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ABSTRACT

Recovered hardware (debris) from a Program- re-entry vehicle ware
furnished to the Re-Entry Systems Departmant for evaluation. This vehicle
had flow_:,% days in orbit before commencing a re-entry tra_jectory be-
cause of atmospheric drag effects. Exposure to the tropical 31!5:]: unviron
ment followed impact. Debris conaisced of sections of the forebody and atta:
hardware. and pleces of the thermal cover and parachute.

The phonolic-nylon heat shicld had evidence of: (1) local cracking in
orbit, (2) development of a protrusion during ;rbit or early re-entr&, and

(3) curling at edyges adjacenc to stress velief grooves during re-entry. Miss

performance capability is not limtted by these conditions. Shield degradatic

during re-entry matched seﬁi-ampirical correlations developed from previoua f
data within reasonable tolerances. Degradation rate parameters we
datermined from shield material exposed ot the actual re-entry environment.
formance of the current gap filler was confirmed. Parts, parschute, and cher
cover evaluations suggest that the afterbody was not directly exposed to re-e:
heating while tumbling, ar prior to R/V atabilizacion and separation. Magres.
mounting ring and ring-to-liner bond Lavestigatlons Indicated satlsractory
porfiarmance .

Results confirm adequacy of the prasent desizn and veihlcle qualiry.

e L



R

RrwtFe

TABLE OF CONTENTS

FOREWORD
ABSTRACT
TABLE OF CONTENTS
I. INTRODUCTION
I, FLIGHT PROFILE AND CONFIGURATION
'ITITI. RECOVERED DEBRIS
IV, NEBRIS EVALUATION
A. Orbit and Upper-Atmospheric Flight
B. Re~Entry and Impact
1. Thermodynamic f‘erfomance
2. Materilals Performance
a. Degradation Kinetics
b. Parts Evaluation
V. CONCUISTONS

VI. REFERENCES



Figure

Figure

Figure

- Figure

Figure

Figure

Figure

Figure
Jlgure
Figure

Figuco

19 -

LIST OF FIGURES

Orbit Injection Configuracion

Photograph of Forebody Assemhly Section Showing
Exroded Crltér-Like Formation

Photograph of Forebody Assembly Cross-Section
Showlng Shield lidgo Cooling und Capsulea Cuidos
Photograph of Forebody Assembly Sectional Showing
Ablated Heat Shield Surface

Minimum Temparature Location on Shield During Earth-
Oriented Orbital Flight |
Re-Entry Path Angle, Velocity, and Time vs. altitude
Re-Entry Macn Number, Dynamic Pressure, and Axial woad
va. Altitude

Measured Shield Degradationm vse. Axial Station

Shield Degradation vs. Ingegrated Heat Tlux

Integratod licat Flux vs. Re-Entry Heating Paramecer

Skarchr of Shilold Crogs-Section Showing Kdge Curling

SN o

Page



,‘;' .

Figure
Figure
Figure
Figﬁre
Figure
Figure
Figure

Figure
Pigure

Figure

15
16
17
18

19

20

LU 3
DTA Thermogram of Top Third Phenolic-ﬂylon dample
DTA Thermogram of Middle Third Phenolic-Mylon Sample
DTA Thermogram of Bottom Third Phenolic-Nylon Sample
TGA Thermogream of Reference Phenolic-Nylon Sample
TGA Thermogram of Top Third Phenolic~Nylon Sample
TGA Thermogram of Middle Third Phenolic-Nylon Sample
TGA Thermogram of Bottom Third Phenolic-Nylon Sampla
TOA Residyal Weight Fraction Ratio st Selectod Temperatura
Points va. Sampling Dapth
DTA Temperature Difference Indicated at Selectad Temperature
Painte va. Sampling Depth -

SRV.LOcation of Parts Sectioned and Evaludtad

fEHEY
WeYisitd

j
i
f




»
Wi e A

LIST OF TABLES

o)

Table I ~ Shield Degradation Measurements
N A :
Table II - Arrhenius Farameters

fararee
AR

oV
n

FTWATN O RE E E E g - AT Lunc



L1
W il

‘*,
e

I. INTRODUCTION

% , 1 Recovered re-entry vehicles and materials can provide information and

data which cannot now be duplicated by ground tests. Ground simulations

of flight envirorments are only limited simple appraximations because of

facility and technology capabilitiaes, knowledgelof flight environmental

parameters, ambient natural conditions, and economy of resources.

for diréct or remote observation during flight is also limiceu. Therafore

the present evaluation was performed with the following objectives:

1.
2.

