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PREFACE

This report was prepared by Prototype Development Associates. Inc. (PDA), Santa
Ana, California, for the Defense Nuclear Agency (DNA), Washington, D. C., under Contract
Number DNA 001-76-C-0140, It is the final report describing work performed from 3 November
1975 to 30 September 1976 on the "Hardened Reentry Vehicle Development Program, Phase III,

Task 2.0, SAMS Flight Test, " under the technical cognizance of Major William E. Mercer, III,
DNA Project Officer.

Mr. Charles C.Thacker was the PDA Program Muanager and principal contiributor
to the program. Special acknowledgement is given to Mr. Edward C. Alexander, who was
responsible for 50 Megawatt ablation testing.
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?

Conversion Factors for U,S. Customary
to Metric (SI) Units of Measurement

To Convert From

To

Multiply By

angstrom

atmosphere (normal)

bar

barn

British thermal unit (thermochemical}
calorie (thermochemical)
cal (thermochemical)/em?
curie

degree (angle)

degree Fahrenheit
electron volt

erg

erg/second

foot

foot-pound-force

gallon (U.S. ligquid)
inch

jesk

joule/kilogram (J/kg) (radiation dose
absorbed)

kilotons

kip (1000 1bt)
kip/inch? (kst)
ktap

micron

mil

mile (international)

ounce

pound-forc¢e (1bf avoirdupols)
pound-force inch
pound~force/ tnch
pound-force/foot?
pound-force/ inch? (psi)
pound-mass (lbm avoirdupois)

pound-mass-foot? (moment of inertia)

pound-mass/foot?

rad (radiation dose absorbed)
roentgen

shake

slug

torr (mm Hg, 0° C)

meters (m)

kilo pascal (kPa}
kilo pascal (kPs)
meter? (m2)

joule (J)

joule (J)

mega joule/m? (MJ/m2)
giga becquerel (GBq)*
radian {(rad)

degree kelvin (K)
Joule (1)

joule (IJ)

watt (W)

meter (m)

joule (1)

3 Y

meter (m)

joule (J)

neter

Gray (Gy)e*
terajoules
newton (N)

kilo pascal (kPa)

newton-second/m?
(N-s/m?)

meter (m)

meter (m)

meter (m)

kilogram (kg)
newton (N)
newton-meter (N'm)
newton/meter (N/m)
kilo pascal (xPa)
kilo pascal (kPa)
kilonram (kg)

kilogram-meter®
(kg*m’)

kilugrar_n/meterz
(kg /m*)

Gray (Gy)**
coulomb/kilogram (C/kgp)
stcond (8)

kilogram (kg)

kilo pascal (kPa)

1,000 €00 X E ~10
1.013 25 X E +2
1,000 0CO X E +2
1.000 000 X E -28
1.054 350 X E +3
4.184 000

4.184 000 X E -2
3.700 000 X E 41
1.745 32§ X E -2
1w (0 f +459.67)/1.8
1.602 19 X E -19
1.000 000 X E -7
1.000 000 X F -7
3.048 000 X E -1
1.155 818

3.785 412 X E -3
2.540 000 X E -2
1.000 000 X E +9
1..00 000

4.183

4.448 222 X E +3
6.894 757 X E +1
1.000 000 X E +2
1.000 000 X E -6
2.540 000 X E -5
1.60% 344 X E +3
2,83 852 X E -2
4,448 22

1.129 848 X E -1
1.751 268 X E +2
4.788 026 X E -2
6.894 757

4.535 924 X & -1
4.214 011 X E -2
1,601 B4bh X E +1
1.000 000 X E -2
2.579 760 X E -4
1.600 000 X E -8
1,459 390 X E +1
1,333 22 X E -1

*The becquerel (Bq) is the SI unit of radioactivity; 1 Bq = 1 event/s.
*#*The Gray (Gy) is the ST unit of absorbed radiation.
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1.0 INTRODUCTION

In recent years, major emphasis has heen placed on the development of nosetip
materials and on the design of nosetip assemblies that are resistant to hydrometeor environ-

ments, Duta from ground and flight tests suggest that reertry vehicle heatshield and antenna

window materials are also vulnerable to weather effects. The test results provide evidence

that the resistance of heatshield materials to an erosive environment may be strongly dependent
upon material constituents and method of construction.

A program was initiated under Contract DNAQ01-75-C-0054 to design, fabricate,
and supply advanced heatshield materials for test on the SAMS Program. The objective of
the program was to determine material response in ablation/erosion environments. The
SAMS/TATER vehicle offers an ideal test bed for acquiring erosion data on heatshield and

antenna window materials since the materials are reccvered after test. This report describes

the heatshield and antenna window materials supplied for the FY76 SAMS Program and discusses
post-test data analysis of the recovered materials.
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2.0 SUMMARY

One clear air flight and three weather flights were successfully launched during
the FY76 SAMS Program., Heatshield and antenna window materials were renovered from
three of the flights, Post-flight analysis of the recovered heatshields and antenna windows
showed significant differences in materials responss to the SAMS/TATER ablation/erosion
environment. The following is a summary of flight and 50 MW test results,

Recession of 2D carbon (Pitch)/phenolic 20° (2DCP20° (Pitch)) is equivalent to
2D carbon/phenolic 20° (2DCP20°) in the SAMS/TATER clear air environment.,

Recession of 3D quartz/phenolic (3DQP) is 2.4 times greater than 2DCP20° in
the SAMS/TATER weather environment and 1. 6 times greater in the 50 MW ablation

environment,

Recession of AS-3DX antenna window material is compatible with 2pcp20°
but not compatible with 3DQP.

