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ABSTRACT 

This  r e p o r t ,  DAC-56659, Flat-Cable Systems Engineering Study, Phase I11 Fina.1 
Report ,  w a s  prepared by McDonnell Douglas Corporation (MDC), Missiles and 
Space Systems Div i s ion  (MSSD), Huntington Beach, C a l i f o r n i a ,  f o r  t h e  Nat ional  
Aeronautics and Space Adminis t ra t ion (NASA) Marshal l  Space F l i g h t  Center (MSFC), 
H u n t s v i l l e ,  Alabama, under Contract  NAS8-20751. 

The t a s k s  r equ i r ed  by t h i s  c o n t r a c t  were: 

a.  

b. 

C .  

d. 

e. 

f .  

g -  

h .  

Develop a p r a c t i c a l ,  e f f i c i e n t ,  and r e l i a b l e ,  s h i e l d e d  f l a t - c a b l e  
and t e rmina t ion  method. 

I n v e s t i g a t e  mechanized-design techniques t o  a i d  i n  t h e  des ign  and 
product ion of a f l a t - c a b l e  system, by d e f i n i n g  wire-harness l a y o u t ,  
cable-assembly d e s i g n ,  and checkout procedures .  

Develop and document h i g h - r e l i a b i l i t y ,  f l i gh rwor thy  f l a t - c a b l e  
clamps and i n s t a l l a t i o n  techniques.  

E s t a b l i s h  s p e c i f i c a t i o n s  f o r  product ion-type3 f l a t - c a b l e  system 
components which meet o r  exceed aerospace q u a l i f i c a t i o n .  

P repa re  a f l a t - c a b l e  handbook s u i t a b l e  f o r  u s e  by a l l  eng inee r ing ,  
manufacturing, and in spec t ion  t echno log ie s .  

E s t a b l i s h  complete and d e t a i l e d  i n s p e c t i o n  procedures f o r  a l l  types 
of c a b l e s ,  c a b l e  t e rmina t ion ,  and connector hardware. 

E s t a b l i s h  product ion manufacturing techniques and p rocess  c o n t r o l  
g u i d e l i n e s ,  i nc lud ing  f low p lans ,  o u t l i n e  procedures f o r  subassembly 
of s e l e c t e d  cable-connector c o n f i g u r a t i o n s  p e r  t h e  handbook, and 
inc lude  nondes t ruc t ive  i n s p e c t i o n  cr i ter ia  and techniques f o r  u s e  
i n  t h e  p r e p a r a t i o n  of a Prel iminary I n s p e c t i o n  Plan. 

Based on p r i o r  f l a t - c a b l e  experience,  provide t e c h n i c a l  a s s i s t a n c e  
t o  A s t r i o n i c s  Laboratory of MSFC i n  t h e  i n c o r p o r a t i o n  of f l a t  
cab l ing  i n  c u r r e n t  programs, as a p p l i c a b l e .  

The major t a s k s  performed by MDC were a, d ,  and e ,  above. The e f f o r t s  expended 
and results f o r  a l l  t h e  above t a s k s  are explained i n  Volume I and I1 of t h i s  
r e p o r t .  

A l l  Engineer Drawings and Engineering Orders (EO'S) c a l l e d  ou t  i n  t h i s  r e p o r t  
are included i n  Volume 11, Sec t ion  11-2. 
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SECTION I 

1. INTRODUCTION AND SUMMARY 

1.1 Introduction 

The Flat-Cable Systems Engineering Study, Phase I11 was the by-product 

of the completed Flat-Cable Development Program, Phase I and Flat-Cable 
Applications Study, Phase 11. The Phase I11 study was designed to bring 
the state-of-the-art of flat-cable technologies to that point where it 

can be applied effectively and economically to current and/or near- 

future programs. 

The guidelines for the Phase I11 study were based on the tasks outlined 

in paragraph 1.1.1 below. 

This two-volume final report contains the results of the study and the 

McDonnel Douglas Corporation (MDC) recommendations. 

1.1.1 Program Objectives 

This 15-month study was oriented to the following objectives: 

a. 

b. 

C. 

d. 

e. 

f. 

g .  

Develop a practical, efficient, and reliable, shielded flat- 
cable and termination method. 

Investigate mechanized-design techniques to aid in the design 
and production of a flat-cable system, by defining wire-harness 
layout, cable-assembly design, and checkout procedures. 

Develop and document high-reliability, flightworthy flat-cable 
clamps and installation techniques. 

Establish specifications for production-type, flat-cable 
system components which meet or exceed aerospace qualification. 

Prepare a flat-cable handbook suitable for use by all engineer- 
ing, manufacturing, and inspection technologies. 

Establish complete and detailed inspection procedures for all 
types of cables, cable termination, and connector hardware. 

Establish production manufacturing techniques and process con- 
trol guidelines, including flow plans, outline procedures for 
subassembly of selected cable-connector configurations per the 
handbook, and include nondestructive inspection criteria and 
techniques for use in the preparation of a Preliminary Inspection 
Plan 
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h. Based on p r i o r  f l a t - c a b l e  experience,  provide t e c h n i c a l  
a s s i s t a n c e  t o  A s t r i o n i c s  Laboratory of MSFC i n  t h e  i n c o r p o r a t i o n  
of f l a t  cab l ing  i n  c u r r e n t  programs, as a p p l i c a b l e .  

