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PREFACE

The information gained concerning the thermal conductivity of Q-fell micro-quart% ;
fiber {nsulation material under Contract No. AF33(657)-7132 for the design and °
development of the X-20 Re-entry Vehicle is reported in this document. This
document was prepared under Contract AF33(615)-162k.,
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The therzal ccnductivity of Q-felt, a comercial micro-quertz fidbrous insulation
material, was evgzluatcd, Tests vere conducted on several densities each of as
received end thermally siabilized material at elevated temperatures and at
atoospheric and reduced prussures. Mean test temperatures ranged froum 200'1r to
2560°F and reduced pressures to 0.1 mm/mercury were used.

Curves have been prepared presenting the oean apparent thermsl conductivity of
both thermally stebilized and unstabilized Q-felt as a function of wmean temperae
ture, gas preesure ané material dcnsity._

Tnaulation

Q-Felt

Trermal Conductivity
Mero-Tuartz Mbers
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INTRODUCTTION

The temperature differentials and heat flow restrictions encountered for the
X-~20 Dyna-Soar vehicle required the development of relisble thermal conductance
data. The requirements for insulation systems operating above 2000°F presented
simltaneously the problems of the evaluation of the candidate materials at
atmogpheric and raduced pressures and the development of test apparatus vhich
would yield accurate data.

A micro-quartz fiber felt insulation vas selected for X-20 usage. This report
provides the results of tests to evaluate the thermal conductivity of {-felt,
vhich is the trsde nane for micro-quartz fibers marufectured by the Johns-
Nanville Corporation. Prior to thermal exposure, G-felt is coft, resilient and
flexible and cen be draped over contours and curved shapes. However, at tempe
eratures above 180C°F, the quartz fibers change from an amorphous to a crystal-
line state which results in stiffening and shrinking of the fibers.

The term "thermal conductivity” as used in this report refers actually to
"mean apparent thermal conductivity™ since heat transferred through porous
ingulation msterials is the result of all three basic mechanisas of heat flow;
namaly, gas and sclid conduction, gas convection, and thermal radiation.

Heat flov through a povous naterial is not-only a furction of materiel dsnsity
and temperature but also of pressure., This pressure phenomenon causes the
<vhermal conductivity to decrease nonlinearly with decreasing pressure. There-
fore, the thermal conductivity of Q-felt vas evaluated for various densities
under varying conditions of temperature and pressure,

The temperature end pressure ranges over vhich thermal conductivity measure=
mpants vere required exceeded the capabilities of the conventional Guarded Hot
Plate and Infinite Cylinder test spparatus. Consequently, the majority of the
data vas obtained using a Heat Plov Transducer epparatus. This apparatus uses
the calibrated output =f a thermopile elument 9 senss the heat flow.

Thermal conductivity measurements on Q.felt vere accomplished up to maximum
hot face temperatures of approximately 2750°F and at pressures from atmos-
pheric down to 0.10 mm of mercury. Several denlit:lea each o as-produced and
thermally stabilized material were evaluated.

D2-81285




TEST PLAX

The tests reported in this document were conducted to provide mean apparent
thermal conductivity data for both as-produced and thermally stabilized Q-felt
in several densities over a range of test temperatures and pressures. These
data vere collected from tests conducted over a period of three years.

Atmospheric pressure tests for the as-groduced naterial were conducted oa 13
samples ranging from 3.55 to 7.5 1b/ft3 density. Reduced pressure tests wore
conducted on 4 of these samples. One sample each vas tested in an Iafinite
Cylinder Appsratus and a Guarded Hot Plate apparatus for comparison with the
remainder of the tasting accomplished using the Heat Flow Transducer apperatus.
A total of 166 remdings werv accomplished on the as-prodaced material at hot
Tece temperatures to 2000°F and. at atmospheric and reduced pressures to 0.1
mn/Hg as shown in Table L.

Yor the themg.uy stabilized material, 6 semples ranging in density from 4.95

to 10.8 1b/ft? were tested at atmospheric pressure. Reduced pressure tests were
conducted on 3 of thess samples. One sample was teated in the Infinite Cylinder
apparatus and the remainder were tested using the Heat Flow Trarsducer test
apparatus, A total of 80 resdings were accomplished on the thermally stebilized
material at hot face temperatures to 2750°F and at atmospheric and reduced
prossures to one mm/Hg as shown in Table 2,

1

-
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MATZRYAL

The material tested in this progran is intended for thermal insulation of
structures exposed to extremely high temperature environments. This iusulation
18 a felt coumposed of interlaced micro-quartz fiders. Tre fibers are .75 to 1.5
nicrens everage diazeter and are composed of a minimun of 98.5 weight percent
silicon dioxide. This material 3s covmonly known as Q-felt which i{s a trade pame
for nicro-quartz fivers ranufactured by the Jonrns-Manville Corporation which
supplied all of the naterisl used in this progras.

The Q-felt tested in this program vas of two types. Type I is the nornal "ase
produced” corndition and im soft snd flexible ard can be draped over contours and
curved shapes. JYts nominal demsity 1s 3.0 to 3.5 pounds per cubic foot in the
ag-received condition. Tespting was accomplished on Type I material of nominal
densities from 3.5 to 7.5 lb/ft3. The as-received material was mechanically
compressed {0 the required density ror testing.

Exposure of Type I material to tamperatures in excess of 1800°F results i{n a
siznificant change in its physical state. At these high temperatures, tha quarts
fiders devitrify or change from an amorphoua to a crystalline state. The result
of this 18 a shrinking and stiffening of the fibers vhich converts it to a rigid
state. The insulation can be thermally exposed to obtain a heat stabilized
condftion where phase changes end densification of the fibers are nearly complete
and dimennional stadbility for higher temperature applications is attained. A
thernal exposure to 2200°F for 3 hours results in a condition which exhibits less
than 1% edditional shrinkage vhen exposed to temperatures of 2750°F for 30
ninutes. Material vhich has been thermally stabilized is designated as Type II.
¥lgure 1 chows a sampls of Q-felt in both the as-received and heat stabilized
conditions.

Tenls vere copducted on several densities of the Type II material. This
material was mechanically compressed prigr to thermal stabilization to yield
densities renging from 4.9 to 10.8 1b/rtd,

A Boeing Material Specification was prcpared to provide procurement control of
Q-felt. This specification was prepared under clos= coordination with the
nmaterial supplier to provide a more uniform product and prevent high temperature
reactions due to impurities in the product. A copy of this specification is
provided in Appendix C.

«Se D2-81285
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TEST EQUIPMENT AND PROCEDURES

. Three types of conductometer apparatus were used for the weasurements of thermal
! conductivity presented in this report. They are as follows:

1. Guerded Hot Plate Apparatus
2. Infinite Cylinder Apparatus
3. Hest Flow Trensducer Apparatus

A summarized comparison of these pieces of equirment is pressnted in Table 3.

The majority of the test data was generated using the Hest Flow Transducer due
to the temperature and pressure requirements dictated by the anticipated X-20

environment. Tre Guarded Hot Plate and Infinite Cylirder apparatus were used

primarily as back up for the calibration of the Heat ¥lov Transducer,

The Gusrded Hot. Plate has been fully described in ASTM pudblications and has been
the standard testing method for conductivity measyrements for more than a
decade. The u?1§ used in this program was constructed to the requiremants of
ASTM C-1TT-45.11) Pigure 2 shows a pertly disassembled view of this apparatus.

The Infinite Cylinder type of apperatus has been used extensively by numerous
investigators becanse the equipment offers few dssign problems for theoretie
cally accurate thermal conductivity determination. is type of apparatus has
been sdequetely descrided in published lit.erature.(a Couprehengive discussions
on the Guarded Hot Plate and Infinite Cylinder may be found in most text books
dealing wvith heat transfer. Figure 3 shovs a partly disassenbled view of the
Infinite Cylinder apparatus.

The Heat Flov Transducer apparatus used throughout this test progrem vas
developed from a lower temperature capsbility laboratory unit initislly duilt

in 1956, Pigure 4 shovs a schematic of the present apparatus. The heat flow
sensing element i3 a thermopile transducer, a {lat core around vhich is wvound a
nunber of differential thermocouples zonnected in series. Figure $ shovs the
components of the sansing unit. In operation, the thermopile produces an
electromotive force {EMF) proportional to the temperature gredient betveen the
hot and cold junctions. Por e given heat flov rate, the output of the transe
ducer depends upon the number of differentisl couples making up the sensing unit
and the therual conductivity of the core zaterial., After propgr calibration,
the EMP output may be translated into heat units of BIU/see-in®,

The heet source is composed of two independent heaters, a five inch square main
unit exd a one end one-half inch vide guard ring. This configuration makes
aveiludble an effectively uniforamly hezted urea approximately 6 inches square.
Tvo heat sources vere used, One uses "Kenthal-A" resistive vire eloments in both
the main end juard heaters and is capeble of produeing temperatures to 2200°P.
For temperatures up to 2800°F, & silicon carbide globar main heater vith a
platinum-rhodim vire wound guard ring coafisurstion wvas used,

Tueruocouples were placed on both the hot face and cold face of the insulation

specimen to allov aeasurement of the temperature drop across the specimen, apd
computation of the mean temperature. A legging insulatio was placed between the

2-81285



;
)
13
%

.E
£
&
H

specimen cold face and the thermopile transducer to maintain a ressonable temp-
erature gredient (200°F to S00°F) through tae test sample., The thermopile
transducer vas spproximately 2 inches square and was bonded directly to the water
cooled copper heat sink. .

Figure 6 shovs the 2800°F conduc“ometer parily disassembled. T e temperature
hend has been placed at the rear. The four darker spots near the corners of the
9 x 9 inch square sanple are silicon carbide spacers used to support the tempera«
ture head and maintain the required specimen thickness.

