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Ana, California, for the Defense Nuclear Agency (DNA), Washington, D. C., under Contract

r 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 111,

Task 2. 0, SAMS Flight Test," under the technical cognizance of Major William E. Mercer, 111,

DNA Project Officer.
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V

Conversion Factors for U. S. Customary
to Metric (SI) Units of Mea surement

To Convert From To Multiply By

angstrom meters (m) 1,000 coo X E -.i0

atmosphere (normal) kilo pascal (kPa) 1.013 25 X E +2

bar kilo pascal (kPN) 1.000 OCO x E +2

barn meter
2 

(m
2

) 1.000 000 X P -28

British thermal unit (thermochemicaW) joule (J) 1.054 350 X t -3

calorie (thermochemical) joule (J) 4.184 000

cal (thermochemical)/cm
2  

mega joule/iM
2 

(MJ/m
2
) 4.184 000 X E -2

curie giga becquerel (cBq)* 3.7 000 X E +1

degree (angle) radian (rad) 1.745 324 X E -2

degree Fahrenheit degree kelvin (K) T - (t' f + 459.67)/1.8

electron "olt joule (J) 1.602 19 X E -19

erg joule (J) 1.000 000 X F -7

erg/second watt (W) 1.000 000 X F -7

foot meter (m) 3.n48 000 X E -1

foot-pound-force joule (J) 1.355 818

gallon (U.S. liquid) neter
3 

(m
3
) 3.785 412 X E -3

inch meter Wm) 2.540 000 X E -2

jerk joule (J) 1.000 000 X E +9

Joule/kilogram (J/kg) (radiation dose
absorbed) Cray (Gv)** 1.'0,0 000

kilotons terajoules 4.183

kip (1000 lbf) newton (N) 4.448 222 X E +3

kip/inch2 (kNs) kilo pascal (kPa) 6.894 757 X E +3

ktap newton-second/m
2

(N-s/m
2

) 1.000 000 X F +2
micron meter (m) 1.000 000 X E -6

mil meter (m) 2.540 000 X E -5

mile (International) meter (m) 1.601. 344 X E +3

ounce kilogram (kg) 2.834 052 X E -2

pound-force (lbf avoirdupois) newton (N) 4.448 222

pound-force inch newton-meter (Nm) 1.129 848 X E -1

pound-force/inch newton/meter (N/m) 1.751 268 X E +2

pound-force/foot
2  

kilo pascal (WPa) 4.788 026 X E -2

pound-force/inch
2 

(Fpi) kilo pascal (kPa) b.894 757

pound-mass (lbm avoirdupois) kilogram (kg) 4.535 924 X E -1

pound-mass-foot
2 

(moment of inertia) kilogram-meter'
(kg'm

2
) 4.214 OIlX E -2

pound-mass/foot) kilogram/meter'
(kg/) ¼ 1.601 846, X E +1

rad (radiation dose absorbed) Cray (Cy)** 1.000 O00 x K -2

roentgen co.lomb/kilogram (C/kg) 2.579 760 X E. -4

shake sncc"n~i On) I.O00 000 x E -8

slug kilogram (kg) 1.459 390 X E +1

torr (mm 1g, 0' C) kilo pascal (kPa) 1.333 22 X 5 -1

*The becquerel (8q) is the SI unit of radioactivity; I Bq = I event/s.
**The Gray (Gy) is the ST unit of absorbed rd~t•n
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1.0 INTRODUCTION

In recent years, major emphasis has been placed on the development of nosetip

materials and on the design of nosetip assemblies that are resistant to hydrometeor environ-

ments. DWta from ground and flight tests suggest that reer.try 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 consUtituents and method of construction.

A program was initiated under Contract DNA001-75-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 heatshleld and

antenna window materials since the materials are recovered after test. This report describes A
the heatshield and antenna window materials supplied for the FY76 SAMS Program and discusses

post-test data analysis of the recovered materials.

