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Standard Test Method for
Specific Optical Density of Smoke Generated by Solid
Materials *

This standard is issued under the fixed designation E 662; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope D 2843 Test Method for Density of Smoke from the Burn-

1.1 This fire-test-response standard covers determination of _ing or Decomposition of Plastiés
the specific optical density of smoke generated by solid E 176 Terminology of Fire Standarts
materials and assemblies mounted in the vertical position i
thicknesses up to and including 1 in. (25.4 mm). o o ) )

1.2 Measurement is made of the attenuation of a light beam 3.1 Defmmons—For_ definitions of terms found in this test
by smoke (suspended solid or liquid particles) accumulatingnethod refer to Terminology E 176.
with_in a closed chamber due_to nonflaming pyrolytic decom-4. Summary of Test Method
position and flaming combustion.

1.3 Results are expressed in terms of specific optical densit
which is derived from a geometrical factor and the measure

optical density, a measurement characteristic of the concentr X
tign of smokg s-fE(2.5 W/cnf) averaged over the central 1.5-in. (38.1-mm)

1.4 This test method is intended for use in research andiameter area of a vertically mounted specimen facing the

development and not as a basis for ratings for regulatoryadiant heater. The nominal 3 by 3-in. (v6.2 by 76.2-mm)
purposes. specimen is mounted_wnhm a holder which exposes an area
1.5 This standard should be used to measure and describ@€asuring 21 by 2716 in. (65.1 by 65.1 mm). The holder can
the response of materials, products, or assemblies to heat arifcommodate specimens up to 1 in. (25.4 mm) thick. This

flame under controlled conditions and should not be used t§XPosure provides the nonflaming condition of the test.
describe or appraise the fire-hazard or fire-risk of materials, 4-2 For the flaming condition, a six-tube burner is used to
products, of assemblies under actual fire conditions. HowevefPP!Y @ row of equidistant flamelets across the lower edge of

results of the test may be used as elements of a firehazaffl® €xposed specimen area and into the specimen holder

assessment or a fire-risk assessment which takes into accodffudh- This application of flame in addition to the specified

all of the factors which are pertinent to an assessment of thiradiance level from the heating element constitutes the

fire hazard or fire risk of a particular end use. flaming combustion exposure. .
1.6 This standard does not purport to address all of the 43 The test specimens are exposed to the flaming and
safety concerns, if any, associated with its use. It is thdonflaming conditions within a closed chamber. A photometric

responsibility of the user of this standard to establish appro-SySteém with a vertical light path is used to measure the varying

priate safety and health practices and determine the applical-ight transmission as smoke accumulates. The Iight. t.ransm_it—
bility of regulatory limitations prior to use. tance measurements are used to calculate specific optical

1.7 The values stated in inch-pound units are to be regarddensity of the smoke generated during the time period to reach
as standard. Values stated in parentheses are for informatidfe maximum valué.

&3 Terminology

4.1 This test method employs an electrically heated radiant-
nergy source mounted within an insulated ceramic tube and
Rositioned so as to produce an irradiance level of 2.2 Btu/

only. 5. Significance and Use
2. Referenced Documents 5.1 This test method provides a means for determining the
21 ASTM Standards: specific optical density of the smoke generated by specimens of

1 This test method is under the jurisdiction of ASTM Committee EO5 on Fire 2 Annual Book of ASTM Standardgol 08.02.
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and *Annual Book of ASTM Standatdéol 04.07.