1 . 2  Program Summary 

On 21  February 1967, Contract  NAS8-20751, a u t h o r i z i n g  t h e  Phase I11 study 

of f l a t - c a b l e  systems, w a s  received.  Of t h e  e i g h t  t a s k s  o u t l i n e d  i n  

s e c t i o n  1.1.1, t h r e e  w e r e  or prime magnitude. They are: 

a. 

b. Development of an e f f i c i e n t  and r e l i a b l e ,  sh i e lded  f l a t - c a b l e  

c. P r e p a r a t i o n  of d r a f t  m i l i t a r y  s p e c i f i c a t i o n s  f o r  f l a t - c a b l e  

P r e p a r a t i o n  of a f l a t - c a b l e  handbook f o r  industry-wide use.  

t e rmina t ion  system. 

components. 

The o t h e r  t a s k s ,  though important ,  d i d  no t  r e q u i r e  equal  emphasis. This  

placement of emphasis w a s  e s t a b l i s h e d  a t  t h e  NASA/MDC Task Plan Coordina- 

t i o n  Meeting which took p l a c e  during March 1968. 

For t h e  most p a r t  t h e  program w a s  no t  a smooth one. However, i n  a l l  

cases, t h e  b a s i c  i n t e n t  of t h e  c o n t r a c t  w a s  m e t .  The s t a t u s  of d e l i v e r a b l e  

i t e m s  i s  i l l u s t r a t e d  i n  t a b l e  1-1. 

Several s e r i o u s  problems were uncovered, and a d d i t i o n a l  e f f o r t  w a s  

expended t o  r e s o l v e  them o r ,  as a minimum, t o  d e f i n e  a p l a n  f o r  t h e i r  

s o l u t i o n .  Consequently, t h e  s tudy  d i d  n o t  achieve t h e  in-depth t e c h n i c a l  

accomplishment t h a t  w a s  i n i t i a l l y  d e s i r e d .  

An area of u n c e r t a i n t y  w a s  t h e  a v a i l a b i l i t y  of s h i e l d e d  f l a t  cab le .  A t  

t h e  i n c e p t i o n  of t h e  program, i t  w a s  be l i eved  t h a t  e x i s t i n g ,  o r  a t  least 

minimal, mod i f i ca t ions  t o  e x i s t i n g  s h i e l d e d  cab le  would b e  adequate  f o r  

use i n  t h e  program. Once t h e  s tudy w a s  underway and many a v a i l a b l e  

sh i e lded  cab le s  had been reviewed, i t  became appa ren t  t h a t  a major 

shielded-flat-cable-development e f f o r t  w a s  mandatory, as t h e  a v a i l a b i l i t y  

of s h i e l d e d  cab le  w a s  t h e  b a s i c  p r e r e q u i s i t e  t o  several major t a s k s .  

The t e c h n i c a l  emphases of t h e  program t a s k s  were r e a l i g n e d  t o  acc rue  

manhours f o r  t h e  e f f o r t .  

Y 
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Fla t - cab le  designs were generated and s h i e l d i n g  materials evaluated.  I n  

J u l y  1967, Purchase Orders w e r e  placed wi th  material  s u p p l i e r s ,  anneal ing 

and p l a t i n g  f i r m s ,  and a f l a t - c a b l e  manufacturer ,  t h e  l a t te r  f o r  f i n a l  

assembly. D i f f i c u l t y  w a s  experienced throughout t h e  procurement cyc le .  

The vendors,  though meaning w e l l ,  had no t  worked wi th  t h i n  f i l m  

materials and, consequent ly ,  destroyed much of t h e  material. This  caused 

r epea ted  d e l a y s ,  and i t  w a s  February 1968 b e f o r e  MDC received t h e  r equ i r ed  

magnetic s h i e l d e d  cab le  f o r  t e s t i n g  and s t r i p p i n g .  However, 100 f e e t  of 

similar c a b l e  wi th  copper s h i e l d i n g  w a s  r ece ived  i n  December 1967. With 

t h e  program scheduled f o r  completion on 2 March 1968, i t  w a s  recognized 

i n  January 1968 t h a t  a program ex tens ion  w a s  necessary.  I n  March, a 

60-day ex tens ion  w a s  approved i n  o r d e r  t h a t  t h e  Handbook would r e f l e c t  

t h e  bn-house a c t i v i t y  performed on t h e  s h i e l d e d  cab le .  