Recession of 2D carbon/rubber moaified phenolic 20° (2DCR-10 200) is ten times
greater than 2DCP20° in the SAMS/TATER weather environment and 1.2 times greater in
the 50 MW ablation environment.

Low strength, brittleness, und thermal stress sensitivity limit the use »f hot

pressed boron nitride (TS-1251) for flight antenna window applications,
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DESCRIPTION OF MATERIALS
The heatshield and aﬁtenna window materials fabricated for test during the FY76
SAMS Program ure lisied in Table1 along with the respective SAMS/TATER flight numbers,

The designations ""2D" and ""3D'" refer to two dimenéional tape-wrapped and three-dimensional

woven or fabricated construction, respectively. Tape-wrap angles of 20° and 70° are with
respect to the surface of the heatshield substrate which had a one-half cone angle of 7-1/2

. degrees. - Abbreviationis for the type of construction; matérials, and wrap angle are listed

n parentheses. Thus, (2DCP20°) indicates two dimensional construction; carbon fabric
reinforced phenolic resin; bias tape-wragped at an aft-facing angle of 20° to the heatshield
substrate surface.

Table 2 lista the reinforcing fabrics and resin systems used to fabricate each of
tue heatshield materials,

Mechanical and chemical properties of the heatshield composites are presented
in Table 3. Proverties were derived on tag ends of composite material from actual flight
heatshield frustums, Testing was performed in accordance with G, E. Specification Number
89330-21-0011,
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Table 1. SAMS/TATER Flight Test Matrix

FLIGHT REFERENCE EXPERIMENTAL,
NUMBER HEATSHIELD EXPERIMENTAL HEATSHIELD ANTENNA WINDOW
602 2D Carbon/Phenolic 20° 2D Carbon (Pitcéi)/Phenolic 20° None
12pCP 20 (2DCP 20° (Pitchy)
509 cEp B 3D Quartz/Phenolic 3D Astroquartz Silica
§¥s 3 (3DQP) (AS-3DX)
ST N
=
516 el 2D Carbon/Rubber Moditied Hot Pressed Boron Nitride
g2 °w Phenolic 20° o (TS~1251)
£ ol2 8 (2DCR-10 20°)
- bl
s eld 3
512 Ml 2D Carbon/Phenolic 70° 3D Boron Nitride
T a (2pCP 70%) (BN-3DX;
3
Table 2, Composition of Heatshield Materials
MATERIAL PREPREG COMPONENTS OF PREPREG
DESIGNATION NUMBER REINFORCING FABRIC RESIN SYSTEM

2D Carbon/Phenolic 20°
(Roference Material)

2D Carbon g’ttch)/
Phenolie 20

3D Quartz/Phenolic

2D Ca:iv n/Rubber o
Modified Phenclic 20

2D Carbon/Phenot:c 70°

U. 8. Polymeric
FM 5055A

U. 8. Polymeric
FM 5783

U. S. Polymeric
FM 5709-12

(Longitudinal and
Circumferential)

U, 8. Polymeric
FM 5723-12
(Radial)

None

U, 8. Polymel‘ic
FM 5055A

Hitco CCA-1 Carbon Cloth

UCC Type '"'P"
Intermediate Carbon Cloth

Astroquartz 300
Roving

Astroquartz 552
Roving

Hitco CCA-1 Carbon
Cloth

Hitco CCA-1 Carbon Cloth

U. 8 Polymeric #95
Phenolic Resin

U. S. Poiymeric #39
Phenolic Resin

Monsanto SC1008
Phenolic Resin

Monsanto SC1008
Phenolic Resin

AVCO R~10
Rubber Impregnated
Phenolic

U. S. Polymeric #95
Phenolic Resin
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4,0 HEATSHIELD FABRICATION

Variations in meteorological environment from flight-to-flight and measur=-
ment uncertainties of particle type and distribution within a given flight necessitated the
inclusion of a ""tare" or reference heatshield material in each SAMS/TATER heatshield
configuration, The reference heatshield material acts as a continuum against which the
performance of various experimental heatshield materials can be compared. The reference
material also provides a quantitative definition of the erosi‘}e severity of the meteorological

environment,

The 2D carbon/phenolic 20~degree heatshield material (5055A) was selected
as the reference material for all flights. Heatshield frusta were fabricated using four
separate quadrants of equal length as shown in Figure 1, uadrants of experimental and
reference material were alternated so that the same material was used in diagonally
opposed yuadrants. This design arrangement was selected to compensate for any
asymmetry which might develop during flight due to unequal re.:ession of the two heat-
shield materials.

A mechanical interlock system, Figure 1, was used between quadrants to insure
integrity during flight, The interlock consisted of slotting the quadrants and bonding siats
of flat laminate carbon/phenolic into the slots using EA934 epoxy adhesive. This technique

is shown pictorially in Figures 2 and 3,

The antenna windcw material was similarly interlocked into the quadrants by
bonding rods of carbon/phenolic inio holes drilled between the quadrants and antenna windows
as illustrated in Figure 1, This technique is shown pictorially in Figure 4.