Combustion Products. 4 Additional parameters, such as the maximum rate of smoke accumulation, time
Current edition approved April 10, 2003. Published June 2003. Originallyto a fixed optical density level, or a smoke obscuration index may provide useful
approved in 1979. Last previous edition approved in 2001 as E 662 —01. information. See Appendix X1.
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materials and assemblies under the specified exposure condir weight, or both, may reduce the variability but may not be
tions. Values determined by this test are specific to theruly indicative of the actual variability to be expected from the
specimen or assembly in the form and thickness tested and aneaterial as normally supplied.
not to be considered inherent fundamental properties of the 6.3 The results of the test apply only to the thickness of the
material tested. Thus, closely repeatable or reproducible exspecimen as tested. There is not a common mathematical
perimental results should not be expected from tests of a giveformula that can be used to calculate the specific optical
material when specimen thickness, density, or other variabledensity of one thickness of a material when the specific optical
are involved. density of another thickness of the same material is known.
5.2 The photometric scale used to measure smoke by this 6.4 The test method is sensitive to small variations of the
test method is similar to the optical density scale for humarposition of the specimen and radiometer relative to the radiant
vision. However, physiological aspects associated with visiorheat source.
are not measured by this test method. Correlation with mea- 6.5 Sensitivity to variations in composition requires that,
surements by other test methods has not been estabfished. when changing to another material to be tested, it may first be
5.3 At the present time no basis is provided for predictingnecessary to clean and remove from the walls the accumulated
the density of smoke that may be generated by the materialesidues to assure that chemical or physical recombination with
upon exposure to heat and flame under other fire conditionsthe effluents or residues produced by the pyrolysis does not
5.4 The test method is of a complex nature and the dataffect the data obtained. Even when testing the same material,
obtained are sensitive to variations which in other test methodsxcessive accumulations of residue should not be permitted to
might be considered to be insignificant (see Section 6). Auild up since ruggedness tests have indicated that such serve
precision statement based on the results of a roundrobin test lag additional insulators tending to reduce normally expected
a prior draft version of this test method is given in 14.1 condensation of the aerosol, thereby raising the measured
5.5 In this procedure, the specimens are subjected to one epecific optical density.
more specific sets of laboratory test conditions. If different test 6.6 With resilient samples extreme care must be taken to
conditions are substituted or the end-use conditions arassure that each replicate sample in its aluminum foil wrapper
changed, it may not be possible by or from this test to predicis installed so that each protrudes identically through the front
changes in the fire-test-response characteristics measurezample holder opening. Unequal protrusion will subject the
Therefore, the results are valid only for the fire-test-exposursamples to different effective irradiances and to slightly differ-

conditions described in this procedure. ent ignition exposures. Specimens that protrude excessively
S may drip or sag onto the burner, clogging the flame jets and
6. Limitations thereby invalidate the test.

6.1 If during the test of one or more of the three replicate 6.7 The measurements obtained have also proven sensitive

samples there occurs such unusual behavionpshe speci- to small differences in conditioning (see Section 9). Many
men falling out of the holder,2) melted material overflowing materials such as carpeting and thick sections of wood,
the sample holder trough3) self-ignition in the pyrolysis plastics, or plywood require long periods to attain equilibrium
mode, @) extinguishment of the flame tiplets (even for a short(constant weight) even in a forced-draft humidification cham-
period of time), or ) a specimen being displaced from the ber.

zone of controlled irradiance, then an additional three sample§_ Apparatus

of the identical preconditioned materials should be tested in the . -
test mode in which the unusual behavior occurred. Data /-1 The apparatus shall be essentially as shown in Figs. 1

obtained from the improper tests noted above shall not b_@nd 2. Amore detailed description of suggested details is given

incorporated in the averaged data but the occurrence should BeAnnex A2. The apparatus shall include the following:
reported. The test method is not suitable if more than three of /1.1 Test Chamber-As shown in Fig. 2, the test chamber
the six replicates tested show these characteristics. shall be fabricated from laminated parfets provide inside

6.2 The test method has proven sensitive to small variationdimensions of 36 by 24 by 36 ¥s in. (914 by 610 by 914~

in sample geometry, surface orientation, thickness (eithep MM) for width, depth, and height, respectively. The interior

overall or individual layer), weight, and composition. It is, surfaces shall consist_ of porcelainenameled metal, or equ_iva-
therefore, critical that the replicate samples be cut, sawed, ¢¢nt coated metal resistant to chemical attack and corrosion,
blanked to identical sample areas, 3 by 3, +0, —0.03 in. (76_42nd _swtable for periodic cleamn_g. Sealed wmt_jows shall be
by 76.2,+0,-0.8 mm), and that records be kept of thaProvided to accommodgtea vertical photometric system. AII
respective weights with the individual test data. Evaluation of°ther chamber penetrations shall be sealed. When all openings
the obtained data together with the individual weights may2'€ closed, the chamber shall be capable of developing and
assist in assessing the reasons for any observed variability [R&intaining positive pressure during test periods, in accor-