The second major problem l a y  i n  t h e  area of s t r i p p i n g  t h e  s h i e l d e d  f l a t -  

cab le .  The f i r s t  several months of t h e  s tudy  w e r e  spen t  s t r i p p i n g  t h e  

a r r a y  of a v a i l a b l e  s h i e l d e d  c a b l e  c o n f i g u r a t i o n s  wi th  f l a t - c a b l e  

s t r i p p e r s  c u r r e n t l y  a v a i l a b l e .  I n  a d d i t i o n ,  f l a t - c a b l e  samples  were s e n t  

t o  o u t s i d e  sou rces  f o r  s t r i p p i n g .  I n  a l l  cases, a s u i t a b l e  s t r i p p e r  could 

n o t  be found t o  s t r i p  an H/FEP s h i e l d e d  c a b l e  i n  t h e  manner desc r ibed  i n  

t h e  t e x t  ( s e e  f i g u r e  9-4 f o r  a p r o f i l e  view).  

g l a s s ,  FEP r e s i d u e  could be seen  on copper conductors.  Some of t h e  

problem r e s u l t e d  from t h e  conductor v a r i a t i o n  from t h e i r  nominal plane;  

t h e  mechanical t o o l s  depended on conductor o r i e n t a t i o n .  The c a b l e  

samples, i n  g e n e r a l ,  v a r i e d  i n  bond s t r e n g t h  and i n  workmanship. A new 

technique w a s  sought t o  adequately s t r i p  H/FEP sh ie lded  c a b l e  systems. 

By t h e  end of t h e  s tudy ,  p ro to type  techniques and t o o l s  had been 

developed t o  s t r i p  s h i e l d e d  H/FEP c a b l e  as r e q u i r e d  f o r  plug assembly. 

However, a d d i t i o n a l  development i s  necessa ry  t o  achieve a product ion level. 

When viewed under 

The accumulation of e lec t r ica l  d a t a  f o r  f l a t - c a b l e  w a s  another  area of 

concern. P r i m a r i l y ,  t h i s  t a s k  w a s  t o  be one of accumulating e x i s t i n g  

d a t a ,  w i t h  secondary t e s t i n g  t o  b e  performed by MDC. Reports fu rn i shed  

from i n d u s t r y  i n d i c a t e d  t h a t  much less e l e c t r i c a l - c h a r a c t e r i s t i c  d a t a  

were a v a i l a b l e  f o r  handbook des ign  information than  had been a n t i c i p a t e d .  



Therefore, in order to maintain handbook integrity, MDC generated much 
of these required basic data. 

1.3 Program Conclusions 

Perhaps the most significant milestone in the history of flat-cable 

development occurred during this program with the generation of the tri- 

service military specifications for unshielded flat-cable and flat-cable 

connectors. This one task has brought together, under cover, the 

knowledge acquired through years of independent research by several 

organizations. It is believed that this common recognition of flat- 
cable by the services will establish a standardization of products and 

qualification and, ultimately, hardware acceptance by the aerospace 

industry e 

The complement to the above is the flat-cable handbook, which presents 

pertinent information for hardware selection, design, manufacturing, and 

quality control necessary for flat-conductor cable interconnecting 

harness application. The document is a prime necessity for those delving 

into the use of flat-cable systems for the first time, and is an excellent 

reference source for those familiar with flat-cable design, development, 

and applications. 
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SECTION I1 

2.  SHIELDED TERMINATION SYSTEM 

2.1  I n t r o d u c t i o n  

One of t h e  most important  t a s k s  of t h i s  program w a s  t h e  development of a 

p r a c t i c a l ,  e f f i c i e n t ,  and r e l i a b l e  p ro to type  s h i e l d e d  f l a t  c a b l e  and 

t e rmina t ion  system, The s h i e l d e d  c a b l e  assemblies  used on t h e  FCC 

development program had wire-mesh s h i e l d e d  c a b l e  and nonshielded ( p l a s t i c  

body w i t h  no metal b a c k s h e l l )  p lugs .  

mesh c a b l e  w a s  ve ry  t i m e  consuming and nonproductive.  The wire-mesh 

s h i e l d e d  cab le  and p lugs ,  without  m e t a l  b a c k s h e l l s ,  provided ve ry  

i n e f f i c i e n t  s h i e l d e d  ha rnesses  f o r  s h i e l d i n g  e f f e c t i v e n e s s .  

The method used t o  s t r i p  t h e  w i r e -  

Shielded cab le  w a s  t o  b e  s e l e c t e d  t o  meet aerospace system and environ- 

mental  requirements ,  and a l s o  t o  b e  product ion manufacturable i n t o  s h i e l d e d  

ha rness  assemblies .  The e l ec t r i ca l  c h a r a c t e r i s t i c s  of t h e  c a b l e ( s )  

s e l e c t e d  were t o  be v e r i f i e d  by c a l c u l a t i o n  and e l e c t r i c a l  measurements. 

A shielded-plug assembly was t o  b e  designed and p ro to type  manufactured and 

assembled. This  plug assembly w a s  t o  mate wi th  t h e  e x i s t i n g  NASA/MSFC FCC 

r e c e p t a c l e s ,  f i g u r e  2-1, and ma in ta in  ENC s h i e l d i n g  a c r o s s  t h e  s h i e l d e d  

cab le ,  shielded-plug assembly, and FCC r e c e p t a c l e  i n t e r f a c e s .  

Manufacturing and q u a l i t y  c o n t r o l  p rocesses  w e r e  t o  b e  developed t o  

assemble t h e  shielded-plug assemblies  unde r ,p roduc t ion  manufacturing 

cond i t ions .  