-identification of areas whare product improvements might be made

observation and moasurement of rasponse and performance in actual

flight enviromments
increased understanding of operational capabilities

advancement of technology resulting from application of new data and

upgrading of design techniquea,

ﬂfﬁm

Capabilicy
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III. RECOVERED DEBRIS  ~

In composite, the pieces received constituted sections of a forebody

assembly (CE drawing #198R301) with certain higher assembly items insatalled,

and several portions of the parachute and thermsl cover. Included were:

heat shield assembly: phenolic-nylon ablative shell and phenolic-
glass structural liner, silicone rubbec gap filler (GE drawing #226E590)
aft shield ring. phenolic-glasa (CE draswing #679D122)

qounting ring: magnesium alloy E%EtkA(GE drawing #198R306)

microawitch: component with aluminum bracket (GE drewing #692D911)
interface luy: steel part coated with aolid film lubricent, molybedenum
disulfide in an alkyd hinder (ce mew‘;#'lc‘lﬁ'?‘e&f)

W1J1 interface harnass connector: -art PCG?H-Z.Z-SSP

parachute: portions of fabric (GFE)

thermal cover: phenolic-glass (Pyropreg) (GE drawing #226E590)

capsule guides; phenolic-glass with steel facings (GE‘;fawinga‘#887C525
and #692D925)

Photographs of portions of the recovered forebody sections, Figures 1, 2,

and 3, show the general condition of the heat shield and other materials received.

Other portions of the shield were deeply impressed with soil. With the excaption

of a badly damaged and solled section which included ragions of the nose cap

periplhery, returnod shield sections were from conlcal frustum of the hoat ahfiald

asgentbly,

TR



CiVhes

Iv. DEBRIS EVALUATION-
A, Orbit ané-Upper-Atnoagﬁeric FliSEF. :

Visual examinatioﬁ of the éhenolic-nylon heat shield revealed the
typical "dried mud flat" appearance of an ablative material after re-entry
and cool-down. Most of the random cracks (see Figure 3) were produced after
re~entry when the phenalic nylon coaled down. During re-encry when ths phen-
olic hylon 1a above 500°F it deforms plasticslly in compression so that a
sudden cooling after ve-entry would produce tensile cracks, This is substan-
tiated by the fact that most of the cracka near the free adge of the phenolic
nylon are meridional in direction because of high hoop compression during re-
entry with very low axial comprsasive stresses, Moat of the cracks in the haop
" direction are away from the free edges where the axial compression atresses are
equal or higher than the hoop compression stresses. Several cracks wera obser-
ved, however, which evidently occurred during orbital flighe.

Based on the launch parameters and flight profile.@ angles {(angle between
solar vector and orbital plane) of -50° ta -35° were experieﬁced during orbit.
These conditions could result in local heat shield temperatures as low as -190°F,
Minismum temperature loecation is shown in Figure 4. .By analysis (reference 1),
local shieid cracking would he predicted aven with no degradation of material
properties (shrinkage, reduction of elongationj or compresaiva creep due to pre-
vigus alevatad remparaturo prosuru ln orblt., Tha ceacks would occur ciosa to
the dtress cullel groovas, In a meridonal divection, with the most severs cracha
develaping at the aft-most atress relief groove. Considering the circtmrcerantial
temperature distriburion and the minimum temperature location for earth-ariented
orbital flight, the predicted cracks would be confined to the small segment of
the circumference experiencing near minimum temperatures (approximacely 20 degrees

of arc). Very iew cracka would ba uxpactad, since rhowe accurceing would relisve

the local atress levels,
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The ainimum tenperdtureprasion fof earth-oriented flight was located on the
debris and the cracks ex;mined for éharriﬁg along the edges down to the phen-
olic glass. Only one such crack was found in this region and upon examina-
tion of the rest of the shjeld circumference, only two or three other similar
cracks could be found, randomly spaced around the circumference., Most of the
cracks still had virgin mgterial at the base next to the phenolic glass, indicat-
ing that these cracks occured during the latter portion er subsequent to the re-
antry heating pariod. |