measurements. Preselection of samples with identical thickne€@nce with 11.11. o
7.1.2 Radiant Heat Furnace-As shown in Fig. 3, an

electric furnace with a 3-in. (76.2-mm) diameter opening shall

5 Other test methods for measuring smoke have been reviewed and summarized———————

in “The Control of Smoke in Building Fires—A State of the Art RevieMaterials 6 Commercially available panels of porcelain-enameled steel (interior surface)
Research and Standardsol 42, April 1971, pp. 16-23 and “A Report on Smoke permanently laminated to an asbestos-magnesia core and backed with galvanized
Test Methods,”ASTM Standardization NewA&ugust 1976, pp. 18-26. steel (exterior surface), total thickne¥s in. (9.6 mm), have been found suitable.
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of the smoke generated by materials under test. The system
shall be as shown in Figs. 6 and 7 and include the following:
7.1.5.1 The light source shall be an incandescent lamp
operated at a fixed voltage in a circuit powered by a constant-
voltage transformer. The light source shall be mounted in a
sealed and light-tight box. This box shall contain the necessary
optics to provide a collimated light beam passing vertically
through the chamber. The light source shall be maintained at an
operating voltage required to provide a brightness temperature
of 2200 = 100°K.
7.1.5.2 The photodetector shall be a photomultiplier tube,
with an S-4 spectral sensitivity response and a dark current less
than 10° A. A set of nine gelatin compensating filters varying
from 0.1 to 0.9 neutral density are mounted one or more as
required in the optical measuring system to correct for differ-
ences in the luminous sensitivity of the photomultiplier tube.
These filters also provide correction for light source or photo-
multiplier aging and reduction in light transmission, through
discolored or abraded optical windows. An additional criterion
for selection of photomultiplier tubes requires a minimum
sensitivity equivalent to that required to give a full scale
reading with only the No. 5 compensating filter in the light
path. A light-tight box located directly opposite the light source
shall be provided to mount the photodetector housing and the
associated optics. A glass window shall be used to isolate the
photodetector and its optics from the chamber atmosphere.
7.1.5.3 In addition to the above compensating filter, a
neutral density range extender filter permitting the system to
measure to Optical Density 6 is incorporated in the commercial
version of the smoke density chamber. The accuracy of
FIG. 1 Smoke Density Chamber read-outs in the range aboldg 528 is affected by the excessive
light scattering present in such heavy smoke concentration.
Where D, values over 500 are measured, it is necessary to
ovide a chamber window cover to prevent room light from
eing scattered into the photomultiplier, thereby providing an

be used to provide a constant irradiance on the specim
surface. The furnace shall be located along the centerlin 3 =L
equidistant between the front and back of the chamber, with thifreorrect hlg_her transmlssmn_value. .

opening facing toward and about 12 in. (305 mm) from the 7.1.6 Radiometer-The radiometer for standardizing the
right wall. The centerline of the furnace shall be abo#t if. output of the radiant heat furnace shall be of the circular foil

(195 mm) above the chamber floor. The furnace control systerﬁ'pe’ the operation of which was described by Gartigine

shall maintain the required irradiance level, under steady-sta pnstruction of f[he radiometer Shf"‘" be as shown in Fig. 8. It
conditions with the chamber door closed, of 2.200.04 shall have a stainless steel reflective heat shield withkait.

Btu/ft?-s (2.50+ 0.05 W/cn?) for 20 min. The control system (38.1-mm) aperature on the front and a finned _coo_ler supplied
shall consist of an autotransformer or alternative contro ith compressed air mounted on the réar to maintain a constant

: o dy temperature of 20& 5°F (93 + 3°C).
device, and a voltmeter or other means for monitoring th 0 .
electrical input. Where line voltage fluctuations exceed@.5 , 7.1.7 Thermocouple-A thermocouple shall be fixed to the

a constantvoltage transformer is required to maintain th§e7ntfr80(f)tt:e |tn||1ertsurfacte t(')f th_le_:hwall E{)pptosnfet:]he d(é(.)r'
prescribed irradiance level. .1.8 Output Instrumentatior-The outputs of the radiom-

