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EVAWAiTON OF ASLATION HEAT SHIELD MATERIAL SPECIMENS 

INCC1RPi)RATTNG ELECTRICAL CONPI'ECTORS 

PHASE I 

A ~re l in i inary  ctu5y was made of the f e a s i b i l i t y  of passing an 
e l ec t r i ca l  conductor through the heat shield of the Apollo Ccnmand 
Module. The stuc'y Included t e s t s  ;? seven specimens of phenolic-r~ylon 
material in  the Langley Research Center 2500-KW Arc-Jet i n  the High 
Temperat~rz Materials La3orat ory. -?he three- inch diameter spec h e n s  
contained ?atterns of holes of v e r i ~ u s  diameters and depths. The data 
indicate tke t  the holes had negligible ef fec t  on the in tegr i ty  and 
ablation character is t ics  of t3e heat shield. The resul t s  indicate the 
pcabibil i ty of t h i s  design approach t o  provide e l ec t r i ca l  interface 
connections through ablative materials. 

One of the major problems ' , ;pacecraft i s  the location and design 
of the e l e c t r i c a l  interface be ..* - . .A modules of the spacecraft. The 
Apollo configuration has an e l e c t r i c a l  interface problem of consieerable 
magnitude between the canmand module and service module. It i s  estimated 
tha t  the t o t a l  number of e l e c t r i c ~ l  wires between the two modules ranges 
between 600 and 800. Most of these wires require number 16 or  number 20 
wire connectors. 

The Mercury capsule u t i l i zed  f ive umbilicals with a lblkwire 
capacity. In  addition, the Mercurx capsule ground t e s t  unbilical  had 
a capacity of 106 wires. Thus, the Apollo spacecraft with 600 t o  800 
wire leads would require seven umbilical plugs similar t o  the Mercury 
ground t e s t  umbilical. Obviously tile e l e c t r i c a l  interface problem fo r  
Apollo i s  considerably greater  than hat  f o r  Mercury. 

A t e s t  program was undertaken t o  investigate the f e a s i b i l i t y  of 
providing e l e c t r i c a l  connect ion between the Apollo Camnand and Service 
Modules by means of a multi-conductor cable with a separable pin-anb 
socket connector in  the ablation heat shield ;f the canmand module. 
The technique consists of embeddiw the socket elercents of the connector 
a t  sane depth in  the heat shleld material and providing suf f ic ient ly  
long pins on the mating parts  of the connector for  proper e l e c t r i c a l  
contact. ' 



It is recognized tha t  the proposed e l e c t r i c a l  interface must be 
designed t o  survive a severe f1igk.t environment. Reentry upon return 
f r m  lunar missions w i l l  be characterized by short-duration heating a t  
very high heat t ransfer  rates ,  and long duration heating a t  lower heating 

rates.  The high heating ra tes  exceed 500 m!ft2-sec for  200 seconds 
2 duration and tne low r a t e s  of below 50 BTU/ft -6ec are  encountered fc:- 

times approaching 1,000 seconds. Large areas of the Apollo vehicle may 
have maximum radiation equilibrium temperatures greater than !b000''F. 

The t e s t  program was successfully completed on April 27, 1962 i n  
the Langley Research Center (LRc) 2500.W Arc J e t  a t  the High Temperature 
Materials Laboratory. Valuable help was received fran Andrew J. 
Chapnan 111, Structures Research Division, Entry Structures Branch in  
the role  of Project Engineer for  LRC. 