Based on the analytical predictions and on the fact that sovaral cracks
had charring along the edges down to the phenolic glass,.the conclusion is reached
that these cracks occured in orbit. The random locations ptqpably occurad due to
tha fact that the vehicle uaﬁ scnbililed-inorbit for only the first four and

latter two days. For most of the ramaining days in orbit, the vehicle was g;obably
1o A usi Padia . ”':L‘MI’!

tumbling. If, during this lacter cime, the vehicle was/stabilized for three to
five orbits, other partions of the circumlhrence_could also have been-suhjectad ta
Ghll—eoi::;;;::;ltufa; thus producing the additional cracks. In any evanf, these
meridional cracks, local to the stress vrelief grooves, produced by in-orbdt cold
temperatures, are not considered decrimaﬁtal to the mission performance capability
of the shield aystem.

A trujedtory was <alculated from known inicial thital conditions to lmpact.
The orbital elements which ware used are dafined in Section II of thia reaport. A
constraint on the trajectory was impacting in thirty days, with the given history
of stabilized and unstabilized flight., Using a Harris-Priester atmosphere, fhiu

condition was satisfiad, For stabilized flight throughout the observed duration

of orbit, only a amall amount of decay would have resultad,

Ceaw
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The motion behavior’of the vehicle can only be & subject of speculation
since the aerodynamic and mass characteristics are not known. However, it
is moat probable that the vah{cle stabilized and the R/V separated from the
rest of the orbital system at a high altitude. The R/V then continued into
impact, Assuming a W/CpA of 55 psf the trajectory parameters are given in

Figures 5 and 6., This trajectory gives rise to the thermal shield weight loaa

which was observed,
B, Re=-Engry and Impact

1. Thermodynamic Performance

a, Shisld Parformance

Poat recovery measurements were taken from the aft frustum pieces of the

vehicle heat shield to determine the axtent of shield degradation. By use of
previous flight data and simplified techniques, this data was translated into an
estimate of the aerodynamic heating experienced by che R/V during re-entry.

Table I presents messursments taken from the recavered aft frustum pleces.

-

By subtracting the remaining phenol%c nylon thickness from the nominal design —
thickness of the shield, it was possible to obtain an estimate of the dcpthzdf'-A B
local shield degradation. This data and similar data from R/V 38 {ia plotted as a
function of vehiicle axial langth in Figure 7. It can be seen that the avarage
debris dogradation depth {s greater than cthat of R/V 38 by 367 and ?51'-: Stations
23 and 18 respectively. A fair amount of debris data scatter is shown, but it is
not in excess of thn\?’a?; variance indicated by extensive post recovery messurementa
obtained from R/V 38,

Figure 8 presents a correlation of R/V 39 degradation depth as s function of
tho timo incoyrated re-antry heating. Tho maan dagndntion valuaos of Ytation 18
and 23 (Figure /) weve used as an argument to antor Figure B so that astimstea of

tho local heatlng ratew cuuld be ohtailned. Far Station 18 the Lntegrated heating

ts 3770 erlth and at Station 23, 2350 BTUIF:Z. The cstio of these two values is

= 637 normally, a ratlo of BIZ would be —— A~
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TABLE I

& . SHIELD DEGRADATION MEASUREMENTS

LOCATION . MATERIAL _THICKNESS _ IN. .
CLOCK VIRCIN DEPTH OF
SAMPLE  STATION* ANGLE CHAR + VIRGIN PHENOLIC NYLON DEGRADA -
NO IN. DEG. PHENOLIC NYLON  REMAINING TION **

1 17.91 315° 0.138 0.097 0.12
1 17.91 315 0.162 0.136 0.08
2 23.4 45 0.187 0.147 0.07
3 18.4 130 0.212 0.161 | 0.06
~ 4 18.4 150 0,145 0.121 0.10
5 23.4 315 0.19% 0.135 0.08
6 23.4 20 0.220 0.176 0.04
'3 23.4 20 0.262 0.174 0.05
7 23.4 135 0.206 0.160 , 0.06
8 23.4 160 0.178 0.153 0.0?

AVERAGE DEPTH
OF DEGRAD,
AT STA. 23.4 = 0,06"

*Axtal Distance from stagmation point.

**Nased on nominal design thickness: 0.2195"




ey
e
Py
bt 8

byt

e

L., T
LT s e




“.ﬂﬁ.'mm.n-

L]
PR

CaE .E:ﬁx .

RECIVERED  DEWHLS

preed faa e

;_um.&.._n. (.mm..mb .ﬁg&.

