time delay, following said time delay, said
main valve diaphragm moving said main valve to a position for providing said high burner ftig rate as set by said second regulator.

Author (Inventor) WESTPEL4.LN
Function monitoring circuitry for electrical sppliaxscehas current sensor parallel to circnit breaker with LED of connected to sensor
Patent Assignee: (GERT ) GERATE & REGLER TEL VEB
WPI ACCNo: 90-008153/02

GYRPX> N90-O06240
PatentNo. (Basic> DD 270596 A @0802 9002

The LED lights up if the trim is interruptedbut not the heateror other appliance. The evaluation of the LED takes pl~e &pending
on the control of the circuit breaker. USE/ADV.4NTAGE Monitoring electrical load circuits cap. heating elemen~~.LED lights up if circuit breaker
is intermpted and heater or its supply lines are not irstermpted.
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Appendix B.

Key: AND = *
DC
DE

r)
IC
ID
Kw
NOT = -
OR = +
PY
TI
(w) = ()
9

Search Strategies

= Logical AND, both arguments must be present
= Patent class
= Descriptor field
= Both arguments in same field
= International patent class
= Identifier field
= Keyword field
= Logical NOT
= Logical OR one arguementmust be present
= Publicationyear
= Title field
= Argumentsmust be adjacent
= Wddcard

Detector and Sensor Searches

EI Search 1

Set Items Descrbtion
S1 17317 DETECTORSIDE
S2 27324 SENSORS/DE
S3 17229 NEURAL/DE
S4 65480 NETWORKS/DE
S5 14310 NEURAL/DE(W)NETWORKS/DE
S6 57564 DETECTORS/DEOR SENSORS/DEOR NEURAL(W)NETWORKS/DE
S7 5897 SMOKE
S8 229280 HEAT
S9 1934 PLAMMABLE
S1O 60395 GASES
Sll 131 FLAMMABLE(W)GASES
S12 216847 THERMAL
S13 132562 RADIATION
S14 1604 THERMAL(W)RADIATION
S15 235163 SMOKEOR HEAT OR FLAMMABLEASES OR THERMAL(W)RADIATION
S16 28420 HYDROCARBONS
S17 12247 PYROLYSIS
S18 55 SHOULDERING
S19 51023 COMBUSTION
S20 11 SMOULDERING(W)COMBUSTION
S21 253 SMOLDERING
S22 51023 COMBUSTION
S23 78 SMOLDERING(W)COMBUSTION
S24 39117 HYDROCARBONS OR PYROLYSIS OR
SMOLDERING(W)COMBUSTION

S7564 S6
235163 S15

SMOULDERING(W)COMBUSTIONOR
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39117 S24

S25 1699 S6AND{S150RS24)
S26 908939 PY=1990:1995

2130 SMOKWDE
17317 13ETECTORNDE

121 SMO~~Em)DE~CTORSmE
121 SMOKEIN3TECTORS/DE

S75 121 SMO=(W)DE~CTORS~E OR SNIOKEIIETECTORS/DE
S76 1 IONIZATIONDETECTORS/DE

5897 SMOKE
o PPP

S77 5897 ShlOKE OR ~~~
5897 SMOKE

4S035 DETECTOR?
S78 240 SMOKE(W)DETECTOR?

240 78
908939 26

S79 82 78AND26

Set Items ?3escriDtion
SI O CHEMICAL13ETECTORS/’DE
S2 155 CHEMtCAL SENSORS/DE
S3 1 GAS SENSORS/DE
S4 156 CHEMICALDETECTORS/DEOR CKEIVIICALSENSORSl13EOR GAS SENSORS/DE
S6 1934 ~~LE
S7 2104 COMBUSTIBLE
S8 37262 mROC~ON?
S9 40940 FLMvlNM13LE OR CONIEWSTIBLEOR HYDROCAR130N?

156 4
40940 9

Slo 10 4AND9

Set
S1
S2
S3
S4
S5
S6
S7
S8
S9
Slo
Sll
S12
S13

Items Desti~tion
1992 KW=(DETECT?OR SENS?)