2 .2  System Sh ie ld ing  Requirements 

The s h i e l d e d  harness-assembly system requirements had t o  be de f ined  p r i o r  

t o  t h e  s e l e c t i o n  of t h e  shielded-cable  and connector systems. 

Shielded round-wire ha rness  used i n  t h e  p a s t  g e n e r a l l y  provided a circum- 

f e r e n t i a l  c a b l e  s h i e l d  wi th  metal b a c k s h e l l  connectors .  I n  many i n s t a n c e s ,  
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t h e  c a b l e  s h i e l d s  stopped 1 o r  2 i nches  from t h e  connector b a c k s h e l l ,  

and t h e r e  were no requirements f o r  c i r c u m f e r e n t i a l  c o n t i n u i t y  o r  EMC 

s e a l i n g  between connector-mating s u r f a c e s .  I n  o t h e r  cases, a d d i t i o n a l  

requirements were e s t a b l i s h e d  f o r  c i r c u m f e r e n t i a l  c o n t i n u i t y  between t h e  

c a b l e  s h i e l d  and t h e  connector b a c k s h e l l ,  and between t h e  plug and 

r e c e p t a c l e  mating areas. 

It w a s  ve ry  important t o  e s t a b l i s h  r e a l i s t i c  s h i e l d i n g  requirements f o r  

t h e  FCC system b e f o r e  s h i e l d e d  c a b l e  and plug assemblies  could b e  de f ined  

and developed. O r i g i n a l l y ,  i t  w a s  proposed t o  o b t a i n  t h e  s h i e l d i n g  

requirements through t h e  use of an industry-wide survey. 

2 . 2 . 1  Survev f o r  Shielding. Reauirements 

This  survey w a s  t o  be prepared and d i s t r i b u t e d  t o  government agencies  and 

major c o n t r a c t o r s  t o  compile c u r r e n t  and proposed s h i e l d i n g  requirements  

f o r  i n t e r c o n n e c t i n g  ha rnesses  on a i r b o r n e  and ground support  systems f o r  

m i l i t a r y  and commercial programs. 

Y 

The f i r s t  survey d r a f t  w a s  d i s t r i b u t e d  on 1 9  June 1967 w i t h i n  MDC, t o  

personnel  c o n t a c t s  i n  s i x  government agencies  and t o  t h r e e  major con- 

t r a c t o r s  f o r  comments. Many sugges t ions  w e r e  made t o  improve t h e  survey 

format,  and f o r  changes which would provide more u s e f u l  information and 

which would make t h e  survey easier t o  complete. De ta i l ed  comments ranged 

from: "The survey i s  s o  complicated t h a t  t h e r e  w i l l  be  no response' '  t o ,  

The r e s u l t s  of such a survey would b e  extremely h e l p f u l  f o r  e s t a b l i s h i n g  I 1  

f u t u f e  s h i e l d i n g  requirements." 

Copies of t h e  second survey d r a f t ,  w i t h  t h e  suggested changes inco rpora t ed ,  

were s e n t  on 18 August 1967 t o  NASA/MSFC and t h e  o t h e r  agencies  which had 

responded t o  t h e  f i r s t  d r a f t .  It w a s  suggested a t  t h i s  t i m e  t h a t  t h e  

f i n a l  survey b e  d i s t r i b u t e d  by t h e  A s t r i o n i c s  Laboratory of NASA/MSFC t o  

enhance i t s  p r o b a b i l i t y  of f avorab le  response.  

The t h i r d ,  and supposedly f i n a l  d r a f t ,  w a s  submit ted t o  NASA/MSFC on 

1 9  October 1967.  Upon i ts  r e c e i p t ,  s e v e r a l  major changes were suggested 

by NASA/MSFC. 



After as many of these changes were incorporated as possible without 

jeopardizing the survey objectives, 150 copies of the final survey 

together with a draft letter for survey transmittal, were sent to NASA/ 

MSFC the first week of December 1967. Each survey package contained: 

1 copy of "General Survey Information" 
1 copy of "Section A of the Survey" 
4 copies of "Section B of the Survey" 

On 7 December 1967, a suggested distribution list for the survey was 
submitted to NASA/MSFC. 

agencies and 104 addressees for major contractors. Copies of the final 

survey and suggested distribution list are included in volume 11. 

This list contained 28 addressees for government 

By the time the surveys were approved for distribution, the FCC shielded- 
termination-system requirements had already been defined to meet the 

program schedule. This, together with the complexity of the survey and 

the anticipated difficulty in its completion, prompted NASA/MSFC to 

relinquish the survey effort, However, the conclusions by the technical 

personnel involved were that the survey requested the system requirements 

needed for future design of standard hardware for shielded interconnecting 

harnesses. 

