Chapter 7
Oil Burner Test for Seat Cushions
7.1 Scope
7.1.1

This test method evaluates the burn resistance and weight loss characteristics of aircraft seat
cushions when exposed to a high-intensity open flame to show compliance to the requirements
of FAR 25.853.

7.2 Definitions
7.2.1

Burn Lengths
The four principal burn lengths are measured along the topside of the horizontal seat cushion,
bottomside of the horizontal seat cushion, frontside of the vertical seat cushion, and the
backside of the vertical seat cushion. The four burn lengths are defined as the distance
measured, in inches, from the edge of the seat frame nearest the burner to the farthest point
where damage to the test specimen occurred due to that area’s combustion, including partial or
complete consumption, charring, or embrittlement but does not include areas sooted, stained,
warped, or discolored.

7.2.2

Percent Weight Loss
The percentage weight loss for a specimen set is the pretest weight of the specimen set less the
posttest weight of the specimen set expressed as the percentage of the pretest weight. All
droppings falling from the specimens and mounting stand are to be discarded prior to
determining the posttest weight.

7.2.3

Back Cushion Specimen
The back cushion specimen is the cushion specimen in the vertical orientation. This specimen
may be representative of the production seat back, seat bottom, or both if the production
articles have the same construction.

7.2.4

Bottom Cushion Specimen
The bottom cushion specimen is the cushion specimen in the horizontal orientation. This
specimen may be representative of the production seat back, seat bottom, or both if the
production articles have the same construction.

7.2.5

Specimen Set
A specimen set consists of one back cushion specimen and one bottom cushion specimen.
Both specimens represent the same production cushion construction; that is, both specimens in
the specimen set have identical construction and materials proportioned to correspond to either
the actual seat bottom or back cushion but not both. For various reasons seat bottom and back
cushions on actual seats are typically as installed in the airplane.

7.3 Apparatus
7.3.1

Test Apparatus
The arrangement of the test apparatus is shown in figures 7-1 and 7-2 and includes the
components described in this section. The burner stand has the capability of moving the
burner away from the test specimen during warmup.

7.3.2

Test Burner
The burner will be a modified gun type, such as Park Model DPL 3400, Lennox Model OB-32,
or Carlin Model 200 CRD. Flame characteristics can be enhanced by the optional use of a
static disk or tabs. See static disk in the supplement to this chapter. Major deviations, for
example a different burner type, require thorough comparison testing. Temperature and heat
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flux measurements, as well as test results, must correspond to those produced by an FAA
approved burner.

Figure 7-1. Front, Side, and Top Views of Seat Oil Burner Specimen Frame

Figure 7-2. Top and Side View of Specimen Setup in Test Frame
7.3.2.1

Nozzle
The nozzle used for the burner is required to maintain a fuel pressure that will yield
a 2 ± 0.1 gallons/hour (0.126 L/min ± 0.0063 L/min) fuel flow.

7.3.2.2

Burner Cone
A 12 ± 1/8-inch (305 ± 3-mm) burner cone extension will be installed at the end of
the draft tube. The cone will be made of stainless steel or a similar type of
noncorrosive high-temperature metal and will have a thickness of 0.065 ± 0.015
inch (1.65 ± 0.375 mm). The opening of the cone will be 6 ± 1/8 inches (152 ± 6
mm) high and 11 ± 1/8 inches (280 ± 6 mm) wide (see cone in figures 7-3a and 73b).
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Figure 7-3a. Burner Cone Layout and Bending Pattern

Figure 7-3b. Burner and Cone Details
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7.3.2.3

Fuel
ASTM K2 fuel (number 2 grade kerosene) or ASTM D2 fuel (number 2 grade fuel
oil) will be used.

7.3.2.4

Fuel Pressure Regulator
A fuel pressure regulator adjusted to deliver 2 gallons/hour ± 0.1 gallon/hour (7.57
liters/hour ± 0.38 liter/hour) will be provided.

7.3.2.5

Anemometer
A vane-type air velocity sensing unit will be used to monitor the flow of air at the
inlet of the oil burner. The inlet will be completely sealed except for an opening
for the air velocity sensor where it will be centered and mounted (see anemometer
setup in figure 7-4).

