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NOMENCLATURE

ALPHA—SECTOR Tunnel sector pitch angle, deg

b Thin—akin model vail thickness, ft

c Model material specific heat , Btu/lbm— °R

CENTERLINE Time at which injection reached tunnel centerline,
Central Standard Time

CENTER—ROTATION A,cial station along the tunnel centerline about
(C.R.) which the wedge rotates, inches (see Figs. 3 & 5)

CONFIG NUMBER Code which designates the model being tested

DTb~T Derivative of the model wall temperature with
respect to time , °R/sec

DELT Gardon gage temperature difference, °R

EXPOSURE TIME Total time that the model was exposed to tunnel
flow, sec

GROUP Injection number

HO Total enthalpy based on TO, Btu/lbm

H(T0) Heat transfer coefficient based on TO ,
Q—DOT, Btu/ft2—sec—°R
TO-TW

INJECT TIME Time from model lift—off to centerline, sec

k TPS material tht rmal conductivity , Btu/ft—hr—°R

MAC H NUMBER Free—stream Mad~ number

MU—IN ! Free—stream viBcGBity, 1bf ~-sec/ f t 2

P— IN! Free—stream pressure , psia

P0 Tunnel stilling chamber pressure, psia

Q-DOT Measured heat—transfer rate , Btu/ f t 2—sec

Q—DOT—O Heat—transfer rate based on TW — 0 °P, Btu/ft2—sec

Q— T NP Free—stream dynamic pressure , psia

R ANGLE Angle between wedge surface and ramp surface, deg

RE/FT Free—stream Reynolds number, ft~~

RHO—IN! Free—stream density, ibm/f t

33



IT

ROLL—SECTOR Tunnel sector roll angle, deg
. 4

S Surface distance in axial direction from wedge
leading edge , in.

SAMPLE NUMBER A code which designates which mater ial specimen was
tested

t Time, see

TC, TC—N0 Abbrev iation for thermocouple number

TE Gardon gage temperature, °R

TGAGE Gardon gage edge temperature , °R

ti Initial time, sec

• TIME Time measured from when test article first
• 

enters tunnel flow, sec

- T- INP Free—stream temperature , °R
• • TO • Tunnel stilling chamber t emperature , °R

• TS1 , TS2.. . Material specimen thermocouple t emperature , °F

— TW Model wall temperature, °R

TWI Initial model wall temperature , °R

• V—IN ! Free—st ream velocity, ft/ sec

WEDGE ANGLE Angle between free—stream velocity vector and
wedge surface, deg (see Pigs. 3 & 5)

• X* Axial distance from wedge or model leading
edge, in. (see Fig. 6)

• Y* Lateral or vertical distance along model ,
in. (see Fig . 6)

YAW—MODEL Model yaw angle, deg

YAW-~ ECTOR ... . • . Tunnel sector yaw angle , deg

Lateral or vertical distance along modal,
in. (see Fig. 6)

p Model material density , ibm/ f t3

*Each user defined a unique coordinate system for the various
configurations which are illustrated in Fig. 6.
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1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (APSC), under
Program Element 921E02, Control Number 9E02—OO—8, at the request of
the National Aeronautics and Space Administration (NASA), Marshall
Space Flight Center (MSFC), Huntsville, Alabama for the Lockheed
Missile and Space Company (LMSC), Huntsville, Alabama and the Thiokol
Corporation (Wasatch Division), Brigham City, Utah. The Lockheed
Missile and Space Company project monitor was Mr. W. C. Dean,the Thiokol
Wasatch Division project monitor was Mr. D. Furlong, and the NASA/
MSFC project monitor was Mr. V. P. Baker. The results were obtained
by ARO , Inc., AEDC Division (a Sverdrup Corporation Company) , operat—
lug contractor for the AEDC, APSC, Arnold Air Force Station, Tennessee.
The overall task consisted of six separate test entries conducted in
the von Karman Gas Dynamics Facility (VKP), Tunnel C, over the period
from December 5, 1977 thru January 16, 1979 under ARO Project Number
V41C—V9. —. - -

A series of material evaluation tests were conducted on material
specimens being considered for use as part of the Thermal Protection
System (TPS) on the Space Shuttle Solid Rocket Boosters (SRI) and
Solid Rocket Motors (SRI!). The material specimens consisted of sev-
eral insulation materials attached to supports which were configured
to represent the various protuberances on the SRI and SRI!. The objec—

• tive of the tests was to expose the material samples to an aerothermal
environment which simulated the predicted flight conditions of the

— ascent and reentry flight trajectories.

The tests were accomplished in two phases. The intial phase was
designed to calibrate the test environment. The second phase dealt
with the materials evaluation where the various materials were tested.
The VKF materials testing wedges were used to support the test articles
during their exposures to the tunnel environment. Wedge angles ranged
from 0 to 30 deg with nominal tunnel stilling chamber pressures of 200
to 1800 psia at 1900°R. Boundary—layer trips were installed on the wedges
to promote turbulent flow.

Inquires to obtain copies of the test data should be directed to
• Mr. W. P. Baker, NASA/MSFC, EP44 , Huntsville, Alabama 35812. A micro—

f ii. record has been retained in the VKF at AEDC.

2.0 APPARATUS

2.1 TEST FACILITY

Tunnel C (Fig. 1) is a closed—circuit, hypersonic wind tunnel with
a Mach number 10 axiayemetric contoured nozzle and a 50—in.—diam test
section. The tunnel can be operated continuously over a range of pres—
sure levels from 200 to 2000 psia with air supplied by the VKP 

main5
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compressor plant. Stagnation temperatures sufficient to avoid air
liquefaction in the test section (up to 2260°R) are obtained through the
use of a natural gas fired combustion heater in series with an electric
resistance heater. The entire tunnel (throat, nozzle , test section, and
diffuser) is cooled by integral, external water jackets. The tunnel is
equipped with a model injection system, which allows removal of the
model from the test section while the tunnel remains in operation. A
description of the tunnel may be f ound in the Test Facilities Handbook
(Ref . 1) .

2.2 TEST HARDWARE

2.2.1 General

The overall project consisted of six separate test entries. For
ease of reference, each test entry is assigned an entry number and will
be referred to by that number as necessary. Table 1 correlates the
entry number with the entry test date.