Heatshield frusta fabricated by PDA were manufactured and quality controlled in
accordance with the provisions of ""PDA Processing Specification for SAMS/TATER Heat-

shields" listed in Appendix 1 of this report. Frusta supplied by AVCO (3DQP and 2DCR~10 20°)

were manufactured in accordance with AVCO specifications. In addition to the experimental
aft heatshield, PDA also fabricated the forward 2DCP20n heatshield illustrated in Figure 1.

it i S e it 2, i i i : sl




O TR T e

UOHEINSLUOD MopUIM BUUSIUY, PIONYSIEON MALVL SWVS :] oangig

LNOL

N e IVINALVI
f moanim vanainy [N
TVIMALVIN FONTHAITY ]

—)
4
vv TVIMALVN TVINIWINNIAXT F7/777,
|

13

CTTN

LNINIDNVHHY MOANIM

VNNIAINY INVHAVND

AO0TYHALNI
MOONIM VNNALNY

b S e

T AT TR e




L s e LR L LA

PR

14

Heatshield Quadrants Prior to Assembly

Figure 2,
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The heatshield and antenna windows were bonded to SAMS/TATER metal substrates
using EA934 epoxy adhesive. The substrates were sand blasted and solvent cleaned prior to the
bonding operation, After bond cure, the heatshield assemblies were machined to final dimen-

sions, x-rayed to ensure bond integrity, and dimensionally inspected to drawing requirements.

A typical bonded heatshield/antenna window assembly is shown in Figure 5.
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5.0 TEST VEHICLE DESCRIPTION

The three-stage TATER rocket, Figure 6, which is comprised of a first-stage Talos

motor, a second-stage Terrier motor, and a third-stage Recruit motor was used as the launch

vehicle for the FY76 SAMS Program (Reference 1). The vehicle can cbtain a maximum

velocity of 10, 400 to 10,609 Ips at an altitude of 14, 500 feet with a 70-pound payload when
launched from sea level at an angle of 28 degrees above the horizontal. The payload with its

nosetip ard heatshield experiments is equipped with a parachute and flotation system for re~
vovery from the ocean,

The TATER rocket vehicle was launched from the NASA Wallups Flight Center,
Virginia. This site was selected because it exhibited a relatively high frequency of occurrence
of widespread stratiform storms and was readily accessible. Each storm was measured and
interpreted by the Air Force Geophysics Laboratory with special S~band weather radars, ground

base instruments, and specially instrumented aircraft (Reference 2).

Payload recovery was by »neans of helicopter or ship.

R e v i il AL T

PSR

TR % I




AJGQUISSY yaunker] oLVl

/

S

1

x

/.

S

PY FERT LT T

4 24nsl |




R

R

e

TIPTRETRET

T

T TR AT T ’;"’V"‘-'T:'?"".TW‘""“;"'“"”"WW-;L.;A“r?‘hwm T PR i

8,0 ABLATION THSTS

The objective of the I'Y76 SAMS Program was to experimentally evaluate the
erosive effects of high-speed particles on heetshield and nogetip materials, Materials eval-
uation was based primarily on pre~ and post-flight measurements and ohservations of recovered

3
4
materials, Four of the SAMS/TATER flights were scheduled as weather tests and one a clear %
4
air test,

Recession data from a weather shot represents the integrated ablative/erosjve
response of the test materials to the meteorological enviranment of that particular flight.

NI
v bt b b

under simulated ICBM flight conditions. Additionally, one test run was made at simulated

Since flight environments vary significantly from flight test to flight test, it becomes imporiant
to have a means of separating ablative recession from erosive recession,

T'.2 AFFDL 50 MW arc-jet test provides basic ablation rate data under simulated ~=
flight conditions to permit direct comparisons of the ablative performance of materials. The ;
50 MW tests provide the additional advantage of visual observation, through motion picture 3
coverage, of the material during ablation testing.

Each of the SAMS/TATER heatshield materials was tested in the 50 MW facility 3

SAMS/TATER clear air conditions to provide a data base for SAMS/TATER flight test

correlations. The results of the tests are listed in Section 7.0.
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7.0 FLIGHT AND ABLATION TEST RESULTS

Four SAMS/TATER flights were successfully launched during the FY?76 SAMS
Program. The first flight, Flight 602, was a clear air launch from the 'foncpah Test Range,
Nevada. The next three flights, Flights 509, 516 and 512, were weather hnts from the NASA
Wallops Flight Center, Virginia. Heatshield and antenna window performance for each flight
are presented in the following subsections along with 50 MW ablation test resulis,

7.1 50 MW Ablation Tests

Ablative recession rates for each heatshield material are reported in Table 4
(Reference 3), The 2pcP20° (Pitch) material was run a‘ both simulated SAMS/TATER and
ICBM flight conditions, This material was selected for SAMS/TATER ablative simulation
testing since it was thu only experimental material to be flown in the SAMS/TATER clear air

environment,
Table 4. 50 MW Ablation Test Results
AVERAGE ABLATION
HEATSHIELD MATERIAL RATE, INCH/SECOND
SAMS/TATER SIMULATION
2D Carbon (Pitch)/Phenolic 20° 0,012 (2)
ICBM SIMULATION
2D Carbon (Pitch)/Phenolic 20° 0.024 (2)
(o}
2D Carbon/Phenolic 20
(Reference Material) 0.023 (5)
2D Carbon/Rubber Modified 20
Phenolic 20° 0.032 3)
3D Quartz/Phenolic 0,038 (3)
2D Carbon/Phenolic 70° 0.061 (1)