SYMBOLS 

Thermocouple 

surface temperature, O F  

2 
Q average heating ra te ,  BTU /f't - sec 

T temperature, OF 

t time fran insertion of specimen in to  a rc  Je t ,  sec 

R model radius, inches 

CLAL No. 30 chrmel-alumel 

D diameter, inches 

cv visual  char depth, inches 

TEST OBJECTlVES 

The piirpose of t h i s  t e s t  program i s  t o  investigate the e f fec t  of 
holes for  ' !e e l e c t r i c a l  interface on the in teg r i ty  and ablation 
character is t ics  of a charring heat shield material. Specifically, the 
t e s t  program investigates the f e a s i b i l i t y  of prwiding  e l e c t r i c a l  
connection between the Apollo Ccmmnnd and Service Modules u t i l i z ing  a 
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m u l t  iconduct or cable w i t ) :  a separable pin-and- socket connector at the 
ablation heat shield of the camand module, a s  shuwn i n  figure I. 
Figure 2 i l l u s t r a t e s  %he technique of embedding the socket elements 
of the connector a t  sane depth i n  the heat shield material  and providing 
suf f ic ient ly  long pins on the mating part  of the connector f o r  e l e c t r i c a l  
contact. Thus, during reentry the heat shield would present a surface 
containing many small holes a t  the location where the cornlector was 
disconnected. 

The following measurements and analyses were made t o  evaluate the 
behavior of the ablation material: 

1. Temperature a t  each pin hole depth leve l  and i n  the 3-socket 
contact solder pots 

2. Hole depth and contour 

3. Surface temperature 

4. Stream temperature and stagnation temperature 

5. Visual examination of sectioned specimen 

6. Weight loss  

7. Motion analysis of color motion pictures of t e s t s  

TEST DESCRIPTION 

The investigations were carried out i n  an e l e c t r i c  arc-powered 
air  j e t  using the experimental arrangement shown i n  f igme 3. Figure 4 
i s  a p ic to r i a l  view showing the Cetai ls  of the 2500-kilowatt 3-phase 
A-C a rc  jet .  \E lec t r ic  a rcs  are  drawn between water-zooled copper r ing 
electrodes. Each pa i r  of r ing electrodes is  energized by one phase of 
the three-phase parer supply. The arcs  drawn between the concentric 
r ing  electrodes are  rotated by a magnetic f i e l d  created by the mils 
surrounding the arc  chamber. A i r  i s  admitted t o  the chamber below the 
arcs,  passes through the arcs,  and is heated t o  temperatures v? t o  about 
9000°F, depending on the power input and air  flow. This heated a i r  
i s  directed onto the specimens by the nozzle a t  the top of the a rc  
chamber. The t e s t  specimens were supported on a water-cooled sting. 
See reference 1 for a more detailed f a c i l i t y  description. 

The t e s t s  were conducted by placing the t e s t  specimen one inch 
from the j e t  nozzle with i t s  surface perpendicular t o  the j e t  stream. 



Heating ra tes  of 110 w f t 2 - s e c  for  periods of 240, 200, 160, and 80 
seconds ard a maximum surface temperature of 3'j20°F were attained. 
Figure 5 shows de ta i l s  of specimen, mounting and instrunentation. 
Table 1 describes the t e s t  program in terns  of t e s t  duration, t o t a l  
heat pulse, and visual char depth. 

Hole depth and contour measurements fran the front surface were 
taken before and a f t e r  each t e s t  u t i l i z ing  a prec.ision &yth gauge. 
For surface temperature measurement a Leeds and Northrup :: ? t i c a l  
pyrmeter was employed. Thermocouple temperatures were recorded by 
oscillograpk. A spectrograph was'utilized fo r  measurement of stream 
temperatures. A motion analyzer was u~;ed for  analysis of the color 
motion pictures of the t e s t s .  After the specimens received a protective 
epoxy coating, the specimerls were precision- sectioned and sanded t o  
permit visual examination of the material  and connectors. 

M A T E R N  AND SPECIMEN DESCRIPTION 

The test material  of model 1 consisted of an equal-weight mixture 
of phenolic resin and powdered nylon without microballons :.LC a reference 
material. The material  fo r  models 2 through 7 was a mixi;:lre of equal 
weights of phenolic res in  and nylon with 50lpercent of tke 2henolic .in 
the form of microballons. This material represents one of the hest 
thermal protection materials available and was compounded by the Mate. ials 
Processing and Developnent Section of -ley Research Center. 