Entries 1, 2, 3 and 6 utilized the flat plate wedge to support the
test articles during their tunnel exposures. This support wedge was
designed at the VKF and built by the LMSC—Nuntsville Division. It is
basically a 15—in, wide by 41.5—in, long flat plate attached to a 13
deg wedge block. The protuberance models were bolted to the plate with
the rear edge of the models near the downstream end of the plate. A
1/16— in. phenolic spacer was placed between the model and the plate to

~ielp minimize the heat conduction from the wedge into the model. An
installation photograph of the wedge and a typical protuberance model
is shown in Fig. 2. The basic wedge angle was 13 deg; however, offset
sting adapters were used in conjunction with the tunnel pitch mechanism

- 4 to provide a wedge angle range from 0 to 25 deg. An installation sketch
of the wedge and its sting arrangement is presented in Fig. 3.

Entrie8 4 and 5 utilized the AEDC water—cooled materials testing
wedge to support the test articles. A double—walled pan with cooling
water circulating through the bottom and sides was attached to the
wedge. The calibrat!on models or material specimens were set into the
pan and held in place by six adjustable jacking screws. Figure 4 shows
a typical specimen installation. The pan was used to ensure that the
test articles did not receive any back—side heating. Triangular—shaped
supports were used to vary the angle of the pan with respect to the
wedge and thus vary the heating rates. The basic angle of the AEDC
wedge was 33.65 deg; however, the offset sting adap ters in conjunction
with the tunnel pitch mechanism provided a wedge angle range from 5 to
33 deg. The ramp angle of the pan was fixed at either 0 or 12 deg.
An installation sketch of the AEDC wedge/pan assembly and its sting
arrangement is presented in Fig. 5.

Both support wedges had steel balls attached near the leading edges
to serve as boundary—layer trips in order to promote turbulent flow.

6
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2.2.2 Calibration Models (Entries 1 ,2,5,6)

Heat—transfer data were obtained on 13 different protuberance
configurations using the thin—skin technique. Nine of these models
were supplied by LMSC and represented the SRI systems tunnel, aft
kick ring, forward attach ring, range safety antenna cover, integrated
electronics package, full scale attach ring, full scale kick ring,
cylindrical protuberance, and aft skirt ring. These models were con—

• structed with 0.0265—in , thick sheets of 304 stainless steel attached
to either an aluminum or steel substructure. The remaining 4 models
were supplied by the Wasatch Division of Thiokol and represented the
SRM stiffener stub, stiffener ring, plant/field joint, and stiffener
ring splice. These models were constructed of 0.030—in, thick sheets
of 304 stainless steel attached to a steel substructure. Two of the
models supplied by Thiokol (stiffener ring and stiffener ring splice)
experienced structural problems during the test. The steel “skins”
warped at several locations on the models and eventually separated
from the substructures. Repairs were made by VKF personnel and no
compromise of test objectives resulted. Sketches of all the models
are presented in Fig. 6. All of the calibration models were tested
on the flat plate wedge except for the plant/f ield joint model which
was tested on the water—cooled wedge.

2.2.3 Materials Specimens (Entries 1,3,4,5,6)

The TPS materials specimens were tested in either a protuberance
configuration or a panel configuration. Table 2 lists all the speci-
mens tested and the particular details for each .

~1
The protuberance TPS specimens were typically constructed by bond—

j  ing the particular material or materials of interest to a metallic
substrate which was configured to represent the protuberance. The speci-
mens were made such that the dimen’;ions of the substrate with the TPS
material applied were nominally equivalent to those of the calibration
model. A listing of the materials evalutted along with the brief descrip-
tion of each is presented in Table 3.

The panel specimens were of two basic types: an instrument island
configuration and a flat specimen configuration. The instrument islands
had nominal dimensions of 12 x 16— tn. or 14 x 17—in, whereas the flat

• specimens were all nominally 12 x 16—in. The materials for both con—
• figurations are included in Table 1.

An additional model was tested during entry 5 which was supplied by
MSFC—EH41. This model was a SRI! clevis joint/pin retainer model which
simulated the attachnent between two sections of the SRI! casing. A
photograph of the model is presented in Fig. 7. A 0.033 x 1.5—in.
steel strap was used to retain the shear pins which held the joint
together. The strap was welded in place while under a 435 lb tensile
force. All internal metal surfaces had been coated with Conoco HD— 2
grease.

A total of 61 protuberance spuclinens and 11 panel specimens were
tested in the 5 entries.

_ _ _ _ _  
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2.3. TEST INSTRUI4ENTATION

• 2.3.1 Test Conditions

Tunnel C stilling chamber pressure is measured with a 500— or
2500—psid transducer referenced to a near vacuum. Based on periodic
comparisons with secondary standards, the accuracy (a bandwidth which
includes 95—percent of the residuals, i.e. 2a deviation) of the trans-
ducers is estimated to be within ±0.16 percent of pressure or ±0.5 psi,
whichever is greater, for the 500—paid range and ±0.16 percent of pres—
sure or ±2.0 psi, whichever is greater, for the 2500—psid range. Still-
ing chamber temperature measurements are made with Chromei~ Aluinel

®
(CR—AL) thermocouples which have an uncertainty of ±(1.5°F + 0.375 per-
cent of reading in ‘F).

2.3.2 Test Data

The thin—skin calibration models were instrumented with up to 49
Chroinel—Alumel thermocouples which were welded to the inner surface of
the steel skins. The locations of the thermocouples are shown in Fig. 6
and listed in Tables 4 thru 16.

The material specimens were instrumented with up to 12 CR—AL therino—
couples. These thermocouples were placed at the interface of the TPS
material and the support substrate. The locations of these thermocouples
varied from specimen to specimen because of the different points of
interest on each. The exact locations were not supplied to the VKF;
therefore, the locations are not presented in this report. The flat
plate support wedge was instrumented with 10 high temperature Gardon
gages. The location of these gages is given in Fig. 8.