Figure 7-4. Illustration for the Location of the Air Velocity Sensor
7.3.3

Calorimeter
The calorimeter will be a total heat flux, foil type Gardon Gage of an appropriate range such as
2
2
0 to 15 Btu/(ft second) (0 to 17 W/cm ), accurate to ± 3 percent of the indicated reading.
7.3.3.1

Calorimeter Mounting
The calorimeter will be mounted in a 6 by 12 ± 1/8-inch (152 by 305 ± 3-mm) by
3/4-inch (19-mm) -thick insulating block that is attached to a steel angle bracket for
placement in the test stand during burner calibration (see figure 7-5). The
insulating block will be monitored for deterioration and replaced when necessary.
The mounting will be shimmed as necessary to ensure that the calorimeter face is
parallel to the exit plane of the test burner cone.

7.3.4

Thermocouples
Seven 1/16-inch-diameter ceramic packed, metal sheathed, type K (Chromelalumel), grounded
junction thermocouples with a nominal 30 AWG size conductor will be provided for
calibration. The thermocouples will be attached to a steel bracket to form a thermocouple rake
for placement in the test stand during burner calibration, as shown in figure 7-6.
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1-in (25-mm)
diameter hole for
calorimeter mounting

1 in (25 mm) dia

Figure 7-5. Top and Side Views of Calorimeter Bracket

Figure 7-6. Top and Side Views of Thermocouple Rack Bracket
7.3.5

Specimen Mounting Frame
The mounting frame for the test specimen will be fabricated of 1 by 1 by 1/8-inch (25 × 25 ×
3-mm) steel angle, as shown in figure 7-1. A wire can be added to the mounting frame for the
seat back cushion to secure the specimen into place. The mounting stand will be used for
mounting the test specimen seat bottom and seat back, as shown in figure 7-2. Reference
paragraph 7.3.5 of Chapter 7 Supplement.
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7.3.5.1

Drip Pan
The mounting stand will include a suitable drip pan lined with aluminum foil, dull
side up. The drip pan will be located at the bottom of the mounting stand legs, 12
± 1/8 inches (305 ± 3 mm) below the horizontal specimen holder.

7.3.6

Instrumentation
A calibrated recording device or a computerized data acquisition system with an appropriate
range will be provided to measure and record the outputs of the calorimeter and the
thermocouples.

7.3.7

Weight Scale
A weighing device will be provided to determine the pretest and posttest weights of each set of
seat cushion specimens within 0.02 pound (9 g).

7.3.8

Timing Device
A stopwatch or other device, accurate to ± 1 second/hour, will be provided to measure the time
of application of the burner flame and self-extinguishing time (or test duration).

7.4 Test Specimens
7.4.1

Specimen Preparation
A minimum of three specimen sets of the same construction and configuration will be prepared
for testing.

7.4.2

Seat Bottom (Horizontal) Cushion Specimen
The constructed, finished specimen assembly will be 18 + 0, -1/8 inches (457 + 0, -3 mm) by
20 + 0,-1/8 inches (508 + 0, -3 mm) by 4 + 0, -1/8 inches (102 + 0, -3 mm), exclusive of fabric
closures and seam overlap.

7.4.3

Seat Back (Vertical) Cushion Specimen
The constructed, finished specimen assembly will be 18 + 0, -1/8 inches (457 + 0, -3 mm) by
25 + 0, -1/8 inches (635 + 0, -3 mm), by 2 + 0, -1/8 inches (51 + 0, -3 mm), exclusive of fabric
closures and seam overlap.