The steady state heat flow condition required for all conductivity tests was
considered established when all pertinent neasurements had stabilized for a period
of one hour. From measurements 'of the EMP generated by heat flowing through the
transducer, the hot and cold face temperatures and the thiciness of the specimen,
thermal conductivity is found by the equation below for unidirections] heat flow
in the steady state.

vhere: .
K = The spparent mean thermal conductivity in 10'6 B'N-in/sec.-ina-'!
AT = The temperature dro;) ceross the samole in °F .
t =» The sample thickness in inches
Q = The heat flov through the trensducer i 1070 BIU/sec-1n®

(Q is determined by multiplying the EMF output of the
transducer in gxillivglts by the transducer calibration
factor in BIU/sec-in®-millivolt)

¥Yor the measuremnts‘or thermal conductivity at reduced pressures, the Reat Flow
Transducer apparatus waus mounted in an 18" glass dell Jar. The bell jar base
plate contuined sealed connectors to accoumodate all power leads, instrument
leads, and coolant pass througns. Figure T shows the vacuun test set up,

The Q-felt senples vere mounted in the test apparatus end the first reading wvas
taken at the lowest tempersture. Where only atmospheric pressure readings vere
teken, the specimen temperature was raised in increments ond readings teken after
the required stabilization period until the highest temperature was reached.

When reduced pressure tests were perforned, the initial temperature was held and
the pressure reduced the required increrents until the lowest pressure vas
recorded. The temperature wns then incressed to the next increment wvhile holding
this lov pressure and this series of readings wvere taken by increesing the
pressure through the required increments. This resulted in readings taken
altemately at decreasing end then increasing pressure increzents for the

various temperatures.
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TEST DATA AND ANALYSIS

The test data generated in this prograa was combined wvith other previously
published data and an analysis mede to determine suitable design allowable
thermal canductivity values.

Due to the nonlinear influence of test temperature, pressure and material density
on the mean apparent thermal conductivity, a comparative method was used to
evaluate the data. The actusl test data generated in this program are presented
in Appendix B for those wishing to reviev the rawv data.

The effect of test temperature spd pressure wes determined for each specimen.
Nominal thermal conductivity curves were developed for each specimen by plotting
the test data versus temperature and fairing curves through the data points.
For those specimens for vhich reduced pressure data was obtalned, an additional
plot of thermal conductivity versus pressure was prepared and nominal curves for
several selected temperatures.wvere drawn. Tuese curves are included in Appendix
A. The referenced test data included in the analysis was trested in the same
menner and plots of these data are also included in this appendix.

It vas necessary to determine these nominel temperature and pressure relatione
ships for each individual specimen since exact duplication of test conditions
vere not obtained between specimens. Determination of these nominal relation-
ships then allowed interpolation to several specific temperatures and pressures
in order to obtain a comparison between specimens. *

The individual specimen results vere then compared by plotting the interpolateéd
thermal conductivity value for the selected temperature and pressure as a
function of specimen density as shown in Pigures 8 through 13. Mean tempers-
tures of 400, 900, 1400, and 1800°F vere selected for comparing the unstabiliged
materisl. In addition, 2000, 2250, and 2500°F temperatures vere included for
thermally stabilized material. The pressures selected for comparison wvers 760,
100, 20, 5, 1, and 0.1 wm/Hg.

Best estimate sverage property curves wvere then drawvn through this cross plotted
dats to define the most likely thermal conductivity versus density relationship
for the selected temperatures and pressures. The most data wes avallable for
atmospheric pressure (760 mm/Hg) as shown in Pigure 8. Consequently this data
vas used to de.elop the basic trends at the various temperatures.

Data in References (3), (&), and (6) in general sgrees quite well wvith the date
generated in this program. Ko significent difference is evident between
unstebilized and thermally stabilized material at a given density. Therefore,
all data was grouped together to define the most likely average property curves.

Yor the higher temperatures and at some of the reduced pressures, the small
amount of data available required some interpretation of the data ip order te
drav the curves. In these cases, the average curve placement took account of
the relationship of the particular specimens to the average curves at lower
terperatures and pressures vhere sufficient date existed. For example, the
average curve for 2500°F in Pigure & vas placed about 15§ sbove the data poinmt
at 8.0 1b/rt? since the data points for this 8.0 1b/ft3 specimen averaged about
15% belov the average lines at 1400, 1600, and 2000°2.

D2-81285
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Design allowsble thermal conductivity velues ere presented as aversge properties
vith = stated range eince the intended application will govern whether maximam
or minimmn values are conservative. The average property curves developed sbhave
vere used to prepare design allowable curves {or seversl selected densities.
These are presented in Figure 16 tarouga 21. The range of material veriation is
provided on these curves to allow the user to adjust the values to suit the
application.

Sufficient duplication of test conditions were pot obtained tu allov & rigorous
snalysis of varimcee at the various corditions of density, pressure, and terrpara-
ture. An estimate of variation was obtained, however, by grouping some of the
data.

The first group.consisted of the eleven sets of data for unstabilized Q-felt of
3.9 ¢t 0.4 1b/rt3 as summarized in Figure 1k, The variation in thermal conducti-
vity sbout the mean for five temperatures was examined. The density and each
temperature were treated as controlled independent variebles vhich assigned all
of the variastion effect to the measured thermal conductivity valuss. A
statistical analysis vas then performed on this set of data to deteruine the
coefficient of variation vhich was calculated as follows:

. [T |
n-1

vhere: § = the coefficient of variation

» the ipdividusl measured value of thermal comdnctivity
» the average of the measured values

w the mumber of individual values.

~t =

-

A sumary of the values determined from this group of data is provided below.
T.e coefficient of variation indicates that the varistion at the several tempera-

tures is not significantly different. The average coefficient of variation for
all five temperatures is 7.U$.

TARIE A
Statistical Sumary of 3.9 ¢ .Ob 1b/ft] data
Terperature, °F 325 ¢+ 25 710 ¢ 10 1080 ¢ 20 1370 £ 30 1640 * 15

n 3 8 8 10 1
4 .T20 1.1525 1.6750 2.1880 2.767
2
L lx ;g x10*  725.3 3715 400.62 509.6 296.4
5 1.79% 1.29% 1.56% 1.53% T.04%
1T

r~-81263



If the dispersion of the values of the dependent variable are of approximately
equel percentsge of aversge regardless of the value of the independent variable,
an approximate method for estimating the varlation ebout a fitted irregular
curve moy be used. As this was the case for the data above, this teckrique was
applied to the interpolated data shown in Figure 8 vhich grouped all etmospheric
pressure tesis of all densities and both unstabilized and thernmally stabilized
meterial. This was used to get an estimate of the variation about the average
property curves determired previously.

In this procedure, the coefficient of variation is calculated from the devia-
tions of the irdividual value from the average curve value at the particular
density. Thls procedure assigns all of the variation to the dependent varieble
K vhich is consistent vith the technifue used to present the variation range on
the allovable curves. The sumuarized analysis of the data included in Figure 8
is shown below.

TABIE §
Statistical Summary Atmospheric Pressure Data
Temp., °P ) %00 900 100 1800 2000 2250 2500
) T oa 2% 23 13 1n 6 "
2(5-’-".3 x0° 120,66 1823.27 1684.37 1237.91 935.k0 768.64 245,30 )
X § BM3 8.1 6T 0.5  9.67h 12.55%  9.04

The coefficient of veriation for this set of data is corpared to that for the
first group in Figure 15, There is reasonable egreement at all temperatures. The
slight increase indicated at the higher temperatures is not considered ugnificut
due Lo the smaller nunber of data points at these temperatures. This®indicates
that a siygle pooled coefficient of veriation may be used to determine the best
estinmate limits applicable to the design allowable curves,

22 | 5y (m)1) +5,.% (n,o1) + .. 5.2 (n )

nl*nz*o-on"u

vhere: & = the pooled coefficient of variation for m groups of data

§ = the coefficiznt of variation for the individual date group,
the subscripts indicating the particular zroup.

n = the number of individual velues in the group of data,
subscripts indicate the particular group.

n = the total number of data groups.
Substituting nctusl vslies into the above equation fron Table 5, we get a pooled

coefficient of variation of 9.25% for the 102 data points. The limit values are
then determined (at a confidence level of 95$) by multiplying this coefficient

«18-
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of variation hy the sppropriate statisticel k factor. For a probebility that 90%
of the values will not exceed the limit (equivalent to MIL-HDBX-5 "B" values),

k = 1.53%. For 99% probability {equivalent to MIL-HDBK-5 "A" values), k = 2.695.
The linits sre es follows:

Reliability Upper Linit Lover Linit
- K+ 1 K-

c.95 L K# 143 K - g

°.9S - P‘99 K+ 25% K - 25%

These are the limits used on the allowsble curves shown in Figure 16 through 2l.
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THERMAL CONDUCTIVITY; 10~ BIU-in/sec~in2 - °F
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DENSITY EFFECT ON THERMAL COMDUCTIVITY OF Q-FELT AT ATMOSPHERIC PRESSURE
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FIGURE 9
TENSTTY EFFECT ON THERMAL CONDUCTIVITY OF Q-FELT AT 100 mm/Hg PRESSURE

Data Ydentifieatio
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FIGURE 10
TENSITY EFFECT ON THERMAL CONDUCTIVITY OF Q-FELT AT 20 ony/Hg PRESSURE

Data ;gmgm cation
- 2000 # - Unstabilised, Current Data
';88 o2 2250 e - Stabilised, Current Data

> = 2500 o ~ Stabilised, Referenced Data(®)
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FIGURE 11
TENSITY EFFECT O THERMAL CONDUCTIVITY OF Q-FELT AT 5 nm/lg FEESSURE

Data Ydantification
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FIGURE 12

[ENSITY BEFFEC? ON THERMAL CONDUCTIVITY OF Q-FELT AT 1 /Mg PRESSURE
Data Identification
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FIGURE 13
TENSITY EFFECT ON THERMAL CONDUCTIVITY OF Q-FELT AT 0.1 mm/Hg PRESSURE

Mean Temperature - °F Dats Identification
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FIGURS 14
THERMAL CONDUCTIVITY OF SEVERAL 1OTS OF 3.9 + .4 LB/FT° UNSTARILIZED
Q-FELT
) Test Pressure = Atmospherie
Specinen Deneity - 1b/rt3
' —Hegt Flow Transducer Infinite Cylinder Guarded Hot Plgte Vendor
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FIGURS 15

CCEFPICIENT OF VARIATION OF Q-FELT THERMAL CONDUCTIVITY
@ - All Q-Felt at atmospheric pressure, variation about average lines
{ 0 - Unstabilized Q-Felt, 3.9 + 0.4 1b/ft’, data shuwn in Migure 14

( ) - Number of points included in analysis
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CORCiUSIONS

The mean apparent thermal corductivity of micro-quartz fiber insulation 15 &
nonlinear function of the wean insulation temperature, ihe density of the
insulation, snd the pressure of the surrounding air. In general, the thermal
conductivity decreases with increasing density or decreasing pressure within the

- yanges investigated,

Exposure of the as-produced materiel to temperatures much above 1800°F results
in stiffening, shrinking and densification of the felt. The as-produced felt
mey be thermally stabilized to provide an insulation usable to consjderably
higher teuperatures. There eppears to be no significant differerce in the
thermal conductivity between as-produced material and thermally stabilizea
material vwhen tested at ldentical density and pressure within the temperature
range where the samples remain dimensionally stable.