( ) Number of Specimens Tested
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. Comparisuu of the average ablative rates for 2DCP20° (Pitch) at ICBM, 0, 024-in/sec,
and 3 MS/TATER, 9,0i2-in/sec, conditions shows that the ablation rate at ICBM simulation is
twice the ablation rate at SAMS/TATER simulation. Since the ablation rate of 2DCP20° (Reference),
0.023~in/sqc, is approximately the same at ICBM simulation as 2DCP20° (Piteh), 0,024~in/sec,
it is reasonable to project that the reference material would ablate at the same rate as the
2DCP20° (Pitch) under SAMS/TATER clear afr flight conditions. This was found to be a valid

‘projection as discussed in the subsection on Flight 602,

i

The overall ablative ranking of the experimental heatshield materials -can be divided
into four groups based on the 50 MW ablative data reported in Table 4 and other film data and
post-test obgervations. The differences in the ablation rates reported within each group are
less than the data uncertainties. The groups are presented in order of ascending ablation rate,

2DCP26° (Reference)
2DCP20” (Pitch)

Group II: 2DCR-10 20°
Group III: 3DQP
GroupIv:  2DCP70°

Group I;

A r-ative ablative ranking of heatshield materials can be assigned to each group
based on a ur.. ablative rate for the Group I materials as follows:

Relative 50 MW Ablation Factor

Group 1 1.0
“Group 11 1.3
Group 111 1,6
Group IV 2.5

For a complete discussion of the SAMS/TATER 50 MW tests, see Reference 3 of this report.

7.2 Flight 602

Flight 602 (Sandia Vehicle R487602) was launched from the Tonopah Test Range,
Nevada, through clear air on January 14, 1976, The experimental heatshield material was
two-dimensional, aft_facing 200, bias tape-wrapped carbon (Pitch)/phenolic; i.e., 2pCp20°
{Pitch), The heatshield did not contain an antenns window experiment.
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The recovered heatshield is shown in Figures 7 through 10. A water recovery system
was used to recover the payload which resulted in a ground impact veldcity of approximately
90 fps (Reference 4). The high irapact velocity caused the nosetip and heatshield to penetrate
approximately 18 inches into the ground, Although the impact did not damage either the experi-
mental or reference heatshield, it did result in bond failure which caused a separation of the

quadrants from the substrate at the forward end of the quadrants as shown in Figures 11 and 12,

Post-flight measurements at the aft end of the heatshield quadrants, where no separ-
ation had occurred, showed that sidewall recession was minimal for both heatshield materials,
Therefore, the experimental and reference panels were removed from the svbstrate to obtain
more accurate measurements over the entire axial length of the quadrant panels. The sidewall

recessions for hoth materials were found to be equivalent, with a maximum measured value of
0,008 inch.

No anomalies were noted in the surface appearance of the post-flight experimental
or reference materials, Both materials displayed typical carbon/phenolic char layers approxi-

mately 70 mils thick with the pitch material having a slightly rougher surface than the reference
material,

7.3 Flight 509

Flight 509 (Sandia Vehicle R487509) was launched from the NASA Wallops Flight
Center, Virginia, through a light storm, on March 9, 1976, The experimental heatshield material
was three-dimensional quartz/phenolic; i.e., 3DQP. The experiments] antenna window material
was ti.r~e-dimensional astroquartz/silica; i.e., AS-3DX. The nre-flight heatshield assembly
is shown i~ Figure 13,

The recovered heatshield and antenna windows are shown in Figures 14 through 17.
There was a slight separation of the reference material quadrants from the substrate at the for-
ward end of the quadrants as shown in Figure 18, Neither of the 3DQP experimental quadrants
separated, The leading edges of the separated quadrants were not abhlated. This indicates that
separation occurred very late in the flight and might be due to rapid cool down shortly before or

at the time the payload entered the water,

Post-flight recession measurements of the heatshield materials were made to determine
recession as a function of axial distance from the forward end of the experimental heatshield,

Table 5 presents the measurements in tabular forra and Figure 19 shows the data graphically,

4
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Figure 7. Flight 602 Post-Flight
2DCP20°, 0° Quadrant
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Figure 9, Flight 602 Post=Flight
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Figure 8, Flight 602 Post-Flight
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thsdaet 602 vOX His
ot carson
FdemROLC 30

Figure 10, Flight 602 Post=-Flight
2DCP20° (Pitch), 270° Quadrant
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Figure 11. Separation of Fcrward Edge of Figure 12. Separation of Forward Edge of
2DCP20° and 2DCP20° (Pitch) 2DCP20° and 2DCP20° (Pitch)
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Figure 13, Flight 509 Pre-Flight Heatshield /Antenna Window Assembly
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Iigure 14, Flight 509o Post~Flight
3DQP, 0° Quadrant

Figure 16, Flight 509 Post- Flight
3DQP, 180° Guadrant
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Figure 15. Flight 509 Pogt-Flight
2pCP20°, 90° Quadrant

