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I . INIRODUCTION

The Superpressure-NBS Snnke Density Chamber provides a fixed volune
chamber in which the total srnrke and effluent. of rnateriAls are
accumulated and photonetrically neasured. Ttre Snxrke De:t-tsity Chamber was
first developed by the Fire Teckrrology Scientists at th€ Nationa1 Bureau
of Standards and described in an ASTM research syngrcsiurln in 1956.t Since
then, there have been nurrerous puJclications reporting on its appllcation
and studies of the correlation of results of inter-labofatory tests
through its use.2

There are Lwo (2) burning conditions sinn:lated by the Sirxrke Density
Chamber: radj-ant heating in the absence of ignition and flaming
combustj-on in the presence of suptrrcrting radiation. If the test specirnen
is thernxrplastic, the nelting specinen can be retained j-n the zone of
radiant fhx and flane inpingenent. Tlne cumulative srncke obscuration
rTeasurenxents are rnade using a col-linated light beam frofn an j-ncandescent

light source. Ttre intensity of light passing through the snpke is
rneasured by a photomultiplier (eU) microphotoneter syst€m capable of
detect.ing extrene light 1evel differences (up to 0.001? of the original
transrnitted light). Al-1 neasurenents are in Specific Optical- Density, a
quantitative value tLrat nray be factored to estirnate the snpke potential
of the rnaterial under conditions of actual usaqe in accordance with the
established geonetrical relat.ionship of :

SPECIFIC OPTICAL DENSTTY =OHM
I,IGHT PATT{ LENSII{ X SURFACE AREA

'Gross, D., I-oftus, J.J., and Robertson, A.F., "Method for Measuring
Snoke From Burning Materials, Fire Test Methods - Restr4,int and Sny)ke",
ASTM STP No . 422, T96'l .

'Gross, D., Loftus, J.J. ,  Lee, T.G., Gray, V.E. , 'Snpke and Gases
Produced by Burning Aircraft Interior Materiafs", NBS Bldg. Sci. Series
Bss l-8, U.S. Gow. Print ing Off ice, Washington, D.C., Feb. 1969.

Brenden, ,J..T., "Usefulness of a New Method for Snoke Yield From
Species and Panel Products", Forest Prod., J., 2L, 23-8i L97L.

Lee, T.G. , "Interlaboratory Evah:ation of Snxrke Dqnsity Ctlafiiber",
NBS Tech. Note 708, Dec. L97I.

l,ee, T.G., "The Snreke Density Ctramber Method for Bvaluating the
Potential- Snoke Generation of Materials", NBS Tech. Note 757, I/73.

Standard Test Method for Snpke C'enerated by Solid lMaterials, NFPA
No. 258, May 1976.

"Mj-nimum Requirenrents of Const,ruction Equipnent for Hospital and
Medical Faciliti-es", HEW Publication (HRA), 74-4000.

"Mi1 i tary  f t>ec i f icat ions,  Pad L i t ter" ,  MIL-P36816,  3.3.2. ,  4 .4.6,
A C

"standard Test Method for Specific @ticaf Density of Snoke
GeneraLed by Solid Materials", Aldsr/AsTM E 552-83.



OPTIOIIBL ITBGi:
- Insul-ated Wire testing accessorj-es for U.S. Dept. of Transtrrcrtation

FAA/ASTM F7.06 specifications. Accessories include:

- 68085016700 Straiqht Br-rrner

I I .

68086023400 - 20 Gage Wire Franes artd/or 68086023$00 12 Gage Wire
Franes

68086037300 Retaining Clip to hold thick sanples

680860311-00 Ten (10) Inch Strip Ctrart Recorder (sitngle-pen) for
recording PM, MJ-crophotoneter, and Radionreter outtrtxts. The Recorder
uses 68086031300 Blue Pens and 68085031200 Chart Faper (available in
100 foot rol-ls) .

7BO24OOL20B Step-Down T?ansforner (230-l-15V) for eperatj-on on
208/230V sO/60 Hz

4-5803 Radioneter Calorineter for recalibration of, the 4-5801
Radioneter

4-5802 NSI *SCIP" Program (Snpke Chanrlcer Interfacd Program) (IBM
conpatible corputer not supplied. )

4-5804 Snpke Chamber Modifications to install congluter equitrxrrent

4-5805 Hardr,vare used for SCIP Procrram

INSTAI,I,ATION

SERVITCES AhID I'BTREAI. REQ|UIRE) FOR OPRJATIO{

Prior to instal-ling the Snpke Density Ctranrber, ensure tlfat the following
items are avail-able and requirenents are net.

FILTEIRED C€FIPRESS@ ATR: For radioneter calibration of the furnace
voltage, corTpressed air aL 15-25 psi is needed to rnaintdin the radioneter

body at, 2OO"F (93"C). For flaming Lests, conpressed aif at 500 cc/rnin.

to the burner is required. The appro:cirnate rnaximum vol-Une of air

required is 2-3 cubic ft/rninute. It is reconnended that the Snoke
Density Ckramber be connected to the air source with a flexibl-e hose and
flared fitting (1/a inch) connector.

PROPAI|E: TWo (2) ICC-approved tanlcs of propane in the $ize listed in
Table 2 are reconnended (one (1) for standby).

RErciO RIG{IATOR3 (or equi\ralent sirgle-stage presgrrre regfulator:

3REGO Conpany, Highway 100 at. Rego Drive, Dept. TR.,
Elon Co11ege, NC 2'7244



(6 oz. or 11 j-nches HzO) , factory set, conplete with POI" corurector to the
propane tanl< and a suitable hose corinector Lo the Snrcke Density Ch,amber.

liRlTE: A SLI@ITI,Y HI@{R. PRESSTRE REGTTLATOR IAY BE REQIJIR@ FOR SO{E
SAIITPI,ES ITIAT BT'RN \'IIOLEbTILY.

ELECIRICAL: Ttre 4-5800-115V and 4-5800-230V Snoke Denslity Ctramber
requj-re 115V, 60 Hz, 50 Hz single phase, and approxinntely 550 watts of
electrj-cal power. A 1 Khl, 230/1-a5V step doh/n transforner (P/N
78024001208) is required for operation on 230V, 50/60 Hy.. Thre Snpke
Density Ctramber should be provided with a separate power service. The 3-
prong power plug on the Snxrke Density Chamber and Microphotoneter not
only grounds the instrurent but. also polarJ-zes the connection. Prior to
cor:necting these units to the L15 \ArC source ensure that. the pohler outlet
neets the foll-owing requirenents:

1 . Use only a 3-ho1e, paralIe1 bIade, grounded pohler outlet. (NEMA 5-
L5 )

Verify that the ground conductor is continuous to the rnain poh/er
pane1. Ttris should al-so be gror:nded directly to a waLer pipe or
other earth ground.

3. deeck the power outlet polarity and change the wiring, if required,
to ensure proper trrc1arity.

z -

4 .

litlTE:

IIBRNIIG:

litlTE:

EXIIAIJEII SYSTEM: The Snxrke Density Ctr,amber nnrst be corurdcted to an
exhaust system capable of exerting a minimum of two (2) inches of HzO
(negative pressure) on the Snxrke Density Ctramber with the vents open and
connected by neans of a flexible hose (2 to 4 inches in dianeter). The
lower vent i-s operated by the front T handle tLrat actuates a floor-
nxrunted blower to aid in exLr,austing the test effluents.

Ensure that no voltage gradient exists between the ground and
neutraf conductors.

C1INNECrION TO CIRCUITS IITAT ARE riloT POITARIZD OR GROIINDm SIOULD
BE CIIECK@ BY LICED{S@ EXJECIRICIAIIIS TO PRE\lE{f MAIJFUNCIIGiIE!.

CUiINE TION TO AI{ EXHAT'ET SYSTEM WITHOT}T ST'FFICIENI CAPACITT

$IILL PRMIT ESCAPE OF IIAZARDOUE! DISCITARGES.

IIIE IIOCID O\Zffi, ITIE CITAMBM, AND PRESST]RE RELIEF TO BE CANNECTM
TO AIiI EXHAI'ST SYSTEM TO RE!,O\ZE ATiIY RESIDINL FI]MES IIIHEN IT{E

CIIAIIBR, D@R IS OPBIE).

AtrvtBIETTI TEMPRjArURE: Conduct all tests in a room or enclosed space
having an anbient tenperatr:re of 73+5"F (23+3"C) and refative hurnidity of
50+20 percent at the tine of the test..



CHAIvIBR. PRESSIIRE l[f,NfIORIIiG: Ttre internal pressure of the chr,amber nay
vary when the enclosed air is heated dr:ring the initial phrase of a test
and when the pyrolyzed safipIe starts to ernit it's effluent. The internal
pressure can be npnitored with a draft gauge or a pressn:re relief and
indicator device connected to one (1) or mcre of the LA inch tube fitt.ings
on the cLramber roof (the other fittings can be connected to gas sanpling
or analysj-s apparatus). The draft. gauge can be purchased from a
laboratory supply outlet. The pressure relief and indicator devj-ce is
provided as described on page 1,3.

CHN-IBR SAF'EIY BIO0{DIIT PAtilELr: A l-25 square inch aluminum foil panel
taped over the chamber floor open:ing provides protectiopr against sudden
pressure increases. Ttre blowouL panel is desigrred for a rnaximum internal
presslrre of for.rr (4) to six (6) inches of H2O. Before lnstalling a
blowout. panel, thoroughly clean and wipe the area aror.:nd the floor
opening. Use heavy-duty foil (0.0015+0.0005 inch thickl. Do not. wrinkle
the foil since leakage nny occur at the creases. Use a two (2) inch
Ivlylar adhesive backed type (Mlnnesota Mining and Manufacturing #351 or
41I) to secure foil to f1oor. Do not butt or fold tape at corners,
instead overlap tape at the corners. A cover fabricated from stainless
steel wire or opanded nresh can be placed over the panell to protect the
paneI. Ttre drip pan should be positioned below the fu::rqace to catch
drips and to help prevent panel damage.

IMTALTATIGiI PROC@URE :

The procedure for installing the Snrcke Density Ctramber is as follows:

Carefully r:npack all items. Do not dispose of any wrappings or
cushioning rnaterial until all itenrs have been instrpcted. Store any
unused conpensatj-ng f ilters in a manila envelope for future use.
P1ace radioneter j-n a dust/corrosive free container. Do not touch
front black sr.rrface or handle radioneter by its cabl-e or fittings.
Connection and disconnection of the cable Lo the radioneter shoul-d
be perforned by hand. Tools should not be used in order to prevent
darnage.

If the PM tube and l-ens housing is packaged separately, install the
r:nit to the Sncke Density Chamber cabi-net.

Place the PM tube and lens housing over the glass window on
the top left side of the cabinet. Align Lhe housing with the
cabinet.'s aslznnetrical pins to ensure correct normting
position and sesure with eight (B) at,taching screws prowided.

E:sr:re that the conpensating filter and its holder have not
been dislodged in shitrxnent. To inspect, relTpve the screws
securing the front cover of the PM tube and Lens housing and
note that the conpensaLing filter ho1der is securely located
on top of the lens bracket.

1 .

2 .

A .

Renrcve the PM tube frorn its box.
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PRECAIITIGiI: DO ]OT TqroI TIIE GIASS ETWEI,oPE OF TIIE PM TttBE.
FII{GRPRINTS Gi[ ITIE GLASS ETiIVEIOPE W]TLL DEGIRJADE TIIE
EF:EECTTVENESS OF TIIE PM TT]BE.

Insert PM tulce into the PM tube housing so tLrat the pin enters the
slot in the housing. Tighten housing screw to se0ure the tube.

Place the Microphotoneter on top of the contro] b6x. The four (4)
holes fit the feet of the Microphotoneter.

Insert the cable connector frcm the PM tube cable into the connector
labeled "High Voltage" located on the rear panel Of the
Microphotoneter and lock it.

Eesure that the ND-2 Filter is inserted in the upper hole of the
filter shut.ter assembly, D^ig. #BROC{9. fnstall this assembly into
the front of the PM tube housj-ng, with filter side up. Lock cIips.

If test. data ie to be recorded, use a S0-rnilliwolt ful-I-scale
recorder. Connect the recorder input to the connectors l-abeled "l4v
Output" tocated on the Mj-crophotoneter rear panel.