. . . eter shall be measured using a potentiometer and the results
7.1.3 Specimen HolderSpecimen holders shall conform in gap

h ddi ion 1o that sh in Fia. 4 and be fabricat recorded. The photodetector output shall be measured with a
shape and dimension fo that Shown In F1g.  and be fabrica e[S?Otentiometer or other suitable instrument capable of measure-
to expose a%is by 2%16-in. (65.1 by 65.1-mm) specimen area.

o X - ment over the range of the apparatus. See Annex Al.
Also shown in Fig. 4 are the spring and rods for retaining the 7 1.9 Manometer for Chamber Pressure Measurements
specimen within the holders. .y

) simple water manometer with a range up to 6 in. (152 mm) of
7.1.4 Framework for Support of Furnace and Specimen,yater shall be provided to monitor chamber pressure and

Holder—The furnace and specimen supporting frameworkigakage. The pressure measurement point shall be through a
shall be constructed essentially in accordance with Fig. 5.

7.1.5 Photometric SystemThe photometric system shall
consist of a light source and_ photodetect_or, oriented v_e_rtlca_llly “Gardon R., “An Instrument for the Direct Measurement of Intense Thermal
to reduce measurement variations resultlng from stratificatioRradiation,”Review of Scientific Instrumentéol 24, 1953, pp. 366—370.
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A—Photomultiplier tube housing N—Flowmeter shutoff valves
B—Chamber O—Sample mover knob
C—Blow-out panel (in floor of chamber) P—Light source switch
D—Hinged door with window Q—Light source voltage jacks
E—Exhaust vent control R—Line switch

F—Radiometer output jacks S—Base cabinet
G—Temperature (wall) indicator T—Indicating lamps
H—Autotransformer U—Microphotometer (photomultiplier)
I—Furnace switch V—Optical system rods
J—\Voltmeter (furnace) W—Optical system floor window
K—Fuse holder (furnace) X—Exhaust vent damper
L—Radiometer air flowmeter Y—Inlet vent damper

M—Gas and air (burner) flowmeter Z—Access ports

FIG. 2 Smoke Density Chamber Assembly

gas-sampling port in the chamber. A simple water column ohorizontal tubes shall be centerd+ Y1sin. (6.4 = 1.5 mm)
relief valve shall be provided to permit control of chamberabove the lower opening of the specimen holder #nd 32
pressure (see A2.8). in. (6.4 = 0.8 mm) away from the face of the specimen surface.
7.1.10 Multiple Flamelet Burner—For a flaming exposure Provision shall be made to rotate or move the burner out of
test, a six-tube burner, with construction details as shown iposition during nonflaming exposures. The fuel shall be
Fig. 4, shall be used. The burner shall be centered in front gbropane having a 95 % purity or better. Filtered oil-free air and
and parallel to the specimen holder. The tips of the twopropane shall be fed through calibrated flowmeters and needle
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(76 mm)

4 in.

A—Stainless steel tube

(102 mm)

G—Stainless steel spacers

B—Front insulating ring
C—Ceramic tube

D—Heater/plate 525 W
E—Stainless steel mounting screw
F—Insulating gasket

H—Stainless steel reflectors (3)
J—Center insulating disk
K—Insulating spacer ring
L—Rear insulating disk
M—Sheet metal screw (2)
P—Heater leads/porcelain beads

FIG. 3 Furnace Section

valves at 500 crfimin for air and 50 crimin for the propane and clogging persist, a suitable solvent bath should be prepared
and premixed prior to entry into burner. so that the complete burner may be immersed and the wires
7.1.10.1 The small openings in the individual burner tipletsused to loosen any hardened residue. Because of the construc-
can readily be constricted or completely sealed by sampléon, it is impossible to service the individual burner tiplets
drippings or residue unless immediately removed while stillfrom the opposite direction, but because of ratio of diameters
warm and viscous. To correct or prevent this situation, the useainy obstruction pushed through the small diameter tiplets
should prepare a set of six tempered spring steel wires eadhould readily drop through the large diameter body tubing.
approximately 32 in. (89 mm) long fabricated from 30-gage Since most of these solvents are hazardous, proper precautions
(0.014 in.) wire, with one end crimped or brazed to a knob tomust be taken for handling and protection of personnel. If
facilitate handling and to prevent possible loss of the wire byflammable, care must be taken to assure that “hot” burners are
complete insertion. When a burner tiplet becomes clogged asot immersed until cooled to room temperature.
indicated by flame extinguishment and inability to relight or by )
a distorted flame shape, thus invalidating the test, one of th8: Test Specimens
wires should immediately be inserted and worked through 8.1 Size—The test specimens shall be 3 by 3, +0, —0.03 in.
several times to clear the obstruction. Immediately upon76.2 by 76.2, +0, —0.8 mm) by the intended installation
removal of the burner from the chamber while still warm, all thickness up to and including 1 in. (25.4 mm). Materials
six wires should be inserted in a like manner but should be lefgreater than 1 in. (25.4 mm) thick shall be sliced to 1-in.
in place until the next time the burner is used. Where residue@5.4-mm) thickness, and each original (uncut) surface tested
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| ALIGNMENT OF HOLDER ENGLISH s.I.
, AND BURNER DIM. UNITS | UNITS
(in.) (MM)

