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ABSTRACT 

This Eqineer ing  Project was carried out in the form of an investigation, 
conducted to e sbbl i sh  the relative degrees of 4imensional stability exhibited 
by two separate fcam systems when exposed to simultaneous thermal cycling. 
The foam systems under study were mixed and cast into aluminum boxes and 
compared by one physical char-cteristic - the vertical, unidirectional ex- 
pansion of the foam when exposed to incrementally increased temperatures. 
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REACTION OF ENCAPSULATING FOAMS TO 
S PEC I F I  C ENVIRONMENTAL COND IT IONS 

SUMMARY 

Polyurethane foam is used to encapsulate wire bundles and terminals 
in closed electr ical  distributor boxes on Saturn V stages. An undesirable 
characterist ic  of one of the approved foam materials  has been a marked 
swelling at some interval after  installation which could have an adverse effect 
on the installed circuitry. Parallel environmental exposure tests  were per- 
formed using specimens of the suspect material and another more stable 
candidate. Data was accumulated concerning the effects of temperature, 
vacuum and relative humidity ( a s  well as various combinations of the three 
conditions) on dimension stability. The less stable of the two materials 
showed considerable growth due to trm,perature increase. Relative humidity 
and vacuum had significantly l e s s  effect on dimensional stability; however, 
i t  should be  required that some determination be made regarding the reaction 
of these o r  any candidate substitute to these environmental conditions. 

PURPOSE 

It becomes necessary to determine the amount of dimensional distortion 
which could be  expected to occur i n  electrical encapsulating foams as a resul t  
of exposure to  various thermal environments. Certain electrical distribution 
boxes have been examined, after  being subjected to  varied environmental 
conditions, and the observation made that the encapsulating foam, initially 
poured and foamed in place, had expanded considerably, in  some instances to 
':he extent that the reinforced plastic cover plates were pushed out. Since it 
is highly probable that that solder joints in the encapsulated wiring are thus 
subjected to potentially damaging s t r e s se s ,  which could result  in discontinuities 
and possible flight schedule impact,  it was urgent that a series of t es t s  be  con- 
ducted to determine the rate of deformation of the two foam systems used in  
this particular application, when specimens a r e  subjected to certain environ- 
mental conditions. 



TEST S PEC IMEN PREPARATION 

Twenty aluminum boxes, measuring 16.5 by 6.4 by 7.62 centimeters 
(6.5 by 2.5 by 3 inches) , open on one 16.5 by 7.63 centimeters (6.5 by 3 
inches) side, were obtained to be foam-filled for  environmental testing. 
Ten boxes were  foamed with each of the two foam formulations, as follows: 

Nopco Foam B-610 R/T. - Foam components were  mixed in  the following 
required proportions: 

B-610-3 54 par ts  by wt 
B-610-T 46 par ts  by wt 

The foam was cas t  into each box in two mixes, with the final portion volumetri- 
cally restrained by a ported plate over the open surface. A second variable 
was introduced to determine effect on component behavior, by inclusion of in- 
sulated copper wire bundles, taped to the bottoms of s ix  of the ten boxes. These 
bundles were considered representative of wire bundles i n  related distributor 
boxes. The remaining .iur boxes were filled with foam only. 

Stafoam (per  BMS-8-38D). - Foam components were  mixed i n  the following 
proportions: 

Par t  T - 100 par ts  by wt 
Pa r t  R - 82 par t s  by wt 

This material was cas t  and cured in  the same manner as the Nopco components 
above, with the vented plate being used to res t ra in  the final pour. Included in  
th is  lot also were  six units with embedded wire bundles taped in place. 

COMPONENT CURE 

While the rise time of both the two foam systems is measured in  a 
very few minutes, the material continues to cu re ,  changing mechanical prop- 
erties in the process,  for  several  hours; as a consequence, the completed 
foam-box assemblies were allowed to post-cure a t  ambient temperature for 
24 hours. 



l DENTlFl CATION 

The 10 Napco samples were identified as follows: 

Imbedded Wire Specimens 

I N - W  
2 N - W  
3 N - W  
4 N - W  
5 N - W  
6 N - W  

b.  Plain Specimens 

The spray foam specimens were identified a s  follows: 

a. Imbedded Wire  Specimens 

b. Plain Specimens 



From the selection of tes t  specimens were chosen four groups, four 
specimens to the group, representing each of the combinations of distinguish- 
ing characterist ics (two foam types, with and without wire bundles). These 
groups, with units identifiable by syrrAol ( N o r  S for Nopco o r  Stayfoam, W 
for Wire Bundle inclusion) were  as follows: 

1. Group I (IN-W, IS-W, 7N, 75) Subjected to incrementally increased 
temperatures,  from ambient to 394K (250eF) being exposed to each temperature 
for two hc:\rs. 