This mcterial is smewhat similar t o  the proposed Apollo heat shield 
material, namely AVCOAT 5026, which has an epoxy res in  base. The t e s t  
specimen material has the following characterist ics:  

1. Develops good char. 

2. Ablates a t  high surface temperature. 

3. Chemical reactions produced by-products which both absorb and 
block. incaning heat 

3 4. Has re la t ive ly  low density, 36 lbs / f t  . 
Each three- anch diameter instrumented specimen was i n i t i a l l y  1.75 

inches thick and contained chranel-alumel thermocouples embedded a t  
varying depths fran the front face a s  sham i n  figures 6 and 7. These 
figures show the i n i t i a l  hole pattern with the minimum allowable spacing 
required fol a prototype connector. Figure 6 i l l u s t r a t e s  the hole depths, 
thermocouple ins ta l la t ion  technique, and socket contact instal la t ion.  



Model 2 a l so  had CGAL thermocouples embedded i n  the solder w e l l  of the 
socket contacts a t  three =fferent depths. It was deemed necessa:.y t o  
t e s t  a blank specimen prior  t o  the hole pattern spechen t o  serve as a 
reference for  determining the af fec t  of the holes on ablation behavior. 
The blank specimen a l so  served t o  determine the maximum s l l a rab le  t e s t  
time for  the instrumented specimens. 

RESULTS AND ANALYSIS 

Observation and EbalLt ion 

H.tgh surface temperatures, which are  possible when chars a re  present, 
resu l t  i n  increased thermal protection efficiency becawe large amounts 
of heat are  l o s t  by re-radiation. Hawever, heat conduct i~n in to  the 
material i s  strongly influenced by the surface temperature. I n  the t e s t s  
of t h i s  program, front surface temperatures of the specimens were measured 
with an opt ical  pyraneter and a re  presented in  table  I1 and figure 8. 

A preliminary t e s t  of 200 seconds duration was conducted on Model1 
( see figure 9) which has a phenolic-nylon materit.1 without microballons. 
Figure 9 shows the random hole pattern fo r  No. 15 and 20 pins with 
copper wire backing t o  simulate socket. contacts. Hole depths were estab- 
l ished 1. .25-inch increments t o  1.00-inch t o t a l  depth. This t e s t  
specimen was placed one inch from the j e t  nozzle with i ts surface ,per- 
pendicular t o  the j e t  stream. and subjected t o  a heating rate of 100 

~ ~ ~ / f t ~ - s e c  for  a period of 200 seconds. The surface temperature was 
3500°F and the stream temperature was 69200~.  The visual  char depth 
was .25 inches. Early t e s t  resu l t s  indicated no gene-ral breakdown of 
the char material i n  the regions of the hole clusters. There was a 
moderate increase of t o t a l  surface r e g r e s ~ i o n  at hole c lus ter  locations 
and a tendency fo r  holes t o  f l l l  with eroded material. Figure 10 shows 
the smooth contour of the 200-second specimen before exposure. Figure 3 1 
shows same of the resul t s  of 2 0  seconds exposure t o  the arc-heated 
air stream, including the severe side erosion caused by the characterist ic 
airflow over the side of the mdel.  

Figures 7 and 12 i l l u s t r a t e  the inser t  arrangements fo r  the 2400, 
160-, and 80-second tes ts .  Figures 13, 14 and 15 present scaled drawings 
of sectioned specimens which shag the hvelopnent of char on the phenolic- 

- 

2 nylon canposition at  a Wnvective heating rate. of lXO .EKJ%f% -mc. Figure 
13 (80-second t e s t )  shms ro  ef fec t  of the heating on hole depths; even 
the shallayest holes, .344-inch deep, shawed no change i n  depth. Figure 14 
(160- second test  ) shows a more advanced s t a t e  of sblat ion with the .* 
inch depth holes ccmpletely removed. Holes with depths of -688-inch, or 



more, were f i l l e d  pa r t i a l ly  with eroded material. Figure 15 indicates 
tha t  a l l  of the material c ~ n t a i ~ i n g  holes has been ablated a f t e r  a t e s t  
of 240 seconds duration. 

For 80- second exposures, the surface temperature was about 3500 OF 
and very s l ight  change in  size and shape occurred. A moderate l a y e ~  of 
char was formed over the surface of the specimen. As the t e s t  time 
increased t o  160 seconds, the temperature peaked a t  35QO'F and remained 
essent ial ly  constant ther taf ter .  The char thickness increased and 
moderate changes occurred in  shape and size. In  t e s t s  of 240 seconds 
duration the size and shape of t:?e specimen changed greatly. The severe 
erosion on the sides of the s,p?clmens resul t  from the character is t ics  of 
the airflow ahout the specimens. 