10776 PY=1990:1995
1626 SMO=(~~E~CT? OR SENS?)(IR m(wQE~CT? OR SENS?)
5032 KW=(HEATOR TEMPERATUREOR GAS OR EIYDROCAR130NOR AEROSOL)
WW S4 OR KW=&~~CLE OR DWR4REll OR COmUSTDLE OR FLAMMAELE)
7907 S5 OR KW=(CIE~CAL OR (CARBON(W)MONO?)OR RADIAT?OR THEM?}
1318 S6 OR KW~SMO~(W)CO~OL OR CO~~R(W)PROGW? OR lIOSPITAL?)
2113 S7 OR KW=~CLE~(W)PO~R OR O~S~O~~)PLA~O~ C)REGRESS)
2695 S8 OR KW=(Sn~YS OR.mlCNW OR ~Cm(W)ENG~?)
4676 S9 OR KW=(HALON?OR LEGISLATION?OR M(W)MSTIGAT?)
5303 S10 OR KW=~OMT? OR COW? OR COMPUTERSOR HEALT13(~C~?)
6045 S11 OR KW=m~)MODEL? OR Fm(W)PLW? OR 130MBS)
6644 S12 OR KW~ZO~(W)MODEL? OR F~(W)LOSSES? OR AUTOMO?)
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S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27

74%
7952
9652
9973

13078
13781
14294
14484
15115
15525

420
1814
1197
261

S13 OR
S14 OR
S15 OR
S16 OR

KW=(BUILDING(W)CODE?OR COMPUTER(W)MODEL?)
KW=(I?OREST(W)FIRE?OR CIVIL(W)DEFENSEOR DE.TONATION)
KW=(EVACUAT?OR EXPLOS1?OR BUILDING(W)DESIGN)
KW=(AUDITORYOR ELDERLYOR GARMENT?OR INVESTIGATION?)

S17 OR KW=(FIRE(W)FIGHT?OR RESPIIL4TOR?OR STATISTICS)
S18 OR KW<OFFICE(W)BUILDING?OR UPHOLSTER?OR OIL(W)SPILL?)
S19 OR KW=(CRUDE(W)OILOR RESCUE OR WILDLANDOR RAILROAD?)
S20 OR KW=(CARE(W)HOME?OR CIGAR?OR MEDICAL(W)SERV?)
S21 OR KW=(SUBWAY?OR PRISON?OR FLOODINGOR FIRE(W)DEPART?)
S22 OR KW=(ROCKETOR CASUALT?OR TRAININGOR WEATHEROR ESCAPE)

S1 AND S6
S3 OR S24
S25 NOT S23
S26 AND S2

NTIS Search

Set items Description
S1 23580
S2 5669
S3 2354
S4 18504
S5 414
S6 29408
S7 4902
S8 100198
S9 852
Slo 39026
Sll 186
S12 97181
S13 170125
S14 3586
S15 106925
S16 18826
S17 6658
S18 25
S19 61551

DETECTORS/DE
SENSORWDE
NEURAL/DE
NETWORKWDE

NEURAIJDE(W)NETWORKWDE
DETECTORS/DEOR SENSORSiDEOR NEURAL(W)NETWORIWDE
SMOKE
HEAT

FLAMMABLE
GASES

FLAMMABLE(W)GASES
THERMAL
RADIATION

THERMAL(W)RADIATION
SMOKEOR HEAT OR FLAMMABLE(W)GASESOR THERMAL(W)RADIATION

HYDROCARBONS
PYROLYSIS

SHOULDERING
COMBUSTION

S20
S21
S22
S23
S24

S25
S26
S27
S28

2 SMOULDERING(W)COMBUSTION
150 SMOLDERING

61551 COMBUSTION
38 SMOLDERING(W)COMBUSTION

24786 HYDROCARBONS OR PYROLYSIS OR SMOULDERING(W)COMBUSTIONOR
SMOLDERING(W)COMBUSTION

1378 6AND(150R24)
330480 PY=1990:1995

287 25AND26
101451 TEMPERATURWDE

S29 91
S30 18156
S31 3223

27AND28
28AND26
6AND(150R240R28)
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S32 723 31AND26
S33 707 2AIdD28
S34 177 33AND26
S35 432 340R27

WPI Search 1

Set Items Description
S1 O IC=G08B? OR@@N
S2 7375 IC=G08B
S3 13280 DC=W05
S4 4847 IC=G08B AND DC=W05
S5 7375 Ic=G08B?