2. Group 11 (2N-W, 2s-W, 8N, and 8s)  Subjected to incrementally increased 
temperatures while under 98 000 ~ / m l  (29 in. ) Hg vacuum. 

3. Group III (4N-W, 4s-W, ION, and 10s) Exposed randomly variable 
temperatures to 324.79K (125.F) and 100 percent R. H. 

4. Group IV (3N-W, 3s-W, 9N, and 9s) held at room temperature. 

TEST RESULTS 

Group I. - In Group I testing, considered the most important area of 
this investigation, the specimens were  removed kASiefly for measurement at 
the end of each exposure period. Total depth of the foam was measured and 
recorded (see Table I) and percentage growth calculated at 353K (175.F); a 
set of curves,  are shown in  Figure 1, showing more graphically the relative 
rates of growth of the four samples. 

G r o w  - 11. - This group of samples obviously could not be assumed closely, 
without brealung vacuum. However, calibrated scales  were  affixed to each 
specimen, visible through the vacuum oven view-port, and provided a measure 
of accuracy in  estimating growth at each temperature increment. The speci- 
mens were  placed i n  a vacuum oven and, with no heat being applied initially, 
a vacuum of 29 inches Hg was developed in the chamber. A moderate amount 
of growth was measured in  the stayfoam specimens at this point, as is seen in 
Table 11. Percent growth, measured at 353K (175'F), was 12.5 percent in  
both the stayfoam specimens while the Nopco specimens showed no obvious change 
throughout the cycle. Figure 2 i l l u s t r ~ t e s  more dra?rratically the difference 
in growth r a t e s  between stayfoam and Nopco samples. 



TEMPERATURE, K ,  eF1 

FIGURE i .  GROUP I SAMPLES-TOTAL DEPTH VS 
TEMPERATURE, 'F ('C) 
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TEMPERATURE, K, (IN) AND VACUUM 

FIGURE 2. "JROUP II SAMPLES-TOTAL, DEPTH VS 
TEMPERATURE AND VACUUM 





Group U. - These specimens were  subjected to a constant 100 percent 
relative humidity environment, with random variation in temperature from 
room-temperature ambient to 325K ( 125'F) over a period of 15 days. Res- 
ponse was slower here,  but the resul ts  after  15 days exposure were roughly 
comparable to those obtained in the previous tests. The stayfoam specimen, 
without the encapsulated wire, grew 8 percent. The embedded-wire stayfoam 
specimen grew less than 2 percent, which is ra ther  contradictory in  view of 
Groups I and I1 results.  Tabulated depth measurements are shown in  Table 111, 
along with total percentage growth; Figure 3 is a graphic comparison of 
specimen growth with time. 

TABLE N TABULATION I N  INCHES (AND CENTIMETERS) 
OF FOAM DEPTH MEASUREMENTS WITH TIME, AND 

FINAL GROWTH PERCENTAGE 

Specimen Initial 7 DA 10 DA 15 DA 70 

Group IV. - These specimens were originally intended for  exposure 
at room temperature 100 percent R. for a prolonged period of time. How- 
ever ,  the Humidity Chamber in which the specimens were to be tested was 
inoperable at the time; consequently, the specimens were simply stored at 
room temperature. Only one of the specimens showed any measurable growth - 
the stayfoam samples without embedded wires grew to a depth of 6.9 centi- 
meters  (2.70 inches) or 8 percent. The remaining three specimens were  
unaffected. 



EXPOSURE - DAYS 

FIGURE 3. GROUP JII SAMPLES-TOTAL 
FOAM DEPTH VS EXPOSURE TIME (DAYS) 

CONCLUS IONS 

It is apparent that the stayfoam material  is markedly less stable 
dimensionally as an electrical potting compound than the Nopco counterpart,  
when cast with no externally applied curing aid. This, however, should not 
be  construed to reflect an endorsement of the Nopco product. Rather, it will 
be  recommended that all electrical encapsulating foams, which have appli- 
cations s imilar  to the distributor boxes i n  question, be  screened and qualified 
as providing the dimensional stability necessary for the time and environment 
to which the parent structure may be exposed. 