IOTE: 1TIE RECIXIIMENDE) RECORDEI IS TiFI P/N 58086031100. IIIIS IS AhI
OI4r[OBL TTEM.

Place thrree (3) sanple holders on the supporg rodg as shown in Di,rg.
#BROCFI3.

Insert furnace into furnace hofder, Ddg. #BROCI{4 ensurJ-ng that the
heater side is facing the sanple holder, with the four (4) nor.nting
screws trrcsitioned in the stainless steel chrannels. See Heater
Assembly Daq. #68086038800 for top of heater locatlion.

TTBRNn: TIIE ITIEIOCIJttPIrE TrP MUST BE L/L5" r Ll8" F:RCS{ FTTRTiACE
ELB{Etrrr, BItr ri(}r rottctrrlG. EEqtRreaL src( vfirut occt]R rF
C1]NrIACT IS IIBDE.

Place the aligning gauge between the furnace and ntiddle sanple
holder, Dv'g. #BROCI{3. Note that the straight lip of the gauge faces
the furnace and the bent 1ip faces the sanple holdbr.

Using the for.rr (4) adjusting screws on the furnacei holder, adjust
the position of the furnace so thrat:

Ttre straight lip of the gauge rests on top of the furnace and
the vertical sides of Lhe gauge are flush against the face of
the furnace.

Ttre bent 1ip of the gauge rests on top of th€ rniddle sanple
holder and the verEical sides of the gauge are flush against
the sanple hol-der. 

R

o

1 0 .

1 1 .

L2 .
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This positioning ensures that the planes thrrough Ehe furnace and
sanple hol-der are para11e1. Sone further rninor adjustnrent rnight be
required if the pyrolysis pattern is not centered on test.

With al-1 three (3) -sanple ho]ders on the support trods, check that
the center holder is exactly centered from side to side with the
ftrrnace. If necessary, loosen the stop collars on the suptrrcrL rods,
center the holder and retighten the stops. With two (2) holders or
a holder and radioneter in place, one (1) of the two (2) items wj-11-
always be centered whenever the other is against the stop.

Connect the furnace line cord connector to the heAter AC power
outlet on the chamber f1oor, as in above picture pvg. BROCI{4.
Connect the thernncouple cord to thernpcoup]e on back of furnace.

Use Burner Positiqrer 58086035400 installed in sarfi>Ie holder.
Connect the burner into the air/propane out1et on the chamber floor,
Dr^g. #BROC{4, and tighten the gland nut finger tight.. d:eck the
alignnent of the burner to ensure that the two (2) outer tips are %
inch above the bottom opening in the face of the qanple holder and
that both tips are located L/r indn away from the face of the ho1der,
(refer to Dr,rlrg. #BROCIfIB) . If the burner is bottortred in its socket
and the tip height is too low, raise the burner in its gland nut
before t.ightening. After tightening the nut it. nqy not be possible
to npve or alter the height.. To adjust he distanCe between the two
(2) outer tips and the sanple holder face, loosen the furnace frarne

wing screws and nxrwing the franre to the correct pdsition. V'Ihren the
correct trnsition is obtained, tighten wing screw securely. See
Burner Positioner Dng. #58086035400.

place the drip pan below the furnace (in front of burner) to protect

the aluminum blowout panel in case a sanple hol-der is accidentally
dislodged. A separaLe cover fabricated from stainless steel wire or
opanded nesh can be placed over the panel for additional-
protection.

For each flow neter on the front panel, ensure that the toggle valve
is closed (down).

Cormect a suitable line (a flexible hose with a flared tA r.nch
fitting corurecLor is reconnended) between the sourice of propane and
the upper /+ :rnch gas (refrigeration flare) corurector on the side
panel as indicated.

Connect a suitable l-ine between a source of clean corpressed air and
the lower tA inch air (refrigeration flare) connector on the side
panel as indicated.

Connect a suitable hose from the exhraust bl-ower ouE.l-et to an odraust
hood or vent. Ttre four (4) inch diameter blower flange shou]d be
adapted to a suitable flexible hose connected to the orh,aust system.
Ttre exLraust capacity of the blower is sufficient for a Lwo (2) to
four (4) inch dianeter hose not exceeding eight (8) feet in length.

L 4 .

1 5 .

a a

a7.

1 8 .
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TLre use of an exLraust hose snaller than two (2) inches in dianeter
of longer thran eight (8) feet. is not reconnended. A hose larger
than four (4) j-nches will decrease the effective perfornrance of the
blower. A flange adapter suitable for corurecting a two (2) inch
dianeter hose is provided.

Similarly, a suitable hose should be connected to the chamber door
hood and provided with an exhaust to a locatj-on away from the
chamber and areas frequented by personnel.

liil]TE: TIIE IIOSE CUiINECID TO TIIE CHAI,IBER PRESSTRE REIEF CIINNECIOR
SHOUTD BE C1f,NNECTED TO A SIIITAIILE CIIVIATNER. FOR Ar,T:r
O\ZRFTOW.

$ARNIIG: EMtt RE TIIIff AIJL GASEOIJS| PRODITCIS ARE CIIMPLEIELY ASID SAI'ELY
VETVID. TIIE PR@UCTS PRODI'CED BY TIIESE TE TS IAY BE
IIAZ;ARDOTTS!.

Ensure that the LINE, LAMP and HEtrlm. swj-tches on the Snpke Density
Ctramber are set to OFF. Ensr:re thrat the Mi-crophotonet,er POI{ER
switch is set to OFF.

Insert the line cord plug frorn the Microphotowetetr into one (1) of
the two (2) convenience outl-ets on the left side Qf the cabinet. If
a recorder is to be used, the recorder line cord (ay be plugged into
the remaining convenience outlet.

Insert the line cord of the Snpke Density Ctranber into a standard 3-
hole, l-15 \AC parallel blade, gn:ounded outlet (i-5 or 20 anpere
capability). (NE[4A Receptacle ConfiguraLion 5-15 or 5-20)

IIBRNIIG: TIIE PO[tlm, OUIIJET MITFIT BE PROPERLY @OIINDED A]ID POLARIZ@.
IMPROPR @OTINDII{[3 CCIT'IJD REST'LT IN A SIrcCK IIAZARD.

Perform the procedures in the "Ctreckout Procedures" paragraph to
verify thrat the Snpke Density Ctranber is operationa].

PRESST RE REJIEF AlilD IIEITMEIR

A chamber pressure relief and rnanoneter, Dug. #BROCI5 (with one (1) inch
part) as iIl-ustrated for 580850351-00 Bl-ow Out TUbe Assenlbly and
68086035500 Container Assembly are provided. Any pressrlre less than the
depth of innersion of the tube in the glass jar will be displayed as a
displacenrent of the water level in the rnanoneter. Any pressure e>rcess of
the depth of the innersion will cause the e>rcess to bubble through the
water until- the pressure is reduced to the desired 1eve1.

Connect the clear plastic tr,rJcing from one (1) of the roof fittings to the
rnanorneter, which hras nragnets for nrrr.mting wherever is convenient. The
other three (3) fittings are supplied plugged, but can be used for
connecting to gas sanpling and analysis apparatus.



CITECKOI}T PROCDURES

1 . T\rrn on and check optical system as follows:

ftrsr.:re that the IID-2 filter is in the optical path (upper
fitter rod on filter shuLter assenbly is in out position) and
tkrat the PM tube shutter is closed (Iower shutter rod is in
out position), see Dug. #BROCI{9.

PRECjNITION: EI{EIURE IIIAT IIIE PM Tt BE IS Il[EItrAI.I,m INIO TIIE PM
TT]BE IIOI'SIIG BEFORE APPLYIT{G IIX@I VOI,TAGE.
EXPOSITitg ITIE PM TT'BE TO ROc[{ LX@TT VvITlI TTIE HI@T
\TOI,TAGE APMIED WTLL PERMANETITJY DAIGGE ITIE PM
TT'BE.

Switch the DISPL,AY selector to RELAII\IE IlrffiNSITY. Switch the
nnrltiplier to 100. Turrr on the Microphotoneter.

Open PM tr.rbe shutter (lower shutter rod pushed in) .

adjust the neter to 100.08 transmittance by rotating the
SENSITfVITY control. ff the neter carmot be adjusted to read
1008, check the light beam aligrrrent (refer to the Light Beam
Alignnent procedure in Section VIII. Mainterr,ance) . Ttre
Microphotoneter should be left on and allowed to stabilize for
about ONE (1) hour. Once stabilized, readjust to read l-00?
transrnittance before proceedinq.

Zero the dark current, at the MicrophotoneLer as foIIows.
Cl-ose the PM TUlce shutter and switch the mul-tiplier to the 0.1
position. Adjust the ZRO lceob r:nt.il- the display reads 0.0.
This adjustTr,ent is exLrenely sensiLive and nny take sone
practi-ce.

After zeroing the Dark CurrenL, switch the nmltiplier to 100.

@en the PM tube shutter and readjust the neter to read 100.02
transrnittance by rotating the SENSITIVIW control. If a
recorder is used, set. the recorder pen to the 100? line on the
chart while the Microphotoneter displays l-00. 0?'. If r:nable to
achieve the relationship, adjust. the RECORD ADIUST control- on
the rear panel of the MicrophotoneLer until the spans
correstrrond.

Close the PM tube shutter (lower shutter rod in out position)
and depress the Microphotoneter POV{R. switch to the OFF
r:osition.

z . Ctreck heaLer voltaqes as follows:

Set the HEATER switch to ON.

Monitor HEnffER AnruST METER. Red is HEATER Tenperature.
Green is HEAIER Set point.

d
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When HEATR. Tenperatr:re reaches 500"F, set lEAlH. switch to
o f f .

Set. the IAMP and LINE switches to OFF.

Ctreck the Chamber for leakage as follows:

IiOTE: TIIE CIIAIIBR. ldAY BE lEgfED FOR ITEAI(Affi AT IIIEITALiLATION OR
$IHEiIEVM. ODORS ARE DETECT@ DT'RIIC OPRJATION TO \ZERTFY TIIAT
TIIE CIIAMBM, IS PROPRLY SEALED. TIIE TEST TJEIES A }ffiitIUETR,
DESCRIBD ON PAGE 7.

Ensure that the HEATER switch is set to OFF. (Test is npre
effective when furnace is at room ternferatrrtre.)

Close INLET VEt\l'I, D(FAUST \lElII and chamber door.

Pressr.rrize chaniloer to tkrree (3) inches as indicated on
nnnoneter by opening FT-,AME AIR toggle valve (up-position) and
rotating the needle-va1ve control of the FTAFE AIR fl-ow neter
countercloc],sarise (open) .

Cl-ose toggle and needle valves. Titre the decrease in presslrre
from three (3) to two (2) inches on the rnanorreter. The
miJri.uumt ti.ue for operaticr stnuJ-d rrot, be leds t}ran 5.0
rninutes

If chamber does not adequately naint,ain pressr:re, check the
following items:

d - . Make sr:re all plugs are in place on chamber. Vents
should be closed on both the chamber door and chamber
blower. Ensure chanber door is closed.

PIug burner fitt.ing. Using air, pressure test cLr,amber
while cold. Take chanber up to about 4". Snoop I-€ak
Detection will now work better.

Chreck tLrat the seal around the door is tight. The blow
out assembly should be checked with Snoop from the
bottom of the chranber to ensure the flOw rneters are
closed when testing. Using the radionster air hose,
check all fittings on manoneter for leakage. Eesure
that all fittings below the chamber are tight and that
aII screws on clramber door are tight.

If cLramber stil1 does not adequately naint.ain pressure,
replace the aluminum foil panel as described in the "Ctrarnber
Blowout Panel Replacenent" paragraph in Sect.ion VIII.,
I4aintenance.

The Snpke Density Chanrber is install-ed and ready for
operation. Perform the steps in the "Daily $etup Procedure"
paragraph in Section V. to prepare the chamber for a test run.

3 .
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IIT. PRII\rcIPI,ES OF OPM,JATION

System Operation, the Snoke Density Test Method and the Controls and
Indicators on the Sncke Density Chanber are described in this section.