M

Fhn 3 INCHE
T
:

b

DL e S S I R
it oS S ELIENT TEIT. A -.“...ﬁ_..n
ST LA m.hb%thm.b__..mm\hg.mm n..

;..._

)
[ B .- -
i

- [

\b&.& w

[

ert’s Ly imemtine

| L
e

e

-




g

- g

3

'

.. -.Hu .
S
N PR

5

1wy s - =t

Z

EI TN

SR

=Tty

R

-

e i W<

-

..-
4
MAART
Sdn -

e T

PRI A

RN

~ b
aibems bt
e W A

‘L-

L d nald

. eyl ol .
(e S Y

D e

525,512 £ AT/sEC

T

b PR A

i

P

b ald
e

s aw

v

"‘.
Lol
LI L

.

N
-
sl s

g o —

v

P
£

§3.

R

e TRY

RS wihyete Py

Ty

- 04';".
[y

-1

!

.

£y

odyd

#

oy © e
i._u. . ' 3
P JGL 35 S Tu




expected as - q 4t} aminar '--:-l-'-;—"’d

In order to estimate the possible re-entry path angle extremes indicated by
the shield dégfidiéidh, Figure 9 was developed. This figure presents the dep-
endency of the time integrated re-entry heating as a function of re-entry path
angle and ballistic coefficient. Employing the integrated heating obtained from

Figura 8 as an argument -—C’

s

-y

(sin BL)‘ e .‘(‘_H/ CDA)J’

extremes of 51 and 72

were Obtl%pﬂd foy Stations 23mand 18 respectively. Assuming a constant hypersonic
’:-D'-Jri.g .-'\-_'w"f"

balliatic of 55 ylelds a path angle range of 19,13' to 36' at an altitude of

325,000 feet. This is a rough estimate of the path angls which faills to take into

consideration the vehicle angle of nttack and the reported delay of separation of

the R/V from the system. Both of these avants would cause a 3ignirficanc variation

in the vehicle's apparent hypersonic ballistic coefficient.

b. Afterbody Performance

Several portions of the parachute and thermal cover were obtained. The lack of
e§1dence of heating would suggest that these pleces were not exposed to attached
boundary layer heacing rates. Therefore, it would appear that @uring the early porton
of tha re-entry, when normally the R/V has an angls of attack greatsr than 90° which
would cause the occurfence of an attached boundary layer on the chermal cover, the
spacer section was still attached to the R/V. Subsequent to the decay of the angle
of attack to less than 909, this member probadly was separatad from the vehicle, but
subsequant chute cover heating rates resulting from wake heating were not nigh
enough to cause significant depolymerization of the Pyropreg cover. This opinion
is further substantisted by the condition of the antenna stub and insulated wires
exposed in the aft arca, None gave ;n Indieation of experiencing appreclablo heating.
An organic film noted on tho cover aurface is attributed to decomposition products

from other materials,

aij*ﬁh!
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JE, Shielda
Examiﬁation of the aft shield section revealed evidence that cracks
were ﬁreaenc in the shield duri;g the re-entyy heating period. Vertical sur-
faces of the shield crack were slightly charred down to the phenolic glass

liner. These cracks did net alter shield thermodynamic performance,



_ .4, 8tress Relief Grooves

A profile view of the saw cut at Station 21 indicated that the
local bond between the shield and liner had failed. This requlted in

warping or curling of the phenolic nylon shisld in the following manner:

. FIGRE 10 . -
- } .; ‘ﬁz‘a, " RIV 102" ; : :??;;
TN Silleons he:
: | ) \kxj'qr.-.m Ilcnt Chipld - %f_:
Linag o 5,3;'
. Aﬁ. ~d
r
- Sta ﬂ;_o
_ Phenalic Nylon 159 o
.tA.’fF:‘}R‘MininB JG2 .:8 ’ .
Add) - C
:’ ' r_! SKETCH OF SHIELD CROSS-SECTION SHOWING EDGE CURLING

o

As the remaining thickness of the virgin phenolic nvlon decreased .= ir

"TA‘, j& i3 "'/J-' APOSY TS,
il

present during the heating period. -The increased body angle with respect

, it can be concluded that the curvature was
to the air stream resulted in a local pressure and heating increase which lead

to geeater depths of shield degradation. A similar conclusion was drgwn from

the recovered R/V 38,
e. Ablative Gap Filler
The ablacive gap filler for cha recovered debris was RTV 102 ailicone rud&b\.
By comparison of ita thermal degradation with that of the phenclic nylon shield
it can be concluded that its performance is compatible with the snield material;
hence, fully satisfaetory for this application, The earlier flights had employed
polysulfide PHR122] which had also deuanatrlt:;izézz;ﬁr Iamic performance.
Gap filler nd esion to the pheunlic ﬁylon was maintained in the vecovered