Design allowable thermal conductivity values are presented as meen values with
the uppe  and lower range stated since the application vill govern vhether maxie
mua or minimum values are conservative, An estimate of the variation is included
to allow the user to determine his required value.

The allowable curves for unstabilized taterial are linited to mean temperatures
below 1800°F due to dimensional instebility alove this temperature. These curves
are presented as a_furction of mean temperature at various pressures for 3.6, ‘
5.1, and 7.3 1b/rt3 densities in Pigure 16 through 18. .
The allowable curves for thermally stabilized material cover temperatures to
2500°F. These curves are also presented as a function of mean tempersture at
various vressures for three densities, 4.5, 6.2, and 8.0 1b/tt3, as shown in
Figure 19 through 2l.
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FIGURE 16

ALLOWABIE THERMAL CONDUCTIVITY FOR 3.6 LB/?T3 MICRO-QUARTZ FIEER INSULATION
Q-Felt (BMS 9-1, Type I) 0.50 in, thick
UNSTABILIZED
Test Condition: Themmal Equilibvrium in air y
For maximum or zinimum values, adjust the mean thermal conductivity values as follows
Reliability Upper Linit Lower Limit
C.95 - P oo 1.4 x Mean .86 x MNean
1.25 x Mean <75 x Mean
C.o5 - P99
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FIGURE 17 .
ALLOWABLE THERMAL CONDUCTIVITY FOR 5.1 !.B/E'l‘3 MICRO-QUARTZ FIHER INSULATION
Q-Felt (BMS 9-1 Type I) 0.50 in thick
UNSTABILIZED
Test Condition: Thormal Equilibrium in Air

For maximum or minimun values, adjust the mean thermal conductivity values as

follows: Reliability Upper Limit Lower Limit
0‘95 - le lou x M 186 X Hean

0.95 - P. 1025 x M 075 X Hm
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- FIGURE 18

ALLOWABLE THEHMAL CONDUCTIVITY FOR 7.3 I.B/I"l‘3 MICRO-QUARTZ FIXER INSULATION
Q-Pelt (BMS 9-1 Type I) 0.50 in thick
UNSTABILIZED
Test Condition: Thermal Equilibrium in Air
For maximun or minimum values, adjust the mean thermal conductivity values as

follows:
Reliability Upper Limit Lower Limit
0_95 -P g 1.1 x Mean .86 x Mean
c - P 1.25 x Mean .75 x Mean
4.0 .95 .99 )
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FIGURE 19

ALLOWAELE THERMAL CONDUCTIVITY FOR 4.5 LB/FT° MICRO-CUARTZ PTEER IRSULATION
Q-Pelt (BMS 9-1 Type II)

Test Condition:

Thermal Equilibrium in alr

0.25 in thick
Thermally Stabilized 3 Hours at 2200°F

For maximm or minimum values, adjust the mean thermal conductivity values as

Reliability

Upper Limit
1.1, x Mean

1.25 x Mean
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FIGURE 20
ALLOWABLE THERMAL CONDUCTIVITY FOR 6.2 I.B/l"l‘3 MICRO-QUARTZ FIFER INSULATION

Q-Felt (BMS 9-1 Type 1I) 0.25 in. thick
Thermally Stabilized 3 Hours at 2200°F

. Test Condl.ion: Thermal Equilibrium in Afr
For maximum or minimun values, adjust the mean them=zl conductivity values as

' follows: Upper Limit Lower Lim

r )y
1.1 x Mean .80 x Mean
1.25 x Hean .75 x Mean
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PICUEE 21
ALLOYARIE THERVAL CONDUCTIVITY FOR 8.0 LB/FP MICRO-QUARTZ FIEER INSULATION
Q-Felt (BMS 9-1 Type II) . 0,25 in.thick
Themmally Stabilized 3 hours at 220°F

Test Condition: Thormal Equilibrium in Alr
For maxirmm or minimws values, adjust the mean thermal conductivity values
as follows:

Reliability Upper Limit Lower, L
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APPERDIX A
TEST DATA PLOTS AND NOMINAL CURVES

Included in this appendix -are plots of actual test duta for the various
specinens tested in this program snd also for referenced data used in the
snalysis provided in the text cf this document.

These data were plotted as a function of temperature and test pressure and
curves were faired through the data points to define the noalnal temperature-
pressure influence on the measured thermal conductivity of the various
apecimens.

Figures A-l through A-12 cover unstabilized umterial and Figures A-ij through
A-24 cover the thermally stabilized material. The figures ars arranged in order
of increasing specimen density for each material condition.

L]

Al D2-81285



FIGURE &-1

VENDOR INFORMATION ON 3.0 T0 3.5 LE/FD UNSTABILIZED Q-FELT
pressure = atmospherie

0 - 3.0 1b/re density, 3/16 in. thicknes:
0-3.5 }.b/I'f.3 density, 4 in. thickness

Data per Ref. (4)
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FIGURE A-2
. TEMPERATURE EFFECT ON 3.55-4.06 m/rr’ UNSTABILIZED Q-FELT FROM 10T D

S
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FIGURR A-S
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FIGURE A-6

TEMFERATURE EFFECT ON 4.3 LB/FT> UNSTABILIZED Q-FELY

Test Pressure = 760 om/Hg
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FIGURR A-7
TEMPERATURE EFFECT ON 5.1 I.B/l"l‘3 UNSTABILIZED Q-FELT
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PIGURE A-9

. TEMPERATURE EFFECT ON 7.3 I»B}'P‘l‘3 UNSTABILIZED Q-FELT

Test Pressure, mm/Hg

v - 300 8- 5 @-0.2
A 9-~0.1

hoo ) g 18 G | — ) 4 b MBS DOV — ——t
\ & T )4 i ¢ v v YL P EBES N v
SBED SRTeE DY + 4ot s+ 44 ed4eay S D aTuT28as banbe ines: X
L0 B R OHIOE S0P M LOSA S0 SOPO! 11t ‘»_’ + pme
) 80 ) bbb N M —— - + -
. - IR TN N - 7-0; — - : 1 4 ,' -ty M
JVYI' AJ‘;! oty §-bv o4 ot PEriG PR UG B4 194 44 + !‘Ll‘ ‘1IL
06 DS S04 DADES DAY JROE SOREH DEHES PRGOS PORES ¥ 86 44 I B0S SORNS PSS
L aas eats e Pl s D . PR SO s Lt RN P RPSY Dy
¢+ - 4 .l« - ) 54 LRt LIS ST SUEY P RDEP SO BN At aaadh ot 2K BT I IREES S
e ae & treetodin g oo (B8 SRkttt ok i R E J L POy SODEG MEerad DRl S
‘,‘ e e r‘-o«rm»tA + poartete- ¢ [ K R Y - - v
-+ 4+ -y + -fee e torfotdedose~ Libin e Sbib it Sl S i SIDUrS WIS SNy ;—A - i
- .
e Py e 4
h. 1 > )OOOE SOONE DottD Senia Sl ey R, [l Rlaad R o o S B4 4
ry ¢YI Y r S e +o § tv o g0 - RS A .t oo e
ey ot -t I LY pews 864 - > og-g-b e
' +~ e e 4 L R Y .4 PPy b P K s TPy
b4 e . ——
+ * T
1 o rwe sow: PROY PORIE MIPEY SENeS S pRu
[ 19 DEYES SHOOE PO - s o } RGE DRRNY DOGES FRONY 8.8 wix
i'i + S - T+ Ea A1 haus ol XX L RE TS WA APy -y o & *
3 o 4 Aoyt - — Sbbe POGHE PDONE SEE wd ~+ 4-3-4 + +-
- -t + b
T roue S e - [y POGS &
. . .
4 IEREgaT : 1804300 SOBAT Boses Shusd STESE SEESE SaTt gease 15550 5s
TAl + PR ? SN LRI TRETE RIPey ve vded bbb f Sty
(J IDNE 08884 H8 1 DY i ¢ | 068 POUSN DRSESPRORG PEETE DUSH4 ———
ot DI — : + -
++ - ' PO + 10 S0004 0 5804 50003 T onts SINES Spone ssesdeey oot ittt
/ + 4-4-+3-e + 44+ s vy 4 +2 *I« B e e Y e ‘i— +4A
+ - v 18 & 8 Sodiaaand ladd oot ot B S Q.B‘-' 2K
}1 s a0s & % . 184 BROS deriroioboiy P IRPRS & RO .<i’f +
}';: LYRDE AESS PESEE Roooe be 408 Felas SESIS 2L Sos se e ATT.. PSRN BOpay Q;‘W"“"’“
1=+ ‘-t-.-l:. + 44444 + 15808 Fooos DD . b ¢ 4~
T M 4+ V‘I 4+ + SEXREEXSYT -4 "
r -y - LS R T [SO8 8 BEEP 4 1
] it e e s ey e e e e TEE
44+ I_'L - > IL * [ = (RS X L RRY PP ENY Y o evdtrcitd o ftobe
+ ' - ]14 el B = 1 ——cbhe o Slad '-&-on—¢1 -yt - - -,*
- ot +d >4 & - e 44+ brrbbipiod o osddicree .«v-bi LR Y] ¥ i~ §=q
1e ) HOVE PYSE . PO 3 + *
- fo-ve * wdpisstrrvtrecoterrioceale () SR
+1 + + +
+ }'1‘ S DS -‘I:: + rrlj e+ 18 Add Ak S s Ty L S ’}J
144+ [ 00 DOBGE OGS SOSEE SRS Soaed Al 2222 SRTTS RRAGs PEDKE DINNE vepie ofe 4
2'0 4+ 4y b8 S5008 S00E SHOE 55500 bOod nhbid oadad 2L RS2 00 0064 soepfemasctofne 4§44
N g Ty e T
XlA - e 4 30 CO0DE ROGEE SHEE S DEOEE Shhl bk ARt IR SO0ON &G BY ¢ e s dde M
+<+ 4 fee TR XS s - o veo o-.oo-jb—’oo‘ L LR P TERSE SRR -4
A¢‘ ‘? > L ma R B L et ks LA ERE X2 X5 2 L o XEN IR, ‘—I [ SRR et -
+ 16000 DOODE DEde -+ S Sy = TR JAPIPITY Sy S Py SEMPINY DM i e b ot }:o« 11 |0 94
* < b’
oottt +ode o Setee e J« oo [ed o] /‘V
1Y -4 o P Bt SR, X AV
Q + oqerd e —d v g o..-}-.o-,a—"* e
srosferesdecos — cerel cordeci FELLL
revesagen NPO0S SPOSE SEgYe BOP0S 50 4P~ STU PERT ¢ Buar
1 +trigttet feocrderrogriee s KoY .. - 4 ‘Z¢
4 - sreefocesdpose [YOWE S 48 yhﬂ,....‘,; -t
tofesvrefeocegerscpocss (abP et Didis REon s phas s
§ #1 R e R e 2 ] +
PR LR TONTRY Dy 'I
T * 34
-+ tyripeserfdosederocetriied +
1 ons 8 0006 SRS POOOS Sodd S Botde S 14