I7
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2.0 SUMMARY

On clear air flight and throe weather flights were succe sshd y launched dur Ing
L the FY76 SAMS Program. Heatahield and antenna window materials were recovered from

I1

three of the flights. Post-flight analysis of the recovered heatshields and antenna windows

showed significant differences in materials response to the SAMS/TATER ablation/erosion

environment. The following is a summary of flight and 50 MW test results.

00
Recession of 2D carbon (Pitch)/pheriolic 200 (2DCP2O0 (Pitch)) is equivalent to

00

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

enviRon ent sio of AS-=D antenna window material is compatible with 2DCP200

but not compatible with 3DQP.

L0 0Recession of 2D carbon/rubber modified phenolic 20 (2DCR-.10 20 ) is ten times

greater than 2DCP20O in the SAMS/TATER weather environment and 1. 1 times greater in

the 50 MW ablation environment.

12-

she satdrength, brittlenes, mandtherials strsponse sensitivioyli the uAe a'At o t

pessevbronenitriThe followig foasumr yf flight antnawndo applicatestreuns. .
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3.0 DESCRIPTION OF MATERIALS

The heatshield and antenna window materials fabricated for test during the FY76

SAMS Program tire listed in Table 1 along with the respective SAMS/TATER flight numbers.

The designations 121)" and "13D"l refer to two dimensional tape-wrapped and three-dimensional

woven or fabricated construction, respectively. Tape-wrap angles of 200 and 70 0 are with

respect to the surface of the heatsbleld substrate which had a one-half cone angle of 7-1/2

degrees,: Abbreviations for the type of construction, materials, and Wrap angle are listed

00

reinforced phenolic resin; bias tape-wrajpped at an aft-facing angle of 200 to the heatshleld

substrate surface.

Table 2 l1sta the reinforcing fabrics and resin systems used to fabricate each of

tile heatshield materials.

Mechanical and chemical properties of the heatshield composites are presentedI
in Table 3. Properties were derived on tag ends of composite material from actual nlight

heatshield frustums. Testing was performed in accordance with G. E. Specification Number

89330-21-0011.

LI
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Table 1. SAMS/TATER Flight Test Matrix

FLIGHT REFERENCE EXPERIMENTAL
NUMBER HEATSHIEDEPRMNA ETIIELD ANTENNA WINDOW

602 2D Carbon/Phenolic 200 2D Carbon (Pitch)/Phenoiic 20 0 oc
( 2DCP 200) 3D (2DCP 20' (Pitch))3DAtqurzSic

6 09 3 urzPeoi DAtourzSlc
516 -2D Carbon/Rubber Modified Hot Pressed Boron Nitride

0Phenolic 200 (TS-12.51)
~ g (2DCR-10 200)

512 ;42D Carbon/Phanolio 700 3D Boron Nitride
(2D)CP 700) (BN,-3DX,

L Table 2. Composition of Heatshield Materials

MATERIAL PREPREG COMPONENTS OF PRrPREG
DESIGNATION NUMBER REINFORCING FABRIC RESIN SYSTEM

2D Carbon/Phenolic 20P U. &. Polymeric H.Aco CCA-1 Carbon Cloth U. S. Polymeric .#95
(Reference Material) FM 5055A Phenolic ResinI

2D Carbon T6 itoh)/ U. S. Polymeric UCC Type ##pit U. S. Polymeric #39
Phenolic 20 FM 5783 Intermediate Carbon Cloth Phe'nolic Resin

3D Quartz/Phenolic U. S. Polymeric Astroquartz 300 Monsanto SCI008
FM 5709-12 Roving Phenolic Resin
(Longitudinal and
Circumferential)

U. &. Polymeric Astroquartz 552 Monsanto SC1008
FM 5723-12 Roving Phenolic Resin
(Radial)

2D Ca'" n/Riubber None Hitco CCA-1 Carbon AVCO R1-10
Modified Phenclia 200 Cloth Rubber impregnated

0 I Phenolic
2D Carbon/PhorocI a 700 U. S. Polymeric Hitoo CCA-1 Carbon Cloth U. S. Polymeric #95jFM 5055A Phenolic Resin

10 A
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4.0 HEATSHIELD FABRICATION

Variations in meteorological environment from flight-to-flight and measur3-

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 erosive severity of the meteorological

environment.