It should be noted tha t  char removal and the associate& mass loss  
are  great ly  influenced by the oxygen content of the t e s t  stream. In a 
high-altitude f3ight environment, where there is l e s s  o m e n ,  weight 
loss  could be l e s s  than under sea leve l  conditions. When analyzing 
experimental resul ts ,  problems a l so  a r i s e  because cf uncertainty i n  
material properties, such as  char conductivity, specif ic  heat of the 
gases result ing from pyrolysis, heat and temperature of pyrolysis. 

Temperature and Weight Measurement 

Temperature i s  plotted as  a function of time for several s ta t ions  
measured fran the f'ront surface and thermocouple readings are presented 
in  figures 16 through 19 fo r  a l l  instrumented tests .  Figure 16 (&-second 
t e s t )  shows t h a t  TC-5, located at  a depth of .74 inches fran the f ront  
surface of the model, had a very rapid temperature r i s e  and reached i t s  
peak temperature of 1 3 9 ° F  at 83-second exposure t h e .  All other 
thermocouples peaked at l a t e r  times and at  much lower temperatures, d f t e r  
the removal of the model frcxn the a rc  stream. The maximum temperature 
r i s e  of TC-5 was probably influenced by the erosion of specimen sides 
and edge fa i lure  i n  the severe a rc  j e t  environment. TC-1 and TC-5 are at  
the snme depth level,  but TC-1 is be t te r  protected by i ts more central  
location and peaked at  160"~ during the cooling cycle. TC-6 peaked a t  
300°F before being burned out with a result ing thermocouple failure.  The 
unissi~,n of Tc-4 i s  due t o  thermoc~;r~1: ? ~ ' l - u e .  

Figure 17 (160-second t e s t )  again shows tha t  TC-5 located at a depth 
of .74 i:lches f i a n  the f iont  surface had a rapid tmperature r i s e  and 
reached i t s  peak temperature of 2124°F at  +,he cessation of the heating 
pulse. After the removal of the model fran the a rc  stream, TC-2 peeked 
at  1457°F a t  320 second exposure time, during the cooling cycle, TC-1 
and TC-3 peaked a t  much l a t e r  times a d  much lower temperatures. !W 
anissior! of TC-4 i s  the result of t,hennoco?iple failure.  



Fig,xe 18 (240-secnnd t e s t )  shows tha t  TC-6, located closest t.o the 
f r m t  szrface of the model, had a very rapid temperature rise and reached 
i-.s peak temperature of 2340°F a t  125 seconds exposure time when it 
experienced burn-out. TC-8 and TC-9 again s h m  the high tempergture 
effect  of severe side erosion and the subsequent burn-out effect .  !he 
TC-4 measured j8mction of .56 inches depth peaked a t  1708'F at 135 second 
exposure time of burn-out. The TC-i measured .junction of .74-inch depth 
p u e d  a t  1067'F at 200 second exposure time. The l o w  mccrding of TC-5 
i s  due t o  a faulty theraocouple. 

Figsre 19 shows the temperature-time history or' the socket contacts 
wit-h an exp(3sure time sf 240 seconds. TC-3, located closest  t o  the front 
sur?acz of the made1 had a temperat- rise of 9 6 O ~  a t  tbe cessation of 
the heating pulse. TC-1 and %-1-2 temperatures were comparably lower for  
inter ior  th?r.~ocouple junctions. 

Fir re 21) s h x s  the regression with t ine  of the front  face and char- 
virgin me-erial interface of the specimen, The front  face receded slowly 
at f i r s t  but the ra te  P recession increases with t ime.  

Canprison of weight loss  is  presented in  F i g w e  21. Weight l a s s  i n  
grams is plotted as a function of time for  the blank specimen and fo r  the 
hole y t t e r n  spechen. 