2.2.2 Selection of Shielding System Requirements 

Early in the program it became obvious that information on shielding 

requirements for interconnecting harnesses could not be obtained on 

schedule from the proposed survey. Therefore, the requirements were 

established from a series of meetings held with MDC design personnel 

having experience on many past and current programs, and those active on 

proposed programs. 

on the high side, in the hope that the FCC systems developed could meet 

or exceed the current RWC shielded system performance. 

where it became very difficult or expensive to meet the established require- 

ments, reconsideration would be given. It was suggested that the basic 

It was agreed that the requirements would be established 

In those areas 



design requirements f o r  FCC s h i e l d e d  systems might be r e l axed  t o  meet 

l e s s - s t r i n g e n t  s h i e l d i n g  requirements.  These r e l axed  c o n f i g u r a t i o n s  

would g e n e r a l l y  use  less-expensive hardware which would be easier t o  

assemble. However, because of t h e  u n c e r t a i n t y  of t h e  in t e rconnec t ing  

ha rness  s h i e l d i n g  requirements during t h e  des ign  of t h e  e l e c t r o n i c  u n i t s ,  

i t  w a s  agreed t h a t  a l l  FCC plugs and r e c e p t a c l e s  should b e  mechanically 

and e l e c t r i c a l l y  in t e rchangeab le ,  even though they  were not e l e c t r o -  

magne t i ca l ly  in t e rchangeab le  

(L 

The s h i e l d i n g  requirements agreed upon were: 

a. The system should provide 60 dB a t t e n u a t i o n  from 20 c y c l e s  t o  
1 megahertz f o r  e l e c t r i c  and magnetic f i e l d s  and should be 
capable  of r e p l a c i n g  most t w i s t e d ,  s h i e l d e d  p a i r s  i n  e x i s t i n g  
and proposed systems. 

A p e r i p h e r a l  composite s h i e l d  made up of many very t h i n  l a y e r s  
of copper and t h i c k e r  high-permeabi l i ty ,  n i cke l - i ron  a l l o y  i s  
d e s i r e d .  The t o t a l  s h i e l d  th i ckness  should be as g r e a t  as 
p o s s i b l e  w i t h  a minimum accep tab le  th i ckness  of 0.5 m i l .  The 
top and bottom s h i e l d s  should be i n  i n t i m a t e  e l e c t r i c a l  and 
mechanical c o n t a c t  w i th  each o t h e r ,  w i t h  t h e  magnetic material 
continuous around t h e  c a b l e  edges. I f  t h i s  i s  no t  p o s s i b l e ,  
then t h e  magnetic pa th  i n t e r r u p t i o n  should b e  minimized. 

The FCC plugs and receptacles should have metal o r  me ta l i zed  
composite s h i e l d s  similar t o  t h e  c a b l e  s h i e l d ,  except of one 
magnitude o r  g r e a t e r  i n  t h i c k n e s s .  The connector s h i e l d s  o r  
s h e l l s  should be i n  i n t i m a t e  e l e c t r i c a l  con tac t  w i th  t h e  o u t e r  
s h i e l d  l a y e r s  of each cab le .  A conductive RF s h i e l d  between 
t h e  plug and r e c e p t a c l e  i s  adequate i f  t h e  metal gap i s  h e l d  
t o  a minimum. 

b .  

c .  

2.3 Shielded FCC 

It became apparent  e a r l y  i n  t h e  program t h a t  t h e  sh i e lded  FCC configura-  

t i o n ( s )  s e l e c t e d  f o r  t h i s  program would be a compromise. 

t o  m e e t  t h e  s h i e l d i n g  performance requirements w i th  an FCC c o n s t r u c t i o n  

t h a t  could be manufactured f o r  a reasonable  p r i c e ,  and t h a t  could be 

production-assembled i n t o  t h e  f i n a l  shielded-plug harnesses .  

The problem w a s  
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2.3.1 Cable-End P r e p a r a t i o n  

The cable-end p r e p a r a t i o n  f o r  t h e  s h i e l d e d  c a b l e  w a s  e s t a b l i s h e d  very 

e a r l y  i n  t h e  program on t h e  "New" release of 1B67953, 

p a r a t i o n  on s t r i p p i n g ,  shown on f i g u r e  2-2, d i d  n o t  change during t h e  

remainder of t h e  program. 

This c a b l e  pre- 

2.3.2 Sh ie ld inn  Materials 

The e s t a b l i s h e d  system performance of 60 dB a t t e n u a t i o n  f o r  e l e c t r i c  and 

magnetic f i e l d s  made i t  necessary t o  use  a high-permeabi l i ty ,  magnetic 

s h i e l d i n g  material. 

The agency which had made t h e  largest  i n v e s t i g a t i o n  of FCC magnetic- 

s h i e l d i n g  materials was P ica t inny  Arsenal ,  Dover, New J e r s e y  ( r e f e r e n c e  2-1). 

M r .  E.  M .  Eckhardt of P i c a t i n n y  Arsenal w a s  contacted f o r  suggested s h i e l d  

materials and sources .  

pe rmeab i l i t y  s h i e l d i n g  materials i n  t h e  very- thin f o i l s  ( 1  m i l  o r  less) 

r equ i r ed  f o r  FCC c o n s t r u c t i o n s ,  and h e  recommended t h e  composite-layer 

Lashclad s h i e l d i n g  material e l e c t r o d e p o s i t e d  on polyimide f i l m .  