Figure 17. Flight 589 Pos(t)—Flight
2DCP20°, 270 Quadrant
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Table 5, SAMS/TATER Flight 509 Heatshield Recession
Measurement Results

Station 2DCP20° Sidewall 3DQP Sidewall
Number Recession (Inch) Recession (Inch)
1 0.068 0.142
2 0.078 0.160
3 0.089 0.200
4 0.072 0.204
5 0.075 0.206
6 0.088 0.210
7 0.078 0.211
8 0. 089 0.208
9 0.078 0.205
10 0,078 0.215
11 0.096 0.212
12 0.096 0.214
13 0.094 0.210
13,5 0.095 0.210

The data were obtained from pre- and post-flight diameter measurements of the heatshield
materials, Average recession of the 3DQP experimental material was 0.209 inch, The
2DCP20o reference material average recession was 0.086 inch, Average recession was
determined between the 3-inch and 13, 5-inch axial positions. The data show that sidewall
recession of 3DQP is 2,4 times greater than 2DCP20° in the SAMS/TATER erosion/ablation
environment, This difference in sidewall recession is very evident when viewed from the

aft end of the heatshield as shown in Figure 20.

The post-flight surface of the 2DCP20° reference material displayed a typical
carbon/phenolic char layer of average roughness, Figure 21, The surface of the 3DQP
experimental material is shown in Figure 22, The measured thicikness of the 3DQP surface
char layer was approximately 20 mils compared to a 70 mil char layer for the 2DCP20°.
Surface roughness was similar to that observed in 50 MW testing and is characterized by a
rectangular pattern of roughness caused by a more rapid recession of quartz fiber in the longi-
tudinal and circumferential directions than in the radial direction,

31

PRI

1|d¢mdﬂr.n b s

yridy ol

it B,

M2t adhadeniSl 2

T ke A e G v b

ik

W 2t




RENLRN R R L T SR S L .

z‘;/mw;/.{gﬁ/,g;%

3DQP
(EXPERIMENTAL)

2nCP20°
(REFERENCE)

Figure 20. Aft End of Flight 509 Post-Flight
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Table ¢ and Figure 19 present the post-flight recession measurements for AS-3DX
antenna window material in the 2DCP20° and Figure 23 shows the approximate equal recession
of the two materials, The data show that the antenna windows recessed slightly less than the
adjacent 2DCP20° material, This indicates that the recession rate of AS-3DX is compatible
with 2DCP20° in an ablative/erosive environment,

Table 6. SAMS/TATER Flight 509 Antenna Window
Recassion Measurement Results

AS-3DX Sidewall AS-3DX Sidewall
Station Number Recession in 2DCP20° (in, ) Recession in 3DQP (in.)
9.5 0. 090 0.196
1 0,056 0,091
12,5 0,072 0, 067

Table 6 and Figure 19 also present the recession data for AS-3DX in the 3DQP heat-
shield material. As seen in Figure 24, the AS-3DX formed a wedge shape in the SDQP, The
wedge shape was produced by the more rapid recession of the 3DQP which caused the antenna
window to develop a forward facing step at its leading edge. Augmented aerodynamic heating
and erosion of the step resulted in the wedge configuration., Figure 24 also shows that the
3DQP material behind the antenna window was protected by the lower recession rate of the
AS-3DX. The test results indicate that the recession rate of AS~3DX is not compatible with

3DQP in an ablative/erosive environment,

The post-flight surface of the AS=3DX is shown in Figure 25, The surface is char-
acterized by a square pattern of roughness which, like the 3DQP, is caused by a more rapid

recession of longitudinal and circumferential fibers,

7.4 rlight 516

Fligii 516 (Sandia Vehicle R487516) was launche trom the NASA Wallops Flight
Center, Virginia, through a light storm, on March 27, 1976, The experimental heatshield
material was two-dimensional, aft facing 200. bias tape-wrapped carbon/rubber modified
phenolic (R-10); i.e., 2DCR-10 20°, The experimental antenna window material was hot
pressed boron nitride; i.e., TS-1251, The pre-flight heatshield assembly is shown in
Figure 26,
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gure 26, Flight 516 Pre~Flight Heatshield/Antenna Window Assembly
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The recovered heatshield and antenna window are shown in Figures 27 through 30,
The forward ends of the reference quadrants separated from the substructure as was the case
on Flight 509. One quadrant had pronounced separation as shown in Figure 31; the other
reference panel was separated only slightly as shown in Figure 32, Figures 31 and 32 also
show that the leading edges of the separated quadrants were not ablated, indicating that separation
occurred very late in the test, Neither ‘of the 2DCR~10 20° experimental material quadrants
showed any evidence of separation,

Post-flight recession measurements were made of the heatshield materials to establish
sidewall recession as a function of axial distance from the forward end of the experimental heat-
shield, Table 7 presents the measurements in tabular form and Figure 33 shows the data
graphically. Recession data for the experimental material were obtained from pre- and post-flight
diameter measurements of the 2DCR-10 20°, Separation of the reference material from the sub-
structure necessitated cutting the heatshield assembly into sections so that accurate sidewall

recession measurements could be obtained on the 2DCP20° material,

Table 7, SAMS/TATER Flight 516 Heatshield
Recession Measurement Results

2DCP20° Sidewall 2DCR-10 20° Sidewall
Station Number Recession (in) Recession (in)

1 0,004 0,084
2 0.114
3 0,130
4 0.140
5 0,142
6
7
8
9

0,140

0.015 0,152

0,150

0.158

10 0.172
11 0,142
12 0.002 0,165
13 0,151
13,6 0.002 0,173

E|
E
3
|
4
=

st ot b i e i

The average sidewall recession of the 2DCR-10 20° experimental material was 0, 151

inch, Average recession was determined between the 3-inch and 13, 5-inch axial positions,

Maximum measured recession for the reference material was 0,015 inch, Recession of the

AT TR T | e

reference material at four ay’al positions was obtatned by direct measurement of the cut sections,
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Figure 27.