The water—cooled pan surface was instrumented with 4 CR—AL thermo—
- I couples . Two of these were located along the pan centerline and the

other 2 were located on either side wall.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES

A sunmiary of the nominal test conditions for the entries is given
below :

• ENTRY MACH NUMBER P0 (psia) TO (°R) Q—INF (psia) P—INP (psia)

1 10.17 1800 1900 2.69 0.037
•jQ.11. 1200 1900 1.82 0.025

- ‘ 10.08 800 1900 1.22 0.017
10.02 300 1900 0.46 0.007

2 10.11 1200 1900 1.82 0.025
10.08 800 1900 1.22 0.017
10.00 220 1900 0.34 0.005

3 10.17 1800 1900 2.69 0.037
10.11 1200 1900 1.82 0.025

-• 10.00 220 1900 0.34 0.005

4 10.17 1800 1900 2.69 0.037

5 10.17 1800 1900 2.69 0.037
10.1 1 1200 1900 1 .82 0.025

-- ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - 
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ENTRY MACH NUMBER P0 (psia) TO (‘R) Q—INF (psia) P—INP (psia)
5 10.00 220 1900 0.34 0.005

6 10.17 1800 1900 2.69 0.037
10.11 1200 1900 1.82 0.025
10.08 800 1900 1.22 0.017
10.00 220 1900 0.34 0.005

A test st~~ ary showing all configurations tested and the variables
for each is presented in Table 17.

In the VKF continuous flow wind tunnels (A,B,C),  the model is mounted
on a sting support mechanism in an installation tank directly underneath
the tunnel test section. The tank is separated from the tunnel by a pair
of fairing doors and a safety door. When closed, the f airing doors , except
for a slot for the pitch sector , cover the opening to the tank and the
safety door seals the tunnel from the tank area. After the model is pre—
pared f or a data run, the personnel access door to the installation tank
is closed , the tank is vented to the tunnel flow, the safety and fairing
doors are opened , and the model is injected into the airstream . The
fairing doors are closed for the runs which involve material specimens
but are left open for the calibration model runs. After the data are
obtained, the model is retracted into the tank and the sequence is re-
versed with the tank being vented to atmosphere to allow access to the
model in preparation for the next run. The sequence is repeated for each
specimen or configuration change.

For all the test entries, instrumentation inputs were recorded using
the VI1Y digital data scanner, beginning at wedge injection and continuing
until the wedge was retracted from the flow.

3.2 DATA REDUCTION

3.2.1 General

Wedge surface heating rates from entries 1 , 2, 3 and 6 were obtained
with Gardon heat—rate gages. The gages are direct—reading heat flux
transducers where output may be converted to heating rate by means of a
laboratory—obtained calibration factor, i.e.,

Q—DOT (CF)(t~E) (1)

where

~E is the gage millivolt output and
CF is the gage calibration factor .

The calibration for each gage was obtained by direct measurement of the
gage output for a known heating rate input. The calibrations were per-
formed by personnel of the VKF Aerodynamics Instrumentation Branch.

-$ The conversion from heating rate to heat—transfer coefficient was
accomplished by the relation

H(TO)  (2)

• ~~~~~~- - - ---•~~~ --~~~~~~~~~~~~~~~~~~~~~~ 



and the “cold wall” (TW — 0°F) heating rate was determined by the
equation

Q—DOT—O = H(TO)(TO—460) (3)

The surface heating rates were utilized to verify the flow conditions
over the wedge surface.

3.2.2 Calibration (Entries 1 ,2,5,6)

The data reduction of the thin—skin thermocouple data involves the
calorimetric heat balance which in coefficient form is:

DTWDT
- H(TO ) = pbc TO—TW

Radiation and conduction losses are neglected in this heat balance,
and data reduction simply requires evaluation of DTWDT from the temper-
ature—time data. For the present test, rad iation effec ts are assumed
negligible , and the evaluation of DTWDT is accomplished by means of a
procedure which makes it possible to identify any conduction influences
which may be present.

Separation of variables and integration of Eq. (4) assuming constant
p, b, c and TO yields

lt(T0) t t_t i\  — ~~ (5pbc ‘ / - fl LTO,Tw
Differentiation of Eq. (5) with respect to time results in

H(TO) 
— 

d 
~ 
[TO TWi]] (6)

• pbc dt TO—TW

Since the left side of Eq. (6) is assumed constant, plotting

versus time should yield a straight line, the slope of which
can be used in Eq. (6) to evaluate H(TO) . Deviations from a straight
line indicate conduction effects.

The data were evaluated in this manner and a linear portion of the
curve was used for all thermocouples. The duration of the data reduction
was a function of the heating rate and was as follows:

Range No. of Points in Fit

3 2 < D T W D T  5
1 6 < D TWDT < 32 7

8 < DTWDT<16 9

4<DTWDT < 8 13

2 < DTWDT < 4 17
1 < DTWDT < 2 25

DTWDT < 1 41

10
• 

4
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The linearity of the fits was examined visually on the VKF

graphics terminal. The length of the fit is established automatically
according to the table given previously. However, the beginning time

— can be adjusted, and the choice is made based on examination of the
plotted results. The thermocouple data were recorded at a rate of

• 15 samples per second.
— 

Reduction of the thin—skin thermocouple data fgr models supplied
by LMSC used a material density value of 494 lbm/ft ’, a material
specific heat value of O.1~ 2 Btu/lbm—°R, and a nominal skin thickness
of 0.0265—in. (2.208 x 10 f t ) . Models supplied by Thiokol used a
material density value of 501 ibm/f t3, a material specif ic heat value
of 0.114 Btu/lbm—°R, and a nominal skin thickness of 0.030—in. (2.5

to — 3 xt ) .

3.2.3 Materials (Entries 1 ,3,4,5,6)

Material evaluation data for these tests were essentially photo—
grahic data. These included 16mm motion pictures, 70mm shadowgraph
still photographs, 16mm high speed shadowgraph motion pictures , pre

- •. and posttest photographs of the specimens and video—tape coverage of
• the runs. The tabulated data consisted of tunnel parameters and TPS

sample data which included: (1) a time history of the temperature from
the thermocouples on the substrate; and (2) a notation of the times at
which photographs were taken . The thermocouple data were scanned at
a rate of one ioop every second and were converted from millivolts to
temperature using least—squares polynomial curve f i ts  of the data
contained in Ref. 2.