ST 2OCS DRGNS MNNS VOGNS PheNY
e e dt aosd i LRI L IRRS Yones + 4be
Py =23

- R R I S 9
1.0H++

-
+
4
.
» e

2 2 R A REEY RITIES IR .

ciee ?o(--.w
LEXPS -CODS PN

494

314

4

-

- Iy shev s - LS +
4 *e o o‘;" *s oo p—o—no 4-}4»0‘
J‘r 22897 PP ISR PODOE B84

. +4
D DE Dot bt es Ranas o)
L OOaS Ehats Ahadd RER TS .y

A A e R £ 2 2 TR AP A

- ™ o ‘
. o (37 2 aXE T EYY ERTRY PP OEY ONE DHOSN He 114
+ > e LA e KT EE ALY POrgry e ade aasds
e D00 POODTBLOOR Dhats blaad Ll POGDE S0EHE PESS
NN MOODS bhbdd il Rk ITEYT 2DGRES Sl
+oe
‘e sed ....;V.A.S [EX RS EETRY R I o0uwes v e LR R R
e s e e LR N 3 L R LR RS LR A R R T IS § AR I Y Sers oy bted
jooge MRS 00000 2P0EE B aE Rilas Aakay DTN SUOEE PHGE +4
4 ot d MBOS SO0 SRBEE P OER SEItE Rlall IZERT PREDS pO0os 4+
‘e (50 DEDODPOOEE SO0ED SEoos SEASE S0Eel R ITLEE FOT9% 29900 SRudh DR S §
LE X RN IR REEE RS REE ERERE ¥ W IIN WAy .-'o-»ou* A AAA AEKEE KX TR PSP SN I .¢4:< ::QQ 1*10‘
b ¢ -0 AEREE EAREE S22 2R DR E Skl R T ED & 18 SEBhd il EXEEE ETTTY POOOE D -t ;¢ 4
0 -t e s DS SEDES DESEE S5000 EEEAE Raidd AREE X EXRTY RIIRIY SINPINY SIS LR EEE RN JIPY * ooy

600 800 1006 1200 1400 1600 1800  200q

MEAN TEMPERATURE, °F
A-10 D2-81285

2-58%2~- -~ 0




T L B M e B e T T e ST

X

SRR R N e aned el o B ,
sl PP A0S pP Sl N o
| MO I 5
L : i et taaat T
i . | orree foe e poemen de eegens [
| I TR SvoM fotot o A MR Tt :
P P it n NS SSmins, 45
ﬁ IR Rt oeeg appe —ssvons SN \My -
i o4 b coredomaa .
! . i ieas: e pss ppuany B Sk by Sy el
I ol M“ o Eetscanat I ol
RS SN IR
i “h 1. m erorde o vemn . [ “ “ m .
A { S R N i t H -.
N MRS & BN s
He Ly sl NE
b v.“...~l N 17
L LT T S
| . B
| '
!

[ETSUOC -

Vo g 4
EERE Iy
NI : i i
" N !
Py 1 ’ : :
gl | . q | i
! - [}
- b i ”‘ ! ' 4
i [ i H I 1 n
T ! f g
Voo “‘.,. . ) LT Teld
IR RN, | . 5 I B oS S Aaie
IR EEEERE T b ——
— _ N— ' “ . . t.ﬁ, + “ . P .a.”
SRR IR RRE RN s At
ERNEN e R R S S EE R
5 . LR E e FR SN e il
i IR
t 1
ol I I
|wl .- W B
SRR oo pr R
_ " * - * 1 m _ ».w ! —f

ZW/T-0UTL - <
9IET-ERT ~ Q

668-8T8 - ¥
8-z8€ ~ O

113D QXZTTIAVISKA (Li/ET €°L NO IO0RLIR DINSSWAL
0T~V TNOLd

o'

‘ KLIATIONAN00 TVWYL

%08 /ut-01g 9_01

d. - zut-

D2-81285

A-11




THERMAL CONDUCTIVITY, 10> BTU-in/sec—in® - *P
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FIGURE A-11

TEMPERATURS BFFECT ON 7.5 LB/FT> UNSTABILIZED Q-FELT

Test Pressure, mn/Hg
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FISURE A-13
VENDOR INFORMATION ON 4.5 70 10.0 LB/FT° THERMALLY STAHILIZED ;
17

: Pressure = atnospheric
.5 1b/ft> deneity Data per Ref. (3)
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FIGHE A-1A
REFERENCED TEST DATA ON 4.58 B/ﬂ" TIERMALLY STABILYZED Q-FELT, IEMP. EFFECT
Test Pressure Data per Ref. (6)
760 m/Hg
10 mm/Hg
0.1 m/l!g
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FIGURE A-16

TEMPERATURE EFFECT OY 4.95 LB/FI° THERMALLY STABILIZED Q-FELT
Test Presesure = 760 mn/Hg
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FIGURE aA-17

TEMPERATURE EFFECT OH 5.8, I.B/l"t3 THERMALLY STABILIZED Q-FELY
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FICUEE A-19
TEMPERATURE EFFECT ON 6,21 LB/FP° TIRRMALLY STABILIZZD Q-FELT
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FIGURE A-21
TEMPERATUES EFFECT ON 6.34 LB/FT’ TIERMALLY STABILIZED Q-FELT

Test Pressure = 760 mn/ig
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FIGURE A-22
TEMPERATURE EFFECT ON 8.0 LB/FI° THERMALLY STABILIZED Q-FRLT
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PICURE A-2%
TEMFSRATURE EFFECT ON 10.8 LB/FT> TISRMALLY STABILIZED Q-FELT

Test Pressure = 760 nm/Hg

Y Tos b Ty you » 4
- -
4 - pooas o
s Sosntrons: - oD sl .
e z pofrvee P ooy
-— e -~
- - oo —— e ow
v b + oo g
- -4
Sy
—4
poe -
poeey s
— 1 xe 13 - EEL 2 2 R et AR i +- L Shs
b . ‘e e
—
3 poge ST TRY & - > T ¢4
+ 3 Y . ey
3 T J
122 3509 : -
pos be Y b
- veris >t b
+ - 4 o o
[23 250 agee 3o v Ovg ver
3
= e — vt
¥
- b & p4e
h'o ———— Y bt >y oot oot ds
+- ¥ vove ol boooe s
e fevoe s - v
.o : - 3 :
DS §
yes o
I i~ 3 v 99 -
b ¢ e phed . o ohes 01 -
o o]
- -
pos £
4 pr vawfonce e -
-~
-4+ ot - - "9
2 —t 4 -0y
¥ by 4 + -
8 o4
] - de ot e -
[oess
e o
- . y 2 2331
0 4 genis 3T o
e prege ve of
pESRY Spsd v
a A pos P23 24084 $5004 pond Poras eadad }
v s . b aoa gooms o —ted -
d + 208 + ”e
: + ey s alta >e o . gy
- - SO40 peue I &4 +
3 oy a0 [eer SPo Sy
——tid e - LRl Sl Bt Sttt J‘
e 4 -+ frofesesisees serobeees 1223 v
+ * +ba - saebsovrfovertserodoiret ran P
+ ats -
+ e g eesshroacte ey LX L4 ooty
-
3 babd »
Y +- —— e 2004
) ? passe jpoes
-t 4 b
e b-o -4
- oo
X" - g D g
< Y pOODE Suid vof reeed
el [252¢ 224 + PO p2S2 221
y e stee seeege T —
roee - -4
: ¢ S9000 4904 £4 -y .
oo .
rmpreerdocss oy besaboen-
T s
< voseforsy Cens
o > d = o
poe 122 PP ~bdd
pIEnand 20048 SONN ceer
.o cemveenscdeeds bowts
tecegerte —wos oo
S ol rometns chansogoons +OBDE SO0 0000 Roddd Sode e
1 o+ 4+ [ 0SS 00000 Std Prrbas S0ons sS003 Saest aoes Shad sony
O p SrSTe resseTase:
.s s 4 . P
bd ppoed .
4 et boae o bosst oo voes
o+ > ohorve bosoegorosterordosst cewe
Posdtboees frresgecrrgerstooses oon
vesagove “ese
oot Ote ppm "o
e ovteses
- 20053 2pPe
Vovssinandosang
e eetorasheore
o ord [SSTTILL o0 Thrreedccaagonan
rotdd ettt dd EX 2 A2 RE T T2 PEeY tsdornosbacenhe -
-00::3... evscboserborre cbs e .
~d reremcanstpterd RSP LTI P e ssge e 1beevesn
2222222020 20000 S0ty * Soeeser
otreporestcssrprrnobecrogrecate + repsee reebervegre .
44 tdosanteatapoositisnrpotanteosotrone veegerests s sdreresrevegennny IeTS 23220
L34 s ddd 000»8000(0004 wm‘oﬂn.‘.. “ee [ EET RN S et S abd .o -
: qranuaniiiiam s

2000

200 500 1000

MEAR TEMPERATURE; °F
A-25 D2-81285



TS i T W Y A TS T RN

APPENDIX B

TABULATED TEST DATA

The actual test data obtained in this test program is provided in tabular form
in this appendix Eacii table presents the data obtained on a particular lot
of nmaterial. The tabulated data is included for the convenience of those
wishing to review the ectual test data.