Ry
samples. Rsuoiza ot the RTV 102 was slishtly}iooc than that of the phenolic~nylan

char remaining on the returnod samplos. No indications of swellling and void formation

. were
as a rasult of orbital thormal-vacuum or re-entry exponuti wes prosent,

il 7l o



2. Materials Performance
a, Degradation Kinetics
Thermogravimetric and Eifferential Thermal Analyses (TGA's and DTA's
respectively) were performed to define shield degradation as a function of depth
from the surface. Samples were taken from a coring removed from a randomly selec-
" tad location on the shield skirt. Sample dapths were: (') LT"
Mm the char/virgin material interrface, nominally the top third; (2) down
1/16" from (1), nowminally the middle third; end (3) down 1/16" from {2), nominally
the bottom third. Material from the trim ring of a production heat ahleld was
. used a3 a base reférencc. Examination of the DTA thermograms Figureu and )Z and

13
A}l show that the top third material does not exhibit an endotherm ac"-'BOOOF while

, hi
the deaper samples do in varying degrees. The thermogram of l?igure’\w represents

a sampling from the char/virgin material interface. A temperature of 800°p probably
corresponds to the "melring" of the phenolig resin, although the exact i:emperature
.18 & function of curing cycle, etc. The peak at 475°1= corresponds to the melting of
nylon.reinforcement. The intensity of this peak varies with the depth indicating that
during re-entry the phenolic resin surface receded approximaterly 1/16 of an inch,
Thermogravimetric analysia (TGA) curves were run on samples from the same
core and depths as the DTA ssmples, 1In addition, a reference sample was run to make

comparison more complets. The top third curve showed a marked lovar rasidual woight

'bqf‘dr o )""n- el TR )/.- dld
fraction at a given temperature than the,htanderd—er—theunebleted porttone—of—the

W 5 6 l? y
m'n-md; Figures }¥, W, )5, and ¥6 are thermograms of tgﬁmﬂl and l:op,
ATTATTR A ) p_,,

18
wmiddle, and bottom thirds of the phenolic-nylon shield samplas. Figute,\]ﬂ is o .loe
~the ralo r

- of (rui.dunl weight fraction of the reference material)/(residual fraction of the

’«J Dﬂ—,: et faremmn lione
debris) verau-, dep at: M temperatures, tlhn from the lmndod TGA curves. Fligure
D o TA h7a 2 AT
JE1ea, Eﬂ "r (the differential tanparal:ura of deflection on the ’ axis) veraus

ve/‘cfl/ -W’"-'z-n ) -
depth, at, given temperatures for the samg material, ., The sams gradation s shown aa is

in Pigure AW.
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The local bond aeparatioﬁ at the strese relief grooves is ﬁrobably
the result of edée effects early in the envirorment. However, neither this
nor the curling is considered detrimental to the mission performance capability
of the syatem.
b. Mounting Ring and Capsule Guides
The end tabs of the capsule guides extending between the magnesium
mounting ring and the aft shield ring were bent at each location around most of
the circumference of the shield (ae:E;;;f 2 for one of the bant guidos). In addition
she dowel pin hole elongations extend in the aft direction indicating the magnesium
ring moved aft relative to the glass liner. The largs gufde adjacent to-tho g§gt9n _

H‘GJMH+ .
i ﬁguti~1 also had a permanent impression of the raised pad on the magnesium ring,

again indicating an aft movement of the ring. The conclusion reached from this 1ia
that the shield structure and magnesium ring falled at impact, the capsule structure
forcing the magnesium ring aft relative to the glass liner. In addition, the
magnesium ring waa intact up to the point of impact since, during impact, a uniform
circumferential bending of the tabs occured. This also accounts for the ghﬁy ;ma11
pleces of ring since a failure would be expected near each contact point‘éﬁtuaen the
waghesium ring and the guildes. |

Fracturea and delaminations noted in the phenolic-glass linoer are attributad
to impact. Also, no thermal degradation was evident In the M & P 100 égboxy-
novolac adhesive ysed for bonding rings and assembly to the phenolic-glass. Cohesive
failure was observed in areas of bond separation, indicating that high strength

parformance was realized in bonded joints.
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V. CONCLUSIONS
The following conclusiona are made based on evaluation of the recovered
debris:

1, Cracking of the phenolic-nylan occu;ted in several places on the heat
shield skirt during orbit. These cracks did.not alter thermodynamic
performance during re-entry. Misalon performance adequacy of the shield
and structurc system was confirmed by flight results.

