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NOTICE 

This report w a s  prepared as an account of Government sponsored 
work. Neither t h e  United S ta t e s ,  na- t h e  National Aerona t i c s  
and Space Administration ( N A S A ) ,  nor any person ac t ing  on 
behalf of NASA : 

A.  

B. 1 

A s  used 

Makes any warranty o r  representation, expressed o r  
implied, with respect t o  t h e  accuracy, completeness, 
o r  usefulness of t h e  information contained i n  t h i s  
repor t ,  o r  t h a t  t h e  use of any information, apparatus, 
method, o r  process disclosed i n  t h i s  r epor t  may not 
i n f r inge  p r iva t e ly  owned r igh t s ;  o r  

Assumes any l i a b i l i t i e s  with respect t o  t h e  use of ,  
o r  f o r  damages r e su l t i ng  from t h e  use of any infor- 
mation, apparatus, method o r  process disclosed i n  
t h i s  repor t .  

above, "person ac t ing  on behalf of NASA" includes 
any employee o r  contractor  of NASA, o r  employee of such con- 
t r a c t o r ,  t o  t h e  extent  t h a t  such employee o r  contractor  of NASA, 
o r  employee of such contractor  prepares, disseminates, o r  
provides access t o ,  any information pursuant t o  h i s  employment 
o r  contract  with NASA, o r  h i s  employment with such contractor.  

Requests f o r  copies of t h i s  report  should be r e fe r r ed  t o  
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1. INTRODUCTION 

A recent  p r o g r a d  has invest igated t h e  foam-in-place polyurethanes 
as encapsulants f o r  high voltage devices t h a t  a r e  used i n  t h e  space 
environment./ Resul ts  from t h i s  s tudy i n d i c a t e  t h a t  these  m a t e r i a l s  are 
usable f o r  t h i s  appl ica t ion ,  
appl ica t ion  of these  poly-uethanes has  been prepared2. 
l i n e s  found i n  t h i s  document f o r  package design are a l s o  based on t h e  
r e s u l t s  obtained from t h e  referenced study and genera l ly  accepted p rac t i ce .  

Based on t h i s  study, a process f o r  t h e  
The guide 

2 .  APPLICABLF, PROCESSES 

Polyurethane foams can be processed by a v a r i e t y  of means, varying 

A process f o r  foaming e l e c t r i c a l  and e lec t ronic  modules and 
from simple hand mixing t o  spec ia l  automatic mixing and dispensing 
machinery. 
assemblies i s  documented in NASA Report CR 72098. 
a r e l a t i v e l y  simple means of encapsulating these  devices i n  t h e  foam 
mater ia l s  described i n  t h i s  design gdide. 

This process provides 

3. PREFERRED MATERIALS 

The prefer red  foam-in-plaae mater ia l s  a r e :  

CPR 23 S e r i e s  Manufactured by t h e  CPR Division, 
The Upjohn Company 
555 Alaska Avenue 
Torrance, Cal i forn ia  90503 

Stafoam AA 600 
S e r i e s  

Manufactured by t h e  Polytron Department, 
Olin-Mathieson Chemical Corporation 
661 South Tenth S t r e e t  
Richmond, Cal i forn ia  94804 

3.1 Physical  Propert ies .  Some of t he  important physical  p r o p e r t i e s  
and processing cha rac t e r i s t i c s  of t h e  preferred foam mater ia l s  are 
presented i n  Table 1. 

3.2 Mechanical Propert ies .  Some of t h e  important mechanical 
proper t ies  of t h e  preferred foam m a t e r i a l s  a r e  presented i n  Table 2. 
These values a r e  derated t o  provide a margin of s a f e t y  of 1.5. 

3.3 Dynamic Propert ies ,  Some important dynamic proper t ies  of t h e  
preferred foam materials a re  presented i n  Tables 3 and 4. 

1. Holzbauer, C .  J .  and Holbrook, R. J. ,  I1Foam-In-Place Materials f o r  High 
Voltage Insu la t ion  i n  a Space Environment,tf NASA Report No. CR 72100, Apr 1967. 

2. Holzbauer, C .  J,, Process Spec i f ica t ion  "Application of Foam-In-Place 
Polyurethane t o  High Voltage Devices," NASA Report No, CR 72098, Apr i l  1967. 
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3.4 E l e c t r i c a l  Propert ies .  Some of t h e  important e l e c t r i c a l  p roper t ies  
of t he  preferred foam mater ia l s  a r e  presented i n  Table 5 .  

4. DESIGN REQUIFEMENTS 

4.1 Tolerances, Because of mater ia l  shrinkage c h a r a c t e r i s t i c s  
during molding, except ional ly  close to le rances  should not be spec i f ied .  
Hole s i z e  and to le rances  should l ikewise be loose  t o  allow f o r  molding 
them i n  place.  The recommended to le rances  f o r  molded foam p a r t s  should 
be as spec i f ied  i n  Table 6. 