SYgTEd OPRJATION

Ttre Snrrke Density Ctramber provides a sealed test chanben, an electrical
furnace and gas burner, and a photonetric system with a collinated light
beam passing tlrrough the chamber to enabl-e snxrke production studies of
nnterials and assemblies. Additiorral instrunentation, [.€., pressure
gauges for nrrnitoring internal pressures, carl be connected to roof-
nxrunted fittings on the chanber without breaking the seal. Ttre therrnal
output of the furnace and Lhe air/gas rnixtures for the burner are
calibrated Lo ensure the air/gas rnixtr.rres for the burner are calibrated
to ensr.rre standardizaLion of test nethod. Initially, only the furnace is
turned on with the LINE and HEATR. switches and adjusted to an
approxlrnate thernal output with the HEATER TEMPffiATURE ADJUST control.
!{Lren the CFIAMBER TEMPERATURE neter indicates that the wdlI tenperature of
the chamber has stabilized at. 95"F, a calibrated radiometer is placed in
front of the furnace and connected to the chamber's conpressed air
supply. Ttre air supply is adjusted by the RADICD4ETER AIR flow neter
until the thernrrneter placed in the radionreter reaches and nnintaj-ns a
tenperature of 200"F. The HEATER TEMPERATURE ANUST cont.rol is then
adjusted r:ntil a precalibrated sigrral leve1 is obtained at the RADIOIvIETER.
MfITLfVOLTS jack with the Radioneter body stiIl at 200'F. When these
level-s are obtained, the output iradiapce of the furnace is at 2.5
watts/cm2+O.05 wat.ts/qfr. For flarning oq)osure tests, a six-tube burner
is connected to the chanlcer's air and propane supply ]-ines and centered
in front of the sanple holder. Calibrated FTAME AIR and C'AS flow neLers
ensure a ratio of 500 cc/nlin. for the air and 50 cc/rnin. for the propane.
Proper orientation of the sanple to the furnace and burner is assured
through the use of support rods with adjustabJ-e stops to support and
aligrr the sanple holders.

The light beam and PM tr.rlce are oriented vertically in the chanber to
reduce sncke stratification effects. TLre light source is a trmgsten lanp
and lens system nxn:nted in a light-tight box below the chamber. The lanp
is operated at reduced regulated voltage (4+0.1 \lDC) to rassr.rre long lanp
life and negligible spectral variations. The lanp is isolated from the
int.erior of the cLr,amber by an optical window in the chranlber floor. This
optical window incor;rcrates an electric heater to minirnize sncke
condensation on the window. Ttre PM tube is contained within a housing
npunted over the optical window on the cLranber roof directly above the
light source. The PM tdce converLs the intensity of the light beam to
corresponding electrical sigrrals. Tlrese sigrrals are neasured and
displayed as Rffi,NffVE I\ITENSITY units (? T"ansnLittance) by the
Microphotoneter. The PM tube housing contains a shutter-fil-ter assembJ-y.
The shutter is used to intern:pt the light beam during the 0?
TransnLittance calibration adjustnent or to prewent PM tube fatigue due to
extensive light intensity.
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The filter is a neutral density Z (l- ?TransnLittance) filter which will
attenuate the light beam light 1evels, this filter ca.n be renxrved from
the optical path to extend the neasuring capabilities qf the system. The
PM tube lens housing also contains a wpunted conpensated filter (s).
This filter was initially selected dr:ring firnl testing of the chamber to
enable the MicrophoLoneter to indicate 100? T?ansrnlttarrce with the
SENSITIVITY control when the followincr conditions are npt:

MJLTIPLIER switch set to 100;
chanber purged of sanple effl-uent.;
light beam on and PM tr-rlce shutter open;
neutral density filter is in the optical path; and
both optical wj-ndows are clean.

Arry shift of intensity above or below 1-00t Transrnit.tance, usually due to
discoloration of the optical windows, PM tube replacenrent or PM tube
aging, can be conq:ensated for with the SENSfTIVITY controf. However, if
the shift is beyond the range of this controf, the conpensating filter
nn:st be changed to one (1) or nrcre of the nine (9) filters supplied.
With the Microphotonreter set to 100? T?ansrnittance, quantitative
neasurernents of the continuous decrease in light, transmlssion as the
snoke acsumulates in the ckramber are rnade. A recorder Ehould be
connected to Lhe Microphotoneter to obtain a t TransrniLtance versus tirne
p1ot. Sanple reactj-on to the thernal eq)osure can be observed thrrough
the front door glass window. At the end of the test, the sanple is
displaced from the front of the furnace by the sanple positioning
control. A brief sunrnary of the Snxrke Density Test Method and the
Derivation of the Specific @tical Density are presented in the following
paragraph. TLre conpensating filters are numbered frorn one (1) through
nine (9) with the lower numbers having the greatest optical density and a
value of about 0.1- optical density per step.

Ttre Snpke Density Test Method enables quantitative neasurenents of snxtke
by providing a light attenuation versus tine plot for the specinen under
test. Ttre rnaxlmum qr:antity of snpke accumulation as well as the snoke
production rate is obtained. Ttre results of the srnoke neasurenents are
reported in ternrs of specific optical density.

The concept of specific optical density perrnits studying snpke
ch,aracteristics of naterials in terms of the area of specinren j-nvol-ved,

the volune of the chamber and the optical- path lengrth of the light. beam.
Specific optical density provJ-des the basis for predict.ing the snpke
density thlat can be developed by the sane product in other fire-invol-ved
areas and in other enclosr:re volunes.

The equation for converting percent Transmittance (tT) values obtained on
the Microphotoneter or recorder to specific optical density (D") val-ues j-s

based on Bougtrer's or Beer's laws:

Ds = Gl logro (100/T) l
1 1



Whrere logto (100/T) equals the optical density and G represents the
geonetrical- factor for the Snpke Density Chamber. G is derived from the
dinensions of the oposed sanple area (A), Lhe chamber volune (V) , and
the light beam path (L) as follows:

G =  V  =

IA
18 ft3 = L32

3  f t  x  0 .0456  f t

The volunes of the furnace and door recess are less than I percent and
nay be neglected. For exanpJ-e, the specific opticaf derrsity when the
Microphotoneter indicates that the percent light transndtLance has been
reduced to 1t T is:

Ds = 132 [1ogro (100/r) ]

Ds = 132 [1ogro (100/1) ] = r32 12) = 264

Table 4 directly converEs Microphotoneter or recorder data (?

Transrnlttance) to specific optical density based upon the above
rel-ationships. The conversions for the first decades atre presented in
table and graph form.

OONIROI, A}ID INDICATORS

Ttre controls, indicators, and connectors used on the Snpke Density
Chamber are described 1n the following paragrraphs. Each item described
is illustrated, Darg. #BROCI{4 and keyed to its associated description.

CHAMBR, CABINET

Convenience outlets

Inlet Vent Control

Sanple Positioning

ft<Lraust Vent

Provide 115 \AC po\der for the MiCrophotqreter and
recorder.

Controls the vent airflow into the chamber, before
and after testing. AJ-so used to prevent negative
pressure during test.

Allows the sanple to be displaced from front
control without, opening the chamber door.

E::ab1es clr,amber to be purged of the gaseous
control products at the end of a test. V'lhren in
the OPB{ position, an outlet vent within the
chamber opens and the exhaust blower activates to
vent the chamber.
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Crc[rIROL PAI{EL (Dl{g. #58086020800)

LrNE Switch #3

LINE fndicaLor

IAMP Swit,ch

IAMP Indicator

HEATER Switch

HEATffi. Indicator

LAMP VOIJTS jacks #5

RAD]OIVIETER
MILLIVOLT jacks

HENTER
TEMPERATURE
ADIUST control #6

HEATffi.
TEMPERATT]RE

RADICTVETER
MIITIVOLT }4ETER #7

CIAMBER TEMP,
METER "C or "F

FT.AME GAS #8

Switch controls the application of 115 VAC trrcwer
to the Ianp, heater, and exhraust blower circuits.

Lights when power is applied.

Switch controls the application of power to lanp.

Lights when power is applied to lanp.

Switch controls the aplplication of power to the
furnace heater coil.

f,ights when power is applied to HENIER TEIvPERATURE
control.

Provides test jacks to check lanP
VDC). The adjustnent opening is
side of control- panel.

voltage (4+0.1-

located on the

Provides nonitoring jacks to check radioneter
output sigrral when furnace is cal-ibrated. This
must be corurected to a ten (10) millivolt high
imcedance readout instrunent.

Controls terry)erature leveL applied to the
furnace heater coiI, to obtaln the required 2.5
watts/cm2 irradiance.

This indicates tenperature applied to the furnace
coi1. Ttris tenperature is controlled by the
HEATER TEMPERATURE ADJUST controJ, as req[rired by
the radioneter recal-ibration. This setting nn:st
be rechecked before each test.

Provides digital radioneter readout when furnace
is calibrated.

Indicates teng:erature of rear chanber walL. A11
tests nnrst be perforned at chamber tenperature
abowe 35"C or 95"F.

Control-s the fl-ow of propane to the burner when
associated toggle valve is open. WLren needle-
valve control is conpletely cor:rtterclocJctrise, the
flow is at. the rnaximum. Flow rat,e is indicated by
the center of the floating ball and corresponding
gradient on the glass tube. Ttre f low rneter value
indicated in the attached inspectj-on report will
provide a flow of 50 cc/rnin. when the FLAIvE AIR
flow neter is passing 500 cc/rnin.
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FIAI4E AIR #9

RADIOIvIETER AIR #10

RADIOI\4HIER ATR
\AL\E #11

FT.AME AIR 
'\AL\/E

FT-AME GAS \IALVE

HEATER FUSE #39

Controls the flow of air to the burner when flow
neter associated toggle valve is open. V'lhen
needle-va1ve conLrol is conpletely
cotntercloclcvuise, the flow is at the rnaximum.
Flow rate is indicated by the cer-rLer of the
floating ball and correstrrcnding gradj-ent line on
the glass tube. Thre flow neter value indicated in
the attached inspection report will provide a flow
of 500 cc/rnin. when the FTAME C'AF flow nreter j-s

passing 50 cc/rnin.

Eaables the radicnreter to reach and maint.ain the
proper body tewperature needed fpr calibration by
controlling the air flow to the radiometer when
associated toggle valve is open. lrlhren needl-e-
valve control is conpletely cor.:ntercloclrlrj-se, the
flow is at the rnaximum. F1ow raLe is indicated by
the center of the floating ball and corresponding
gradient line of the glass tr"tbe. The f 1ow rneter
value shovrn in the attached inspection report. is
for inforrnation on1y. The flow ghould be adjusted
to provide a tenperature of 200"F as indicated by
the Radioneter thernsneter.

Controls application of air from air suppJ-y toggle
valve to the RADICI'IETER AIR flow meter. I.Ip
position is open and down position is closed.

Controls application of air from alr supply toggle
valve to the FT,AME AfR flow neter. UP position is
open and dovm trrcsition is closed.

Controls application of propane from propane
toggle valve supply to the FLAIVIE GAS flow neter.
Ijp position is open and down positi-on is closed.

Provides overload protection for the furnace 16
amperes heater circuit.

GAS SAFEIY SHT}T OFF \TAL\TE

EAI}TICEit
Ttrrn off gas flow neter and gas pilot valve. The chambers main po\^rer
switch must be on to energize gas safety valve. The sdfety va1ve switch
and the red "on" light are located on the bottom left corner of the
instrurnent panel.

Turn on gas safety tarl<.

Tlrrn on cLlambers rnain po\,{er switch.

TUrn on gas safety, shut off valve switch. The red light indicates
gas is on to flow neter and gas pilot. val-ve.

74
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BT'RNER FTJAME'ITS TGbIITOR

l. @en gas pilot valve and ignite pilot.
approxinntely % inch in length.

Adjust flanre to

2 . @en air and gas flow neter val-ves. Move pilot fl-arne across burner
flanelits (in either direction) . NCIIE: Pil-ot flane nny need to be
readjusted. Wkrile r:nder test, three (3) rninutes is the nrucimum tine
permitted for flane re-ignition of "Horizontal- and 45 degree Pilot
Brrrner Flane]its".

CAI}TTChT
Whrile burner is not in use, turn off gas
neters, gas safety shut off valve switch,

valve, air and gas flow
gas supply tad<.

pilot
and

1 .

PTIPT BT'RNR. POSTTIONER

Install br.rrner positioner, P/N 68086035400, inLo a sanple holder.
It is reconnended that a sanple holder with or without trough be
used sole1y for this positioner.

2. InstaII holder on support rod in front of burner. See D^,'9.#
68086035400, and Snpke Ckramber Instnrction ltlantral, DIMg. #BROC5{18.