- 

- 
3.3 UNCERTAINTY OF MEASUREMENTS

3.3.1 General

• The accuracy of the basic measurements (P0 and TO) was discussed
in Section 2.3. Based on repeat calibrations, these errors were found
to be

• t~PO , t~TO
— 0.16 to 0.27/., = 0.4Z

Uncertainties in the tunnel free—stream parameters were estimated
4 using the Taylor series method of error propaga tion , Eq. (7),

(~ F) 2 — (~L ~~~)2 + (~ 2) 
+ (
~ 

) 2 
,

~~

,, 

~ 
tiixj

2

where ~F is the absolute uncertainty in the dependent parameter
F — f (X 1, X2, X3 ... X~) and X~ is the independent parameter (or basic
measurement) . ~X are the uncertainties (errors) in the independent

measurements (or variables).

11
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3.3.2 Test Conditions

The accuracy (based on 2a deviation) of the basic tunnel parameters ,
P0 and TO, (see Section 2.3) and the 20 deivation in Mach number deter-
mined from test section flow calibrations were used to estimate uncer-
tainties in the other free—stream properties using Eq. (7). The computed
uncertainties in the tunnel free—stream conditions are sunmarized in the
fo llowing table .

Unceftainty, (±) percent of actual value
MACH NO. P0,, psia MACH No. P0 P—INF Q—INF

10.00 220 1.4 0.16 9.3 6.5
10.02 300 1.4 0.16 9.3 6.5

10.08 800 1.0 0.27 6.6 4.6
10.11 1200 0.8 0.20 5.3 3.7

• 10.17 1800 0.8 0. 16 5.3 3.7

3.3.3 Test Data

Heat transfer measurements were made during entries 1,2,5 and 6
using the thin—skin technique. Estimated uncertainties for the m di—
vidua]. terms in the thin—skin data reduction equations were used in
the Taylor series method of error propogation to obtain uncertainties
in values of heat—transfer coefficient as given below:

Parameter Range Nominal Uncertainty, percent

Heat Transfer ~~~~ ±10
Coefficient, 1O~~ ± 7

• 
H(TO) io 2 ± s

The total uncertainty in the heat transfer coeff icient for Gardon
heat gage measurements is ±6 percent.

No precision can be quoted for the photographic data (primary data
f or material specimens) but several pretest exposures of the test hard-
ware in the tunnel were made to determine the optimum camera settings.
For test entries 3 and 6, some of the ablated TPS material was deposited

• on the aft test section wall and the tunnel windows which resulted in
the degradation of picture quality for these entries . These deposits

I 
- however , did not compromise the test objectives . Figure 9 illustrates

the TPS material deposits on the tunnel windows.

4.0 DATA PACICAGE PRESENTATION

The primary objective of this test program was to assist in the
development of insulation materials which will be satisfactory for use
as par t of the Thermal Protection System for the Space Shuttle Solid
Rocket Boosters and Solid Rocket 14ctors. The wind tunnel tests were

12
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I

r
designed to evaluate the performance of the different materials by

• • exposing them to an environment which simulated the predicted flight
conditions. Previous calibration tests had established the heat—
transfer distribution for the specimens tested in entry 4. Ad—

~ t ditional calibrations were required for the other protuberance config—
• urations tested in the remaining entries. The heating levels desired
on all the configurations were obtained. All material specimens were

I returned to their respective suppliers for complete analysis.

Samples of the tabulated data from a calibration run and a
- 

- 
• materials specimen run are presented in Appendix III.

c- I
; 

•
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TABLE 1 . Test Entr ies

ENTRY SUMMARY OF PRIMA RY
NO. DATE OF TEST TEST CONTENTS

1 Dec . 5, 1977 Thin—skin heat transfer calibrations of
the SRB Systems Tunne l~Kick Ring , At tach
Ring , Range Safety Antenna Cover and

• Cylinder model . Materials evaluation of
MA—25s, ESM, Phenolic Glass , MTA—3 , SLA-
220 , Sheller Globe P—50 Cork , Dodge B—
Stage Cork , and Cork over CPR—488 .

• 2 May 22 , 1978 Thin—skin heat t r ans fe r  ca l ibra t ions  of
the SRB full-scale Kick Ring and Attach
Ring, the Integrated Electronics Assem-

• bly Cover , the Aft Skirt Ring, and the
Systems Tunnel.

3 May 23, 1978 Materials evaluat ion of Sheller Globe P—50
Cork , EPDM, Phenolic Glass, V—44, Red
Lead primer/top coat and Rust—oleum Zinc
rich primer/top coat

4 Jan . 12, 1979 Materials evaluation of MSA— l and Chopped
Silica Phenolic in conjunction with SRB
Instrument Is lands

5 Jan . 15, 1979 Thin—skin heat transfer calibration of
the SRM PLant/Field Joint . Mater ials
evaluation of EPDM, Cork , MSA—2 and Chopped
Silica Phenolic.
Heat—transfer study of SRM Clevis Joint model.

6 Jan . 16, 1979 Thin—sk in heat transfer calibration of
the SRM Stiffener—Stub , Stiffener Ring,
Stiffener Ring/Splice Assembly . Material
evaluat ion of EPDM .

38 

• _••- -—~~~~ 
-—~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~



— --5 —-5-- ~~~~~~~~~~~~~~~~~~~~~

TABLE 2 .  TEST SPECIMENS

ENTRY SAMPLE CONFIGUR ATIOK MATERIAL
140. NUMBER TYPE DESCRI PTION

KR-AEDC- l Kick Ring MA-25.
• ER—AEDC-2 Kick aing IBM -

‘

KR-AEDC-S Kick Ring B-Stage Cork ov er CPR-488
KR-AIDC-6 Kick Ring B—Stage Cork ove r CPR—48$
KR—A EDC—7 Kick R i ng MTA—3

KR—AEDC—d Kick Ring Pb.noltc Glass
AR—AEDC— 1 Attach Ring MA— ES.