\ _ (Inside) 2 3-1/16 78

; B 2-9/16 65

C 5/8 16

! D 1/8 3

! E 3/16 5

i ] F 3/8 10

F G 3-7/8 98

—- . SAMPLE HOLDER
] - H 5/16 8
I 7/16 11
TROUGH

J 1/4 6

K 1/2 13

L 3-3/8 86

e SPECIMEN
1/8 HOLES
(6)
1/8 DIA.
SPRING BENT STL
FROM .010 X . L
3" X 3"PHOSPHO EEEAINING
BRONZE
A 3 K 1/16 STL.
BURNER "C'" RETAINING ROD

SAMPLE HOLDER

TROUGH SPECIMEN RETAINER

SECTION

FIG. 4 Details of Specimen Holder and Pilot Burner

separately if required under 8.3.1. The results are valid only fomended application procedures. Flat sections of the same
the thickness and form in which it is tested. thickness and composition are to be tested rather than curved,
8.2 Specimen Orientatien-If visual inspection of a mate- molded, or specialty parts. Substrate or core materials for the
rial indicates a pronounced grain pattern, process-inducegst specimens should be the same as those for the intended
orientation or other nonisotropic property, a minimum of threeapplication. If a material or assembly may be exposed to a
specimens shall be tested for each orientation in each tegbtential fire on either side, both sides should be tested. If an
mode. Exception: Where data are available and to show thajghesive is intended for field application of a finish material or
orientation of a specimen has no significant effect on tes§ypstrate, the prescribed type of adhesive and the spreading

results, the specimen is only required to be tested in ongste recommended for the assembly of test specimen shall be
orientation with each test mode (Note 1). When specimengsed and reported.

require testing in different orientations, results of tests for each 8.3.1.1 Finish materials. includina sheet laminates. tiles
orientation shall be reported separately. Test results fror? T ' 9 ' '

. . : ’ brics, and others secured to a substrate material with adhe-
specimens tested under different orientations shall not be us%lve and composite materials not attached to a subsirate. ma
to obtain average values. ' p » may

be subject to delamination, cracking, peeling, or other separa-
Note 1—It has been shown the orientation of carpet test specimens ifions affecting their smoke generation. To evaluate these
terms of length and width (parallel and perpendicular to manufactureghfiects supplementary tests performed on a scored (split)
dlrec_tlon) ha_\s no s_tatlstl_cally S|gn|f|can; effect on the specific optlcalexpoSed surface, or on interior layers or surfaces, may be
density obtained using this test meth@dg. -
necessary. When supplementary tests are conducted for this

8.3 Specimen Assembly , _ purpose, the manner of performing such supplementary tests,
8.3.1 The specimen shall be representative of the materialg,y e test results, shall be included in the report with the
or composite and shall be prepared in accordance with recoMynventional test results

8.3.2 For comparative tests of finish materials without a

8 The boldface numbers in parentheses refer to the list of references at the end Qprmgl substrate or core, and for screening purposes only, the
this standard. following procedures shall be employed:
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7420 TAPPED HOLES ol ,

3 EQUALLY spacED WELD
5'0D x 1 WALL STEEL TUBE ¥4
2" LONG =

1100 SPACING STOPS  THICK
WITH 10-32 SET SCREWS -~

13"
35 HOLES FOR

L'y 1" STEEL BRACE ~ oo
’ ¥'4107" STAINLESS STEEL RODS

-I'xI"x § STEEL ANGLE FRAME

ol
j
L & voLEs For & caP SCREWS

(THIS END OF RODS TAPPED £ x 20)