IiOTE: ftris aligrrrent procedr:re is ddre without ignition of fLanelits.

MIEROPIIqT€MTIER

corrtectors, refer to the instmction rnanual- supplied with the
Microphotoneter. Once the 0 and l-00 calibration values l:,ave been set
with the tight beam of the Snpke Densify Ctranber, the RELATIVE INTENSITY
scale becones percent Transrnittance (tT). The ?T indicated must be read
in conjr:nction with the MULTIPLIER switch. For exanpl-e, with the
MULTIPLIER switch to the .1 position, the 0-1-00 scale is read as 0 to .1
?T sca1e. Ttrus an indication of fifteen (15) is a 0.015 8T.

MIIITIPLIB.
POSTTIChI

M TR.
SCAIiE

SCAIJDG

FAqIOR
RAI@ IRJNiISilGITANCE

r-00
10

1
. 1

1
. 1

0-100
0 -100
0- l -00
0-1_00

0- t -00
0-1_00

1
.10
.01

.001

.0001
.00001_

0 - 1 0 0
0 - 1 0
0 - 1

o-  .01
0-  .001

WITI{ ND-2 FIIJTER

0-l-00 zT
0-10  %T
0-1 ?T
0 - . 1 ?T
WTTHOUT ND-2 FILTER
0- .01  zT
0 - .001  3T

The SENSITIVIW control is used to establish 1-00 %T. Ttre output jacks on
the rear panel provide output 8T sigrral to an optional 50 nnr recorder.
The value of ?T is recorded and used to deterrnine the eqr:ivalent Ds value
from either Table 4. Output sigrral is adjusted for 50 rn-i-llivolts output
at. 100%T. Output inpedance is 5k ohms at 50 rnillivolts. Red jack is
plus and bLack jack is gror:rrd.
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PM HTLTR,.SHT'TIB. ASSET'BI.,Y

l-. Filter Rod

2. Shutter Rod

l'lLren out, ND-2 filter is in light path. lrlhen pushed in,
ND-2 filter is out of light path.

hlhren out, shrutter is closed, thus prevent.ing the chamber
Iight. beam from reaching PM tube. With shutter closed,
O? T is seL on Microphotoneter. Vlhen pushed in, shutter
is open thus enabling the passage of the cLramber light
beam to the PM Tirbe.



r\r. PERFORIMT.ICE CTIARJACIERISTICS AI{D SPEEIFICATIONS

SPECIUEN SIZE: 3 by 3 inches + 0.03 inch and up to and incl-uding 1 inch
thick with an e<posed area of 2.s62 bv 2.562 inches.

BI]RNR,: Six (6) tulce multidirect.ional burner operating on 550
cc/minute total flow of gas/alr rnixture. Mixtr.re consists of
500 cc/rni-nute air at. 25 psir5 psi and 50 cc/rninute propane at
8.5 inches of H2o. A Straight Burner (P/N 68086016700) is
avaiLable for wire and other special tests requiring an
unidirectional burner.

RADICIT{EIER IRRADIAT{CE z 2.5+0. 05 wat.ts/cm2 over 1.5 inches (3.8 crn)
dianeter opening with a body tenperatr.rre at
200 "F+5"F  (93 "F+3 'C ) .

FILTERS: Nine (9)  compensat ing f i l ters  and one (1)  neutra l
dens i t y  f i l t e r

COMPENSATING FILTER NO. OPTICAL DENSITY (APPROXII'IATEIJY)

9
8
'7

6
5
4
3
z
1
I

CIIAI{BER VOLIIME:

I,IGHT PATH:

PHOTO DETECTOR:

POWER REQUIREMEMT:

I,IGHT SOIIRCE:

CIIAMBER WALI,

l - 8  f t 3  ( 0 .51 -  m t )

36  i nches  (g tq  mm)  ve r t i ca l -  l i gh t  beam

Selected Microphotometer using PM tube with
S-4 spectra l  response,  wi th  min imal  dark
current at maximum gain.

115V,  50 /60  Hz  (Approx ima te l y  550  WaL ts )

fncandescent  lamp operated at  4+0.1 DC

TEMPERATURE DETERMTNATION :
Thermocouple mounted to walI. Chamber wall
ma in ta ined  a t  35 "C  o r  95 "F  m in imum.
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v. OPERJATION

Tkris section contains the procedures that are used i-n preparj-ng the
sanples for testing, calibrating the test equipnent, conducting the
flarning and non-flarning test, calculating specifi-c opt.ical density val-ues
and retrrcrting the test results. The procedures are in accord with the
IIFPA-258-764 and ANSI/ASTM 8662-83s Standards. For a nrcre detail-ed
description of the operating procedures, obtain copies of these standards
from their respective organizations.

TEST SPECIMETiTS

Observe the following guidelines when preparing rnaterial- for testing.

STZE

The test results are valid only for the thiclsress and form in which the
naterial is tested. Cut the nnterial into three (3) inch squares, *0,
0.03 inch (76.2 by 76.2,  *0,  -O.B nm).  I& to  and inc lud ing one (1)  (25.4
nm) thiclsress can be acconnrrdated. Specinens greater thran one (1) inch
thick must be sliced to one (1) inch thicJcress. If required, test each
original (r:ncut) surface separately.

OF|:TENIATION

If specinen has pronounced grain patterns
propertj-es, test the specinens in two (2)
al-J resul-ts.

A.SSEI{BLY

or other non-isotropic
or mcre orientations and report

SeJect specinens, which are representative of the nraterial- to be tested.
Test flat sections of sane thiclceess and conposition. Sulcstrate or core
rnaterials shal1 be the sarre as those for the intended application. If
the naterial will be oposed to a trrctential fire on either side, test
both sides of the sanple. Vlhen an adhesive is intended for field
apptication of finish nraterial or sulcstrate, the prescribed type of
adhesive and its spreading rate shall be noted and used for test. Finish
rnaterial-s, i-ncluding sheet l-arninates, tiles, fabrics, and other rnaterials
secured Lo a substrate with adhesive and conposite naterials not attached
to a subsLrate, nay be subject to delarnination, cracking, peeling, or
other separations effecting their snr:ke generation. To eval-uate these
effects, it rnay be necessary to perform supplenrentary tests on a scored
(slit), oqrcsed surface or on interior layers or surfaces, when
supplerrental tests are perforred, record the nethods used and the test
results in the reporL.

5[ational Fire Protection Association, 470 Atlantic Avenue, Boston, ]4A
v z z L v

sAnerican Society for Testing and Materials, L9L6 Race Street,
Philadelphia, PA L9103
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2 .

Use the following procedure for screening and for conparative tests of
f inished wraterials without a norrnal- s.rbstrate or core:

Use standard testing procedures for rigid or serni-rigid sheet
rnaterials, regardless of thiclqess.

If the assembly system of the combustible base rnaterial is not
specified, appfy the paints, adhesj-ves, etc. to the snpoth face of LA

inch (6.4 nrn) thick tenpered hardboard, with a norninal density of 50
to 60 ttr./ft3 (0.8 to o.s g/qf), using reconrrended application
tecLuriques and coverage rates. Conduct separate tests on the
hardboard alone and record the resu1t.s.

Apply fil-m sanples (paints, adhesives, etc.) intended for
appli-cation to nonconrbustible substrate naterials to the snnoth face
of '% inch (6.4 nm) thick Marinite l/cenent board, with norninal
density of L2O tb./tt3 (t.g g/crn3), using reconnended (or practical)
application techniques and coverage rates.

Staple fabrics (or their flexible films that tend to shrrink, bunch,
blister, or pull out from rnder the specinen holder with it's
aluminum foil wrapper) to the millboard backing. Position
horizontally at the center and at the center of Lhe quadrants, five
(5) wire staples: approxirnateLy tAby y by 0.02 inch (1-2.'7 by 6.3 by
0 .5  nm)  .

ITOUNT:IIiil3

Cover all specinr--ns across the back, along the edges, and over Lhe front
surface with a single sheet of alurninum foil with the dull side in
contaet with the specinen. Ttre alurninum foil thiclgress should be
0.0015+0.0005 inch (approxirnately 0.O+ nm). Carefully trim the foil away
to oq)ose Lhe entire face of the sanple without cutting through or
othervuise danraging the eposed surface. Do not punctr:re or unnecessarily
wrinkle ttre foil- when wralping the speciren. Fold foil- to rninimize
l-osses of nrelted rnaterial frcrn the bottom of holder. Cut and bend foil
forward at the spout to perrnit flow of nelting nateriaLs. Back specinen
with a sheet of % (fZ.Z mn) thick insulation rnillboard and secure
specimen and millboard with spring and nrcdified C-Shape retainj-ng rod or
sirnilar device. Do not deform conpressible specinen.

IiOTE: NEPIIPORS SCIENIIFIC'S SAII{PLE HOLDER IS PROV1IDD WIIII TtlP (2) VIIRE
RETATNR.S TO PREVETiTT IIIE SAI,IPLE E:RC[I{ DRTPPII{il3 OI}T.

For carpet and other resilient. nnterials where thiclaness is difficult to
define or where the specinen project.s hyond the face of the sanple
holder, the following opLional nxrunting procedr:re nray be used (this
procedure uses an adjustable retaining clip as shornrn in Darg.
#58086037300)  .

1. Place a sanple holder face dovrn in contact with a flat surface.
Insert the carpet. rnaterial in the holder with the sanple surface
facing dovm.

1_9
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2. Conpress sanple by placing a 3 x 3 x % inch steel plate (weight
about l-.3 1b.) against the sanple.

SAI{PLE IESTII{I3 GT'IDEIJNES

NTIMBR, OF lEgT SPECIMEIIS!

Conduct three (3) replica tests r:nder non-fIanr-ing pyrolysis and three (3)
replica tests of the sane rnaterial under pyrolysis with flarning. V'lhen
arry result (s) exceeds the rninimum value b1r nxrre than 50? for no apparent
reason, test an additional tLrree (3) sanples in the sarne test npde ard
report the average of all six (5) tests in said node. Whren one (1) or
fitcre sarrples demorrstrate abnorrnal behavior as discussed in "Test
Lirnltations", run an additional three (3) tesLs in the sane npde but
average only the results of the sanple denpnstrating norrnal behavior.
(See TEST LIMITATION.) Prior to testing but after conditioning, record
the weight of each sanple. Conparison of the respective weights with the
individual optical density results nay assist in assessing the reasons
for variability in results.

lEgT LIMITATIOIEi

If during the test, one (1) or more of the three (3) replica sanples
displays abnorrnal behavior, such as:

Specinen falling out of the holder;

Mel-ted rnaterial overflowing the sanple holder trough;

Self-ignition of the sanple in the non-flarning pyrolysis node.

Flane tiplets being extinguished even for a short tine during the
flarning pyrolysis.

Displacenent of the sanple under test from its cal-ibrated position
in front of the furnace and pilot burner.

An additional- tLrree (3) replica sanple tests should be perforned.

Only the nornal test results should be reporEed arid averaged, but the
occurrence of the abnorrnal behavior shalI be noted.

If npre than tLrree (3) of the six (6) tests reacted abnorn'ally then the
test procedure nray be considered r:nsuitable for this nnterial-.

Ttre test nethod has proven sensitive to srnall variations in sanple
geonretry, surface orientations, thiclaress, density and conposition. It
is therefore inportant to crrt sanples to the sane dinensions and to
record the initial weight with each sanple. Pre-select.ion of sanples
with identical weights and/or thiclcress rnay reduce variability but rnay
not refl-ect the tme variability of the nornnL rnaterial.

1
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C€bIDITTONIIG

Pre-dry the sanple for 24 hours at 140+5"F (50+3"C), then condition them
to equilibrirrn (constant weight) at ari anilcient. tenperature of 73+"F
(23+3"C) and a relative hurnidity of 50+5 percent. Use a forced-air

rrovenent conditioning charnber and support the specinen in a rack that
allows access to aII surfaces.

PROCEDT'RE

CITAI,IBB. CTIECKOT}T

Ensure the chamber is free from contarninants, especlally the optical
windows separating the Microphotorneter and light source housing frorn
the interior of the chlanber. Cha:red residues on the sanple holder
and rods should be renrrved between tests to avoid contarnlnation. If
necessaay, clean the chandcer by perform:irrg the steps in the "Test
Cfiamber Cleaning" procedr:re in Section VIII., Maintenance.