• ER—ENGF-9 Kick Ring Phonol ic Glass
ST-AEDC-l System. Tunnel P-SO Cork
BT—AEOC—2 Systems Tunnel B—Stage Cork
8T—AEDC-3 System . Teinnel P-SO Cork
ST—AEDC—4 Syste.. Tunnel B—Stage Cork
AF—AEDC—2 - Range Safety Antenna Cover SLA—220

• AP—AEDC—4 
- 

Rang e Safety Antenn a Cover SLA—220
• 3 Z—L Cylinder Model Rua t—oleum Zinc Rich Pricer/Top Coat

Z—2 Cylinder Mode l Ruat—oteum Zinc Rich Primer/Top Coat
Z-3 Cylinder Model • Ruat—oleum Zin c Rich Primer/Top Coat
Z—4 Cylinder Model Rus t— ol eum Zinc Rich Pricer/Top Coat
11 - Cylinder Model Red Lead Pricer/Top Coat
33 Cylinder Mode l Red Lead Primer/Top Coat
86 Cylinder Model • Red Lead Pricer/Top Coat
91 Cylinder Mode l Red Lead Primer/Tap Coat -

• 113 Cylinder Model Red L.ad Primer/Top Coat
• PSKR—48 Full Scale Kick Ring Pheno lic Glaas with P—SO Cork

FSKR—78 Full Scale Kick Ring Phonetic Glass with P—SO Cork
FUR—80 Full Scale Kick Ring Phonetic Glass with P—SO Cork 4

PSKR—60 Fu ll Scale Kick Ring PhenoliC Glass with P—SO Cork
PSKR—68 Full Scale Kick Ring Phenolic Gleam with P—SO Cork

S PSICR—72 pul l Scale Kick Ring Phenolic Glass with P—SO Cork
PSAR- S2 Full Scale Attach Rin g Pbe~OliC Glass with P—SO CorkFSAR—54 Full Scale Attach Ring Phonetic Glass with P— SO Cork
VSAR-16 Full Scale Attach Ring Phenolic Glass with P—SO Cork
FSAR—66 Full Scale Attach Ring Phenol ic Gleam wit h P—SO Cork
TSAR— 38 Full Scale Attach Ring Phenotic Glass wi th  P—SO Cork
FSAR—75 Full Scale At tach  Ring Phenol ic Glass with P—SO Cork
ISART- l Full Scale Attach Ring (Thiokol) EPDM Vulc anize Bonded
1SART—3 Full Scale At tach Ring (Thiok o l) EPDM Vulcanize Bonded
PBART-4 Ful l Scala Attach Ring (Ttttokol) EPOI4 Vu lcan ize Bonded
FSART—2 • Full Scale At tach Ring (Thiokol) EPDM Vu lcanize Bonded
FSART—S Full Scale A t tach  Ring (Thiokol) EPDM Epoxy Bonded
F$ART-6 Full Scale At tach  Ring (Thiok o l) EPDM Epoxy Bonded
KR—A EDC—S 1/3 Scale Kick Ring V44
KR-A ~~ C-6 1/3 Scale Kick Ring V44
KR—AEDC—7 1/3 Scale Kick Ring V44

• - KR—AEDC-8 1/3 Scale Kick Ring V44
lEA—I Integrated Electronics ts~éuubly P-SO Cork
IEA—2 Integrated Electronics Ass embly P—SO and Phenol ic Glass
ASR— l Af t  Skirt Ring P-SO Cork

4 2l4lkISL 4—1) Instru ment Island wi th Dummy B—Stage Cork with Chopped Silica
Calorimeter Phenelic

2l42 (ISL 4—2) Instrument Island with B—Stag. Cork with Chopped Silica
Calorimeter Phenolic

2l51(ISL 5—1) Instrument Island with Dummy B—Stage Cork with Chopped Silica
Radiometer Phenoltc

2løl(ISL 6—1) Instrument Island wi th  Dummy MBA— i with Chopped Silica
Calorimeter Phenolic

• 2162(ISL 6—2) Instrument Island with M BA—I with Chopped Silica
• Calorimeter Phenolte

alll(ISL 7— 1) Instrument Island with Presaure B—Stage with Chopped Silica
- • I.pact Sensor Phenolic

2l72 (ISL 7—2) Instrumont Island with Pressure B—Stage with Chopped Silica
Impact Sensor - Pheno lic

• 2181 (ISL 8— I) Instrument Island with Acoustic B—Stage Cork with Chopped Silica
Transducer Ph.nolic

2l82(ISL 8—2) Instrument Island with Acoustic B—Stage Cork with Chopped Silica
Transducer Pbenolic

5 2l52 (ISL 6—2) Instrument Island with Radiometer B—Stag. Cork with Choppe d Silica
3106(MSA2—6) 545 “Clean ” Body Pane l MSA-2
4 100 Ful l Scale Clevi. Joint Flight Kardware (Steel)
Ill (CW—1) DPI Cableway Shoot Cork
115 (CW-2) DPI Cab leway Sheet Cork
114 (PFJ—I) Plant /Field Joint EPDM
113 (PP.7—lI) Plant /Field Joint EPDM
112 (PP.7—Ill) Plant /Field Joint DON -
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TABLE 2. Continued

ENTRY SAMPLE CONFIGURATION 
- 

MATERIAL
• $0. NUMBER TYPE DESCRIPTION

I
• $11 ($5—I) St iffener Stub EPOM -

Ill (SB—lI) Stiffener Stub• 711 (SIB—I) St iffener Ring Splice IPOM
• 71$ (SIB-Il) Stiffener Ring Splice IPOM

• 713 (SRS—IlI ) Stiffener Ring Splice IPOM
$11 (SR-I) Stiffener Ring IPOI
$12 (SR—Il) Stiffener Ring DON
$13 (SR—Ill) Stiffener Ring ZPDM

• 

• 

- 

• 
-

. 

-

.

• 

. 

- 

- 

S 

- 
-

.

40

— -~~~~~ ~~~
• —~~ •- •

• 
-5- —• 

- - —.



— • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- -

~~~~~~~~ 
-

5- -;

- 
TABLE 3. MateriaL Desc7ipttonl

Density—p Specific Heat-c Thermal Conduc &Lv ity4
Material (Ibm/f t 3) (Btu/lbm— °R) (Btu/ft—hr— R) Description

• ESJI(Eia.tos.ric Shiela 35 0.37 0 .56 a lO~~ A g lass—fibe r reinforc ed Sill-
Materi al) cone foam for.ulated from P0300 .

- Developed by General Electric .

SLA—220 15 0.22 0 .475 a L0~~ A si lica fit t ed •tas toemri c
silico ne resin deve loped by
the Mar tin Marietta Company

Phone t ic ola.. 92 0.22 1.83 x 10.1 A high temperature I—glass
laminate fabricated from P120
glass cloth and a phonetic
res in lasigate. Developed by

- the Rexce l Corp .

DON • . 69 0 .43 1.7 a 10— 1 A silica filled synthetic
cope ly.er of ethylene pro-
pylene and neoprene rubbers .
Developed by the Thiokol Corp.

744 80 0 4 4  1.28 z tO~~ An asbest oS filled syat bet ic
rubber mad. by Kurkit Rubber
Co . and Ohio Rubber Co.

111—25. 25 0.30 0.483 x l0~~ An eccoephere and silica fiber
filled ela.to .ertc si licone
resin developed by the Mart in
M a r i e t t a  Corp .

MTA—3 - - - — — A troeml abl. for.ulat ioa of
P-SO cork and RTVOII . Developed
it the MSFC.

P—SO S B—Stage Cork 31 0.4 7 0.4 x 10~~ Co.pres.ed cork available
• S from South land , Sheller Glob.

and Ar mstrong.

• MSA(Marsha l l Sprayabl. 16 — — Primarily a combination of
— Ab l.ator) • Phenolic and Glass .icroba l—

- :  loon. (beads) , GE—7344 resin
and Bentone (clay) . Developed
at the MDC.

~PR—488 2 .3 — — A two component isocyanurate
foam developed by the ~PI
division of the Upjohn Company .

• 41 - 
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TABLE 4 .  Thermocouple Locations - Kick Ring

TC NO. X 
_ _ _  

Z

1 3 7 . 9 7  0 . 3 7 5  0 . 0

- - 2 37.97 1.250

;~~ - 
3 37.97 2.125
4 3 7 . 9 7  2 . 5 0 0

5 3 7 . 7 2  2 . 5 0 0

6 37.37 2.750
7 37 .72 3.000

8 38.72 3.000

9 38 .97 2.750
10 38 .72 2 .500

11 38.47 2.125 0.0

12 37.97 0.875 —5.0

13 37.97 1.250
14 37.97 2.125
15 37.97 2.500
16 37 .72 2 . 5 0 0

17 37 .37 2 .750
4 18 37.72 3.000

19 38 . 72 3 . 0 0 0

20 38.97 2.750

• 21  38 .72 2 . 5 0 0

422 38.47 2.125 —5.0
23 37.97 0.375 +5.0

24 3 7 . 9 7  1 .250
It 25 3 7 . 9 7  2 . 1 25

26 37.97 2.500

27 37.72 2.500

28 3 7 . 3 7  2 . 7 5 0

29 37.72 3.000

*30 38.72 3.000

38.97 2 .750

*32 38.72 2.500

- - 
*33 38 .47 2 . 125 + 5 . 0

*Not hooked tp

5 - 5 - - - 5 - - - ~~~~~ ~~-- - -~~~~~~- - 5 - - -5 -  -
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TABLE 5. Thermocouple Locatious — Attach Ring

TC-NO . X 
____  — 

Z

1 3 5 . 8 1  0 . 8 7 5  +2.5
2 35.81 2.0625

3 35.81 2.5

4 3 5. 1 8 5  2 . 5

• 5 3 5 . 1 85 3 . 0

6 35.56 3.0 +2.5

7 3 5 . 8 1  0 .875 — 2 . 5

8 3 5 . 8 1  2 . 0 6 2 5

9 3 5 . 8 1  2 .5 0 0

10 35 .185 2 . 5

Ii 35.18 5 3 . 0

12 3 5 . 5 6  3 . 0  — 2 . 5

13 38.31 2 .875 +2.5
14 39 .81 2 .875 +2 .5
15 38.31 2 .875 — 2 . 5
16 39 .81 2 .875 — 2 . 5

- 

I 

- 17 3 8 . 3 1  1 . 5  — 2 . 5

18 4 0 . 8 1  3 . 0  0 . 0

19 4 0 . 5 6  2 . 7 5  0 . 0

20 38.31 0.375 0.0

21 35.185 2.75 2.5

22 35.185 2.75 —2.5

43
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4 TABLE 6. Thermocouple Locations - Systems Tunnel

TC-NO. X Y Z

1 32.80 0.75 —1.75

2 32.80 0.75 0.0

3 34 . 10 1 .50  — 1 . 5 0

4 34.10 1.50 0.0

5 34.10 1.50 1.50

6 3 5 . 4 0  2 . 2 5  - 1 . 2 5

7 35.40 2.25 0.0

8 34.50 1.00 —2.75

9 36 .00 2 .00 —2 .25

4 10 37 .50 2 .00 —2 .25

11 4 1 . 5 0  2 .00 —2 .25

14 37.50 3.00 0.0

15 4 1 . 5 0  3 . 0 0  0 . 0

20 37 . 50 2 .00 2 . 2 5

2]. 41.50 2.00 2.25
• 25 37 . 50 1.00 2 . 7 5

26 4 1 . 5 0  1 .00  2 . 7 5

4 29 33.23 1.00 0.0

30 33 .67 1 . 2 5  0 . 0

31. 34.53 1.75 0.0

32 34 .96 2 .00 0 . 0

44
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TABLE 7. Thermocoup le Locations - Range Safety Antenna Cover

TC-NO.~ X 
_ _ _  

z
1 30 .71  1 .423 0 . 0

2 31.61 1.845

3 32.52 2.268

4 3 2 . 9 7  2 .479
- 

• 5 33 .43 2 .690

6 3 4 . 3 3  3 . 1 1 3

7 35.24 3.536
8 36 . 14 3 . 9 2

9 37 . 14

10 38 .14
11 - 39. 14

- 1 12 40.14
13 4 1 . 1 4  3 . 9 2  0 . 0

14 32 .97 2 .479 2 .90

15 32.97 2.479 3.375
16 34.33 3.324
17 3 5 . 6 9  3 .5 3 6  3 . 375

18 39 . 14 3 . 9 2  2 . 0 0

19 39.14 3.92 3.375
20 39.14 2.45 3.375

21 27.86 0.507 0.0

45
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TABLE 8. Thermocouple Locations - Cylinder Model

55~~~ TC-NO . X 
_ _ _ _  

Z

1 34.50 4.63 0.0

2 
4 

4.43
• 3 I 4.23

4 4 .03

5 3 . 83

6 3 .63

7 3.43

8 3 .23

9 3 . 0 3

10 2.83

• I 11 2 .63
12 2 .43

13 2 . 23
14 2 . 03

15 1.83
16 1.63
17 1.43
18 1.23
19 34 . 50 1 . 03 0 . 0

L

_______________________________________ - 
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TABLE 9. Thermocouple Locations — Full Scale Kick Ring

TC-NO . X 
____  

Z

1 0 . 0  0.438 6 .06 3

2

5 — 0 . 3 1 3  2 .3 5  6.063

6 —0.722 2.73 5.813

7 3 .04  t
8 —0.722 3.35 5.813
9 0 .0905 3 .76 6 .063

10 0 .778

11 1.466 3.76 6.063
12 0 . 0  2 .00  4 .063

13 —0.313 2 .35
14 — 0 . 7 2 2  3 .04

15 0.778 3.76 4.063
16 0 .0  2 . 00 1 .75

17 —0.313 2 . 35
18 —0.722 3 . 04

19 0.778 3.76 - 1.75
20 0 .0  0. 438 0 . 0

21 1.00

22 1.50

23 0 . 0  2 .00

24 — 0 . 3 1 3  2 . 35

25 — 0 . 7 2 2  2 . 7 3  0 . 0

26 -0.722 3 .04 0 . 0

27 —0.722 3.35

28 0.0905 3 .76
- • 29 0.778

30 1.466 0 . 0

31 0 . 0  2 . 0 0  — 1 . 7 5

32 —0.313 2.35 —1.75 

- ---- --~~~~~- _
~~~~~5-—•~~~~~~~ -5 -5 --5 —•---- 5 -  5 - _- 5  - - - - - 5
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TABLE 9. Cont inued