FIG. 5 Furnace Support

8.3.2.1 Rigid or semirigid sheet materials shall be tested byold in such a way so as to minimize losses of melted material
the standard procedure regardless of thickness. at the bottom of the holder. Excess foil along the front edges
8.3.2.2 In the absence of a specified assembly systenshould be trimmed off after mounting. A flap of foil should be
paints, adhesives, etc., intended for application to combustibleut and bent forward at the spout to permit flow from melting
base materials, shall be applied to the smooth fac& efn. specimens.
(6.4-mm) thick tempered hardboard, nominal density 50 to 60 8.3.3.2 All specimens shall be backed with a sheétoin.
Ib/ft3(0.8 to 0.97 g/cr), using recommended (or practical) (12.7-mm) thick inorganic insulation millboard. The specimen
application techniques and coverage rates. Tests shall also bad its backing shall be secured with the spring and retaining
conducted on the hardboard alone, and these values shall bed. A modified C-shape retaining rod or similar device shall be
recorded as supplemental to the measured values for thesed with specimens frofs to 1 in. (16 to 25 mm) thick. Do
composite specimen. not deform compressible specimens below their normal thick-
8.3.2.3 Paints, adhesives, etc., intended for application toess.
noncombustible substrate materials, shall be applied to the .
smooth face of¥4 -in. (6.4-mm) thick inorganic reinforced 9 €onditioning

cement board, nominally 118 10 Ib/ft3(1762+ 160 kg/nT) in 9.1 Predry specimens for 24 h at 1406°F (60+ 3°C) and
density, using recommended (or practical) application techthen condition to equilibrium (constant weight) at an ambient
nigues and coverage rates. temperature of 73 5°F (23 3°C) and a relative humidity of

8.3.2.4 If fabrics or thin flexible films tend to shrink, to 50 = 5% (see 6.7).
bunch, to blister, or to pull out from under the specimen holder 9.2 While in the conditioning chamber, specimens should be
during the test, the three test specimens shall be stapled with isgipported in racks so that air has access to all surfaces.
aluminum foil wrapper to the inorganic insulation millboard Forced-air movement in the conditioning chamber will assist in
backing. Five wire staplg"sapproximately/z by ¥aby 0.02in.  accelerating the conditioning process.
12.7 by 6.3 by 0.5 mm),shall be positioned horizontally at .
Ehe cen>t/er, ang at the center of thg four quadrénts. g 10. Number of Test Specimens
8.3.3 Specimen Mounting 10.1 Conduct three tests under flaming exposure and three
8.3.3.1 All specimens shall be covered across the bacKkests under nonflaming exposure on each material (total of six
along the edges, and over the front surface periphery with &P€cimens) in accordance with the conditions described herein.
single sheet of aluminum foil (0.00t 0.0005 in. or approxi- 10.1.1 When any result in any set of three replicates is such
mately 0.04 mm) with the dull side in contact with the that it exceeds the minimum result by 50 % for no apparent
specimen. Care shall be taken not to puncture the foil ofeason, test an additional set of three replicates and report the
introduce unnecessary wrinkles during the wrapping operatioriverage of all six results.
10.1.2 Where one or more of the three replicate tests
demonstrate an unusual behavior such as detailed in 6.1, test
9 Bostitch B8, Swingline 888, Acc. Monarch No 1 FT, or similar, have been three additional replicates. Average only the data from the
found satisfactory. successful tests.
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K—Optical system platforms (2)
L—Optical windows (2)

C—Upper shutter blade, with ND2 filter over one aperture M—Chamber roof
D—Lower shutter blade, with single aperture N—Alignment rods (3)

E—Opal diffuser filter

F—Aperature disk

P—Parallel light beam, 1.5-in. (37.5-mm) diameter
Q—Chamber floor

G—Neutral density compensating filter (from set of 9) R—Optical window heater, silicone-fiberglass 50 W/115 V

H—Lens, 7 diopter (2)
J—Optical system housing (2)

11. Procedure

S—Regulated light source transformer, 115/125 V-6 V
T—Adjustable resistor, light source, adjusted for 4 V
U—Light source

FIG. 6 Photometer Details

10.2 Prior to use in a test, record the weight of each sampléwumidity of approximately 50 % at the time of test. Take
Comparison of the weights with the individual optical density precautions to provide a means for removing potentially

results may assist in assessing the reasons for the variability lrazardous gases from the area of operation.
measurements.