7.4.4

Construction
Each specimen tested will be fabricated using the principal components (i.e., foam core,
flotation material, fire-blocking material, if used, and dress covering) and assembly processes
(representative seams and closures) intended for use in the production articles. If a different
material combination is used for the production back cushion than for the production bottom
cushion, both material combinations will be tested as complete specimen sets. Each set will
consist of a back cushion specimen and a bottom cushion specimen (see figure 7-7).
7.4.4.1

Fire-Blocking Material
If the cushion is constructed with a fire-blocking material, the fire-blocking
material will completely enclose the cushion foam core material.
7.4.4.1.1

Specimen Fire-Blocking Fabrication
The method of fabricating blocking layer seams and closures will be
the same as the production method. In fabricating the test specimen,
the fire blocker will be configured so that any possible weak point is
exposed to the burner flame. This may require configuring a test
specimen so that the seam is exposed to the test burner, even though a
seam may not be located there on a production cushion.
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Figure 7-7. Example of Production Seat Configuration and Test Specimen Set to Substantiate
Production Seat Bottom Cushion
7.4.4.1.2

Multiple Fire-Blocking Materials
If more than one fire-blocking layer material is used on a given
production cushion, each blocking layer material will be subjected to
this test procedure as separate test sets with the fire-blocking material
completely encapsulating the specimens so that all fire-blocking layers
are subjected to the same level of test severity. Fire-blocking layers
will not be used in combination for this test (see figure 7-8).

Figure 7-8. Specimen Set to Substantiate Production Seat Bottom and Specimen Set to
Substantiate Production Seat Back
7.4.4.2

Foam
Seats that utilize more than one variety of foam (composition, density, etc.) will
have specimen sets constructed that reflect the foam combination used.

7.4.4.3

Dress Covering
If a production seat construction utilizes more than one dress covering, the test
configuration may be represented as shown in figure 7-9.
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Figure 7-9. Example of Production Seat Configuration Using Two Dress Cover Materials
and Test Specimen Set to Substantiate Dress Cover Combination
7.5 Specimen Conditioning
7.5.1

The specimens will be conditioned at 70° ± 5°F (21° ± 2°C) and 55% ± 10% relative humidity
for a minimum of 24 hours prior to testing.

7.6 Preparation of Apparatus
7.6.1

Level and center the frame assembly to ensure alignment of the calorimeter with the burner
cone.

7.6.2

Turn on the ventilation hood for the test chamber. Do not turn on the burner fan. Measure the
airflow in the test chamber using a hot wire anemometer or equivalent measuring device. The
vertical air velocity just behind the top surface of the vertical specimen will be 25 ± 10 ft/min
(12.7 ± 5.1 cm/second). The horizontal air velocity will be less than 10 ft/min (5.1 cm/second)
just above the center of the horizontal seat cushion specimen.

7.6.3

The fuel flow rate will be 2.0 ± 0.1 gallon/hour (0.126 ± 0.0063 L/min).

7.6.4

The air inlet of the oil burner must be completely sealed, except for an opening where the air
monitoring device will be mounted. With the anemometer set up for measuring, turn the motor
on and run it for at least 30 seconds to allow the blower to reach its operating speed (it is not
3
necessary for the ignitor and fuel flow to be turned on). Set the airflow to 67 ± 4 ft /min (1.89
3
± 0.11 m /min) by adjusting the air shutter. (See paragraph 7.3.2.5 of Chapter 7 Supplements,
for the airflow conversion formula and an example of airflow conversion based on an airflow
of 67 cubic feet per minute.) Once this airflow value is maintained, keep the air shutter in
position by tightening the lock screw. This will be the initial airflow setting. Later
adjustments, within the specified airflow range, may be necessary to attain the calibration
temperatures and heat flux.
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7.7 Calibration
7.7.1

Secure the calorimeter in the bracket and place it on the test frame assembly used to mount
specimens. Position the burner so that the vertical plane of the burner cone exit is centered in
front of the test frame assembly at a distance of 4 ± 1/8 inches (102 ± 3 mm) from the
calorimeter face. Ensure that the horizontal centerline of the calorimeter is offset 1 ± 1/16 inch
(25.4 ± 1.6 mm) above the horizontal centerline of the burner cone (see figure 7-5).
7.7.1.1

Prior to starting the burner, ensure that the calorimeter face is clean of soot deposits
and that there is water running through the calorimeter.

7.7.2

Rotate the burner from the test position to the warmup position. Examine and clean the burner
cone of any evidence of buildup of productions of combustion, soot, etc.