The 2D carbon/phenolic 20-degree heatshield material (5055A) was selected

as the reference material for all flight&. Heatshield frusta were fabricated using four

separate quadrants of equal length as shown in Figure 1. qtadrants of experimental and

reference material were alternated so that the same material was used in diagonally

opposed quadrants. 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 quadr&rits to insure

integrity during flight. The interlock consisted of slotting the quadrants and bonding slats

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 into 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 20o)

were manufactured in accordance with AVCO specifications. In addition to the experimental
aft heatshield, PDA also fabricated the forward 2DCP20 heatshield illustrated in Figure 1.

12A
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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.

17 A7



Figrure 5. Bonded Heat shield/A ntenn i Window Assemblv
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5.0 TEST VEHICLE DESCRIPTION

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

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 obtaiu a maximum

velocity of 10, 400 to 10,603 ips at an altitude of 14, 500 feet with a 70-pxind payload when

launched from sea level at an angle of 28 degrees above the horizontal. The payload with its

nosetip and heatahield experiments is equipped with a parachute and flotation system for re-

[. uovery from the ocean.

The TATER rocket vehicle was launched from the NASA Wallops 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). I
Payload recovery was by means of helicopter or ship.

.1
I
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al °ABLATION TN.STS

The objective of the rY76 SAMS Program was to experimentally evaluate the

erosive effects of high-speed particles on heatshield and nosetip materials. Materials eval-

uation was based primarily on pre- and post-flight measurements and observations of recovered

mi.terials. Four of the SAMS/TATER flights were scheduled as weather tests and one a clear I
air test,

Recession data from a weather shot represents the integrated ablative/erosive

response of the test materials to the meteorological environment of that particular flight.
• Since flight environments vary significantly from flight test to flight test, it becomes impox-nt

F. to have a means of separating ablative recession from erosive recession.

T'_q 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

coverage, of the material during ablation testing.

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

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

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.

21
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7.0 FLIGHT AND ABLATION TEST RESULTS

Four SAMS/TATER flights were successfully launched during the FY76 SAMS

Program. The first flight, Flight 602, was a clear air launch from the Tonopah Test Range,
Nevada. The next three flights, Flights 509, 516 and 512, were weather nbots from the NASA I
Wallops Flight Center, Virginia. Heatshield and antenna window performancp for each flight

are presented in the following subsections along with 50 MW ablation test resuli s.

7.1 50 MW Ablation Tests

k Ablative recession rates for each heatshield material are reported in Table 4
0

(Reference 3). The 2DCP20 (Pitch) material was run at 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

_4
AVERAGE ABLATION

HEATSHIELD MATERIAL RATE, INCH/SECO1\D

SAMS/TATER SIMULATION

2D Carbon (Pitch)/Phenolic 20 0.012 (2)

ICBM SIMULATION

2D Carbon (Pitch)/Phenolic 200 0.024 (2)

2D Carbon/Phenolic 20 
0

(Reference Material)

2D Carbon/Rubber Modified
Phenolic 200 0.032 (3)

3D Quartz/Phenolic 0.038 (3)

2D Carbon/Phenolic 700 0.061 (1)

()Number of Specimens Tested

22
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[ . Comparismti of the average ablative rates for 2DCP200 (Pitch) at ICBM, 0. 024-in/bec,

and At MS/TATER, 0.012-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 2DCP200 (Reference),

0.023-in/see, is approximately the same at ICBM simulation as 2DCP200 (Pitch), 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 air flight conditions. This was found to be a valid

projection as discussed in the subsection on Flight 602.

The overall ablative ranking of the experimental heatahield materials can be divided

into four groups based on the 50 MW ablative data reported in Table 4 and other film data and -1

post-test observations. 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.