237252 PY=1990
248468 PY=1991
268804 PY=1992
273511 PY=1993
248061 PY=1994
24283 PY=1995

S6 784716 PY=(1990 OR 1991 OR 1992 OR 1993 OR 1994 OR 1995)
4847 4

784716 6
S7 2570 4AND6

1397
18266

S8 203
203

2570
S9 60

SMOKE
DETECTOR?
SMOKE(W)DETECTOR?

8
7
8AND7

WPI Search 2

Set Items Desertion
1 4966

. . . . . . . .— ---- .. .

2 802484
3 2608
4 208
5 62
6 91
7 29

IL=W25B ANIJ Lw= WU3
PY=(1990:1995)
SI*S2

SMO~(W)DE~CTOR?
S3*S4
4*2

6-5

controlssearches

III Search 1

Set Iterm Description
1 4751 SNTODOW OR SHUTDOWN OR SHUTOOFF OR SHUTOFF

-,=

2 20773 DISCONNECT? OR STOP? OR POWRODb~ OR SAFEGUARD?
3 3895 DUSDISCONTINU? OR DEACTIVAT? OR S~?OCOmOL?
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.>

,

4 17439
5 155649
6 199264
7 513397
8 80287
9 223110
10 54391
11 210071
12 387586
13 1097849
14 70831
15 50817
16 18277
17 904958
18 199965
19 914641
20 27211
21 412894
22 143615
23 87345
24 1917534
25 56331
26 207181

PROTECT?
27 7170
28 140082
29 5624
30 3494
31 4923
32 4923
33 1063
34 41108

CPSC-IAG95-1145

DISCONTINUE?
AUTOMAT?ORINTERRUPT? ORTU’RNOOmoR TURNom.
S1-S5/OR

(GAS?ORELECmC? ORELECTRONIC)/DE,ID
ELECTRONIC?/DE,LD

(MACHINE? OR EQUIP? OR APPLIAN?)/DE,ID
(KITCHEN? OR COOK? OR UTILIT? OR INSTRUMENT?)/DE,ID

(POWER? OR CURRENT? OR VOLT?)/DE,ID
(ENERG? OR HEAT? OR TEMPERATURE? OR OVEN?)lDE,ID
S7-S12/OR

s6*s13

S6/TI
S13*S15
CONTROL? OR COMPONENT? OR DEVICE?
TECHNOLOG?
DESIGN? OR ELEMENT? OR SWITCH? OR CIRCUIT?
NECMECHANI? OR RELAY? OR BREAKER? OR FUSE?
MECHANI?
WIRING OR TIUNSMISSION OR SURGE? OR THERMOSTAT?
FAULT? OR BWNER? OR PILOT? OR VALVE?
S17-S23/OR

S14*S24
ALARM? OR WARN? OR EMERGENC? OR DANGER? OR HAZARD? OR SAFE? OR

S25*S26
NUCLEAR OR TELEPHONE?

S27-S28
S29/TI
29/ENG
6*3 1
15*31

S26/TI
35
36
37
38
39
40
41
42
43

281 33*34
539768 S24/TI

145 35*36
936794 PY=1990: 1995

28 37*38
897268 PY=1969: 1979

105 37-40
12347 PY=1959:1968

104 41-42

EI Search 2

Set Items Description
1 1389 (FIRESAFEOR PROTECT?)ODEVICE?
2 521 CIRCUITOINTERRUPT?OR PROTECTIVEOEQUIPMENT
3 5640 CUTOFFOVA-LW?OR CIRCUITOBREA.KER?OR THERMOSTAT?
4 76 CUTOFFOSWITCH?OR SAFE?OSWITCH?OR SHUTOFFOVALVE?
5 232331 ACTUATOR?OR SAFE?OVALVE?OR SAFE?OI?USE?OR RELAY?OR COMPONENT?
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6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

238701 S1-S5/OR
12837 EMERGENCYOSHUTDOWN OR SAFEOSHU’TDOWN OR AUTOMAT?OCONTROL’?

244532 SAFE? OCONTROL? OR DETECT? OR MONITOR? OR DEACT~VAT? OR LNTERRUPT?
25890 DISCONNECT? OR STOP? OR POWERODOWN OR AL ARM? OR SHUTDOWN
7272 SHUTODOWN OR SHUTOFF OR SHUTOOFF OR SAFEGUARD? OR TURNOOFF