Tables B-1l through B-8 show the deta for the unstabilized material. Tables B-9

throuth B-1l4 includes the thermally stabilized test data. The tables are
arraenyed in order of increasing specimen density for euach material condition.

B-1 D2-51285
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TABLE B-1

TEST DATA FOR 3.55 T0 4.06 LB/FT> UNSTABILIZED Q-FELT FROM LOT D

Test Apparatus:

Heat Flow Transducer

Test Temperatures ~ °F Q X
Thermal Specimen Test  Speclmen Mot Cold Mean AT
Stabili- Denai;y Prﬂe;;suro Thickness Face Face Ty (T & c) 10 B"‘U J.Q'éﬁﬂzl
sation MG t-4n. T, T cin2.e
Treat- 1b/te R [ $6C~ 5.n sec-in<.ep
ment
none 3.55 760 .50 400 300 350 100 153 .76
! 800 626 713 17 422 1.2
. 1200 967 1084 233 816 1.75
v 500 1228 1364 272 1215 2.23
3.55 760 .50 moo 1502 1651 298 1722 2.89
X 3.58 760 .50 Lo0 298 349 102 155 .76
! { 800 62 710 179 h22 1.18
e | 1 1200 958 1079 242 812 1.68
: ' 1500 1220 1360 280 1206 2,15
| 3.58 760 .50 1800 1495 1648 305 1730 2.93
i 3.78 760 .50 400 291 346 109 YA .65
798 615 706 183 38, 1,08
i l 1 1200 964 1082 236 750 1.59
i ' 1502 1244 1373 258 1117 2.16
; 3.78 760 .50 1800 1508 1654 292 1568 2.68
| 3.76 760 .50 400 292 346 108 U3 .66
! . €00 623 T2 177 3el 1.08
| 1 1 1200 966 1083 234 75 1.59
| v 1500 1230 1365 270 1109 2.05
: 3.7 760 .5c 1800 1510 1655 290 1572 2.1
{
4.06 760 .50 400 300 350 100 159 .79
' { { 400 300 350 100 168 .4
| ! 3 i 800 627 T4 173 455 131
: ' I 1200 972 1086 - 228 861 1.89
' l | } 1500 1230 1365 270 1281 2.37
none 4,06 760 .50 1800 1505 1652 295 1823 3.09

B-2
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TABIE B-2
TEST DATA FOR 3.6& AND 3,75 UNSTABILIZED Q-FELT FROM 10T E

Teat Apparatus: Heat Flow Transducer

Test Temrersiures - °F Q K

Thermal Specimer Test Specimen Hot Cold Mean AT
Stabili- Density Prezsurs Thickness Face Face '."y (’l‘“— c) 10'63‘!'0 10°6B’I'U-in

sation 3 M5 t-dn, T, T 2 2.
Treat- 1v/1e B °C sec-in”~ sec-in“~°*F
ment
None 3.68 760 .50 L00 290 345 110 153 .69

4 . 400 288 344, 112 ° 150 .67

800 610 75 190 417 1.09

1200 940 1C70 260 785 1.5

1500 1200 1350 300 1163 1.9

3.68 760 .50 1800 1462 1631 338 1668 2.L7

o . - 375 760 .50 395 28, 339 11 153 .69
' 40C 288 34k 112 155 .69
800 612 706 188 426 1.13

1200 948 107%% 252 006 1.60

! 1500 1205 1352 295 1191 2.02

2.70

None 3.75 760 .50 1500 148, 1642 316 1707

3-3 D2-81285




TABIE B-3

vad

TEST DATA FOR 3.6 LB/FT° UNSTABILIZED Q-FELT

Test Apparatus: Heat Flow Transducer
Q X

Thermal Specimen Test  Specimen Test Temperatures - °F
Stabili- Density Pressure Thickness pot (old Mean 27T 10-631'0 10'68'1'0-_-1,&

;::::“ n,/n? t -in. pree Face rx (TH’TC) g;e¢--1n3 aee-inz-‘r
ment “H TC
None 3.6 760 50 490 366 428 12 20 .85
! ] 100 / 490 . 12 451 78 131 -8h
! 50 490 418 54 72 120 .83
20 | 490 420 455 70 o8 7 «
10 | 490 412 45} 78 111 N
5.0 4% 400 445 R 98 .Sk
: 10 -] 49 388 439 102 % 46
0.50 ! 435 338 K12 U7 8 . 30
0.20 ' 495 330 412 165 9 27
0.10 50 495 330 A2 165 89 27 .
\ 760 50 1000 €08 904 192 572 1.49
100 1000 865 932 135 AL 1.53
20 1000 865 932 135 355 1.31
5.0 1000 828 9l 172 33 .96
j 1.0 1000 795 898 205 32 .79
0.50 1000 786 893 2, 32 .75
0.20 1000 776 888 2% 319 N
0.10 50 1000 785 892 25 324 .75
760 «50 1505 1255 1375 250 1134 2,27
100 1 1500 1305 1402 195 8% 2.25
100 1500 1308 1404 192 880 2.29
2 1500 1296 1398 20k 789 1.93 .
5.0 1 1500 1260 1380 240 760 1,58
1.0 1500 1234 1367 266 7 1.45
0.50 i 1500 1228 1364 272 779 1.43
0.20 b 1500 1225 1362 275 766 1.39
0.10 56 1500 1225 3162 275 T4 1.35
760 50 2000 1698 1849 302 2035 3.37
100 f 2000 1745 1872 255 1653 3.2
2 ‘ 1995 1725 1850 270 1505 2.79
. 5.0 ; 1990 16,0 1835 310 448 2,33
' 1.0 1985 1656 1820 329 1485 2,25
‘ 0.50 169C 1650 1823 334, W70 2.20
-} b 0.20 v 199 1660 1825 330 1439 2.18
tors 3.6 C.10 .50 1985 1658 1822 327 1398 2.1,

B4 D2-81285




TAHIE Bk
"EST DATA FOR 3.7 LB/FTS WNMSTABILIZED Q-FELT

Test Apparatus: Guarded Hot Plate

4
Thermal Specimen Test Scecimen Mean 10"681'0—-15
Stabiligation Density  Pressure  Thicimess Tenperature sec-inl-P
Treatment 3 MG t ~in, *F
1b/1Y ]
T'one 3.7 760 .50 340 7
; } } ), Lo .82
tiore 3.7 760 .50 550 .91
B~5 D2-21285
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TABIE B.S
TEST DATA FOR 4.3 13/FT° ULNTABILIED C-FELT
Test Apparatus: Infinite Cylinder

Test, Tem J_ths - F X

Thermal OSpecimer. Test Speclimerr Yot Cold '!oan ~63,,.,,
Stabili~ De .sity Pre;}aém Thickness Face TPace “ ('!‘H- c) 10-63”’ lgc i;",’:
zation 3 M t-in. T 7 sec~in ~in?-e
Treate /1t H c .
ment
o .8 4.3 760 .50 350 280 305 “0 127 .70

1 1 599 471 935 128 2,0 -

} 1060 860 90 200 620 1.55

! l U75 1205 340 270 1187 2,2
Nore 43 |, M0 50 1750 1430 159¢ 320 1630 2.54

B-6 D2-81235



TABLE B-6

TEST DATA FOR 5.1 LB/FT° UNSTABILIZED Q-FELT

Test Apparatus: Heat Flow Transducer

Test Terperatures - °F

Q
Thermal Specimen Test  Specimen Hot Cold Mean AT 10'651’0 10
Stabili~ Density Pressure Thickness Face Face '1'M (T}f' C)

2 2 e
gation 3 /G t -in. T T aes-~in% sec~in“-
Treat- /1t Y/ H c
nent
None 5.1 760 .50 500 365 432 135 195 <72

] 4 100 500 407 45, 93 131 20
2 500 405 452 95 lo8 .57

5.0 379 40 122 96 40

1.0 500 331 416 169 a0 2

. 0,50 500 315 408 185 76 0
0.20 y 500 302 401 198 72 18

0.10 50 50 302 401 198 70 .18

s 760 o .50 1008 7797 69 229 534 1.6

100 we2 e 913 178 386 1.08

20 1005 4 90 1N 334 .87

5.0 loow 760 880 240 301 .63

1.0 1005 74 8606 291 283 48

0.50 1000 70L 852 296 280 A7

0.20 ) 102 700 851 302 27k A4S

0.10 .50 1002 700 851 302 268 dk

760 .56 1510 1205 1358 305 1051 1.7

100 1510 1252 1381 258 823 1.59

20 1495 1215 1355 280 710 1.7

5.0 1498 1459 1328 340 677 .99

1.0 98 1122 1310 376 (YR .85

0.50 1502 1116 1307 386 650 R

0.20 1500 1120 1310 380 667 .88

0.10 .50 1500 1120 1310 380 654 .86

760 .50 1993 1645 1819 348 1846 2.65

100 19061 1668 182 313 1486 2.37

20 198, 1622 1804 363 1377 1.89

5.0 1985 1600 1792 385 1240 1.6

1.0 1985 1530 1758 455 1273 1.40

! c.50 100 1522 1751 458 1265 1.38

! ' 0.20 1982 1526 1754 456 1204 1.32
None 5.1 ¢.10 .50 1982 153C 1756 452 1169 1.29