G 2DCP2O (Reference)
Group I: 2DCP20° (Pitch)

Group II: 2DCR-10 200

L Group III: 3DQP

Group IV: 2DCP700

•: A r,'" ftve 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 I 1.0

Group II 1.3

Group III 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., 2DCP200

(Pitch). The heatshield did not contain an antennr window experiment.

23
1. •

-. -. - -U



S.. ...... ...

I:!. 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 velocity of approximately

90 fps (Reference 4). The high ir.ipact velocity caused the nosetip and heatshield to penetrate

approximately 18 inches into the ground. Although the impact did not damage either the expert-

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 heatshteld materials.

rTherefore, the experimental and reference panels were removed from the substrate to obtain

more accurate measurements over the entire axial length of the quadrant panels. The sidewall

recessions for both 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

r 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 experimental antenna window material

was t'..r!e-dtmensional astroquartz/silica; i.e., AS-3DX. The pre-flight heatshield assembly

is shown in. 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 ablated. This indicates that

separation occurred very late in the flight and might be due to rap'd cool down shortly before or

at the time the payload entered the water.

Post-flight recession measurements of the heatshleld 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 forth and Figure 19 shows the data graphically.

24
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Figure 7. Flight 602 Post-Flight Fiue8Algt 0 otF~h

2DCP200 , 0O Quadrant 2DCP20 0 (Pitch), 900 Quadrant
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Table 5. SAMS/TATER Flight 509 Heatshield Recession
Measurement Results

Station 2DCP200 Sidewall 3DQP Sidewall
Number Recession (Dich) 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
152 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
0

2DCP20 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 2DCP200 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 thickness of the 3DQP surface

char layer was approximately 20 mils compared to a 70 mil char layer for the 2DCP200 .

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.
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Figure 21. Post-Flighflt Surface of 2IDCP20' Figure 22. Post-Flight Surface of 31)Q1l
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Table 4 and Figure 19 present the post-flight recession measurements for AS-3DX

antenna window material in the 2DCP200 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 2DCP200 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
Recession Measurement Results

AS-3DX Sidewall AS-3DX Sidewall
Station Number Recession in 2DCP200 (in.) Recession in 3DQP (in.)

9.5 0.090 0.196

11 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 3DQP. 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 configuiation. 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. t

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 Flight 516

Fligig 516 (Sandia Vehicle R487516) was launched from 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-10 200. The experimental antenna window material was hot

pressed boron nitride; I.e., TS-1251. The pre-flight heatshield dssembly is shown in

Figure 26.
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The recovered heatehisld 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-10 200 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-10 200. 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 2DCP200 material.

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

0 02DCP20 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 0.140
7 0.015 0.152
8 0.150
9 0.158

10 0.172
11 0.142
12 0.002 0.165
13 0.151
13.5 0.002 0.173

The average sidewall recession of the 2DCR-10 200 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

reference material at four a.'al positions was obtained by direct measurement of the cut sections.
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00 0 0

2DCP20 0 Quadrant 2DCR-10 200 90 Quadrant

Figure 29. Flight 516 l'ost-Flight Figure 30. Flight 516 Post-Flight2DCP,20 180 Qýuadrant 2DCII-10 20 ,270 Quadrant

...... . . .



MR;.~ -77- -- --

-4

~7. ~2DCP20

Figure :31. Pronounced Separation of Figure :32. Slight Seaainof 21)CP2O'
9IDCP20' Quadrant QUad rant

:39



..... ... ..

0

(NN

LI.

- ..