7.7.3

While the burner is rotated out of the test position, turn on the fuel and light the burner. Allow
it to warmup for 2 minutes. Move the burner into the test position and adjust the air intake and
2
2
oil burner components to achieve a heat flux of 10 Btu/(ft second ± 0.5 Btu/ft /sec) (11.9
2
2
W/cm ± 0.6 W/cm ) or greater. Record heat flux density measurements at least once per
second averaged over a 30-second time period to ensure a steady-state condition.

7.7.4

Replace the calorimeter bracket with the thermocouple rake, ensuring that the distance of each
of the seven thermocouples is 4 ± 1/8 inches (102 ± 3 mm) from the vertical plane and offset 1
± 1/16 inch (25.4 ± 1.6 mm) above the horizontal centerline of the burner cone exit (see figure
7-6).

7.7.5

Start the burner and allow it to warmup for 2 minutes. After warmup, move the burner into
position and record the temperature of each thermocouple at least once every second averaged
over a 30-second time period. Of the seven thermocouples used, any two will be equal to or
greater than 1750°F (954°C), while the remaining thermocouples will each be equal to or
greater than 1800°F (982°C). The average of the seven thermocouples must be equal to or
greater than 1800°F. After a steady-state condition has been achieved with the required
temperatures mentioned above, turn off the burner.

NOTE: It is advisable to run within reasonable bounds of the heat flux and temperature requirements
in sections 7.7.3 and 7.7.5. If the heat flux and temperature are significantly higher, erratic
data may occur.
7.7.6

If the temperature of each thermocouple is not within the specified range, repeat sections 7.7.1
through 7.7.5 until all parameters are within the calibration.

7.7.7

When calibration is attained, tighten the air shutter’s lock screw.

7.8 Test Procedure
7.8.1

Record the weight of each set of seat bottom and seat back cushion specimens to the nearest
0.02 pound (9 g’s) and secure the test specimens to their respective frames. The seat back
cushion can be secured at the top with wires. Reference paragraph 7.3.5 of Chapter 7
Supplement for guidance information.

7.8.2

Ensure that the vertical plane of the burner cone is at a distance of 4 ± 1/8 inches (102 ± 3 mm)
from the test specimen and that the horizontal centerline of the burner cone is centered with the
bottom cushion, as shown in figure 7-2.

7.8.3

When ready to begin the test, direct the burner away from the test position to the warmup
position so that the flame will not impinge on the specimen. Turn on and light the burner and
allow it to stabilize for 2 minutes.

7.8.4

To begin the test, rotate the burner into the test position and start the timing device when the
burner is in the final position.

7.8.5

Expose the test specimen to the burner flame for 2 minutes and then turn off the burner.
Immediately rotate the burner out of the test position.
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7.8.6

Terminate the test when the specimens self-extinguish. If the specimens do not selfextinguish after 5 minutes from the time the burner had been turned off, terminate the test by
extinguishing the test specimens.

7.8.7

Immediately after test termination, determine the posttest weight of the remains of the seat
cushion specimen set to the nearest 0.02 pound (9 g’s), excluding droppings.

7.8.8

Measure the four burn lengths. Reference paragraph 7.8.8 of Chapter 7 Supplement for help
in determining burn length.

7.9 Report
7.9.1

Identify and describe the specimen being tested. Report the type of foam (flame retardant
[FR] molded or cut); foam density, if known; and manufacturer and type of FR treatment if
known.

7.9.2

Report the number of specimen sets tested.

7.9.3

Report the pretest and posttest weight of each set, the calculated percentage weight loss of
each set, and the calculated average percentage weight for the total number of sets tested.

7.9.4

Report each of the four burn lengths for each set tested.

7.10 Requirements
7.10.1

For each of the burn lengths measured, the burn length may not exceed 17 inches (43.2 cm)
on at least two-thirds of the total number of specimen sets tested. Additionally, the average
burn length for each of the measured lengths will not exceed 17 inches.

7.10.2

The average percentage weight loss will not exceed 10 percent.

7.10.3

The weight loss of at least two-thirds of the total number of specimen sets tested will not
exceed 10 percent.
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