H e  had not  been a b l e  t o  procure very-high- 

The o r i g i n a l  s h i e l d i n g  procurement e f f u r t  and des ign  a p p l i c a t i o n  w a s  

l i m i t e d  t o  t h e  Lashclad KX m a t e r i a l .  The 1.5-mil t o t a l  t h i ckness  material 

w a s  made up o f  0.9-mil Kapton, 0.3-mil e l e c t r o l y t i c  copper, p l u s  0.3-mil 

high-permeabi l i ty ,  n i cke l - i ron  a l l o y .  The i n i t i a l  pe rmeab i l i t y  of t h e  

n i cke l - i ron  a l l o y  was g r e a t e r  than 2,000. 

The s h i e l d i n g  e f f e c t i v e n e s s  of t h i s  Lashclad material made i t  mandatory 

t o  have t h e  s h i e l d  magne t i ca l ly  continuous around t h e  edges of t h e  FCC. 

Thus, t h e  f i r s t  requirements f o r  sh i e lded  cab le  wi th  t h e  known and avail- 

a b l e  materials were e s t a b l i s h e d .  

A s  mechanical t e s t i n g  d i s c l o s e d  t h e  l i m i t e d  mechanical p r o p e r t i e s  of t h e  

Lashclad material i n  t e n s i o n ,  o t h e r  materials and methods were i n v e s t i g a t e d .  

Various forms of vacuum d e p o s i t i o n ,  e l e c t r o l y t i c  d e p o s i t i o n ,  e l e c t r o l e s s  

d e p o s i t i o n ,  and gaseous d e p o s i t i o n  were i n v e s t i g a t e d .  I n  a d d i t i o n ,  very- 

high-permeabi l i ty  f o i l s ,  such as MU30 and HYMU 80, were i n v e s t i g a t e d .  
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Prel iminary t e s t i n g  on very-high-permeabili ty 1 - m i l  and 0.5-mil f o i l s  

v e r i f i e d  t h a t ,  when f u l l y  annealed f o r  maximum pe rmeab i l i t y ,  they had 

t h e  proper  d u c t i l i t y  f o r  FCC c o n s t r u c t i o n  r equ i r ed  f o r  bending and f l e x i n g  

An i n v e s t i g a t i o n  of t h e  published curves f o r  s h i e l d i n g  e f f e c t i v e n e s s  

i n d i c a t e d  t h a t  0.5-mil f o i l s  w i th  50 microinches each of copper and 

n i c k e l  p l a t i n g  would m e e t  t h e  system s h i e l d i n g  requirements without  i n t e r -  

connecting t h e  s h i e l d s  a t  t h e  cab le  edges.* These open s h i e l d s  would 

a c t u a l l y  permit t h e  c a b l e  t o  ope ra t e  i n  much h i g h e r  d e n s i t y  f i e l d s  b e f o r e  

s h i e l d  s a t u r a t i o n  occurred. The problems a s s o c i a t e d  wi th  c a b l e  f a b r i c a -  

t i o n ,  when p l a t i n g  o r  d e p o s i t i o n  processes  were used, p l u s  t h e  many 

apparent  advantages of t h e  very-high-permeabili ty f o i l  l e d  t o  t h e  

s e l e c t i o n  of t h e  f o i l  as t h e  s h i e l d i n g  material t o  b e  used on t h i s  program. 

2.3.3 Proposed Shielded FCC Cable Construct ions 

A series of cab le -cons t ruc t ion  proposed ske tches  f o r  s h i e l d e d  FCC by NASA/ 

MSFC were supp l i ed  t o  a l l  cab le  vendors.  These are shown on f i g u r e s  2-3 

through 2-15. A b r i e f  exp lana t ion  fol lows:  

F igu re  2-3, w i t h  offset-edge conductors ,  r e f l e c t s  c u r r e n t l y  used 
s h i e l d e d  c o n f i g u r a t i o n s  f o r  r e f e r e n c e  only.  The s h i e l d  c o n t i n u i t y  
is  no t  provided around t h e  cab le  edges,  and t h e  product ion plug- 
assembly requirements are not m e t  by t h i s  c o n s t r u c t i o n .  

F igu re  2-4, w i th  t h e  s p o t f a c e  c o n t a c t  areas, w a s  t r i e d  by Methode 
E l e c t r o n i c s  and d i sca rded  on t h e  NASA/MSFC s h i e l d e d  cab le  f o r  ATM. 
The memory of t h e  i n s u l a t i o n  system w a s  n o t  adequate t o  a s s u r e  s h i e l d  
c o n t i n u i t y  under temperature cyc l ing  and aging cond i t ions .  

F igu res  2-5, 2-6, and 2-7 were sugges t ions  f o r  o t h e r  mechanical 
methods f o r  making spo t  c o n t a c t s  between t h e  s h i e l d s  and edge con- 
d u c t o r s .  However,the magnetic-shielding requirements could n o t  be 
m e t  w i th  t h e  s p o t  c o n t a c t s  proposed by methods of f i g u r e s  2-4 
through 2-7. 