B-7 D2-£1285




TABIE B-7
TEST DATA POR 7.3 LB/FT> UNSTABILIZED Q-FELT

Test Apparstus: Heat Flow Transducer
Test Temperatures - *F Q K
Thermal Specimen Test  Specimen Hot Cold Mean AT ) 10’631‘0 10"68'1‘11-11\

Stabili- Plencity Pressurs Thickness Pace race T, (7,-T =—
satlon 03 WY t-dn. T, T H THCT sec-in® sec-in®-P
Trea® -
ment
Vone 7.3 760 .50 497 368 432 19 20] .78
f 1 300 { 500 391 M6 129 161 T
; 100 496 LOL LhB8 95 17 67
; 0 496 396 446 100 104 .52
; 5.0 495 355 425 0 & .30
. 1.0 500 293 396 207 66 .15
: 0.50 500 276 388 22 63 57
' 0.20 500 266 383 234 60 A3
: 0.10 50 503 262 382 21 bY4 A2
. . 760 50 1000 775 888 225 517 1.15
! 760 {7 992 766 879 226 SW 1,20
- 300 995 796 8% 199 453 1.1
100 990 £08 899 182 a1 1.05
20 985 786 886 199 313 .80
; 5.0 1000 735 868 265 284 .53
. , 1.0 998 €56 827 342 22 @ .35
! ; 0.50 1000 645 822 355 24,0 ) A
] ; 0.20 /998 640 Bl9 358 235 .33
| : 0.10 .50 908 637 818 361 231 32
H N
s i 760 .50 1505 1200 1352 305 1034 1.69
' ! 760 U0 1168 1329 222 108 1.63
i J 300 1490 1206 1348 284 912 1.60
" . 100 14,95 1215 1355 280 810 1.4,
' ! 20 1510 1222 1366 288 vy 1.2,
: i 20 1495 1170 1332 325 66k 1.05
: i 5.0 1195 1089 1297 406 612 .75
! ‘ 1.0 1436 1040 1263 LA46 577 .65
0.5¢ 1490 1038 1264 452 576 64
. t 0.20 b 14,95 1035 1265 460 566 61
' 0.10 1495 1038 1268 457 552 .60
. ' 760 .50 2007 1650 1828 357 1829 2.56
| X 100 { 20071678 1842 329 1505 2.28
1 | 20 i 20051620 1812 385 1285 1.67
‘ i 20 b 1980 1595 1788 385 1319 1.1
: } 5.0 C201215391776 473 169 1.3
g } 5.0 ¢ 1985 1500 1742 485 1N 1.21
: | L.C l 1985 1450 1718 535 1153 1.¢8
: : ) P 199¢ AL 1717 546 1136 1.0h
X ] 0.20 I 199 14351712 555 1098 -9
%one 7.3 0.10 S0 1985 1435 1710 550 1061 .96
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TABIE B-8

TEST DATA POR 7.5 LB/FT> UNSTABILIZED Q-PELT

Test Apparatus: Heat Flow Transducer

Test Temperatures - °F Q K
Thermal Specimen Test Specimen Hot Cold Mean AT o""m 10“6mu-m
Stabili- Density Pressure Thickness Face Pace T (T, )L‘-—z ==
satlon /03 HUIG t-in. T, T, HUHTC yee-in® sec-4n®-*F
Treat-
ment
None 7.5 760 50 270 137 203 133 178 .67
4 J 30 ‘ 20 139 200 121 122 .50
5.0 29, Wl 27 153 73 2
! 760 50 776 410 593 366 L .99
760 .50 1135 866 1001 269 652 1.2
30 1 1128 876 1002 252 419 .83
5.0 1157 820 989 337 330 49
1.0 50 1196 799 998 397 283 35
760 .50 1558 1262 1410 296 1117 1.89
1.0 .50 1617 1160 1388 457 577 .63
30 .50 1990 1588 1789 402 133) 1.65
% r 5.0 ] 2049 1586 1818 463 1223 1.32
1.0 .50 2040 1575 1808 465 1097 l.18

None 7.5
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TABIE B-9

+mgt

TEST DATA FOR 4.95 LB/FT° THERMAILY STABILIZED QFELT

Test Apparatus: Heat Flow Transducer

Test Temperatures - °F Q X
Thermal Specimen Test  Specimen Hot Cold Meau AT
) 10 %emy

Stabili-~ Density Pressure Thickness Face Face (Ty-T. 10'65'1'!!-
sation 1/f3 M4 t-in. Ty T, T Tl seoin? soc-int-"F

Treat-
ment

2200°F 4.95 760 425 S0k 356 430 U8 199 57
. 3 hre 1003 733 8t 270 598 9
! 1500 1149 132, 351 1306 1.58
2012 1610 1811 402 2409 2,55
2263 1833 2048 430 3065 3.03
, . 473 2021 2247 452 3706 3.48
gz‘o:;r 4.95 760 A25 2769 2358 2564, 411 5044 5.4
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TABIE B-10

TEST DATA FOR 5.8, LB/FT> THERMALLY STABILIZED Q-FELT

Test Apparatus: Heat Flow Transducer

Test Temperatures - °F  Q K
Thermal Specimen Test Specimen Hot Cold Mean AT 4
Stabili- Density Preesure Thickness Face Face Tq (TH- c) 10'65'2'0 10 BTU-in
;::i:n 15 /nB Wm t -1in, TH Tc : aec-in2 sec-in“-*F
nent
;232'? 5.8 760 355 375 291 333 & 155 .65
s
{ 760 ! 2252 1865 058 387 3179 2.9
100 22,8 1865 2056 1183 2830 2.62
30 2264 1869 2067 395 2567 2,31
9.7 2270 1883 2076 367 2178 2.00
2,8 2268 1917 2092 351 1862 l.88
, 760 2,88 2092 2290 396 40K 3.63
‘ | 98 2,94 2201 2298 393 3584 3.2
‘ l 30 2,88 215 302 373 3248 3.09
' 9.8 ] 2504 2140 2322 36, 2866 2.79
§2§)3'F 5.8, . 3.0 355 2526 2194 2360 332 2606 2,78
s

B-11 ‘ D2-81285




TABLE B-1l

TEST DATA FOR 6.21 LB/FI° THERMALLY STABILIZED Q-FELT

Test Apparatus: Heat Flow Transducer '

Test Temperatures -~ °F Q 4
Thermal Specimen Test Specimen Hot Cold Mean AT
Stabili- Density Pressure Thickness Face Face T, (TH-TC) 10:68’1‘0 10'(’13’1'11;13
;:Zi:’_‘ /e W t-dn. Ty Tp sec-in® sec-in*~*F
ment
2250°F 6.2 760 .33 1010 852 931 158 609 1.27
2} hre 4 760 1006 770 888 266 9k 1)l
9.5 1023 82, 93 199 13 1320
30.0 997 797 897 200 611 1.01
9.6 1010 T el 239 552 .76
3.0 .33 1002 728 865 27h 4,86 .58
760 ) 1510 1295 1403 215 1225 1.88
%0 1507 11611334 36 31717 “1.63
100 1509 1209 1359 300 1375 1.5
30.0 1509 1202 1356 307 1265 1.36
10.0 - 1502 1154 1328 348 1148 1.09
2.95 .33 14,91 1102 1297 389 107 R
760 33 2020 1740 1880 280 2077 2,45
760 1989 1557 1773 432 2924 2,23
100 2007 1620 1813 387 2504 2,13
30.0 l 2005 1601 1803 404 2297 1.87
9.2 2021 1568 17% 453  2A37 1.55
3.0 .33 2000 1520 1760 480 1991 1.37
760 33 2245 1786 2006 459 3369 2.78
100 2250 1833 2042 417 3279 2,59
30.0 2257 1821 2039 436 3017 2.28
10.0 2257 1783 2020 47k 2832 1.97
3.0 .33 2250 1737 19% 513 2654 1.1
760 K 2,05 2058 2232 347 3347 3.18
760 4 24,39 2028 2258 461 4911 3.5
160 2475 2027 2251 448  WO99 3.02
30.0 2506 2036 2271 470 3945 2.77
10.0 281 1970 2226 511 3646 2.35
3.0 .3 2525 1977 2251 548 3646 2.19
| 760 .33 2728 2224 2476 50k 5980 3.9
2250°F 6.2 10.0 .33 2602 2075 2339 521  W167 2,61
2} hrs
B-12 D2-81285




TABIE B-12
TEST DATA FOR 6.34 LB/PT> THERMALLY STABILIZED Q-YELT

Test Apparatus: Leat Flow Transducer

Test Temmeratures - °F Q K

The:mal Specimen Test Specimen Hot Cold Mean AT

Stabili- Density Pressure Thickness Face Face TH (TH- c) ;0'681'0 10'6MU~1n

zation 3 MY t-4n, T, T c-in? sec-inZ.f
Treat- 1v/ft H C sec-in

ment

2250°F  6.3% 760 .33 700 565 632 135 276 .67
24 hre i 700 $65 632 135 395 .96
l } 1400 1187 1298 223 1153 1.70

| 1900 1618 1759 282 2016  2.36
2250°F 634 760 33 2390 2050 2220 30 3510 3.4

24 hrs

L] . v
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TAHIE B-13

TEST DATA FCR 8.0 1.!3/!-’1‘3 THERMALLY STABILIZED Q-FBLT

Test Apparatus: FHeat Flow Tranasducer

Test Temperatures - *F Q K

Thermal Specimen Test Specimen Hot Cold Mean AT .
Stabili- Density Pressure Thickness Face Face TH (‘!'H- C) 10'63'1‘11 10"’81‘0-1;;

zation 3 W t-in, T, T -in? dnl.e
Troate 1b/fe B ‘c sec-in* sec-in<.°F
ment
2250°F 8.0 760 .25 40 35 395 % 2,2 .67
3 hrs y A 886 713 800 173 én .97
4 1321 1076 1199 245 1276 1.30
1755 1429 1592 326 2030 156
} 2162 1797 1989 385 3008  %.95
760 2546 2262 204 28, 2861 2.52
30 450 347 398 103 22 A
1 1328 1071 1199 257 1080 1.05
2125 1882 2003 243 167 1.72
5 463 353 Lo8 110 162 37
1 1325 1065 1195 260 775 . Th
2171 1809 1990 362 2080 1.43
5 2746 326 2536 L20 2845 1.69
1 452 35, 403 98 105 2
gsb T19 802 167 250 37
} 1313 1080 1196 233 581 .62
. 1736 U446 1591 290 1048 .90
| 2056 1828 1992 322 1786  1.36
] ] y 2565 2210 2402 385 2301 1.49
§25h2-r 8.0 1 .25 2747 2330 2538 L17  2645 1.58
]
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TABIE B-14

TEST DATA FOR 10.8 LB/FT> THERMALLY STABILIZED Q-FELT

Test Apparatus: Infirite Cylinder

Test Temperatures ~ °F  Q K

Thermal Specimen Test Specinen Hot Cold Mean AT -4 %
Stabili~ Density Pressure Thickness Fase Face T, (T,~T,) 10" BTU 107 BTU-in
ment

20 450 U6 398 104 336 A
! 560 530 605 150 585 .18

1030 760 895 270 1380  1.02

‘ | 1,9 1114 1302 376 2647 1.4l
} ! 1790 1340 1565 450 3755 1,67

.20 2190 1666 1928 524 5155 1.97

2250°F 10.8 760

S
.
- s el
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APPENDIX C
! MATERIAL SPECIFICATION, EMS 9-1

High Terperature Mineral Fiter Insulation

A copy of the nmaterial specification prepered to provide procurement contiol
of the high temperature nineral fiber insulation, Q-felt is provided in this
appendix. This specification was prepared to provide 2 ore uniform product
and prevent high teuperature reactions due to impurities in the product.