11.1.1 Caution is urged during use of apparatus to prevent
explosion of pyrolyzates, particularly under nonflaming condi-
tions. Good laboratory procedure is urged also to prevent

11.1 Conduct all tests in a room or enclosed space having aexposure of the operator to smoke, particularly during removal
ambient temperature of 73 5°F (23 = 3°C) and relative of the sample from the chamber or in clean-up.
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Rear of Chamber positioned stop. With the chamber door closed and inlet vent
opened, adjust the compressed air supply to the radiometer
cooler to maintain its body temperature at 2606°F (93° =
an 3°C). Adjust the autotransformer setting so as to obtain the
calibrated millivolt output of the radiometer corresponding to a
steady-state irradiance of 2.2 0.04 Btu/s-ff(2.5 = 0.05
—&—F & W/cn?) averaged over the central 1.5-in. (38.1-mm) diameter
10" area. Use the recorder or meter described in 7.1.8 to monitor
the radiometer output. After the prescribed irradiance level has
/ reached steady-state, remove the radiometer from the chamber
and replace with the “blank” specimen holder.
J 11.6 After the system has reached steady-state conditions,
adjust the zero of the meter or recorder, or both. Adjust the
amplifier sensitivity to obtain a full-scale reading of the
Lu Dia photodetector _(100 % transmittance) on the reco_rder or readout
;Ietal I'{O a meter. Determine the “dark current” (0 % transmittance) on the
4% 7 maximum sensitivity range of the readout meter by blocking
the light. Adjust the “dark current” reading to zero.

11.7 For nonflaming exposures, remove the multiple flame-
let burner. For flaming exposures, position the burner across
the lower edge of the specimen as described in 7.1.10. Check
the burner distances relative to the “blank” specimen before
fuel adjustment and ignition.

S 11.8 Before positioning the test specimen, flush the chamber

11.2 Clean the chamber walls whenever periodic Vvisuajyith the door and exhaust and inlet vents open for about 2 min,
inspection indicates the neétClean the exposed surfaces of gng verify the starting temperature of the chamber, using the
the glass windows separating the photodetector and lightyocedure described in 11.3.

source housing from the interior of the chamber, before each 11 g9 cjose the exhaust vent and blower. Place the loaded
test (ethyl alcohol is generally effective). Charred residues o yacimen holder on the bar support and push it into position in
the specimen holder and horizontal rods should be removeglynt of the furnace (with burner in position for flaming

between tests tcr)] avoid contaminationl_l lectri ¢ exposure) by displacing the “blank” holder. Quickly close the
11.3 During the warm-up period all electric systems (fur-cpamper door and simultaneously start the timer or recorder

nace, light source, photometer readourt, eic.) ShQUId be on, the,art drive, or both. Close the inlet vent completely only when

exhaust vent and chamber door closed, and the inlet vent opef,o photometer indicates the presence of smoke.

Whertithes tempetature o, tie senter surdceiofsihediackiwel 11.10 Record the light transmittance and the corresponding

- i ° +
reaches a steady-state value in the range of-98°F (35 * time either as a continuous plot with a multirange recorder or

2°C) the chamber is ready for furnace calibrating or testing. T%\E time intervals no greater than 30 s with a multirange meter

increase chamber wall surface temperature to the stated level, . v nake and note the necessary full-scale range changes
an auxiliary heater may be used but shall be removed prior t% decade steps

erforming tests; conversely to decrease this temperature, the . .
P 9 y b 11.10.1 The photometer used with this instrument shall have

exhaust blower may be used to introduce cooler air from the ; .
y n accuracy of-3 % or better of the maximum reading on any

laboratory. Standardize the furnace output irradiance at perﬁ X :
ange. As such, the percentage error of a given reading

odic intervals according to test experience (normally twice peL ) .
ecomes progressively worse at the lower portion of the scale.