281860 S7-S 10IOR
3498 APPLIANCE? OR HOUSE?OEQUIPMENT OR RESIDEN?OEQUIPMENT
15953 HOME?OEQU12? OR ELECTRONICOEQUIPMENT OR ~~R~EQU@~~
12388 KITCHEN? OR COOK?OEQUIT? OR BURNER? OR OVEN?
31295 S12-S14/OR

234943 INDUSTR? OR PO~RomSMSSION OR OILOPRODUCTION
51496 ~LECO~CATION OR SUBSTATION? OR POWRODISmU~ON

131028 COMMUNICATIONOSYSTEM? OR POWEROPLANT? OR OILOWELL? OR NUCLEAR?.
387475 S16-S1810R

461 S6*S11*S15
360 S20-S19

117300 NUCLEAR?
355 21-22
136 S23/TI

18510 S6@)Sll
145 S25(F)S15

474819 19+22
108 26-27

0 S28~I
145 S6(F)S11(F)S15

58042 S6/DE,ID
32 30*31

12894 HIGHOVOLTAGE?
2’7 32-33

&
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Items 13escriWion
4343 SHUTODOWN OR SHUTDOWN OR SHUTOOFF OR SHUTOFF

15232 DISCONNECT? OR STOP? OR PO~RODOW OR SAFEGUARD?
2006 IXJSDISCONTINU? OR DEACTPJAT? OR SAFE?OCONTROL?
6690 DISCONTINUE?

56587 AUTOMAT? OR INTERRUPT? OR TTJRNOOFF OR TURNOFF
82939 S1-S5/OR
199561 (GAS? OR ELECTRIC? OR ELEC~OmC)~E,m
37520 ELECTRONIC?/DE,lJ3

116095 (MACHINE? OR EQUIP? OR WPLN?)~E,m
42788 (KITCHEN? OR COOK? OR U’ITLIT? OR INSTRUMENT?)/DE,m
1226’72 (POWER? OR CURRENT? OR VOLT?)/DE,ID
269056 (ENERG? OR HEAT? OR TEMPERATURE? OR OVEN?)/DE,ID
583562 S7-S1210R
30277 S6*S13
17674 S61TI
6071 S13”S15

654130 CONTROL? OR CO~O~~? OR DEVICE?

-=
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18 718482
19 448820
20 10958
21 415123
22 63741
23 57433
24 1353702
25 27245

TECHNOLOG?

DESIGN? OR ELEMENT? OR SWITCH? OR CIRCUIT?
NECMECHANI? OR RELAY? OR BREAKER? OR FUSE? “
MECHANI?
WIRING OR TRANSMISSION OR SURGE? OR THERMOSTAT?
FAULT? OR BURNER? OR PILOT? OR VALVE?
S17-S23/OR

S14*S24
26 227156 ALARM? OR WARN? OR EMERGENC? OR DANGER? OR HAZARD? OR SAFE? OR

PROTECT?
27 5851 S25*S26
28 262747 NUCLEAR OR TELEPHONE?
29 3161 S27-S28
30 1560 S29/’TI
31 3161 S29/ENG
32 3161 S6*S31
33 519 S15*S31
34 48078 S26/TI
35 124 S33*S34
36 213621 S24iTI
37 51 S35*S36
38 340043 PY=1990: 1995
39 14 S37*S38
40 620274 PY=1969:1979
41 32 S37-S40
42 188074 PY=1959:1968
43 31 S41-S42

NTIS Search 2

Set Items Description
1 1394 (FIRESAFEOR PROTECT?)ODEVICE?
2 3990 CIRCUITOIN’IERRUPT? OR PROTECTIVEOEQUIPMENT
3 1470 CUTOFFOVALVE? OR CIRCUITOBREAKER? OR THERMOSTAT?
4 75 CUTOFFOSWITCH? OR SAFE?OSWITCH? OR SHUTOFFOVALVE?
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

151076 ACTUATOR? OR SAFE?OVtiVE? OR SAFE?OFUSE? OR RELAY? OR COMPONENT?
156698

5922
212708
16643
6904

234141
2688
9346
6501
18193

385704
9408

95328
466635

S1-S5/OR
EMERGENCYOSHUTDOWN OR SA.FEWSHUTDOWN OR AUTOMAT?OCONTROL?
SAFE?OCON’IROL? OR DETECT? OR MONITOR? OR DEACTIVAT? OR INTERRI.JET?
DISCONNECT? OR STOP? OR POWERODOWN OR ALARM? OR SHUTDOWN
SHU’TODOWN OR SHUTOFF OR SHUTOOFF OR SAFEGUARD? OR TURNOOFF
S7-S10/OR