Figure 22 incicates the canparative ablation of the 16'3 and 240- 
second t e s t  specimens by canparing these nodels with t h e i r  respective 
blark reFerence model. The 8esecond t e s t  d i f f e ren t i a l  was too s l igh t  
for  canprison. For docmaentation purposes, figtams 23 and 21; show the 
a f t e r  e f fec ts  c: the 2 b s e c o n d  test. Figures 25 and 26 Auw the appear- 
r-ce 3f a model a f t e r  the 160-second t e s t .  Figures 27 and 26 shaw the 
appearance of a model a f t e r  the 8O-secand test, 

Spcimen Test Results 

Visual inspection of sectioned specimens and measurements of contour 
and hole depth were made. As previously stated, f igures 15, 16, and 17 
i l l u s t r a t e  the t e s t  e f fec t s  on the c a n ~ r a t i v e  models. Thus, it should 
be noted tha t  the f ~ l l o v i n g  test resuits -ere obtained: 

1. A small differecce i n  weight loss  between a blank specimen and 
a hole specimen for  the same t e s t  times. 

2. A tendency fo r  pip holes t o  f i l l  up with eroded material. 

3. Elank specimen had smooth contows, whereas specwens with 
holes s h e d  a s l ight  cratering at  the entrances t o  the  holes. 



4. No general breakdown of the char layer in  the region of the 
hole cluster. 

5. Slight increase of t o t a l  surface recession at  hole c lus ter  
locat ions. 

6. 110 significant increase of char layer thickness in  hole c lus ter  
region re la t ive  t o  char layer thickness i n  blank specimens. 

7. Pin holes ter.3 t o  seal  with e r d e d  material. 

The l imited t e s t  prcgmm indicated that  the addition of pin holes 
and socket contacts had negligible e f fec t  on the in tegr i ty  and ablation 
character is t ics  of the heat shield material. It i s  recamended tha t  i n  
view of these res>dts an extensicn of t-he program is  warranted, for 
specimens of the actual  Apollo z i t e r i a l s ,  using exis t ing ground tes t ing  
apparatus and eventually tes t ing  a prototype e lec t r i ca l  interface in 
a f l igh t  environment. 
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Figure 1 - Electrical Interface Connector 
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Figure 3 - Photograph of the 2500-Kilowatt Arc Jet Facility 





Nine Thermocouple 7 Leads-Max. 

Figure 5 - Details of Specimen, I1/Iounting, and 
Inst~wmentation 
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F i g ~ r e  b - Elec t r ica l  Interface Specimen 



a - NO. 16 pin Hole (For No* 16 and 14 Ga. %'ire Leads) 
so. 20 Pin Hole ( For 50. 18, 20, and 22 C-a. Wire Leads) 

0 - - ~ h ~ r m o c o u p l e  Locations 

Figure '( - Insert Arrangement 
240-Second Test Specimen 
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Figure 8 - Typical Time History of Surface 
Temperature ( 240 Second Test Shown) 
RIaterial - Phenolic Nylon W j Microballoona 



Figure 9 - Insert Arrangement (Random Hole Patterns) 
2COSecond Test Specimen 
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- No. 16 Pin Hole (For  No. 16 and 14 Ga. Wire Leads) 
0 - No. 20 Pin Hole (For  No. 18, 20, and 22 Ga. Wire ~ e a d s )  

TC - Thermocouple Locations 

Figure 12 - Insert Arrangement - 160- and 80-Second Test  Specimen 
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Figure 18 - Tkm~era tu re  - Time History 
(Test Exposure Time - 240-Second) 
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Figure 21 - Comparison 01 Weight Loss 



r - P r e  Test Outline - 3.00 D. x 1.75 

Blank Specimen 
(Outer Contour) 

L Hole Pattern Specimen 
(Inner Conrour) 

240 .Seconds 

Sote: Blank specimen has smooth contour 
characteristic, w n t r a r y  to hole 
pztten: specimen where holes a r e  in 
a cratered conditiorl a s  noted in 
detall "a". 

I 

Detail "a" 
Scale: 211 

Blank Specimen See Detail "a'' 
(Outer Contour) 

Hole Pattern Spec-men 
(Inner Contour; 

Figure 22 - Comparative Ablation of Phenolic-Kylon 
VT/ Ml:rota!loors Specimen 
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Figure 28 - Profile View of Model 6 After 80 Seconds 
Exposure to the Test Environment 
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