TC-N0. X Y Z

33 —0.722 3.04 -1.75
• 

34 0.778 3.76 —1.75

35 0.0 2.00 —4 .063

36 —0.313 2.35

37 —0.722 3.04

38 0.778 3.76 —4 .063

39 0.0 0.438 —6 .063

40 1.00

41 1.50

42 0.0 2.00

43 —0.313 2.35 —6 .063

44 —0 .722 2.73 —5 .813

3 .04

46 —0.722 3.35 —6.813

47 0.0905 3.76 -6.063

48 0.778

49 1.466 3.76 —6 .063
5
’— 

-

48
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TABLE 10. Thermocouple Locations - Full Scale Attach Ring

TC-NO . X Y Z

1 —2 .19 2 .71 —6 .44

2 —5.94

3 —5.44

4 -4.94

5 —4 .44

6 —3 .94

7 —3 .44

8 —2 .94

9 —2.44

10 -1.94
11
12 -0.94

13 -0.44

14 0.06
15 0.56

16 1.06

17 1.56

18 2.06

19 2.56

20 3.06

23 4.56

24 5.06

25 5.56

26 6.06

27 6.56

49 
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TABLE 11. Thermocouple Locations — Integrated Electronics Assembly

TC-N0. X 
_ _ _  

Z

1. 0.0 2 .63 5.0
2 3 .25
3 3.75

4 4.0

5 0.28 4 . 0
6 0.0 3.75 2.5

• 7 4.0 2.5

I I  

8 2 .63 0.0

9 3 .25
• 10 3.75

11 4 . 0
12 0.28 4.0

13 0.0 3.75 — 2 . 5
14 4.0 —2.5

15 2.63 —5.0

16 3 .25

17 3.75

18 4.0
4

19 0.28 4.0

I - ---- - •~~~~~~~~~~~ -- -~~~~~~~~~~~~~~~~~~~~~ -5
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TABLE 12. Thermocouple Locations — Aft Skirt Ring

TC-N0 . 
- 

X 
— 

Y 
— 

Z

1 0.0 1 .871 —1.741

2 2.004 —1.874

3 2.136 —2.006

• 
- 

4 2.269 —2 .139

5 2.402 —2 .272

6 2.593 0.0

7 2.780

8 2.968

9 3.155

10 3.343
11 1.871 1.741

12 2.004 1 .874

13 2 . 136 2 .006

14 2 . 269 2. 139

15 2 . 402 2 .272

51
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TABLE 13. Thermocouple Locations - Plant/Field Joint

TC-N0. X Y Z

1 1.97 —7 .00 0.22

2 —5.00

3 —2 .50

4 C..00

5 2.50

6 5.00

• 7 7.00

8 3.39 -7.00 0.53

9 —5.00

• 10 —2 .50

11 0.00

12 2.50

13 5.00

14 7.00

15 5.47 —7.00  0.85
16 -5.00

17 —2 .50

1.8 0.00
4

19 2.50
20 5.00
21 7.00

+~
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TABLE 14. Thermocouple Locations — St iffener Stub

TC-N0 . X Y Z

1 0.00 +6.60 +1.33
2 5.00

3 2.50

4 0.00

5 —2 .50

6 —5.00

7 —6 .60

8 +0.22 ÷6.60 +1.71

9 5.00

10 2.50

11 0.00

12 —2 .50
13 — 5.00
14 —6 .60
15 +0.44 +6.60 +1.33

16 5.00

17 2.50

18 0.00

19 —2.50

- 
•

i 

20 —5.00
21 —6 .60

53 
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TABLE 15. Thermocouple Locations - St i f fener  Ring