APPLIANCE? OR HOUSE?OEQUIPMENT OR RESIDEN?OEQUIPMENT

HOME?OEQUm? OR ELECTRONICOEQUIPMENT OR POWEROEQUEMENT
KITCHEN? OR COOK?OEQUIP? OR BURNER? OR OVEN?
S12-S14/OR
INDUSTR? OR POWEROTRANSMISSION OR OILOPRODUCTION

TELECOMMUNICATION OR SUBSTATION? OR POWERODISTRJBUTION
COMMUNICATIONOSYSTEM? OR POWEROPLANT? OR OILOWELL? OR NUCLEAR?.
s16-s18/oR
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

652 S6*S11*S15
444 S20-S19

256696 NUCLEAR?
374 S21-S22
65 S23/TI

15267 S6(F)S11
152 S25(F)S15

643731 S19+S22
65 S26-S27
O S28fTI

152 S6(F)S11(F)S15
29165 S6/DE,131

57 S30*S31
4458 FDGHOVOLTAGE?

56 S32-S33
783074 PY=1964:1979

28 34-35

WPI Search

set kXIIS Description
1 6785 (FIRESAF EORPROTECT?)ODEVICE?
2 1005 CRCUHom~~T?ORPRO~C~OEQ~m~”
3 21868 CUTO~{)V&=? OR CRCUIT<)BWmR? ORmMOSTAT?
4 1347 CUTOFFOSWITCH? OR S~?OSWITCH? OR SHUTOFFOVALVE?
5 460014 ACTUATOR? OR SAFE?OVALVE? OR SAFE?OFUSE? OR RELAY? OR COMPONENT?
6 485710 S1-S5/OR
7 19490 E~RGENCYOS~~~ OR S_OSW~O~ OR AUTO~T?OCOmOL?
8 453788 SAFE?OCONTROL? OR DETECT? OR MONITOR? OR DEACTIVAT? OR INTERRUPT?
9 212326 DISCONNECT? OR STOP? OR PO~RODOm OR ALARM? OR SHUTDOWN

10 20366 SHUTODOWN OR SKUTOF’F OR SHUTOOFF OR SAFEGUARD? OR TURNOOFF
11 652808 S7-SIO/OR
12 20939 APPLIANCE? OR HOUSE?OEQU~~~ OR ~SDEN?OEQUB~~
13 6679 HOME?OEQUJP? OR ELEC~O~COEQU@~~ OR POWEROEQUB?MENT
14 47309 KITCHEN? OR COOK?{)EQUIP? OR BURNER? OR OVEN?
15 73591 S12-S14/OR
16 123233 INDUSTR? OR PO~RomS~SSION OR OILOPRODUCTION
17 9660 ~LECO~CA~ON OR SUBSTATION? OR M~RODISmU~ON
18 35106 CO~CATIONOSYS~M? OR POWEROPLANT? OR OLLOWELL? OR NUCLEAR?.
19 166590 S16-S18/OR
20 1552 S6*S11*S15
21 1480 S20-S19
22 31477 NUCLEAR?

23 1476 S21-S22
24 1138 S23fTI
25 71754 S6(F)S11
26 1034 S25(F)S15
27 192181 S19+S22
28 987 S26-S27
29 154 S28/TI

,.
=-

-T
.
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

1034 S6(F)S11(F)S15
1504% s6/DEJD

371 S30*S31
21045 HIGHOVOLTAGE?

360 S32-S33
17535 PY=1964:1979

360 S34-S35
1550458 PY=1978:1985

110 29-37
327511 SIUDE

107 38*39
150496 S6/DE

100 40*41
38930 S15/DE

100 42*43

CPSC-IAG95-1145

*
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Appendix ~. ~mple Test bg sheet

.
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-u“

CPSC Range-Cooking Fire Pre-ignition Detection Series

TEST ID CPSC95 Date -1 II 995
Pan Information Food Summary

Size cm (in) Substance

Type Initial Volume ml

Material Remaining Volume ml

Previous Usage Initial Mass kg

Mass Measurements: Remaining Mass kg

Pan+TC kg
Lid kg

Ex~eriment O~e rator~

Pan+TC+Lid kg
Instrument(s)