Ensure tLrat perforrning the "Ctreckout Procedures" paragraph in
Sectj-on II., Installation, properly seals the chamber.

If burner is instal-led at this trrcint, renpve burner. To ensure
correct radioneter neasurenenLs, the furnace is cal-ibrated without.
the burner in p1ace.

Place enpty sanple holder with insulating block and spring and
retaining pin in place on the support rods directly in front, of the
furnace.

Close the chamber door.

CIIA}IBR. TIBR!'[,P

After establishing the chamber is adequately clean and properly sealed,
povrer is applied to the chamber and the cLramber is all-owed to warm up.
Wlren the terqrcratr:re on the center surface of the back wall reaches a
steady state value in the range of 95+4"F (35+2"C), the cLramber is ready
for furnace calibrating or sanple test.ing. Ttre procedt:re follows:

Open the Inlet Valve.

Close the E<haust Vent.

Set the chamber LINE switch to ON.

Set LAMP switch to ON.

T\rrn the Microphotoneter POWER switch to the ON trnsltion and set the
MULTIPLIER switch to l-OO. adjust Microphotoneter to LOo ?T using
the SENSITIVITY Control. D-rring the initial I-2 hours the display
nay drift down scale due to "Burning in" of PM Tube. Readjust to
1OO ?T. Sone tubes nray require one (1) to two Q) days to
stabil ize.
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6 . PRECiATJflIONS TIIE FTTRTiBCE RADLAIES HI@I TE{PRAITTRES TO TI{E ADIACENT
$BLL TIIA3 CAf{ PRODtre ERRONEOTTS RESI'IJTS ON SITBSEQIJENII IEgfS. TO
PRE\ZENI O\ZERHEATTIG TfIIS ICLIJ, ALiSinrS pr'ACE A SAI{PLE HOLDR V|TTII AtiI
IITSI'IATION BIffK DIREETTJY IN FRCTT OF TTIE ST'RFACE.

SeI rrr*l'*IER switch To ON. Set The HEATER TEMPERATURE AD]UST conLrol
to the previous radioneter cal,ibrated setting. If this is an
initial warm-up for the chamber, use the control set.ting noted in
the attached inspection report.

Under opt,irnm conditions, aIlow one (1) hour rnininnrm for the C5IANIBffi.
TEMPERATURE rneter to indicate 95"F. Under adverse conditions, an
auxiliary heater nny have to be used to reach the proper wall
terq)erature. Conversely, the cLramber exlraust bl-ower ntay be used to
decrease the waII teTrperature to 95oF.

FT'RI{ACE EAI,IBR.iITION

When the chranber walI tenperature stabilizes at 95"F (35"C) or above,
calibrate the furnace j-rradiance output with the radioneter. This
calibration should also be perforned at periodic intervafs, norrnally once
per test day before a test, n:n. The procedure follows:

PRECAIITIOI: DO IPT I{AIIDLE RiN)IO{Erm. glr ITS CABiLE OR TOITCH TIIE FRONI
BT,ACIC ST]RFACE.

1. Connect a 10 rnillivolt ful-l-scal-e high inpedance neter or recorder
to the RADIOIVIEf,ER MILLIVOLTS jack on the control panel of the Snpke
Density Chamber.

Set radioneter on the support. rods, ne>rt to the sanpl-e holder. Do
not place radionreter directly in front of the furnace at this tine.

PLace thernrrneter in the radioneter.

4. Renpve cap from the radioneter electrical corurector on chramber
floor. Connect radioneter air hose and electrical cable to the
appropriate connectors on cLramber f1oor, I{AllD t.ighten the electrical
cabl-e.

PRECiLIITIONI: TIIE RiADICMEIER IS A DEIlIeafE INFilIRI]MBII. DO ]FT AIJ€W
RiADICMErR. TO REAIN IIIE CIIA}IBR, IINT,ESS RiADIO{EIER IS .LTR CooL@.
DO fi[}T ALLOW TIIER}0,!EIB, TO INDICATE ABO\ZE 205oF. IIIE CHAI{BB.
ATI4OSIPHRE l|AY CUTTJLTN CORROSr1TE PRODUCTS. DO Tr T LEjAVE RJADICilIETR.
IN CIIAMBR. FCIR EKTENDD PERT@S.

Rrsh radioneter directly in front of furnace heater (displacing
empty sanple holder toward rear against the back stop) and cl-ose the
chamber door.

When thernrrneter indicates 180 to 190"F, open (up position)
RADIOTvIETER AIR toggle valve and rotate associated needle-vafve
control couretercloclcnrise to start airflow.

22
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7 . Adjust heater tenperatr.rre (arrow up or arrow dovrn on Heater Meter
Adjust) to a reading of approxinately 1350"F. A]l-ow heater
tenperature to stabll-ize and note Radiqneter mV reading. Deternr-ine
mV's required for 2.5 w/qfr from sheet supplied with Radioneter. If
noted reading is higher than what i-s required, adjust thernocouple
at rear for F\rrnace in (to the right) or out (to the left) if
reading j-s lower. A reading within +0.2 mV will be sufficient.
Tighten Lhernocouple.

li0.fE: IT l[AY BE NECESSARY TO READ]Itgf IIIE ATR F:IODV A.S UIEIIJ AS II{E
FURI\ACE TEMPERATTTRE TO OBTAIN TIIE STABII,IZD RJADICMETR O['IPT}T UIHIIiE
gtlljr. I,AINTAINII{IS 2OOOF BODIT TEMPRATT'RE.

Fine adjust Heater Tengrerature to nraintain required mV readirE +0.03
mV by adjust.ing Heater Tenperature up or down accordingly.

Record airflow, HEATER TEMPERATURE, and CIIAMBffi. TEMPERATURE neter
indications. Ttrese indications can be used to approximate control
settings for future calibrations. The HEATER TEMPERATURE neter
setting must be rnaintained throughouL all tests until the furnace is
recalibrated with the Radioneter.

UBRNDSG: IN|E INSUIAIED GIOVES AI{D/OR St'ITABLE TCIGS' TO AVOID DrREgr
CANIAST WITTI HEATD SIJRFACES.

Slide Radi-oneter frorn front of furnace.

Close RADIOMETR. AIR toggle valve (down) .

Disconnect. Radicneter air hose and electrical cable and rernrve
Radioneter from chamber.

Place Radioneter in a dust/corrosive-free container.

Replace cap on Radioneter electrical corurector on chamber floor.

Ttre Snpke Density Chamber is now ready to test sanples. For no
flanring erq)osure tests (with brrrner renpved), perform the test
procedr,re described in the following paragraph. For flaming
elq)osure tests, first perform steps 16 tkrrough 19 then perform the

"Test Procedure".

Install and ignite burner as follows:

$nRNnG: DO Nlf TOITCH FURilnCE, SUPPORT ROD A.9SEIIBLY OR SAI{PLE
HOI,DMS. KEP I{AIIDS AIIAY FRCM AREA DIREETLY IN F:ROIiTT OF FT'RTiBCE
HTATR,.
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A

B.

(1

Center a sanple holder directly in front of the furnace.

Connect burner into the air/propane outl-et receptacle on the
chanber floor and tighten the gland nut. finger tight, D,€.
#BROC{4.

Ctreck the alignnent of the burner to ensure thrat the two (2)
outer tips are % inch above the bottom opening in the face of
the sanple holder and thrat. both tips are located tA inch away
from the face of the holder (refer to Dag. #BROC5{18) . Tighten
the gland nut.

Open the FTAME GA,S Toggle switch (up position) .

Rotate needl-e-valve control on the FT,AME C'AS f]ow nieter
cor:nterclocl.ruise r.rntil- indicator is between ten (10) and
fifteen (15) then innediately igrrite burner wi-th a nntch.

Allow brrrner to flane for one (1) rninute and then adjust needle-
val-ve control on the FTTAME gas flow neter r;ntil the indication
equals the value shown in the Gas Flane Cal-j-bration Curve supplied
with the Snrrke Density Ctranber to ensure a gas flow of 50 cc per
rninute.

Open the FTAME AIR toggle switch (up position) and adjust needle-
valve on the F'IAtvlE AIR flow neLer r:rrtil ball indicates the value
shouin in the Flane Air Flow Meter Calibration Curve supplied with
the Snpke Density Chanber to ensure art aj-r flow of 500 cc per
nLinute.

The flane tiplets, when properly adjusted, will be bl-ue in color and
will just inpinge on the surface of the sanpJ-e holder face. V'Ihere
difficulties are encor:rttered or where flow meters have been
replaced, the cal-ibration of the flow rneters rnay hrave to be checked
by perforrning the "Burner Gas/Air Flow" paragrraph in Section Vl.

Ttre Snpke Density Chanber is now ready to obtain data frcrn a flarning
eq)osure tesL in the presence of suptrlorti-ng radiation. Perform the

"Test Procedure" in the following paragraph.

D .

E-

L t .

I X

I]EST PROCEDURE

The following procedr-re assunes that:
- Ttre Chamber has reached a steady state condition.
- Ttre F\rrnace is calibrated and if a burner is used, that the air/gas

flow rate is set per Calibration Curves supplied with the Srnrke
Density Ctramber.

- TLre Sanples are properly prepared and npurrted in sanple holders.

1. Ensure that the PM tulce shutter is closed, the IJD-2 filter is in the
light path (botfr rods on the filter-shutter assembly are in the out
position), and the LAMP switch is set to ON.

24



2 . TUrn the Microphotoneter pohrer switch ON. Set. the MULTIPLIER sv'ritch
to 0.1. Set the DISPLAY switch to REI,N|IVE ]\[ENSITY. T\:rn the
SENSITIVITY l<reob fuII cloc}lvise. The PM tube, though conpletely
shielded frorn the light beam, will generate a srnall current called
dark current. Dark current is nost evident during high sensitivity
(gain) rreasurerrents and is effectively cancelled when 0 ?T is
established on the Microphotoneter display.

Adjust. the ZERO control r:ntil the display indicates 0 RETATIVE
IIITENSITY r:nit.s (0? Transrnittance) . ff a recorder j-s used, set the
recorder pen to the 0? line on ch,art (with Microphotometer
indicating 08 transrnittance) .

IiT}TE: DO N}T ADJI' T TIIE DARK CT'RRENT CU\EROT., WITIIOI}T REPEATI]iG
SIEPS 1 TIIROTHI 3.

Set the MULTIPIJIER switch to 100.

Open PM tube shutter (lower shutter rod in).

Rotate the SENSITIVfTY control until the display indicates 100&
Transrnittance. If a recorder is used, set recorder pen to the 100?
lj-ne on the charL (witfr Microphotoneter indicating 100?
T:.ansmittance) . If r:nab1e to nratch recorder span to Microphotdreter
span, adjust the RECORD ADIUST cont,rol on the rear panel- of the
Microphotorneter r:ntil spans correstrrcnd, or a span adjust on the
recorder if it is so equipped. Set recorder ckrart speed to one (1)

inch per rninute.

frrsu-re tLrat the clramber ocLraust vent/blower is off by turning the
exLraust \1EITI now Lo the CIOSE position. ("Cl-ose" pi-lot light will
turn on. )

frrsure that the inlet vent is partially closed. The inlet vent is
conpletely closed only when the Microphotoneter indicates the
presence of snrrke. However, during a test if negative presslire
develops (usualIy after an intense sanple flarning reaction)
partially open the inlet vent Lo equalize the pressure. Nonnally,
the chamber pressure as observed with the nnnonreter is trnsitive (4+2

inches) . As a resul-t of the pressure rise, the FTAIvIE AIR and C'AS
flow neters indications rnay chrange. Readjust indicat.ions r:ntil they
nratch the calibrated values to rnaintain proper f 1ow rate. Ivlany
users provide inlet venting by leaving the chamber door slightly
open, with the handles against the face of the door rather than
against the ]atch surface. Ttre inl-et vent is then used for relief
of negative pressure onfy.

Mor.:nt the loaded sanple hol-der on the support rods, next to the
empty holder.

Push loaded sanple holder directly in front of the furnace (enpty

holder will be against the back stop of the support rod).

4
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11 .

12

13 .

Innediately star[ the recorder chart. drive and close chamber door
(or l-eave slightly open if being used for venting).

Conplete close the inlet vent (or the chanber door) when the
Microphotoneter indicates a decrease in ? Transmittance.