2. A bulge or protrusion of the phenolic-nylon in the skirt aft ring occurred
duripg orbiiZéora probably, at the astart of re-entry heating. A crater-
typo formation developed during re-entry. Edgo ‘Eurl;ng. of the phenolic-
nylon adjacent to the stress relief gfoovea was also experienced. Local
conditions of these types can be tolerated without effecting mission per-
formance adequacy.

3. Integrity and thermodynamic performance of the ﬁew gap fillerimaterial was
satisfactory.

4, Degradation profile data and degradation rate parameters determined from
shield material exposed to the actual re-entry environment will f{mprove
confidence and accuracy of degradation and temperature response predictions
for future heat shield dasigns.

5. HReating effects on parts, parachute, and thermal cover mareriaia evaluated
indicate that afterbody heating was small. This suggest thac the after-
body was not directly exposad to the aer%thermodynamic heating anvirﬁnmnnt
during re-encry while tumbling, or prior to R/V stabilization and separation.
Apparently the adapter protected the R/V afferbody during the initial period
of re-entry hea:inﬁ.

0. The mauneatqm mounting ring and ring-to- liner hund did not experisnce
axcoaslve tomparatures during co-entry. H&hntlnu ring and hond waintained

integrity until lwpact. Cohesive bond failures and predictable ring Esilures
. A
IR T e



Vet

7. Shield degradation during re-entry matched semi-empirical correlations
based on' previous flight data within reasonable assumption of tolerances,

8. Adequacy of the present vehicle design and quality was confirmed.

e
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3. Structural Performance

a. Heat Shield ~

The center portion of Figure 1 shows an area where the phenolic-nylon

is complately ablated away in a local crater shape. The—phenelic—nylen-ie
somplately--ableted—asvay—in—a-leesi—oveten-ohaper The phenolic-nylon is separated
from the phenolic glass liner underneath the crater type fomacion. Thias type

| of formation is probably the result of a local unbonded region between the phernolic
nylon and the phenolic glass liner. FEither due tn elevatad temperatures la orbit
or during a shallow re-entry, the hoop and axial comptesaive chemal lgading in the
phenalic nylon can cause such protuberancea which ahlate mre chg the surrounding
ares, untll ablating through in the center. Pressure from entrapped volatiles might
also ba a factor in the formacion. Subsequent ablation would develop the crater
type erosion. The present unbonded area la’ -esl:iuted to be abth 2 inches in diameter.
Local unbonded areas of this aize, however, can be tolerated without affacting the
nission performance capability of the structural system, , r

Ty rolsh yeen
In Figure 2, a local bond separation at the edge of the sew—eut I8 evident,

-2

with the phenolic n’ylon curled u%n the free edges, The virgin nylon thickness tapers

j;f‘n ﬂ""\.i‘ roQ 3
off as l:he sau=swt odge 1s approached.

The curling phenomana can occur fyom high tempevature exposurs during orbit or
re-entry. It is cauaod by l:he diffetance In thormal oxpnm!.on bol:ween the unrestrained
hu}l-..' Ian (t.mnnnuc-.{) 3!1.:] -‘%«3 S! RIT e "-’hm-m,.;_-r-) ..-m AL qu.¢,4
by the bond to the liner., However, huffic:lﬁnt time and temperature are required to

permit inelastic creep deformation to occur,

During the orbit enviromment, whera the local high temperature reaches
250°F, many orbits would be required to produce this effect, as the temparature is

valatively low, During reentry, when the phenolic-nylon reqches temperatures around

mooF,_a much shorter time will produce the same effect. Of the two environmenta,
reentry 1s considered to be the most probable source due to the circumferentisl :
symmatry of the curl. Once the curling phendneha has occured, subaequaric gblation