4.2 Holes. 
i n  molded foam p a r t s ,  However, when they cannot be avoided, holes  should 
be molded i n t o  t h e  pa r t  t o  prevent breaking t h e  sk in  of t h e  foam surface.  
If it i s  necessary t o  d r i l l  a hole i n t o  t h e  foam, t h e  hole  should be 
d r i l l e d  oversize ,020 t o  .040 inch i n  diameter and t h e  cu t  surface should 
be sealed with a thermosetting p l a s t i c ,  such as an epoxy. 
should be r e d r i l l e d  t o  size.  Holes should be designed with as g rea t  
a diameter as possible .  For  molded holes it i s  genera l ly  not p r a c t i c a l  
t o  exceed t h e  values shown i n  Table 7. 

I n  general  it i s  b e s t  t o  avoid t h e  requirement f o r  holes  

Then t h e  hole  

4.3 Draft. Generally f o r  e x t e r i o r  sur faces  of molded foam p a r t s  no 
d r a f t  allowance i s  required since t h e  common molds are completely d i s -  
assembled t o  remove the  p a r t .  For molded wel l s  and o ther  recessed 
volumes, a d r a f t  of a t  l e a s t  .010 inch per  inch should be provided. 

4.4 I n s e r t s ,  Studs and Similar  Hardware. I n  general ,  i n s e r t s ,  
s tuds,  and s i m i l a r  hardware should not be molded i n  foamed p a r t s  because 
of t h e  r e l a t i v e l y  low strength of t h e  foam. Recommended means f o r  
securing t h e  foamed pa r t  t o  i ts  support member a r e  tie-down s t r ap ,  
foaming-in-place i n  a chassis ,  and adhesive bonding. I n s e r t s  and s tuds  
can be used by f irst  securing them t o  a s t r u c t u r a l  member and then 
bonding o r  foaming t h i s  s t r u c t u r a l  member i n  place.  
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TABLE 1 

Physical Propert ies  and Processing Charac te r i s t ics  

CPR 23 Ser ies  Stafoam AA 600 Ser ie  

I 4 1 8  

I 

20 

c02 

250 

4 8 20 

c02 c02 c02 

250 250 250 

Blowing Agent 

Maximum Service Temperature, ( O F )  

Cure Temperature, (OF) 

Exothermic Temperature, (OF) 

Moisture Absorption, (volume $) 

Effec t  of Thermal Weight Change, (1%) 

250 hrs .  @I 257OF Dimensional Change, 
Aging 

w 

210 I 213 I 210 I 210 

c02 c02 

250 250 

210 210 

374 374 

2 2 

-2 -1.3 

-0.3 -0.3 

I I I 

360 1 379 I 392 I 401 

2 2 2 2 

-0.3 

-0.2 

TABLE 2 

'-2 -1.4 -0.2 

-0.3 -0.4 -0.6 

Mechanical Propert ies  

Foam Density ( lbs / f t3)  

CPR 23 S e r i e s  Stafoam AA 600 Serie:  

+Tensi le  Strength, p s i  

Compressive Strength,  p s i  

Compressive Modulus 
(ac tua l  ) 

30 

35 

8,000 

++Based on vendor data  
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3 

I 

- 
4 

8 

20 

4 

8 

20 

- 

- 

TABLE 3 

Dynamic Properties: Vibration Amplification 

50 100 200 400 600 800 1000 1200 1500 2000 I 
1.2 1.2 1,2 le& 2.1 6.5 6.5 1.8 -- -- 
1.0 1.0 1.0 1.0 1.3 1 0 7  3.0 10.0 4.5 2.0 

1.0 1.0 1.0 1.0 1.1 1.2 1.3 1.4 1.8 3.5 
- ~- - ~ 

-- I 1.2 1.2 1.3 2.0 40 1.8 -- -- -- 
1.1 1.1 1.1 1.2 1.5 2.0 4.2 55 3.0 1.5  

1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.3 1.6 3.5 

TABLE 4 

Dynamic Properties: Transmissibility at Resonant Frequency 

4 

8 

20 

4 

8 

20 

- 

Transmissibility at Resonant Frequency 

45 8 890 cps 

35 8 1200 cps 

70 8 2800 cps 

40 8 580 cps 

55 8 1173 cps 

70 8 2600 cps 



TABLE 5 

Selected E l e c t r i c a l  

4 

5 

1.02 

0.001 

Proper t ies  

8 20 

5 5 

1.04 1.10 

0.001 0.002 

D i e l e c t r i c  Strength,  KVDC 
(Electrodes polished, .250 inch 
minimum spacing) 

D i e l e c t r i c  Constant, @ 60 cps 

Diss ipa t ion  Factor,  @ 60 cps 

Foam Density ( l b s / f t 3 )  

CPR 23 S e r i e s  itafoam AA 600 S e r i e s  I 

TABLE 6 

Recommended Tolerances f o r  Foamed Parts 

I Dimension ( inches)  Tolerance (+ inches)  

up t o  1.000 

1.000 t o  3.000 

3.000 to 5.000 

0.007 

0.010 

0.015 
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Molded Foam Hole Dimensions 
( i n  inches) 

M h u m  Blind Maximum Through Minimum 
Hole Depth Hole Depth Edge Margin 

Hole Diameter 

0.063 0.063 0 e 125 0.150 

0 094 0.126 0.250 0.175 

0.125 0.188 0.375 0.220 

0.188 0.313 0.625 0.275 
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