Record any obsenration perLinent to the burning and snxoke generati-ng
properties of the nraterials under test. As the ? Ttansrnittance of
the light beam decreases, increase the Mlcrophotoneter sensitivity
by the multiplier switch to the next range. For each range, allow
the neter indication to decrease to 10t or slightly less before
selecting the next range, i.e., with MLILTIPLIER swit.ch set to 100,
reset to 1-0 when indication falIs to 1-0t Transmrttance.

Cover the chamber door window with wj-ndow cover P/N 58086035800 if
the light 1eve1 decreases into the 4e decade to avoid trrcssible
light. scattering effects frorn roorn light. The window cover is
easily installed by bowing it into the clips.

The .1 rarrge is the highest sensit.ivity range of the
Microphotometer. To neasure ? T?ansrnittance below this range
perform the followlng:
- With MULTIPLfR switch set to .1 al-l-ow neter indication to

decrease to 10? of fulI range. If the ND-2 filter hras a value
greater than two (2), al-1ow indication to decrease to below
10? .

- Reset MULTIPI,IER switch to one (1).
- Rencnre the ND-2 filter from the 1i9ht path by pushing upper

filter rod in the turning rod to 1ock. When neter j-ndication

decreases to 10% of full scale, reset MULTIPLIER switch to .1.
The renpwal of the ND-2 filter provides an additional two (2)

decades of sensit.ivity (see Table 4) .

Continue test for a period of three (3) rninutes after a rninirnrm
light transrnittance value is obtained or after an elposure of twenty
(20) minuLes, whichever occurs first. If desired, the test Inay |6
extended beyond twenty (20) rninutes if the mininn:m light
transmittance 1eve1 has not been reached. Sorne test perlods nay be
specif ied for periods of 1ess thran twenty (20) rninutes.

Terrninate the test as fol]ows:

Innediately displace sanple holder from front of furnace by
pulling the sanple-trnsitloning rod.

B. Set recorder cLrart speed to a glower chart speed to conserve
paper.

C. If ND-2 Filter was renrcved in step 15, reinsert filter into

light path (upper filter rod out).

1 4 .
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1 9 .

20 .
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22 .

D. Set MicrophoLoneter MIJLTIPLIER switch to 100. Purge chamber
within one (1) minute after terminating the test by rotating
exllaust \ENT control to oPEN anrl then opening the inlet vent
(or by slightly opening the cLranber door) . !{hen purging,
always open floor vent to start the blower before opening the
inlet vent (or chanber door). "Otr)en" pilot light will turn
nn

!{ARNIIIfl3: IIIE PRODUCIS PRODIIC@ Br HTROLYSIS ArilD BT RNII'Iil3 OF TIIE
IETRLALS IIIIDR. IEST MAY BE EARCII{NCGE{IC, TOx[c, IRRTTATI]{G OR
CInIRYIISE IIAZJARDOI'S!. AN AI]ITTIJIARY BREAIT{IIG DETITCE AIiID PROTECTIVE
G,ASS !{AY IIA\IE TO BE V{ORN BEK)RE OPENII{I3 CIIAMBR, D@R. I'SE GI.oVES
AND/OR STITTABIJE TCIGS| TO AVOrD COD{rACr WITI{ IIAZARDOUS RESIDUES.
BIIIYL GIOVES IIAVE BEEN FOTII{D SIIITABI.E FOR HIGHLY CORROSr\/E RESIDT'BS.

When rnaximum ? Transrnittance is obtained, open chamber door. Renpve
loaded sanple holder and place under an exhraust, hood to coo1.

Continue och,austing the chanber for one (1) rninute to ensure that
the ultirnate nnximum ? TYansmittance has been reached. Record this
val-ue as T. (clear beam) .

Close PM tube shutter (Iower shutter rod out) or set Microphotoneter
POhIER swltch to OFF.

Clean the lower and upper optical wj-ndows with al-cohol or an
annpniated cleaner. Wipe dry using soft tissue paper.

To obtain snpke neasurenents of the other sanples, repeat procedt-rres
from step 1.

1 .

2 .

TESI RES\jIJTS

The resul-ts of the test rnay be reporLed as foll"ows (refer to Table 5 for
a suggested fornat of the retrnrL):

For each sanple test n:n, tabulate the ?T/Minute data from the
recorder cLlart paper. Norrnally ttrree (3) test. runs are nnde and the
data tabulated in three (3) tables.

Obtain and tabul-ate the equivalent specific optical density (Or) for
each ?T Value. Arry value of ?T can be directly converted to its
equivalent Ds value by using Table 4. For exanple:

At twelve (L2) rninutes a value of 0.036 ?T (:e x 1o-3 AT) is
retrrcrted. To neasure thj-s level-, the MULTIPLIER is set to .1 and
the ND-2 filter is in the optical path. Ttre ET vertical and
horizontal colunrrs in Table 4 establish that a 36 x 1O-3 ?T value is
equal to a D" value of 455.

Average the D" value tabulated for each rninute of the test. Use
this average value of D" for the rernaj-ning conputations.
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4 . At the "Resu1ts" section of the report:

Record the lowest ?T obtained and the tine for the swnke to
reach this val-ue.

Record the nnximum specific optical density (il by converting
the average lowest 8T obtained to its equiwalent D" from Table
4. If the ND-2 Filter was rerncved for this neasurenent, and
higher acsuracy is required, it rnay be necessary to add a
correcting factor to this D" value. Refer to Table 3.

Record the tine for the snpke to reach 904 qn.

Record the clear beam transrnittance T. val-ue. This val-ue was
obtained in step 20 of the "Test Procedure" paragraph.

Obtain and record D" equivalent of the T. val-ue from Table 4.
This value is designated D. and is used Lo correct the nraxlnnrm
specific density value (m as follows:

Dn (eorr) = Dn - D.

At the "Optiorral Presentation of Results" section of the repoft:

Record the tine for the snxrke to reach a D" value of 16
(?T=75.). Ttris value nay have to be obtained from the
recorder data.

Find the gn:eatest cLrange of D" (D") over any two (2) minute
interval test. Divide this D" value by two (2) to obtain the
nraximum rate R per rninute for the interval.

R =

A

B .

c.

D.

F .

q

A .

B .

T-\vg

ẑ

o

Record thls rate.

ff running aerosp,ace t14>e sanples, an average of D* val-ue
should be calculated at ninety (90) seconds after the start
of the test.

1 .

2 .

SYSIEI!{ SHT}IDOD{N PROCDT'RE

If burner is igu-rited, close the FLAME GAS and AIR toggle val-ves
(dorvn) and shut off propane supply at the tanks.

If sanple tests are not conducted daily, turn of the furnace by
sett.ing HEATER switch to OFF. If tests are run daily, all-ow the
chamber walI to remaj-n heated by either using an auxiliary 500 watts
heater placed in the chamber or by reducing the terq>eraLure to the
furnace bV 50e with the HEATER TEMPERATTIRE ADTUST control.

PRECAIITIO{: LEjAVIIIil3 TIIE FIrRIIACE Tt RN@ C[{ AT ITS }ioRMAL OPERjATIIi[3
IEMPR]ATI'RE VIII,L PRODT'EE PRBSTURE FAILI'RE OF II{E
HEATR, COII,. 
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Set. IAMP switch to OFF.

Set Microphotoneter POV'IR. switch to OFF.

Ensure PM tube shutter is cl-osed (lower shutter rod out).

Ersr:re that the chamber is free frorn contaminanLs, especially the
lower and q>per optical windows. If necessary clean the chamber by
perforrning the "TesL Ctranber Cleaning" procedure in Section VIIf.,
Mai-ntenance.

RPORT (frqrr ASIM E-552-79)

The Report sha1l include the following (refer to Table 5):

Conplete descripti-on of the nraterial tested including t14>e,
nranufacturer, shape, thiclsress, or other appropriate dinrensions,
weight or density, coloring, etc.

Conplete description of the test specinen, including sr.tbstrate or
core, special preparation, nnr:nting, specinen orientation, etc.

Infornation regarding the test specinen, conditioning procedr:re, and
the duration of conditioning.

Mrmber of specinens tested.

Test conditions: t14>e of elq>osr:re, the oq)osure period, and
tengrerature of chamber walI.

Observations of the behavior of the specinren during the test
e>q)osure, such as delarnination, sagging, sLrrinJcage, nelting,
collapse, etc., including the tine of such occurrence. The time of
any chrange e{posure npde should be noted.

Observations of the srnoke-generating properLies of the speciutens
during elq)osure, such as color of the snoke, nature of the set.tled
parEiculate rnatter, etc.

B. A tabulation or surve of tine versus either percent transrnittance or
D" (ror:nded to two (2) sigrrificant figures) for each rr:n of the
tLrree (3) test specimens.

9. Test results rounded to two (2) significant figures as described
including the average and range on each set of specimens for D. with
tinre of ocsuffence, and D* (corr) .

*litlTE: PRTOR TO IIIE ADOPTIO{ OF ITIIS TE T METTIOD, IT IINS CUSirc[BRY
TO RFORT ITIE ldAXTldUM SITOICE ACCUMI]I,AIE) AS D. (CORR), AlilD
FCIR THEjt REASON rI ITAS BEEN IT{ICLUDE AS A PART OF TIIE TESI

REPORT. STJBSroT'EIIET,\T, A TATISTTEAL ATiBLYSTS OF ITIE ROIIND
ROBIN DilTA ITPCbI IIIHICH TIIE PRECISIO{ STATEMENI IS BJASM,

SHOWED TIIAT IIIE l)M \TAIITES IIIRE }'ORE I'NIFORM' TTIREFORE, IT

IS RrcUIRE) TTIAT BOIH I}N ASID I}' (CORR) BE REPORT@.
2 9
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UT. CALIBRATTON PROCET'RES

This section contains the procedr:res and guidelines for calibrating the
optical system, burner air/gas flow, and radionreter of the Snoke Density
Chamber. Ttte overall calibrat.ion of the Snrrke Density Chamber can be
perforned using SRM 1005 Alpha-Cel-Iu1ose for non-flarning and SRM 1007 ABS
plastic for the flaming rnrde. These waterials can be purcLrased from the
Office of Standard Reference Materials, National Institute of Standards
and Technofogy, Gaithersbu:rg, Maryland 20760.

OPTTEAL SY TEM

Ttre 529 tLrrough 924 specific optical density (D") values in Tab1e 4 were
derived using an ND filter with optical density of 2.00. Since the
optical density of this filter nny vary fronr r:nit to r:nit, these D" values
nray krave to be corrected for filter deviation (refer to Table 5-1 for the
correcLion factors). However, even j-f the optical density deviates by as
much as 5 percent from the 2.00 value (2.7 to L.9), the naxinnrm D" error
would be equaI to thirteen (13) . Ttrerefore, the nargin of error for the
529 Lo 924 De range would only be from 2.4 Lo 1.4 percent. Since in any
flannnbility test procedr:re, acsuracies greater than 90 percent are
questionable, correcting for filter deviation may not be required. The
optical density of the ND filter supplied with this Snpke Density Chamber
is given ln the attached inspection report. Perfornr-lng the following
procedr.rre nny recheck the optical density of this fil-ter:

1. Ensure that the PM shutter is closed and thr,at the IJD-2 filter is in
the light path (both rods of the filter-shutter assembly in the out
position) .

2 . At the Microphotoneter, set:

- Ivlultiplier switch to 100
- POWER switch to ON

Place several thin t.issues on the lower
neutral density filter of approxirnately
t issues.

optical window or use a
2.5 ND value in place of the

A

q

@en the PM tulce shutter (lower shutter rod in) .

Place additional tissues on the lower optical window and reset the
MUI,TIPLIffi. switch urrtil the neter indicates approxinately mid-scafe
when the MUL,TIPLIER switch is set to the one (1) range.

Adjust the ZERO control until an indication of exactly fifty (50) is
obtained. Do not disturb the tissues or ZRO control setting after
an indication of fifty (50) is obtained on the one (1) range.

Set MULTIPLIER switch to 100.7 .

5 U



8. Renove the ND-2 fj-l-ter (upF'er filter rod in) from optical path. If
the ND-2 filter is o<act.l-y two (2) , the neter will indicate exactly
fifty (50). However, if an indication higher or lower than fifty
(50) is obtained, a correction factor from Tabl-e 3 nny be applied.
For ercanple:

Calibration procedure obtains a neter indication of fifty-five (55).
Therefore, actual optical density rat.ing of the ND filter is 1.96
(refer to Tabl-e 3). Correction factor for this filter is -6 (refer
to  Table 3) .