”AILL : .
will even off the local protrusion giving the tapered shape seen in Pigure 2. — |
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Making the reasonable assmption that the reference sample used in thi’a work is

bo-.r:f)‘ "ﬁ
recovered phénolic-nylon ctvieiY (representative as used here means
A 'ﬂ\e JﬂT\ -.M'IO'H--J qﬂ):i'l‘ "*”
that both parts experienced approximately the same cure), then m

most savere gradation of properties occurs from the surface (top third) to 1/16
inch below it (middle third). That is “ DTA and TGA showed the greatest

J nipd Froary -ig —f J
change of property in that vegion as oppoaed ki to the middle third to hottom ‘.-

b,
or bottomﬁto reference samples. Refarence to Figure ,{§ r?wws thiv to be trua,
especially in the region from 797°F to 932°F,

The Arrhenius equation

K=Ae TR

T
A - J
\ R e B

provides the rational model currently used for predicting material response to
high hesting rate (re-entry) enviromments.
'jP Arthenius paramoters wore calculate& from the TGA data using the method of luvaas,

l'l-'f:r; W tvved B4
Salyer, and Wilson,, Results for the three different layers are presented in

Table II below:

ARBHENIUS PARAMETERS

Reaction - Egee Collision
Orxder (in %cal/mole) Frequency {A)
(n) (in sec"")
Top Third of 1 15.7 1.3¢ x 10°

Debris

2 ) 0 S 6.45 x 107

Middle Third of 1 17.8 . 6.6 x 102
Debris - 5.6 1.3 x 107
Battom Third ot 1 enmsams o 18.8 fet 1.26 z 103

L S



21.3 6.78 x 10°
6

Reference Phenolic 1 9
2 1.409 x 10

Nylon

An examination of the table indicates that the parameters differ for the three “":'-'i}‘n..-‘
‘30"1'9&-3 2.ud %"' X fedpe i,
, nsample. Beginning at the top layer and proceeding through
mﬁé»:nc‘e .
theﬂmaterial. a gradual increase in both activation energy and collision fre-
quency may be noted, but the increase is slight. Increase in both parameters

is monotonic from top to bottom to raference (unexposed) material,

R Pk
ol
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b. Parts Evaluations

Four parts from: the recovered vehicle debris were sectioned and examined for

indications of deterioration due to orbit, réaentry, and/or ambient exposurs.

it

éLl‘ ,'"“c_
The four parts were a microswitch (692D911), Eorubodxi?102878055uuli harneas
,\

QUTEIR connector (W1J1), and a portion of the cast magnesium alloy €198R3G&>-

(128R3c1), )
mounting ringﬁ All evidence indicated that the parts had performed satisfactorily.

Fused materisls were identified and the minimum operating temperatures were estimated.
T
Flgure ¥ 1a a schematic showing tha locatlon ot the parts, The three items on
N

the aft end of the vehicle showed indications of high temperature deterioration,

~ . whereas the -cast magnesium alloy mounting ring, which is located approximately eight

inches fprw;rd of the shield/thruat cone interface showed no s{gns of high temperature
daterioration. Indications.of corrosion apparently due to weathering, and not con=-
' Tro BCA.P
sidered excessive for\‘io—30—dey exposure, were noted on the harmess interface, fore-
L

body lug, and magnesium ring.

1. Microswitch (¢22D911)

The microswitch with an aluminum alloy angie bracket was removed from the R/V for
examination; 5% inches of the lead wires (three in all) was also recained including

a nylon fastener. The microswitch was located at the thrusc come/shield interface;

two switches wers used in rthe vehicle assembly and were located 180° apart {n proximity
to the yaw axis. Tha switch under consideration was at a° yaw axis.

Tha aluminum alloy angle bracket with its two bolts showed no siyns of melting
or deterioration. ..The cagéing of the microswitch had survived the enviromment -and

was discolorad with a superficial coating of decomposition products emanating from

‘adjacent materials. The plunger of the switch showed the same superficial coating;

the seal hetweun the plunger.and the silicone rubber bellows and hetwwun the hallows

and the casing had deterioratod. The bolts attaching the switch to the angle wers

_in good cundicion. L ..

The potting matarial had cracked such that the terminals Epr three lead wiras

were axpased. No melting of the solder was notad.



The lesad ﬁirea showed no'deterioration of the outer braid, A nylon attachment
loop had fused onto the Gires and o;to a bolt. lacing cord on the wires also had
_ziydicationgAggd;ncipient melting.