TC-N0 . X 
_ _ _ _  

Z

1 0.00 +6.60 +1.25

2 5.00

3 2.50

4 0.00

5 —2 .50

6 —5.00

• 7 —6 .60

8 —2 .02 .i-6 .60 +2 .75
9 5.00

10 2.50

Il 0.00
12 —2 .50
1.3 —5.00

14 —6 .60

15 +1.03 +6.60 .i-3.00
16 5 .00
17 2.50
18 0.00

19 —2 .50
20 — 5.00
21 —6.60

• ---5- ~~~~-~~~~~~~~
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TABLE 16. Thermocouple Locations - St iffener Ring Splice

TC-N0 . X Y Z
1 —1.50 +6.60 +1 .47

2 5.00

3 2 .50

4 0.00

5 —2 .50

6 —5.00

7 —6.60

8 —1.20 +6.60 +2.73

9 5.00

10 2.50

11 0.00

12 — 2.50
13 —5.00
1.4 —6 .60

15 +0 .80 +6 .60 +3 .00
16 5.00

17 2.50

4 18 0.00
19 —2 .50

20 —5.00
21 — 6 . 6 0

L
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TABLE 17. SUMMARY TEST LOG -

WEDGE MATERIAL TESTED
ENTRY TEST DATE PO(p.ia) TO(°R) ANGI.E(deg) (NO5) AND TYPE GROVP NO.

1 Dec . 5, 1977 1800 1900 0 Calibration 34
S Calibration 39
10 Cal ibration - 40

- 13 Calibration 46
15 Cal ibration 41

5 20 Calibration 42
20 (l)SLA-220 44
25 Calibrat ion 43

1200 5 Calibration 12,l3,14 ,1S,16,l7
(2)111—25. 9,18

. (t)E5~i to
(3)Phenol ic Glaa s 11. 19 ,22
(2)Cor k on CPR-488 20 ,21

5 (l)wrA—3 23
800 18 Calibration 24 ,25

23 Calibration 26
I l8 (2)P50 Cork 27,29

- 7 18 (2)8-Stag. Cork 28,31
300 5 Calibration 32

10 Calibration 33
15 Calibration 34

• - 20 Calibration 35
• 20 (l)SLA—220 37

25 Calibration 36

2 May 22,1978 1200 1900 0 Calibration 45 ,46
2 Calibration 50

I - 7.5 Calibration 44,47
1 15 Calibration 39,41 ,42,48

23 Calibration 43,49
800 18 Calibration • 3,4,5,6,7,84 23 Calibration 9
300 1853 15 Calibration 10
220 1900 0 Calibration 21,26

5 Calibration 15 ,25
10 Calibrat ion 16,24
15 Calibration 17,22,33,37,38

• 23 Calibration lt , l8, 19 ,23 ,28 ,30, 3l ,32 ,
34,35,36

-) - 3 May 23 , 1978 1800 1900 12. (4)Zine Paint 53,54 ,55,56
- 4 12 (5)Lead Paint 57,58 ,59 ,60,61

1200 7.5 (4)Phenolic Glass 62,63,64,75
- 

- S with P—SO Cork
2 - (4)Phenolic Glass 65,66,67 ,74

- with P—SO Cork
- - 2 (3)EPDM 69 ,70 ,71

- S (2)v—44 72 ,73
-

- 
J 320 iS (8)Pb.nolic Glass 76,77,78,80,82,43,85 96

- with P—SO Cork
- 15 (4)EPDM 86,88,49,95

15 (2)V—44 90,91
• S (t)P— 50 Cork 93

— - 33 (l)P—5O Cork 93
23 (l)Pltenolic Glass 94

-
. with P-SO Cork

• 4 Jan . 12 ,1979 1800 - 1900 30* (3)MSA- l with 1,2,10

* 
Chopped Silica Phenolic Island- - • 30 (6)Cork vith 3,4,5,6,11,12

* 
Chopped Silica Phenolic Island

33 (2)Curk wit o 7,8
Chopped Silica Phenotic Island

35* (l)Cork with 13
• - Chopped Sil ica Phenolic

5 Jan . 15,1979 220 1860 10 Calibration 5
15 Calibration 4
18 Calibration 6
23 Calibration - 1 ,2
28 Calibration 3

1885 15 Calibration 25
• 16 Calibration 23

11 CaLibration 21
18 (l)EPDM - 26
18 (l)CLevi . Joint 28

* • Calibrat ion
• -, 

- 19 Calibration 24
- 20 CaLibration 22

23 - (i)EPDM 27

* R AIJI’i r
~ 12 deg.



-5- - - --- --•——5---~~~~~~~~~~~~~~~~~~~~
- — -

~~~~~~~~~~~
- - - - ‘—5-—

-

* TABLE 17. Cont inu.d

WEDGE MATERIAL TESTED
ENTRY TEST DATE PO(p8ia) TO(°R) AKGLE(dcg) (NO3AND TYPE GROUP 110.

9 Jan . 15, 1979 1200 1900 5 Calibration 7
8 Cs li bratio n 13
10 Calibration 8
10 (L)EPDM 29
15 (1)Sbeet Cork - 30
15 Calibration 9
18 Calibrat ion 10
23 Cal ibration 11
28 Calibration 12

1800 5 Calibration 14
8 Calibration 15
10 Calibration 16
15 Calibration 17

• 
- 18 CaLibrat ion 18

23 Calibration 19
25 (l)Cork w i t h  •

. Chopped Silica Phenol ic Island
25 (l)MSA—Z 15
38 (l) Stie.t Cork 31
28 Calibration 30

S Jan . 18,1979 220 1900 .2 Cal ibrat ion 41
5 Calibration - 37,42 ,86

.
. S (2)EPDM - 69,70

6 Calibration 71
10 Calibration 38,43,67
15 Calibration 39,44,68
18 Calibration 40

1300 5 Calibrati on 32 ,45 ,47 ,61
5 (L)EPDE 73
0 Calibration 50
8 Calibrati On 51

10 Calibration 33,46,62
10 (l)EPDM 74
iS Calibration 34 .48 .63
18 Calibration 35 ,49 ,64
1$ U)~~DU 72
23 Calibration 36,65

1800 5 Calibration 52 ,57
5 (1)EPDM 76

10 Calibrat ion 53,58
iS Calibration 54,59
15 (l)EPDM 75

4 - - 18 Calibration 55,60
23 Calibration 58

* 
- 

: - 

•
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APPENDIX III

SANPLE TABULATED DATA
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