Record the correction factor for the futr:re reference. Use this
correction factor whenever snrrke density rreasurements are rnade
without the ND fil-ter in the optical path. For exanple, a value of
O.0OO45 ?T (+S x l-o-s ?T) is reported.

Ttris neasr.:renent was obtained with the MULTIPLIER switch set to .1
and the ND filter renoved.

Tabl-e 4 establishes that a 45 x 1O-s ?T is equal to 706 D".

With a correl-ation factor of -5 this D" value becones 7OO. Ttris D"
val-ue woul-d be recorded for the 0.00045 ?T indicati-on.

3. Renpve the tissues or neutral density filter from
optical window and restore Sncke Density Chranber per procedures in
Section V., Operation.

BURNM, GAS/ATR EIO[{

A certified wet or dry gas neter nny be used to neasure the individual
gas flows at the gas and air inlets on the rear pane1. A voltneter rlEry
be used in constructing a nranifold and connecting its infet. to aII six
(5) of the burner tiplets.

A11 flow neter calibrat.ions or checks of flow neter calibration nmst be
perforned with the burner in place and with both the air and gas flowing.
The total flow must be adjusted to assure 550 cc/rnin, assuring that the
air fl-ow differentials, setting the propane fl-ow alone wlthout the air
and with the burner in place will produce an error in the propane flow
(usua11y about 10 to 15? low).

RiADIC[T{EIR.

The radiometer calibration nn:st be checked periodically. A standby
calibrated radioneter P/N 4-5801 is reconnrended to check the radionreter.
Contact us if your radioneter needs to be calibrated. The user nay
purchr,ase the P/m 4-5803 Radioneter Calorinreter for calibration
verification or recalibration by the user.
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VII. PRECAIITIONS. LDIITATIONS, AND IIAZARDS

$NRNIIGS

Assure that al-1 gaseous products are conpletely and safely vented. Ttre
products produced by these tests may be carcinogenic, toxic, irritating,
or otherwise hazardous. An ar:xiliary breathing devj-ce and protective
glasses nray Lrave to be worn before opening cLramber door. Use butyl
gloves and/or suitable tongs to avoid conLact with hrazardous residues.

Ttre trrcwer outlet must be properly gror:nded and polarized to prevent a
shock ltazard.

Use insul-ated gloves and/or suitable tongs to avoid touching heated
surfaces. Keep hands away frorn the front of the furnace or burner.

Wear butyl nrbber or other suitable gloves and protective clothing when
cleaning the chamber to avoid contact with toxic and lrritating residues.

PRECJAI}TIONS

Do not touch glass ernrelope of the PM tube. Fingerprints on this glass
will degrade the PM tube operat,ion or cause erratic indications.

Dposing the PM tube to room light when high voltage is applied could
pernanently dannge the PM tube.

Do not hrandle radioneter by its cable or touch the front, black surface.

Do not leave the furnace turned on at its nornral operating tenperature
for arry extended period, as this will produce prenature failure of the
heater coi1. To protect the chamber sidewall from excessive heat, always
place a sanple holder with a Ivlarinite I block directly j-n front of the
furnace.

Do not use Windex6 glass cleaner or other wax-containing products when
cleaning the optical windows in the chamber.

IJIMITATIOIE!

Ttre chramber should be tested for
co verify proper seal.

Handle conpensating filters only
density value with fingerprints.

leakage at. installation and periodically

by the edge to prevent changing optical

"Drackett Conparry
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\r[II. [SlIrWENArircE

Operator perforned nainternnce of the Snxrke Density Cklamber is limited to
periodic cleaning, Iight. beam adjustnent, and to replacing the
radioneter, PM tulce, and fuse. Our service representative should perform
aLl other nnintenance. A schenratic (see Dag. #68086020800W) and
replacenent part list is contained in this section.

PERTODIC !,RINfEtiBIim

TEST CHEMBR, CI..EJATIITiIG

The chanber must be kept clean to ensure correct sncke density
neasurenents. After rurnriing a series of tests, the irueer walls of the
chamber, the optical windows, and the sanple holders nray accumulate
residues. Ttre following cleaning procedr:re will be nxrre effectj-ve if the
chamber waIIs are kept wann.

lrhRNIlG: IJSE BTIIYIJ RITBBER OR qITIm, SITITABLE @roVES ArilD PRCIECfr\/E
CTOTIIII{n3 DT'RII{n3 CTJEJAI{II{G TO AVOID CANIACT WIITI TOT(IC END
IRRTTATNTE RESIDT'ES.

Use ethyl alcohol or a non-wax, non-abrasive glass cleaner to clean
the optical windows in the chanber.

PRECAITTION: DO IWr IIEE $IINDEK GLASS CLEiN{m. OR qEIm, $BX CtEIIAINI}G
PRODI] TS.

Use ethyl alcohol or anrnrniated cleaner to clean the chamber door
window.

Renpve any charred residues on the sanple holder, support rods and
chanber wal-1s. Annxrniated spray detergents and soft non-netallic
scouring pads can be used.

IJT@TT BEJA}| ALIEUUEIIT

The light source provides a collinated light beam inside the chamber,
which is centered within the upper window facing the PM tube. The
aligrrrent of the light beam should be checked periodically or whenewer
the lanp is replaced.

l. Constt:uct a paper alignnent guide using the dinensions given in Dwg.
#BROCH13.

Attach and center guide to upper optical window in cklanber using
transparent tape.

Set the Ctranlcer LINE Switch to ON. Ensr:re thrat the PM tube shutter
is closed (lower shutter rod is in the out position) and that. the
Microphotoreter POWER switch is OFF.

1

z -
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A Set IAMP switch to ON. Light beam should enLer chamber frorn l-ower
optical window on chanber floor. The light beam will not be exactly
circular but will spread out and should conpletely fill the inner
two (2\ i-nch circle of the gn:ide.

If necessanlr, adjust lighl beam as follows:

Rencve cover frcnn lower lens housing (lower rear of cabinet).
Loosen lens npunt screws. Adjust lens assenbly by noving assenbly
until light beam conpletely fills the 2-inch cj-rc1e. In extrene
cases, adjust the lanp socket by loosening the securing screw
thrrough the floor of the housing. Tighten the lens ncunt screws.
Replace cover.

Renpve guide.

Renpve frorrt cover frorn the PM tube and lens housing, Dhg. #BROAn14.

Renpve corq)ensating filter frorn holder frorn the lens bracket.
Loosen the lens rncunt screws and adjust the lens nprmt until the
light beam convel,ges to a trnint at the disc aper[ure of the PM tube
housing projecting into the top of the lens housing.

Retighten the lens rrcunt. screws and reinsert the conpensating filter
holder into the ler:s bracket.

Replace the front cover.

Realignnent nny require changing the conpensating filter. Perform
the "Conpensating Fil-ter Sefection" procedure to deterrnine which
filters should be used.

R

1 0 .

1 1 .

CtII{PELiISATII\G FILTER SEECIfO{

This procedure is used to select the proper corTpensating filter whenever
100? T?ansrnittance cannoL be obtained on the Microphotoneter. Wratten
filters or screens (obtained frorn industrial- photographic supply sources)
rated from 0.1 to 0.9 ND can also be used Lo obtain 1008 T"ansrnittance.
T?re procedure is usually perforned after a PM tube is replaced.

IiOTE: IIAIiIDLE FILTEXI'9 BY EIEfR DGES. FII{GRPRINTS WIL[, PRODITCE
ADDITIOBL OBSC{]RATfO{ Bg AS MttCH AS ND = 1.

1. At the Microphotoneter, set:
- MULTIPLIER switch to 100.
- POI^IER switch to ON.

Hrsure that the PM tube shutter is open (lower shutter rod in) and
ND-2 filter is in the light path (upper fil-ter rod out).

Ensr:re tLrat the light beam j-s on and thlat both optical windows in
cLr,anber are cIean.

2 .
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Rotate the SENSITIVfTY control until the display indicates l-00 8T.
If 100? T is obtained, the conpensatj-ng fil-ter in the PM tube
housing is the correct one. Terrnlnate this procedure. If however,
an indication of 100 *T is r:nattair:ab1e, go to step 5.

Close the PM Lube shutter (lower shutter rod out).

Renove the front cover of the PM tube and Lens housing, Drog.
#BROCTJI-4.

Renove hol-der containing the conpensating filter from the l-ens
bracket.

Replace cover and secure with the retaining screws to prevent light
]eaks.

Open the PM tube shutter (lower rod in).

Se1ect filter rated above and below the original filter value.
AJ-ternately place each filter over the optical window in the chlanber
fl-oor r.rntil 100 ?T is obtained bD/ adjusting the SENSITIVJTY controf .
(If indication is above 100 AT for all the filters, use a
combination of two (2) filters at a tine.)

Close the PM tube shutter (lower shutter rod out).

Renpve the front cover of the PM tube and lens housing and place
filter (s) that obt,ained 100 ?T into holder. Reinsert holder in the
lens bracket and replace cover, ensuring that the cover is light
t ight.

@en the PM tube shutter (Iower shutter rod in) . Recheck to see if
100 ?T can be obtained.

Cl-ose the PM tube shutter and set, POWffi. switch to OFF.

Store renaining conpensat,ing f ilters.

q

'7

a

1 n

1 1 .

L Z .

] .4.

C1)RRE,CTNZE }ATNIEIRT{ICE

RJADICMETM. IAIIIIET T.ICE

If loss of radiorneter signal or erratic signals occurs, art i-nternal
ground cormection nay be loose. Gentle turning of the cable connector at
the rear of the radioneter nay correct this problem. After obtaining a
steady signal, tighten side screw securing the connector.

If the black, front surface of the radiorneter is blistered or badly
scratched the radioneter nay need to be replaced. Contact us for
instructions in returning the unit for replacenent. A standby-calibrated
radioneter is reconnended to recheck the calibration of the standard
radioneLer.
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The optional P/N 4-5803 Calorinreter provides means for verificat.ion or
recalibration bv the user.

PIII TT'BE REPIJACEMBIf

the P/N 47-:-6216 PM tube is specifically for the Snxrke Density Ctramber.
Ttte use of a PM tulce obtained frorn a sou-rce other thran Newport.
Scientific, Inc., even though the PM tube is of the sane make and npdeJ,
nny not give the stability and conpensation required for proper
photonetric neasurernents .

1. Set power switch on Microphotoneter to OFF.

PRECAIITION: THE HfGIMLTA@ MItgI BE OF:F TO EtiIStt RE TIIAT TIIE HIGII
VOI.TAGE IS IOT APPI.IED TO TI:IE PM TI]BE $IHILE IT IS OI}T
OF TTS HOLDR,. EI@OSIIG TIIE PM TT'BE TO ROc[{ [,IG[IT WIIII
TIIE HI@I VOIJTAGE APPLIED COI]LD PRIMNENTLY DAIGGiE ITIE
NEW PM 11'BE.

Hold the protruding base of the PM tube whil-e loosening PM tube side
retaining screw. Renrcve PM tube from housing.

frrsure tLlat the glass envelope of the new P/N 47 -t6216 PM tube is
clean and free of fingeryrints. Insert new PM tube carefully into
PM tLrlce holder. Insert PM tube hol-der into the PM tube housing
ensr.rring tLrat the pin on the holder enters the slot in the housing.
Tighten the side screw to lock the PM tube holder into the housing.

Perform the "Congrensating Filter Selection" procedure to ascertain
if a different fil-ter is needed to corq)ensate for the
cLraracteristics of the new PM tube. (See note below *.)

Close the PM tube shutter (1ower shutter rod out) and set POWER
switch Lo OFF.

CIIAI,IBER, BIOB{PT'I PAI{EL REPTJACEMENT

1 . Renpve al-l- foil and tape from chanber floor area.

Thoroughly de-girease and wj-pe area around floor openlng.

*lirclTE: AIJOW ONE (1) TO IIrc (2) IIOTRS FOR *BURNIIiIG ng'OF PM TIBE
EROII IIV APPLIED. SCIIIE TT'BES IAY REQT'IRE ONE (1) OR T1IO (2)

DAYS TO STABILIZE.

Cover opening with heavy-duty aluminum foil (0.0015 + 0.0005 inch

thick) ensuring that foil is wrinl<le free.