Figure 29,

Flight 516 Post~Flight
2pcp20°, 0° Quadrant

Flight 5{)6 Post~Flight
0
2pCP20, 180 Quadrant

Figure 28.

Figure 30,

Flight 516 Post-Flight
2DCR-10 20°, 90° Quadrant
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2DCR~10 20°, 270° Quadrant
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Pronounced Separation of
2DCTP20° Quadrant

IFigure

Slight Separation of 2DCP20°
Quadrant
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The data show that the sidewall recession of 2DCR-10 200 is ten times greater than 2DCP20° in
the SAMS/TATER erosion/ablation environments, Figure 34 is a view of the aft end of the

heatshield in which the difference in recession of the two materials is very evident,

The post-flight surface of the 2pCcP20° reference material displayed a typical carbon/
phenolic char layer of average roughness, Figure 35, The surface of the 2DCR~10 20o experi-
mental material is shown in Figure 36, Ttre surface char layer of 2DCR-10 20o was approxi-
mately 70 mil in thickness which is the same as that observed for the 2DCP20° reference
material. However, as had been observed in the 50 MW test specimens, the char layer of the
2DCR-~-10 200 was very soft and spongy, indicating that very little of the resin matrix remained

in the layer after exposure to the Flight 516 ablation/erosion environment,

All four of the hot pressed boron nitride (TS-1251) antenna windows were lost during
flight with three of the windows being totally removed as shown in Figures 37 and 40, The loss
and severe ablation of the interlock rods as shown in Figure 38, 39 and 40, indicate that the
antenna window material was lost early in the flight, Approximately 0. 20-inch remained of
the fourth antenna window, Figure 37, which was in 2DCP20° reference material. The interlock
rods in the fourth window were intact and showed only slight recession. This indicates that
window removal occurred late in the flight, The appearance of the TS~-1251 material in the

fourth window indicates that removal was due to stress cracking and was not caused by ablation/

erosion,

7.5 Flight 512

Flight 512 (Sandia Vehicle R487512) was launched from the NASA Wallops Flight
Center, Virginia, through a light storm, on April 25, 1976, The experimental heatshield
material was two dimensional aft facing, 70° tape-wrapped carbon/phenolic; i.e., 2DCP 70°,
The experimental antenna window material was three-dimensional boron/nitride ; i.e.,

BN-3DX. The pre-flight heatshield assembly is shown in Figure 41,

During helicopter recovery of the payload from the ocean, the swivel between
the parachute shroud lines and the recovery package unscrewed, allowing the payload to fall
approximately 1,000 feet into the water. The payload was recovered by Navy divers; however,

the heatshield panels and nosetip were missing. A subsequent search for the lost panels was
unsuccessful,
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2DCR-10 20°
(EXPERIMENTAL)

2nCcP20”
(REFERENCE)

Figure 35. Post-Flight Surface of 2DCP20° Figure 36. Post-Flight Surface of 2DCR-10 20°
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Figure 37, Post-Flight TS-1251 in 2DCP20°, Figure 38. Post-Flight TS-1251 in 2DCR-10
0° Quadrant 20°, 90° Quadran.
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Figure 39, Post-Flight TS-1251 in 2DCP20°, Figure 40, Post-Flight TS-1251 in 2DCR~10
180° Quadrant 20°, 270° Quadrant




Figure 41. Flight 512 Pre-~Flight Heatshicld/Antenna Window Assembly
44
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The recovered heatshield assembly 13 shown in Figures 42 through 45,
and 47 show that a portion of one of the 2DCP20° panels and some of the EA
remained on the substructure despite the severe impact conditions,

Figures 46
-934 epoxy adhesive

Loss of the panels precluded
any direct measurements of recession of the heatshield and antenna window materials,
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Figure 42. Flight 512 Pgst-Flight Figure 43. Flight 5%2 Pog,t—Flight
2DCP20°, 0 Quadrant 2DCP70°, 90 Quadrant
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Figure 44, Flight 512 Posg-Flight Figure 45, Flight 5(1)2 Posg-Flight
2DCP20 ", 180 Quadrant 2DCP70, 270 Quadrant
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Figure 46. 2DCP20° Remaining on Flight
512 Post~Flight Substructure

Figure 47. EA-934 Adhesive Remaining on
Flight 512 Post-Flight Substructure
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8.0 DISCUSSION OF RESULTS

Test results of the FY76 SAMS/TATER Heatshield/Antenna Window Flight Test
Program are discussed in the following subparagraphs in accordance with the flight test number,

8.1 Flight 602

Flight 602 was a clear air launch from the Tonopah Test Range, Nevada. The heat~
shield materials were exposed to an ablative environment only. The messured sidewall
recessions for the 2DCP20° (Pitch) experimental material and 2DCP20° reference material were

found to be equivalent with a maximum recession of 0, 008-inch,

Results of the 50 MW tests, Section 7.1, showed that the ablation rate of 2DCP20°
(Pitch) is essentially the same as 2DCP20° reference material. Both materials were categorized
in Group I, which has the lowest ablation rate of the materials tested. The equivalent recession
of the two materials in an ablative clear air flight environment confirms the results obtained in
50 MW ground testing. The difference in ablation rate between ground testing, 0.012-inch/
second, and flight testing, 0.008-inch/second, can be attributed to the fact the material is
exposed to peak heating conditions longer in 50 MW ground testing than during actual flight.