C-1 D2-81245
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SCOrE

This gpecification covers minerul fiber materinls intended
for thermal 1nsulation of structur.. exposed to exiramely
high temperature snvironsents.

HEPSHENCES

The issue of the folloving referunces in effect on the
date of 1avatution for bid shall form a part of this wpeci-
ficat:on to the extent indicated herein.

a. ASTM C 16]-%0, Stundard Method of Test for Thicknass
and Density of Blanket or Batt Type Thermul Ilnsulat-
ing Material

. FPiberglase Industry Test Method, Procedure for Chack-
. ing Average Diameter of Glass Fiber in the Williass
Preenass Tester

.

TYIE3

The material shall de mineral fiber insulation material
compused of silicon dioxide (StO ) Fidera.

Type { Unatabilized

Type | unstabilized saterial shall be soft and flexidle.
The muximum exposure tesperature of thia type should not
ezcued 1900P,

Type Il - Heat Stabilized

Type I1 heat stabilized wmaterial is obtained by shrinkage
of the Type | saterial upon thermal treatment at elevated
tespuratures, After theraal treatwent the Type II material
shall be dlaznsionally stable and stiall meet such require-
monts of Seotion “. as are applicable.

CUDE 815

BOEING
MATERIAL SPECIFICATION
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. TORM
The meteriu! simll be supplied 1a the Torms specified in Section k.l.a
sod k.10,

sl Strustere

The biankat and sheet mnterial shall be composed of interlaced
fibers which mect Lthe diumnter requisements specified in Section $.2.

. Type ! unterie! shall Le supplied in the form of flexible, flat
sheets. .

b, Tyse 1! material shull be supplied in the form of non-flexible sheets.
b.r fire0
The nermnl valght per Squure fiut or dengity along vith the deuired

digenslune shull be specified ou the purchase order. Dats for
mitchoding tulovaation 18 ve tisted twlow:

—- e .- P e e e - a—

e ee g- .- DRAMANLIUY ?
' Meataun 1 Mualoomn Nominng
. taugth -+ Wldth Dauny’
. 4 Qnes (1v.) -
— : .
] 1.0 " 3.0 .
T 1.9 * . 3.0
pts (AL ® . "z S
1) 1% [ Ind .9
ih b 6.2
s m 1 4.0

l; AL e present Liwe, the mutesial s commercially
ninilnbie Iy the al¢es [isted. If other thicknesses
v different muterinl weightle are desired, it must be
sotut. ] lshed thut the @i pller can produce the material
whitih wiil acet Lthe eng i eering requiresents.

lf cuieutes Lhickuusses tesult in feited blunketn vith
ot iatiotie of density 1u the thickness pline.

lf/ theet iineut dlmensiung sie lieited by sanufucturiog
welhods nnd piacticai handling and shipping ». 2es.

c-3 12-51265
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5.1

5.2

5.3

bR )

MAT-RIAl REMIREMENTS

The requirements of this Secticn shall upply to all materials
unleas otherwine specifted.

Quality

The material shull be of uniform quality, composition, weight per
square foot, thickness, and ahall contain no shot or eny foreign
contaminants,

Fibder Dismeter

The materiul shall be composed eof fiders, 0.75 to 1.5 microns
average diazetar, as determined by the Williams Preensss Test.

Chenion) Composition

The material shall be fiders cosposed of n minlaum of 98.5 weight
percent silioon dioxide (5102). The amounts of ispurities shall ~
not exoeed the followiags .

VEIGHY PERCENT

IMPURITY Max. Allowvedse
Boron {a» B) o.01

Iren (as Pe) 0,06

Aluniaua Ozide (uzo,) 0,50
Magnesium Oxide (Mg0) 0.3

Calofun Oxide (Ca0) 0.%

Sodium Oxide (nao) 0.15 .

*Total - All other iapurities 0.08*

SNOTE: If the total cf all other {mpurities, deterained by
difference betwean 100% and the sum of silica und all
alloved 1apurities is higher than 0.00 weight parcent,
further qualification will be neceseary. In tide
case, the material to be acoeptuble suss then passe
the requireaents as e¢etablished in Section 5.%.2.a or
5e562400

se"ipzamum Alloved™ s;piies to the mazisua awwunt found
1a'any single determinatios,

DMisvusional Stability *Type 1I*

a. Measuresents of thioknesses used to determine cumpliance with
thie Section shuli be sule as specified in Section 6.2.4.

o-b p2-81285
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(Continued)

Y.

Ce

Heasurementa of linemr dimensions used to determine compliance
with this Section shall be made to the nearest 0.01 inch unless
othervise specified,

No more than 1€ dimensionul shrinkage shall be klloved after the
paterial is subjected to a thersal treatment of 2750p & 25PF
for 1/2 hour,

Tha heating and coolirg rate shall be slow enough to prevent
erzsasive warpage of the sample. Heating rate to 2750F is not
specified other than to prevent uarpage of tha saaples.

Surface Contumination and Density Identification

-

Color

Ne

Type 1

Ma.erlal shaull be white or very light Wff in color. Tre presence
of surface discolorations (yellow, red, pink) totaling sure tham
44 of the total surface area of any sheet shail be cause for
reJection of that sheet of mdxerial,

Type 11

To readily distinguish between the three densities of Type II 3
saterial (4.54 6.2 or 8.0 1b/1¢’), one surfuce of the 4.5 18/ft
and 8,0 1b/ft” materiale shall be colored, The eoloring shall
bumm off at a low temperature, 250 - 1000p, without leaving a
residue which w11l react with the insulation vhen it is heated
to 2T50 t 25p and held for 30 minutes. The insulation shall

be vithin the density tolerunces as specifisd in Sectivn 5.6.l.a
buth before and after aplication of the coloring dye.

*ve folloving formlation is recoamendeds
50 ml - methyl ethyl ketons

0,02 grums dye - “Calco Aviation Ofl Blue,* Cuico Chemical
Divisions, American Cyanamid Company

Dissulve the dye in the ketune and then spray apply to one surface
of the insuluticn as required for the appitcable density as list-
«d belov. A1r dry for 15 - 350 ainules followed by drying for }
hour at 150 - 18( R -




5e5.1.0

"5.2

9.6

{Continued)
The Type 11 material ghall be color coated as followas

(1) %.5 1b/Pt> Denaity (Striped)

The 4.5 1b/rt? material shall be a white saterial vith blue
stripss on one surface, The dlus stripes shall be approxi-
mately 1/4% vide on 1% zenters, shall extond frow .ne end
of the shest to the other, and shall run parellel to the 14~
sheet dimensioa.

(2) 6.2 1b/rt3 Density (hite)

The 6,2 lb/ft‘ material! skall de the natural vhite solor.

(3) 8.0 Lb/n’ Denaity (So11d Blue)

One surface (12% x 14= plane) of the 8,0 lb/ft’ saterisl
shall be oolored cumpletsly with the blue color.

Glass Pormation Or Softening -
s Type 1

The Type I material shall not exhibit any indication of soften-
ing or gloasy formation on any surface after Leing subj:cted
40 the thermal treataent of Section 6.1.1.

b Type 11

Type II saterial shall not Lave any areas indicative of glase
foreation or having softeped during the stabilirzation process
used to oonvert the saterial into the Type I classification.

No sign of softening or glass formation shull be visible on any
surface after subjuoting the stabilized mater:al to the addicional
thermal cycles per Section S.4.c.

Katerial weight, Thickmses, 3treagth und Sampling

c-6 D2-G1255




94601

9.6.2

9.0.9

Veight

a., Tolsrance for the weight per asquare foot and/or density.of
suteriul based on the overall sheet sire as spezified on the
purohase order shall Le as specified below:

P e e imame

TR

- -

Thickness (In.)

P T pa——
W ELTIrm T

0.129 Min.
0.1875 Min,
O'W Min.

¢ 0,010
0.250 - O.W

+ 0,00
0.250 _ o.000

« 0.010

0.250 _ 4.000

controlling values,

Olll] .

»

Thickness, and denaity are controlling valuss,

vel —‘; Density
(Lba/Pt¢) (Lys/Pt?)
B IPIE — S AL XS RIS T E i e P g e — |
0.032 ¢ 0.003 3.0
0.047 ¢ 0,003 (%)
0.146 ¢ 0,015 39
0.09% ‘ 4.5 £ 0,23
0.129 6.2 £ 0.5
0.167 8.0 ¢ 0.5

Hinimum thickmess und weight per aquare foot are
Density (s lieted for information

Yeight

per square foot {8 listed for {nforwatioa only,

b, The vaight per square foot of any three randoaly selected
12% z 12% sanpies, each frum & different sheet of the Type |
saturial, shall alwo be within the tolerances sbovs ss alloved
for iis ordered thickness.