Secure foil to floor with 2-inch wide lulylar or cloth adhesiwe backed

tape. Al-low tape to overlap foil one (1) inch, with renaining one
(1) inch adhering to the floor.

4 .

q

z -
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I,A}IP REPIACEMBIT

To minjmize corrosive effects of the test effluents, the lanp leads are
soldered directly to the lamp base. When replacing the 1anp, the lamp
and its leads must be disconnected and renpved as one r:nit. The
procedure follows:

1. Set I,AMP switch to OFF.

z .

A

q

R

Remove cover from lower lens housing (lower rear or cabinet).

Trace leads from lamp base to the main terrninal board.

Tag terminal board connectors and then disconnect leads from
terndnal board.

Twist Ianp to unlock from socket. Remove lanp by pulling l-eads
through rear of socket.

fnsert leads from new larp through the opening at rear of lanp
socket.

Secure larp by twisting it in lanp socket.

Connect lanp leads to terrninal board.

Remove dust by carefully wiping 1amp, lens, and lower optical window
with lens brush or tissue.

Check lanp aligrnment by performing the *Light Beam Alignment"
procedure.

Press and hol-d for three (3) seconds UP key and DOViN key.

Press "M" key until- "fn" appears. Set to "H" (UP & DOWN keys).

Press "M" key until \\C F/' appears. Set to "F".

Press "M" key until "rL" appears. Set to "0" (zero).

1

x

q

10.

HEAXER FUSE REPIACE}IEI+T

Set HEATER switch to OFF.

Remove back cover on CONTROL PANEL. Remove fuse from inside CONTROL
PAIJEL, l-eft side.

Check for continuity across fuse. If open, replace fuse 16A ampere,
Earraz A050f020 or equivalent.

Place fuse in fuse hol-der. Restore power to heater.

HEAER MTER SR'P

'l

a

A

a
I .

z .

{

4 .
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q

6.

10 .

'l ''l

12.

1 ?

14 .

1 5

1 a
J _ O .

1 1

18 .

1 0

20.

z L .

Press "M" key until "rH" appears. Set to *1600".

Press "M" key until \\0t1/' appears. Set to "hT".

Press "M" key until "HSC" appears. Set to "3".

Press "M" key until \\O12" appears. Set to "prA".

Press "M" key until "HSA" appears. Set to "2".

Press "M" key until \\LAtf' appears. Set to "nf,A".

Press "M" key until "rP" appears. Set to "off".

Press "M" key until \\P L" appears. Set to "100".

Press "M" key until "dSP" appears. Set to "nor".

Press "M" key to return to Control Set Point.

P ress  \ \M"  key  un t i l  "Pb1"  appears .  Se t  t o  "68 " .

P ress  \ \M"  key  un t i l  \ \ r 81 "  appea rs .  Se t  t o  " l - . 71 " .

P ress  \ rM"  key  un t i l  " rA1 "  appea rs .  Se t  t o  0 .02 " .

Press "M" key until, \\ATO" appears. Set to "0" (zero) .

Press "M" key until "rH1" appears. Set to "1600".

Press "M" key until "AUt" appears. Set to "0" (zero)

Press "M" key to return to Control Set Point.

IRfiTBI,ESH@TIT{G

Only an Electronics Technlcian should do troulcleshooting. Refer to Drg.
#680860208005 and Darg. #68086020800W for Conponent and Schematic
Iocation. For maintenance information on the Microphotometer and other
accessories, refer to the appropri-ate instruction manual.



ENEIE 1 - XIET|S g'PPTJED YTTtrI CMIGR
gtnllftrt PAR:I MI@, DESCRIPITCN

I
1
1
1
1
l-

1
q

1
1
1

1
1
1
1
1
1
1
1
1
L
2
I
l_

1

68086019100
68086035600
68086009100
68086038800
68086031000
68086004500
6808601 ?200
68086017000
4-5807
4-5801
68086022000
47-t62]-6
Pr_869002300
680860L8700
P1020021600
68086035400

:::'uo"'oo

:__

Conpensating Filters Graded set of nine
Container Assernbly
Furnace Aligruent TooI
F\:rnace Assernbly with Thermocouple
F1ange Adapter Exhaust Fan
Drip Pan
Sanple Holder with Drip Retainer
Trough Burner Assernbly
Microphotcrneter
Radiometer
Radioneter Cable
Photonrultiplier T\.rbe and CabLe
Hex Wrench
Filter Assernbly
U-Tulce Manqneter
Burner Positioner
Window Cover
Instruction Manual, $noke Chamber
Instruction Manual, Microphotometer
Microphotcrneter Schematic
Calibration Sheets, 2 FIow Meters
Calibration Sheet, Radiometer
Pressure Test - Cabinet Assernbly

trAB[iE 2: PROPBNE BNK CegeCEfIES
CAPACTTT
Gas)

APPRCE(IIDIE IESES
PM, EII.IIIG*

DIII@:ER
(nffiEs)

HEIGFT
(rrwEs)

6
10
20
30
40 (ALriM. )
r_00/200

450
750
L500
2250
3000
NONPORTABIE
TNSTAIT.ATIONS

9
9
11
11
11-

L4
18
20-L/2
26-L/2
34-L/2

Based on a required propane flow of 50 cclminute during flaming
test, a minimr.rn time of 20 rninutes per test sarple and the usuaL
three (3) replicate tests specified. These tanks are sold and
refiLled by bottled gas conpanies.
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TABI.E 3

ND-2 FILIER REIO\TAL F'Aqfl)RS
Meter
fndicator

optr_ca.t Denslty ot the ND
Filter I-og P6P=D

Correction Factor* to be
Added to Table A-1 or
Fig. A-1 529 to 924 Ds Values

5 Z

33
34
35
36
5 l

38
39
40
4 L
42
43
44
4 5
4 6
4 1
4 8
4 9
\ t l

f _ L

)z

s3
54
55
56
57
5 8
59
60
O I

oz

b 5

64
55
66
o /

58
5 9
7 0

2. r9
2 . L 8
2 . L 7
2 . 1 6
2 . L 4
2 . r3
2 . t 2
2 . r1 ,
2 .10
2 .09
2 .08
2 .01
2 .06
2 .05
2 .04
2 .03
2 .02
2 .0 r
2 .00

L .97
1 .  965
1 .96
t - . 95
t . 94
r . 934
1 .93
r . 92
l_.91-
t - . 905
L .  90
1 0 n

t _ .  8 9
1 . 8 8
T . B 7
1 .  8 6 5
1 . 8 5
l - . 8 5

+27
+25
+24
+22
+20
+l-9
+L'7
+15
+L4
+13
+11
+10
+8
+7
+6
+5
+3
+2
+1
+0
- l
- 3
-4
- 5
- 6
- 7
- 8
- 9
- 1 0
- 1 1
- L 2
- 1 3
- 1 4
- 1 4
- 1 5
- L 6

1 n- L t

- 1 8
- 1 9
- z u

@ to be applied to the D" values equival-ent to the 0.01 to
0.00L tT and 0.00001- tT values only.



Tabl-e 4 converts the Microphotoneter or recorder data (?T) to specific
optical density (D") values for the Snxrke Density Chamber. The conversion
for the first six (6) decades are given in both tabular form.

1. Select the Ttansrnittance Range row thr,at has the ?T value. For
exanple, if value is 0.15 AT, use the 1 to 0.1 row.

2. Use the tT vertical- row and horizontal colunrr to find the D. value.
For this exanple, 0.1-5 3T (15 x 1O-2 *T) equals 373 Ds.

CUiI\ZRSICI{ OF I IR;N{SilMTTATitcE TO SPECIFIC OHTIEi\L DE{ETTY

PAI<AIVIb'1'E;Rs;
AND

TRANSIVIITIANCE

RAT{38

8T

0 I 2 4 5 6 7 I c

SPEEIFIC OPTICAIJ DEhISITY (DS)

MJLTTPLIS.:

1OO WITH ND-2
FII,TER
100 To L0 tT

9U

80 AJ

20
L2
20

11
! v

4

11-
18

+
1 n

t7
9
I6 l-5

8
L5

7
T4

-L

7
L4

b U

5 U

40

zy
40
53

z6
39
5l-

J I

50

26

36
48

2b

35
4'7

z5

46

z4
33
45

2 3

5 Z

22

J f

2L
3 0
47

5 U

20
1 n

>z

L32

o t
ao

t27
6 l

r22
84
L]-'l

6Z

6Z

l-13

6U

79
r_09

5v

77
I U ]

75

r02
73
> 6

5+

tL

M]LTIPLIER:
10 WITH ND-2
FILTER.

1 0 T O 1 m

vux_tu
80
70

IJU
L45
t2z

L 3 t

L44
L A Z

L3 ' I

l_43
f l l

.LJb
143
150

a J b

L42
1 l 9

135
t-41-
r48

L3+

t_41_
148

t 1 4

140
L47

t < {

l_39
l.46

t < t

L J Y

a + o

bU

50
40

J.6I

L t z

f6 f ,

16U
L7L
183

f b v

LAZ

f ,bd

1 8 0

l-5u
L67
]-79

! 5 /

rbo

L78
r-65
177

15s
rol

L  t )

154

ao l

I74

15J

r o z

773
5 U

20
l_0

zvL

26+

22t
L9 l

z L >

254

I9b

z L o

z+>

l_94
zLl

z+3

192
2l l
241,

I Y I

209
2 5  I

207
234

r b /
z v )

230

r6b

203
227

I'trILTIPL]R:
WITH }iD-2
EII,TER.

1 T ' O  0 . 1 ,  g r

vu^.l_u
80
70

z t u
277
284

zo>

2'76
zdl

zo>
275
z d 5

zo6

275
2 6 z

264

28L

2 b t

z  I 3

280

266

z  l J

280

266

272
279

265
27I
z  t o

265

21r
278

b U

50
40

zy3

304
? 1  ?

z>z

303
J I f ,

zv !

301
J I +

z>v

300
3L2

z>v
299
311_

z6>

z > a

310

26v
297
309

z v /
z>o

307

266

z>)

J U O

2 6 5

294
305

J U

10
355
396

353
391"

5Z>

J f , f

385

J Z d

348
381

5 Z O

J + b

377

324
s + 5

373

JZ3

5 + t

359

32 r
5 5 >

J b o

337
502

J. l .6

3 3 5
359

TABLE 4 Page 1
CCI}I\IERSION OF % TR,ANSilfI TE}IEE TO

of2
SPECIFIC OPTICAL R,JA\rITT
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Pllt(AMl!'Ml{!'

A}{D
TRANSil4ITBI\@

RA}IGE
3I

1 2 3 4 3 6
't

I 9

SPECIFIC OPTICAL DENS]TY (DS)

}'III,TTPITIER:
.1 WrTH IiD-2

r I ! A K

0.1  TO 0 .0r_  a ' l

vux-tu -

80
70

4U2
409
416

4Uf

408
+l_b

40J-

407
{4f ,

{ IUU

407
+L+

4UU
406
413

405
4t2

405
J9U
404

411

3 9 /
403
410

39'7
403
410

bU
f ,U

40

425

436
449

424
435
447

423

433
446

+zz
432
444

l Z Z

437
443

1 2 !

430
442

42Q

429
441-

428
439

+ J-at
A a a

438 437

30
20
L0

488
528

+bJ

485
)zJ

4lo.t

483
5L8

40u
480 478 +  t )

]Uf,

473
f ,u l

47L
498

451

459
494

45U

497

MILfiPLIER:
1 WITI{CXJT
ND-2 FII,TER.

0 .0r_  10  0 .001
8T

YUzllv

80
70

trJ{I

f ,+1

548
540
548

539
547

5JZ

539
532

545

537
544

) 5  I

544
535
543

52 9
535
542

529
535
542

O U

50
40

3 5 /

558
5 d r

55b

579
565
578

564
s75

552
574

55l

561
573

55r
f,ou

3 T I

5 5 U

559
570

a+>
558

559
J U

20
1 n

ozu

oou

b r /

555
6L5
bf,u

a>z

ora

645

5vt,

610
b + f

607
637

a 6  I

bu5

533
O U J

O J U

50r-
o z d

562

599
623

WLTTPLTER:
.1 WITIUJT
ND-2 EILIER

0.00L 10
0.00001- * 'T

YUAIU

80
70

b b b

5"13
680

b b 5

6 t z

580

6 6 b

O  I L

679 678
670
677 676

bbz

o o v

675

o6z

o o 6

575
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