Results of both flight and ground testing indicate that 2D carbon/phenolic 20° (Pitch)
is an excellent clear air ablator and is equivalent to 2D carbon/phenolic 20° reference material
in the clear air SAMS/TATER trajectory.

8,2 Flight 509
Flight 509 was a weather launch through a light storm from NASA Wallops Flight

Center, Virginia, The sidewall recession of the 3DQP experimental material was 2.4 times

greater than the 2DCP20° reference material,

As discussed in Section 7.1, 3DQP was ranked in Group III of the 50 MW ablation test. 3
materials, This group has an ablation factor 1,6 times greater than the 2DCP20° refe@‘ence

H
b

material (Group I),
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A relatively thin 20 mil char layer was observed on the post-flight SDQP while the
2DCP20° reference material had a 70 mil char layer. This indicates that the char layer which

was formed during ablation of the 3DQP was removed at a rapid rate in the Flight 509 erosive
environment,

The data presented in Section 7.3 show that the recession rate of AS-3DX antenna
wlﬁdow material is compatible with 2DCP20° in an ablutive/erosiire environment. The test
results also show that AS-3DX would not be a suitable antenna window material for use with

3DQP heatshield materials because of the high ablation/erosion rate of the 3DQP.

8,3 Flight 516

Flight 516 was a weather launch through a light storm from NASA Wallops Flight
Center, Virginia., The average sidewall recession of the 2DCR-10 20° experimental material
was ten times greater than the 2DCP20° reference material,

As previously discussed, 2DCR~10 20° was ranked in Group II of the 50 MW ablative

test materials, This group has an ablation factor 1.3 times greater than 2DCP20° reference
material (Group I).

As previously noted, the surface of the 2DCR~10 200 material was characterized

by a very soft and spongy char layer. The low physical strength of the char layer is probably

responsible for the high recession rate of the material in the Flight 516 erosive environment.

In contrast, the 2pcP20° reference material had a hard, firm char layer typical of a charred
carbon/phenolic.

Loss of the hot-pressed boron nitride (UCC TS-1251) antenna windows was probably
due to thermal stress cracking of the material early in the flight. The low strength, relative

brittleness, and apparent thermal stress sensitivity of TS-1251 severely limit the use of this
material for flight antenna window applications.
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Flight 612

Total loss of the quadrant panels during the severe impact of Flight 5612 and
separation of the forward end of the panels during the normal impact of previous flights
indicates a need for modification of the panel attachment design, Future heatshieid assemblies
utilizing the quadrant design should interlock each panel with the 2DCP20° heatshield material
forward of the panel. A bonded lap joint with the panel material forming the bottom section of
the lap should greatly reduce any tendency of the panel material to separate from the sub-
structure under normai impact conditions.
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9.0 CONCLUSIONS

The following conclusions are based on data developed during flight snd ground testing
of heatshield and antenna window materials in the FY76 SAMS/TATER Flight Test Program,

AI.

2,

3,

4,

5,

6,

7.

8,

The ablation performance of 2D carfpon/phenoltc 20° (Pitch) heatshield
material is equivalent to 2D carbon/phenolic 20° reference material in
the clear air BAMS/TATER trajectry.

The ablation rate of 3D Quartz/Phenolic is.1,6 times greater than
2DCP20° reference material in the 50 MW ablation test.

The recession of 3DQP is 2.4 times greater than ZI_DCPZOO reference
material in the ablatfon/erosion SAMS/TATER weathey envirrnment,

The recession rate of AS-3DX antenna window material is compatiblc

with 2DCP20° in an ablative/erosive environment,

AS-3DX 1is not a sujtable antenna window material for use with 3DQP-
because of the high recession of 3DQP in an ablation/erosfon

environment,

The ablation rate of 2D carbon/rubber modified phenolic 20" 15 1,3
times greater than 2DCP20° reference material in the 50 MW
ablation test,

The recession of 2DCR-10 20° s ten times greater than 2DCP20° in
the ablation/erosion SAMS/TATER environment,

The low strength, relative briftleness, and thermal stress sensitivity
of hot pressed boron nitride (TS~1251) severely 1imit the use of
T8~-1251 for flight antenna window applications,
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APPENDIX I
GENERAL PROCESSING SPECIFICATION

FOR SAMS/TATER HEATSHIE LDS

MATERIALS _
Purchased raw materials shall be accompanied by the supplier's certificate of
conformance which shall include:

Supplier's name

Produce name, trade name, and/or numerical identification
Date of manufacture

Lot number and batch number

Material properties consisting of a record of applicable tests,
test results, and test requirements

Inspection shall verify acceptability of materials to ensure that the supplier's
certificates are in order.
Inspection will monitor shelf-life requirements and will initiate acceptance tests

at 6-month intervals, These tests will be performed on prepreg and on sperimens
cut from molded test panels.