0

LU

zz

0 4

LI.

c.,o -7

LUA

:11
400



The data show that the sidewall recession of 2DCR-10 200 Is ten times greater than 2DCP20° in
the SAMS/TArER 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. 4

The post-flight surface of the 2DCP20 reference material displayed a typical carbon/
phenolic char layer of average roughness, Figure 35. The surface of the 2DCR-10 200 experi-
mental material is shown in Figure 36. Tl'e surface char layer of 2DCR-10 200 was approxi-
mately 70 mil in thickness which is the same as that observed for the 2DCP20 0 reference
material. However, as had been observed In the 50 MW test specimens, the char layer of the
2DCR-10 20 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 0 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

mtr 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, 700 tape-wrapped carbon/phenolic; i.e., 2DCP 700.
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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Figure 37. Post-Flight TS-1251 in 2DCP200 , Figure 38. Post-Flight TS-1251 in 2DCR-.10
0' Quadrant 20', 90' Quadran,

ISO

Figure 39. Post-Flight TS-1251 in 2DCP20 0, Figure 40. Post-Flight TS-1251 in 2DCR-10

180"Quadant200, 2700 Quadrant
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The recovered heatshield assembly is shown in Figures 42 through 45. Figures 46
and 47 show that a portion of one of the 2DCP200 panels and some of the EA-934 epoxy adhesiveremained on the substructure despite the severe impact conditions. Loss of the panels precluded
any direct measurements of recession of the heatshield and antenna window materials.
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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 acoordance 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 measured sidewall
0

recessions for the 2DCP20 (Pitch) experimental material and 2DCP200 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 2DCP200

(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 200 (Pitch)

is an excellent clear air ablator and is equivalent to 2D carbon/phenolic 200 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,

materials. This group has an ablation factor 1.6 times greater than the 2DCP20° refc ence

material (Group I).
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A relatively thin 20 mll char layer was observed on the post-flight 3DQP while the

2DCP20° reference material had a 70 mll 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

window material is compatible with 2DCP20° in an ablative/erosive environment. The test

r results also show that AS-3DX would not be a suitable antenna window material for use with
D7 3DQP heatshield materials because of the high ablation/erosion rate of the 3DQP.

8,3 Fligxht 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 20o experimental material

was ten times greater than the 2DCP20° reference material.

•0

As previously discussed, 2DCR-10 200 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 2DCP200 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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r Total loss of the quadrant panels during the severe impact of Flight 512 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•0

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

[ I the lap should greatly reduce any tendency of the panel material to separate from the sub-

structure under normal Impact conditions.
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9.0 CONCLUSIONS

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

1. The ablation performance of 2D carbon/phenolic 20" (Pitch) heatshleld

material Is equivalent to 2D carbon/phenolfe 20) reference material in .

the. clear air SAMS/TATER trajectciry.

2. The ablation rate of 3D Quartz/Phenolic is 1. 6 times greater than
2DCP20 0 reference material In the 50 MW ablation test.

3. The recession of 3DQP Is 2.4 times greater than 21)CP2O" reference

material in the ablation/erosion SAMS/TATER weather enviro~nment.

4. The recession rate of A 8-3DX antenna window material Is c r-mpatiblu

with 2DCP200 In an ablative/erosive environment.

5. AS-3DX is not a suitable antenna window material for use with 3DQP,

because of the high -recession of 3DQP in an ablation/erosionA

environment.

6. The ablation rate of 2D carbon/rubber modified phenolic 200 is 1. 3

times greater than 2DCP20 0 reference material In the 50 MW

ablation test.I7. The recession of 2DCR-10 200 is ton times greater than 2DCP200 In

the ablation/erosion SAMS/TATER environment.

8. 7Tie low strength, relative brittleness, and thermal stress sensitivity

of hot pressed boron nitride (TS-12 51) severely limit the use of

* TS-1251 for flight antenna window applications.
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APPENDIX I
GENERAL PROCESSING SPECIFICATION

FOR SAMS/TATER HEATSHIELDS

1.0 MATERIALS

1.1 Purchased raw materials shall be accompanied by the supplier's certificate of

conformance which shall include:

Supplier's nameSProduce name, trade name, and/or numerical Identification

Date of manufacture
iLot number and batch number

Material properties consisting of a record of applicable tests,

test results, and test requirements

1.2 Inspection shall verify acceptability of materials to ensure that the supplier's
certificates are in order. '

1.3 Inspection will monitor shelf-life requirements and will initiate acceptance tests

at 6-month intervals. These tests will be performed on prepreg and on speoimens

cut from molded test panels.