F igu re  2-8 shows a cont inuous,  conductive epoxy c o n t a c t .  There are 
many problems a s s o c i a t e d  with conductive epoxys i n  t h e  i n i t i a l  c a b l e  
f a b r i c a t i o n ,  p l u s  changes i n  p r o p e r t i e s  w i t h  high-temperature aging.  , 

*It w a s  la ter  determined by t e s t i n g  t h e  completed s h i e l d e d  c a b l e  and 
subsequent a n a l y s i s  t h a t  t h e  s h i e l d s  must b e  i n  i n t i m a t e  con tac t  a t  
t h e  c a b l e  edges f o r  t h e  r equ i r ed  magnetic f i e l d  a t t e n u a t i o n .  



Figure  2-9 shows a welded o r  so lde red  continuous-contact method. 
A shor t - l eng th  c a b l e ,  u s ing  a continuous s o l d e r  p rocess ,  w a s  made 
by ECS. Although t h e  handl ing and temperatures  are c r i t i ca l ,  t h i s  
method shows promise f o r  a r e l i a b l e ,  continuous j o i n t  between edge 
conductors and s h i e l d s .  

F igu res  2-10 and 2-11 show continuous s h i e l d s  which could be 
depos i t ed  d i r e c t l y  t o  t h e  nonshielded FCC o u t e r  i n s u l a t i o n  and t o  
t h e  exposed edges of t h e  edge conductors.  These methods o f f e r  t h e  
most promise f o r  f u t u r e  magnetic-shielded c a b l e  w i t h  t h e  s h i e l d  
continuous around t h e  c a b l e  edges.  Various p l a t i n g  and d e p o s i t i o n  
systems would permit  many very t h i n  l a y e r s  of a l t e r n a t e  copper and 
high-permeabi l i ty  s h i e l d i n g  materials. However, developing pro- 
duc t ion  techniques and achieving t h e  r e q u i r e d  mechanical e longa t ion  
p r o p e r t i e s  p r e s e n t  major problems. 

F igu re  2-12 p r e s e n t s  a simple c r o s s  s e c t i o n ,  bu t  one which is  ve ry  
d i f f i c u l t  t o  implement i n  product ion c a b l e  f a b r i c a t i o n .  The 
composite edge conductors would a l s o  p r e s e n t  major t e rmina t ion ,  and 
c a b l e  s t r i p p i n g  problems. 

F igu re  2-13 i s  similar t o  2-12, except t h e  r o l l e d  s h i e l d  would b e  
used as t h e  edge conductors.  

F igu re  2-14 i s  a s imple,  s t r a i g h t f o r w a r d  s o l u t i o n  i n  which t h e  r o l l -  
formed s h i e l d  assembly would f eed  i n t o  t h e  c a b l e  laminat ing machine 
t o  f a b r i c a t e  t h e  s h i e l d e d  c a b l e  i n  one laminat ion pass .  
c a b l e  th i ckness  i n  the  edg.e conductor areas would enhance t h e  
p r o b a b i l i t y  of making and maintaining t h e  r e q u i r e d  continuous 
c o n t a c t .  

F igu re  2-15 shows a s imple approach i n  which round conductors are 
used between t h e  s h i e l d s  and edge conductors.  W. L.  Gore f a b r i c a t e d  
a p ro to type ,  laminated c a b l e  sample us ing  t h i s  c o n s t r u c t i o n .  Since 
t h e  i n s u l a t i o n  t h i c k n e s s  between t h e  conductors and s h i e l d  should 
b e  2 m i l s  o r  g r e a t e r  f o r  v o l t a g e  breakdown, i t  is  p o s s i b l e  t o  have 
a round w i r e  t h a t  w i l l  f u s e  during l amina t ion  t o  provide a continuous 
so lde red  c o n t a c t .  

The added 

2.3.4 Shielded FCC Configurat ions Considered 

During t h e  f i r s t  few months of t h e  program, when 2,000 i n i t i a l  pe rmeab i l i t y  

s h i e l d i n g  materials were considered,  t h e  requirement e x i s t e d  f o r  t h e  top 

and bottom s h i e l d s  t o  b e  i n  i n t i m a t e  c o n t a c t  w i th  each o t h e r .  Phone ca l l s  

t o ,  and meetings w i t h ,  many FCC manufacturers a t  t h e  MDC Huntington Beach 

f a c i l i t y  appr i sed  them of our requirements and s o l i c i t e d  t h e i r  sugges t ions  



and recommendations f o r  p roposa l s  f o r  t h e  r e q u i r e d  sh ie lded  cab le .  

Vendors contacted included:  

A C I  - Div i s ion  of Kent Corporation 

ECS - E l e c t r o n i c  Connective Systems, Inc.  

F l e x i b l e  Products ,  Inc.  

W. L.  Gore & Associated,  Inc.  

Hughes A i r c r a f t  Company 

Methode E l e c t r o n i c s ,  Inc.  

Poly Cable, Inc .  