D)

as specified im Section 6.1.9%

Thichaves

waight per aquare foot of the Type 1 suterial shaull be deterwined

The thickness of the saterial vhen determined per Seotion 6.}).4
or 6.2.4, as appiicable, shall be within the tolerances 1isted
18 Seotiom S.6.1.a.

Denstity

The deneity of the Type 11 msterial vhes detersined per Seotios
6.2¢9 ahall be vithin the applicable tolerance as epecified ta
Jeotion 5."10.0

c-7
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S5.6.0 PFlexursl Strength

The minimum value of the strength of the Type II saterial whem
testad a» specified 1n Seotion 6.2.5 shatl be 12 1be/ial,

N(TE: Due to limited test resuits availadle at the preaent
tiae, the value sbove aay have to be adjusted at »
later date.

54645 Suepling

To determine cumplisnce with the requirements of Sectiom 5.6, a
- random sample of 3 sheets or biankets ahall be teeted from each
receival lot.®

¢ A receival Jot shall be defined ss the material of one thicknees,
received by the purchaser at one time, fros one productiom lot
of basic fibers.

NOTE: Purchase arders wust include sufficient materisl
(in excess of that required) to allov for this
~d - sample plan,

[ 1 TEST METIODS

Tha following test methoda shall be ucad for produst acceptance
testing dons by the purchaserts uality Control Department,

6.1 Type I Unstadilized Material P
6.1.1 Glass Pormaution Or Softening Of Type l.

Tu check for the presence of ispurities which may cause softening
and,/or gless forsatica vhen the Type 1 material is subjucted te
elevated temporatures, the folloving [-.cedure shull be useds

a. Three red ely selected specimens, 6% 1 6%, shull be takea frum
each of tiw three sanpled shsets or blunkets,

be  Heat L 8jeviBrng to 2ARP (0P, +“UF) und huld at this tesper-
wture for 4 hurse The furiuce should aol be over 250F at the
tine tiw muterial 13 placed 10 1t. The rate of teating nd
cooling shail be slevw wnrush tu prevent excesaive varpage of the
semple. (A Supgvated ncating wd cooling rate % to IS5F jer
winute 10 o tesperature ot 15 F) from 1SU0F tu 2200 et & rate
of U e NP per minute - ccol at & rate no fuster than “OOF jer
hour dowm to SNGP),

c8 D2-51285
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6.1.1

el o2

(4

(Continued)

d.

The w;weinen 3tull be placed so thut the material iv not exposed
to dizect rudiativn from the heating elenents of the furnace,

In 2381ticn, thure shull be a free flow of air belov the sup-
porting platfurs and over the top surface of the speoimen
arrangewsits ua indicated in Pigure 1.

The sepporting platfurm shall consist of a material such as sir-
ouhlum oxide or tron-Crae v9% pure aluminum oxide. This material
shnti nut reuct with the insulation st elevated temperatures.

The teaj<intute shell Le mossursd by & Pt, Pt. -Rh., therwo~

LD
vouple plnced under & specisn as shovt in Figure 1. At least
une therwaconply por whell shall be employed.

fo After cin Ling, vinually tnapnct the specimea and check for the
pragw e of softoning ur glove formations

Golur

Visund oo wstialion uf al) wurfuces for conformance to requiresents
ol tmctime Yehal shall bu madee  Areas vhich arv of questionable
colur in rwgid Lo amuting the requirescats may be verified by
wubeittiog L. the themenl agcle {n Jection 6.1.)1. Imdications of
sultening or alnva fupantiug shinl]l them require rejustion of that
sheet ! smterinl,

c-9 : R-01235
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6.1.3% sverzge Weight Per Souare Poot

a. To determine compiiance with the applicable reguiresments of
Section 95.6.1.a, the sheat size as specified shall be weigszed
to the nearest 10 grams. The linear dimensions of the sbeet
shall be deternined to the nearsst 0.1 of an inch, Culculstions
and determination of conforsance to Section 5.6.1 shall ttem
e made fyom those messuremsnts.

%. To determine compliance with Seotion 5.6.1.% & readonly sele. & 2
12" x 12* senplie shall e cut from each of J sheets of matexii™.,
The selection of the shest saterial shall aleo be dine in a
random manner. The linear dimensions shall he tekes to the
nearest 0.1 inch and the sespls weighed to the wearsst 1.0 grem.

. ¢. The average wolght per square foot shall bs calowlsted from
the folloving formlas )

Lve/sq. foot - Eim(iz_n_-).z.o_.gl
\ Area {aquare inches

6.1.4 Thicknese .
The test spsoimen shall be placed om a rigid plate sed the thicamess
ueasured using a modifted ASYM € 167-50 thickness tester. The
nodification shall be such that the disk bde a minimus of 5 inches
in dlameter. In addition, the total weight of disk sxall be
adjusted to produce s uniform 1vad of 0,05 1bs/10? o the insaletion
vhea the disk is freely reating oa the material, MNe siresents #™mll
be taken to the nesrest 0.010 inch and the value used shall be tie
avarage of all mesryrcasnts taken. The number of messurements
shall mot ba less than & for 12% x 12= and ssaller sas;les, aad
not less tham 8 for the larger sheet evisze. ‘

€.2 Type IT Stabllized Material
. 6.2.) Diamsional Stadility

a. Test samples, b= x 4%, sball be measured for dimsceions per
Sections $.4 and 6.2.4 end then heated to 2750F &t 25F wd
held for 30 mimater. After cooling and remsasuressat oi’ the
sasple no change of dimeryions greater than 1 percemt shall be
allewd, The heating and eooling rate shall be slew smough te
prevent exsessive warpage of the test specimen.

b, Positioning of the Type II tast samples shall be the sane -
speoified {m Sectiom 6.1.1.0 through 6.1.1.00

c-11 -l128




6.2.2

6.2.9

6.2.4

Coler and Jurface Contamination

8. Visual oxamination of the Type Il material shall be used to
determine gompliance to the color requirements se speoified
in Section 5.5.1.be

b, Visual examination of the Type Il materisl shall be used to
sheek for the presencs of foreisn matsria! and/or surface
contsminants to insure that the naterial mests the vequiresents
of Section 5.1 and Section 5.95.2.b.

Denaity

To detaraine sonfornance to the applicable denaity requirexents

o8 speoified {n Section 5.6.1.8, the following procedures shall
be useds

a. Measurements (lengtn and width) of the ordered sheet slxe
_ shall be tuken to the nearest 0.1 inch,

be At leaat & random seasurements of thicimess shall be takem
an specified in Section 6.2.4s The average value of these
nogsursnants shall be used.
a. e weight of tre sheet for vhich the disensional messurenents
were teken shall be determined to the nearest 1.0 gram.
R
d. Caloulations of tle density shall be sade using the values
obtained In Sections 6.2, 3.4 through 6,2,5.0. Density shall
be computed using the following forwulss

-
pensity (1ve/cu.ft.) « Wt. (grams} x 5101
Vol. (cudic inches)

Dimansions

a. Thickness of the Type II materin]l shall bv measured to
the nearest 0.001 inch, unless othervise sgeoified.

b. length und vidth of Type 11 msterial, sfter (... ii..mal treat-
sant at 27908, shall be measured to the asarest 0,01 inch.

c. & sininum of 4 random measurepents shall ¢ mate on ssch sample
seasured, using an ajpropriate tool. Carw snall be taken not

te compress the saterial, so that accurate msasuresents can be
sade,
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6.2.9

18
7.1

T.2

Plexural Strength

a. Plexural satrength testing of the Typs II material to determine
coaplinnae tu Seotion 5.6.% shall de done on a minimum of three
sumples per shest of material, The nuaber of sheets tested
shall be &3 specified, por Section 5.6.5.

b. ‘Tha test aetup 2hall be a3 showa by Pigure 2 with a load rete
of 0.5 in./ainute, The support and loading s.abers shall be
at least 3} inches wide, The test saample dimensicne shall be
3.0 £ 0,030 ingh by 3.0 t 0.030 fnch.

a, All valuse obtained shull be equal to or greater than the
sinlsun value speoified in Ssction S.6.4. Values shall be
exprassedsin pounds per square inch and calculated using
the folloving formulas

P -
¢ m‘t}
Wherer P« Pl+:ural 3trengih in lh/tnz
- ‘PF[’." load 10 1lbs.
« Span betwoen supporta in inahes

« Width of specimen ia inches
= Thickness of specisen in inches

AR Y
[ ]

Dimvustonal measurementy ahull be made %0 the neareat 0.01 inch,
QUALITY CONTROL

Supplier

Suppliers shall furnish s atatement indicating bonforwance to
Sactions 9.1, 5.5.2 and tost data ahowing conformance vith Sections

5.2 und 9.3 with ~ach ahipment,

Purchaser

Th« purchusers quality Control shall perfurm any of the tests of thie
rpecification necedunry to tusure that materixls conform to the
cequiremenis of this apuoification.

in ndditicn, @wality Contrul shnll test euch rvoeival lot “u the
tojutreannta of Sections S8 9.9 and 9,0.1 as {8 applicatle to
the type of sateriai receiveil,

——- —— e
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A,

9

FACYASING AND HAPKIMG

ne Frckaging shall b such 13 to wasure safe delivry,

be Ench package <hall be durvbly snd legibly mirked with the
folluwing inforeation:

1)
(2)
(3

(%)
(5}
(6)

Boeing Material Specificatisn Nusber BMS Q1€ and Typ» aumier,
Boeing Purchsite Urder Kumber.
Suppliers lot Number
NMrE: Differsnt 1ot Nuaber Designation must he An.irned
. to matorisla pro liced from different production
datches of basic fibers,

Suppliers Date of Manufacture (Dote frit mapulactur-d).

Suppliers Materinl Designution.

-Qmati'a.

~e Type 11 mea-flezible sheet, 4,5 16/1t> and 4,0 1b/ft> deantty,
2hal) be cnlor cnated ane slde per Sectinn $5.5.1.be

REIECTICN

If the results of any test mide upon & gample do nel confore
to the requirements siated in thir sprcificatitn, the matecial
shall be rejectod,

c- p2-£1285
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