The evidence of the fused nylon indicates an exposure to a temperature of approxi-
mately 475°F, e Lack of mnlting of the soldered terminals further indicates short-

time exposure. The solder melts at 350°F and the casing and potting material would

protect the texminala during & short time thermal exposura.

2. Forebody Lug (102B78Q5)

The forabody lug, measuring 4% x 4 x 1/8 inches which was attached to the
aft end on the edge of the vehicla with a 2 inch projection outside the thruat come
“assembly. The lug was located at 0° yaw axis.

Evidence of thermal exposure of this first 2 inch section was noted as severe
degradation of the dry film lubricant'albyJ binder, and had the beaded appearance
of weld spatter, The néxt 1 3/8 inches of the lug showed a gradual change to a:
leas degraded condition. Adherence of the coating exhibited progressively less
deterioration along this section of the lug. The remainder of the lug was unaffected,

The only portion whare corrosion was noted was the middle section. The quantity

aof zust was small.

—p T T T ST ST e s ) S PRETT I < T - Pie mm e el




37,. WIJI Interface Harness Connector -PCOTH-ZZ-JSP)

The harnesa interface showed fusion of the steel shell along one edge
wiﬁh some flaring, The temaining connector pins of the harness were held in place
by the fused glasa-bonded mica insert. The harness shell was also ruuted'indicating
that a protective cadmiuvm plating had been vaporized.

The fndications are that this part was heatead to a-aimimem temperature

o 1purﬁx.,q,~/ _
iinet 3000° F,causing the observed fusiun of metal. The time of expusure can be
estimated as short (*~ 5 minutes).
. 4. Mounting Ring (198R306)

A representative sample of the magneﬁium ring (ZE41A alloy) was taken as
two sactions, the pad portion with the explosive bolt/piston assembly and an adjacent
portion of the ring. The sectioned part was located (n quadfnnt Iv,

The ring pertion contaired a stecl dowel pin and an attached Qiece of

-astelliie laad measuring 1 5/8 x 3/4 x 1/2 inches. The lead slug was attachad with
a cadmiégélated steel bolt which showed some discoloration. The dowel pin was rusted

and deep pitting was noted in the adjacent magnesium materiail Lndicatins a galvunic

ot _.._..—-—-.-—-v-——-—-— S e a——— -t _— e tmam ==

4 —"-.' \
corrosion mechanism in this aren.; The axpwacéf LN L AT -

——

. —— T '

e e e ._.' —— e e "f]

\=i%,

51‘ '-lw-w 2L L

The pad is 2 complex shape)and Wad attachmehcs of the explosive bolc/piston assem-
bly, five epoxy/fiber studs, and a slug of lead attached with a cadmium plated sceel
bolt. The lead slug was 2 x 3/4 x 1/2 inches and was b;n;.into a shallow “ve;" shap:-
with che bolt at the apex. The lead showed no deterioracion., The five epoxy/fiber
studa of tha sblold/ntrucineg Lntasfaca @urn Lo uzuoilunt vogdltbon. Thin entirs

surface was in good condition indicating chac the adhenlve (M&P 100) afforded aufllcient

protection,

et
il - T
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VII.

LR

Yndithl

SYMBOLS
A = callision frequency

E = activation energy

act
n = ordar of reaction

R = conatant

L] = inatantaneous weight
Wa. w {inf{tial weight

W. = Final weight

T = ghaolute tempevature

it
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The extarior porﬂon of the explosive bolt/piston assembly is fabricatec
from an aluminum alloy and had survived the enviromment. The plston sectic
was discolored with a loose black scale., That portion of the pad that the
explosiye bolt w.as attached tﬁ A:;:' extensive corrosion .and pqu':icles of ea

imaaTdu

indicating that the part waas buried in the grouund or hadﬁﬁqmet on that are
A partion of the pad that was at the shieli‘truct:ure tnterface had Eracrum
on :lnplct.‘ Four alodined aluminum rivets were located in the weg portion o:
the pad and no deterioration of these rivets was noted.

No indications of fusion were noted on the magnesium alloy mounting ring
{ta attachments. Cortosion af the magnesium was not consideved excessive fo

type of environmental exposure and phyaical condition of the ring. Meximum

peratures of the magnesium ring section were not excessive NPNNs

AL
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