2.0 EQUIPMENT

S2.1 A vacuum system capable of maintaining a minimum vacuum of 20 inches of mercury.

2.2 A hydroclave with an operating pressure capability of 950 psig, minimum. Recording

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

and vacuum.

3.0 FABRICATION PROCEDURES

3, 1 Materials. Preparation of

NOTE: Use strict cleanliness standards when preparing material.I 3. 1,1 Slit material into 45 degree bias tape of a given width.

3.1.2 The slit material shall be hoat sealed or sewn with dacron thread into continuous length

tape (maintaining face-to-back control), wound urn spools, and packagae in polyethylene

for protection and storage. Identification to contain lot and roll numbers of material.
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3.2 Part, Curing of

3.2.1 Install rubber bag for hydroclave cure.

3.2,2 Place part- 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,I 0300 (+20, -0) F, and 950 psi 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.

3.3 Production Sequence (Refer to Flow Diagram, next page)

3.3.1 Tape wrapping sequence shall be as follows:

a. Prepare material per 3.1.1 and 3.1.2.F NOTE: Use strict cleanliness standards during wrap.

b. Wrap 45 degree bias tape on the male mandrel, using 200 (±60) pounds

"of total force per inch of tape width, preheating the material to 180

(14,))°F. The acceptance ring shall be an integral part of the j
wrapped part.

3.3.2 Preparation for cure shall be as follows:

a. Machine the as-wrapped 0. D. surfaces to prepare that surface for cure.

NOTE: This operation is optional at the discretion of the

cognizant process engineer.

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

the male curing fixture.

3 3.33 Cure part per 3.2.

S3.3.4 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 configu-ation and

proper identification per applicable drawing.
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FLOW CHART FOR SAMS/TATER HEATSHIELD FABRICATION

ASSEMBLEFIA
DRAW & BOD /S MACHINE AND

MATERIALQUADRANTS TO
S STCUBSTRUCTURE SEIE

DIMENSIONAL
RECORD MINSPECTION

DATA PER PD DWG
ON INSPECTION (QTUADRANTS

TRAVELER

X-RAY
INSPECTION

VERIFY VERIFY CURE PER PDA SPEC
MATERIAL TIME/TEMP.

RECORDINGS VAC. PSI

IDENTIFY AND
FINAL INSPECT

RE HYDROCLAVES PREP

MANDREL CURE.DCMNTTO

VERIFY
WARAP BAGGING & VACUTJM

& RECORD

LE GENDA

•. n INSPECTION FUNCTION

QO PRODUCTION FUNCTION

£- 55

~ L~A~W AND



10 QUALITY ASSURANCE PROVISIONS

4.1 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

inspection shall be performed in accordance with the requirements of this document.

4.2 Testinz, Inspection and Documentation

Testing, inspection, and documentation shall be per Thermal Shield Specification .

Number S9330-21-0011 and other applicable documents.

Ir4.2.1 Production Parts. Testing and Inspection of

a. Each part will be radiographically inspected per applicable PDA purchase

order requirements. One radiograph of each exposure and a radio-

19 graphic report shall accompany a part that is shipped to PDA.
b. Each part will be solvent wiped by wetting with a clean cloth with an

for surface cracks or flaws which entrap the solvent. The entrapped

soivent evaporates slower than the surrounding non-defective part surface.

C. Each part shall be inspected for good workmanship and conformance to the

dimensional requirements of the applicable drawing and dimensional3

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.

d. Physical properties will be tested per Thermal Shield Specification

Number S9330-21-0011.

e. 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.A

f. 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. 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 I
representatives.

c. The process history of each part shall be reported per Paragraph 6. 5 of

Thermal Shield Specification Number S9330-21-0011.

5.0 PREPARATION FOR DELIVERY

The part shall be prepared for delivery per MIL-P-116, Method 111, and in conformance

with good commercial practice to ensure its arrival at its destination free of damage. I

£N
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