EQUIPMENT
A vacuum system capable of maintaining a minimum vacuum of 20 inches of mercury.
A hydroclave with an operating pressure capability of 950 psig, minimum," Recording

instrumentation shall be provided for continual monitoring of pressure, temperature,
and vacuum,

FABRICATION PROCEDURES

Materials, Preparation of

NOTE: Use strict cleanliness standards when preparing material,
8lit material into 45 degree bias tape of a given width,
The slit material shall be hcat sealed or sewn with dacron thread into continuous length

tape (maintaining face-to-back control), wound on spools, and packagsd in polyethylene

for protection and storage, Identification to contain lot and roll humbers of inaterial,
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Part, Curing of
i 3.2.1 Install rubber bag for hydroclave cure.

3.2.2 Place par: in hydroclave and apply a minimum vacuum of 20-inches of mercury.
Hold vacuum through the cure cycle.

3,2.3 Cure preform in the hydroclave under heat, pressure, and vacuum to final part
requirements, Typical time, temperature, and pressure is four hours minimum,
300 (+20, -0)°F, and 950 pst minimum,

3.2.4 Exact time, temperature, and pressure relationships will be provided in the

process history for each part. These parameters are monitored and recorded on
charts which are kept on file.

3.2.5 - Cool part under pressure and vacuum before removing it from the hydroclave,
Ez 3.3 Production Sequence (Refer to Flow Diagram, next page)
P 3.3.1 Tape wrapping sequence shall be as follows:

a. Prepare material per 3.1.1 and 3,1, 2,

NOTE: Use strict cleanliness standards during wrap.

TR TR AT
. L LD
i

b, Wrap 45 degree bias tape on the male mandrel, using 200 (160) pounds
of total force per inch of tape width, preheating the material to 180

SRR e

(:t4'))°F. The acceptance ring shall be an integral part of the

%
e

wrapped part.

3.3.2 Preparation for cure shall be as follows:

a. Machine the as-wrapped O. D. surfaces to prepare that surface for cure,

. - - ok . P P PRGSO
IR " g g ot haiid g b e R R SRl
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NOTE: This operation is cptional at the discretion of the
cognizant process engineer,

e il

b, Remove the machined unit from the male mandrel and transfer it to

the male curing fixture,

A R R, A ;’rwbi.”'ﬂ‘ g

3.3.3 Cure part per 3.2, A

3.3.4 Machine part per applicable PDA drawing and purchase order requirements. Remove

test ring from part and submit to laboratory for testing, as required.

3.3.5 Final inspect the part to determine acceptability of the final contiguration and
proper identification per applicable drawing,

T
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4,2

4,2,1

QUALITY ASSURANCE PROVISIONS
Surveillance

Sufficient surveillance shall be exercised to ensure that the provisions and require-

ments of this document are met, If there is a conflict between supplier documents

and PDA documents, the PDA document will be the governing document, Visual

ingpection shall be performed in accordance with the requirements of this document,

Testing, Ingpection and Documentation
Testing, inspection, and documentation shall be per Thermal Shield Specification
Number §9330-21-0011 and other applicable documents.

Production Parts, Testing and Inspection of

a.

b,

Ce

d.

e,

Each part will be radiographically inspected per applicable PDA purchase
order requirements. One radiograph of each exposure and a radio-
graphic report shall accompany a part that is shipped to PDA.

Each part will be solvent wiped by wetting with a clean cloth with an
approved sclvent, wiping over the part surface and visually checking

for surface cracks or flaws which entrap the solvent., The entrapped
soivent evaporates slower than the surrounding non-defective part surface.
Each part shall be inspected for good workmanship and conformance to the
dimensional requirements of the applicable drawing and dimensional
record traveler. The dimensional record traveler contains all attributes
of the drawing and specification requirements to be forwarded with the
component, Part identification shall also be per specification and
drawing requirements.

Physical properties will be tested per Thermal Shield Specification
Number 89330-21-0011,

PDA drawings and specifications, supplemented by supplier drawings, as
applicable, will be used for final inspection and acceptance of finished
units, All pertinent travelers, and any PDA special requirements will
accompany the units into final acceptance,
PDA Quality Assurance Representatives will be notified prior to shipment
of items from the supplier. A copy of all of the above mentioned items

will be readily available for review by authorized PDA representatives,
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4.,2,2 Documentation A
a. All records of inspection performed and individual acceptance tests of ;.
% components and completed units shall be maintained. These records
are available for inspection by PDA and, if required, by Government
representatives.
b, In-plant corrective action and failure reporting shall be documented
on supplier rejection reports. The complete history of the discrepancy/
failure, cause and corrective action shall be documented, A copy of the
rejection reports shall be available for review by PDA or Government
representatives,
c. The process history of each part shall be reported per Paragraph 6, 5 of
Thermal Shield Specification Number $9330-21~0011,
5.0 PREPARATION FOR DELIVERY :
The part shall be prepared for delivery per MIL~-P-116, Method 111, and in conformance fi
with good commercial practice to ensure its arrival at its destination free of damage. f
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