test day). o . .
11.4 A “blank” specimen holder, with the inorganic insula- AVO'.d light transmittance on scale readings less than 10 by
making the appropriate decade range change.

tion millboard backing exposed should always be directly in ; . .
front of the furnace except when displaced to the sidelpghe 11._10.2 Some chambers are equipped with a switch that not
only incorporates ranges of 100, 10, 1, and 0.1 but also ranges

specimen holder during a test o) (the radiometer during - ;
calibration. It should be returned immediately to this position®f 30, 3, @nd 0.3. With such an instrument the greatest accuracy

when testing or calibration is completed to prevent excessivi&/ould be achieved in light transmittance readings by making a
heating of the adjacent wall surface. range change in these intermediate ranges when the light

11.5 During the calibration, place the radiometer on thdransmittance reading reaches 30 on the 0-to-100 meter scale or

horizontal rods of the furnace support framework and acculO on the 0-to-33 scale.

rately position in front of the furnace opening, by sliding and 11.11 Observe the increase in chamber pressure with the

displacing the “blank” specimen holder against the pre-manometer described in 7.1.9. Use regulator (see A2.8) to
maintain the pressure in the range of4 in. (100+ 50 mm)

of water during most of the test. If negative pressure develops

19An ammoniated spray detergent and soft scouring pads have been four@fter Very intense specimen flaming, open the inlet V'em S"ghtly
effective. to equalize the pressure. As a result of pressure rise, the fuel

Side of Chamber
w
o
hri
ol

OPTICAL SYSTEM LOCATION
plan view

FIG. 7 Photometer Location
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FIG. 8 Radiometer Details

and air valves must be adjusted during the flaming test tsubsequently decrease to the ultimate minimum transmittance.
maintain constant flow rate. |

11.12 Record any observations pertinent to the burning ang2- Calculation
smoke generating properties of the material under test, in 12.1 Calculate specific optical densiBy, at any given time

accordance with 13.1.6 and 13.1.7. as follows:

11.13 Continue the test for a period of 3 min after a D, = G[log,, (100/T) + F]
minimum light transmittance value is reached or after an
exposure of 20 min, whichever occurs first. where:

11.13.1 Optionally, the test shall be permitted to be con-G = V/AL, e 5
ducted for periods in excess of 20 minutes at the request of th¢/ = Vvolume of the closed chamber, (fr ),
test SpoONSOr. A = exposed area of the specimerf(dt nr),

11.14 If transmittance falls below 0.01 %, the chamber & leerlr%g]n?f|;[ hﬁ,{“ﬁg;gﬁg;g?eu%r; t?sasz?lg% ftth(é)r”mr)ﬁ_
window should be covered with an opaque screen to avoid P 9 9

possible light-scattering effects from room light. Also any _ Zigzggslgﬁrtjhgigﬁomgg'

supplementary optical filter in the photometer system should be (1) If the movableilter (see 7.1.5.3) i the light pathat
removed or displaced in order to extend the measuring rangghe time thatT is being measured = 0, andT is the actual
If extraneous light can reflect into the photometer during ercent transmittance ’ ’

removal of the filter, turn the high voltage off or adjust the scal ) If the filter has; beemoved out of the light pattsee

to minimize sensitivity. Replace the filter before exhausting7 1.5.3 and 11.14) at the time tHiis being measure®, = the

smoke from the chamber. : : , .
T . known optical density of the filteisee Al.1.4), and is an
11.15 Extinguish the burner on flaming exposures and star; pparentpercent transmittance.

exhausting the chamber within 1 min after terminating the tes (3) If the optical system im0t equippeduith a movable
(see 11.13 (Note 2)).' Displace the specimen from the front 0filter in accordance with 7.1.5.3 =0, andT is the actual
the furnace by pushing the “blank” specimen holder with the .. -+ transmittance T

positioning rod. CO”“U“e to e_xhaust with the inlet VeNnt open 15 1 1 For an instrument constructed in accordance with
until maximum transmittance is reached. Record this transmity i <ondard. corrections for the volume of the furnace
tance value as th&, “clear beam” reading. 5

assembly and the volume included in the door recess are
Note 2—In some cases the transmittance may increase somewhat agenerally less than 1 %. As sudB, = 132.

10
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