Pan+TC+Lid+Food (before) kg Rik Johnsson •1

Pan+TC+Lid+Food (after) kg
Dick Harris ❑
Marco Fernandez •1
Mai Ngo
Nelson Caballero

•1

Range Hood Active: YES / NO Ted Gordon
•1
•1

------ -,
UOCK I Ime w u

Comments/ lR~eattiera Volta&G~sFlow Photos Temps
Tlme(minl Observations a Time # Time “C

I

n

+fl

11
17

+

15

+
151
Y
Lu

DATA ON - BACKGROUND
BURNER ENERGIZED

1 I

I I
I I I I

I I 1 I

I

I I
1

I

IGNITION

FIRE EXTINGUISHED

DATA OFF
.

IAdditional Notes:
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Appendix ~. llata Analysis - ~mple .~~~ File

500 020100
.
T

411105
hlIST/CPSC Pre-Ignition Detection Series:CPSC950227JUN95227g Baconin 26.7cm .1~.s

SS (Albase)FryingPan,RangeHood Off
00 lTime Elapsedtime (s)
57 2LExtlHeNe 1aser and photodiode,1ower (v)
58 2LExt2HeNe laserand photodiode,upper (v)
59 2VlctyBi-directionalvelocityprobe .1”H20= delta2.5 V (mIs)
60 2T0/005ThermocoupleTree, center,11.7cm fr. burner (DegC)
61 2T2/OIOThermocoupleTree,15.2 cm left,16.8cm fr. burner (DegC)
62 2T1/OIOThermocoupleTree, 7.6 cm left,16.8cm fr. burner (DegC)
63 2T0/OIOThermocoupleTree, center,16.8cm fr. burner (DegC)
64 2T-/OlOThermocoupleTree, 7.6cm right,16.8cmfr. burner (DegC)
65 2T0/020ThermocoupleTree, center,26.9 cm fr. burner (DegC)
662T2/031ThermocoupleTree,15.2 cm left,37.1 cmfr. burner (DegC)
67 2T1/031ThermocoupleTree, 7.6 cm left,37.1 cm fr. burner (DegC)
68 2T0/031ThermocoupleTree, center,37.1 cm fr. burner (DegC)
69 2T-/O3lThermocoupleTree, 7.6 cm right,37.1 cm fr. burner (DegC)
70 2T0/041ThermocoupleTree, center,47.2 cm fr. burner (DegC)
71 2T2/061ThermocoupleTree,15.2cm left,67.6 cm fr. burner (DegC)
72 2T1/061ThermocoupleTree, 7.6cm left,67.6 cmfr. burner (DegC)
73 2T0/061ThermocoupleTree, center,67.6 cm fr. burner (DeqC)
74 2T-/O6lThermocoupleTree, 7.6 cm right,67.6 cm fr. burner
75 2TPnBtmThermocouplecenteredunder,contactingpan
76 2TPnSdeThermocoupleboltedto insideof pan at food level
77 2TFoodlThermocouplecontactingfood at centernear bottom
78 2TFood2Thermocouplecontactingfood at centernear surface
79 2THoodlThermocoupleon insideof hood centeredabovepan
80 2THood2Thermocoupleon outsideof hood centeredabovepan
81 2TSurflThermocoupleon top range,17 cm fromcenter,8pm
82 2TSurf2Thermocoupleon top range,17 cm fromcenter,2pm

(DeiC)
(DegC)
(DegC)
(DegC)
(DegC)
(DegC)
(DegC)
(DegC)
(DegC)

83 2TRangeThermocouplebeneathrangesurfacecenteredbelow pan(DegC) -.
999 “

1.0
1.0

c
.

999
SKIP=(S1Z1)2
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TC
1
6083 X
COMPUTE
.
1

c- 59-0.0 x $1
VELOCITY
1
599.96 Z3168X
COMPUTE
2
(8.507-57)/8.507X $2
(10.148-58)/10.148X $3
SMOOTH
2
$203X$4
$303X$5
RENAME

$1 VelV Bi-directional probe raw voltage (v)

$2 ExtnlLaserextinctionfor lowerposition (vIv)

$3 Extn2Laserextinctionfor upperposition (v/v)

$4 ExtnlsLowerlaserextinctionsmoothed(3 pt) (v/v)

$5 Extn2sUpperlaserextinctionsmoothed(3 pt) (v/v)
999

END
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