Rogers Corporat ion 

G .  T. Sch je ldah l  Company 

2.3.4.1 With Lashclad Sh ie ld  Material 

Numerous shielded-cable  conf igu ra t ions  w e r e  considered,  using Lashclad 

composite s h i e l d i n g  material .  Sample p ro to type  c a b l e s  made by MDC, 

Hughes A i r c r a f t ,  and ECS experienced s h i e l d  cracking when f l e x e d  over a 

0.5-inch-diameter mandrel. One c a b l e  conf igu ra t ion  manufactured by ECS, 

w i th  a c a r e f u l l y  app l i ed  FEP f i l l e r ,  showed b e t t e r  bending p r o p e r t i e s  

than t h e  o t h e r  c o n f i g u r a t i o n s  considered.  However, s i n c e  t h e  ECS c a b l e  had 

only copper Lashclad s h i e l d i n g ,  and i t  a l so  f a i l e d  t o  m e e t  t h e  0.25-inch 

mandrel bending test ,  use of t h e  Lashclad s h i e l d i n g  material w a s  abandoned. 

2.3.4.2 With Vacuum Deposi t ion 

Vacuum d e p o s i t i o n  has  been s u c c e s s f u l l y  app l i ed  commercially f o r  metall ic 

d e p o s i t i o n  on p l a s t i c  materials. A c l a s s i c  example i s  t h e  aluminum 

d e p o s i t i o n  on Mylar used f o r  t h e  Echo Sa te l l i t e  Balloon. 

i 

Two companies c u r r e n t l y  a c t i v e  i n  vacuum d e p o s i t i o n  w e r e  contacted f o r  

proposals  f o r  s h i e l d  conf igu ra t ions  as shown on f i g u r e s  2-10 and 2-11. 

The o b j e c t i v e  was t o  have a l t e r n a t e  l a y e r s  of copper and n i cke l - i ron  a l l o y  

depos i t ed  d i r e c t l y  t o  t h e  o u t e r  s u r f a c e  of nonshielded FCC. 
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Schjeldahl furnished samples of vacuum-deposited aluminum on Mylar sheets, 

The metal thickness was limited to several microinches. They questioned 

the feasibility of obtaining the 0.5-mil composite thickness required, 

and did not offer any further development effort or suggestions. 

The Temescal Metallurgical Corporation, a division of Air Reduction 

Company, Inc. has a high-production9 vacuum-deposition facility at 

Berkeley, California. Mr. Hugh Smith, the president of Temescal, reviewed 

the FCC shield-application requirements and concluded that it was feasible 

to technically and economically apply the required composite shield with 

vacuum deposition. Mr. Smith's predicted cost estimates for shield 

application were: 

a. Two thousand dollars for a continuous transporter system and 
associated equipment which would be installed inside the vacuum 
chamber. 

b. Fifty dollars per hour operating charge. At an estimated 
operating speed of 10 feet per minute, and with two passes for 
the composite shield, this resulted in a cost of approximately 
16 cents per foot for shield application. 

batches of assorted cable widths. 
c. Five hundred dollars for each additional setup charge for new 

With each vacuum chamber setup described above, all cable widths could 

be accommodated. The continuity of the shielding would be maintained 

around the cable edges. 

Sample vacuum-deposition plating was accomplished on various H/FEP and 

all polyimide nonshielded-cable configurations, as shown in figure 2-16. 
Samples 1, 2, and 3 were accomplished on H/FEP insulation, and samples 

4 and 5 were accomplished on all-polyimide insulation. 

involved only a very thin layer of 50 microinches or less of copper. Ln 

each case, the excessive heat of the vacuum-deposition processes resulted 

in blistering and nonuniform plating. 

The sample plating 

It was Mr. Smith's belief that, with proper funding to develop reduced 

cable temperatures, the required vacuum deposition could be applied 

successfully on future programs. Neither funds nor schedule permitted 

additional vacuum-deposition investigations on this program. 
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2 . 3 . 4 . 3  With E l e c t r o l y t i c  Deposi t ion 

E l e c t r o l y t i c  d e p o s i t i o n  w a s  f i r s t  suggested by M r .  H. Gorden of Rogers 

Corporat ion as t h e  optimum method of achieving t h e  r equ i r ed  s h i e l d  shown 

on f i g u r e s  2-10 and 2-11. E l e c t r o l y t i c  d e p o s i t i o n  of copper s h i e l d i n g  

material w a s  accomplished on a nonshielded-cable sample by two d i f f e r e n t  

companies. 

Rogers Corporation app l i ed  several microinches of copper t o  an all-  

polyimide, nonshielded FCC. 

and t h e  polyimide w a s  very good and, even af ter  temperature cyc l ing ,  t h e  

p l a t i n g  remained on t h e  cab le  when formed over  a 0.25-inch-diameter 

mandrel. The a p p l i c a t i o n  of t h e  r equ i r ed  composite 0.5-mil s h i e l d  would 

have r e q u i r e d  a d d i t i o n  of development which could no t  b e  accomplished t o  

meet t h e  program schedule .  

The adhesion between the depos i t ed  copper 

United-Carr Corporat ion of Newton Highlands, Massachuset ts ,  has  success- 

f u l l y  manufactured a p l a x i a l  c o a x i a l  c a b l e  w i t h  e l e c t r o l y t i c a l l y  depos i t ed  

o u t e r  conductor.  The s h i e l d i n g  requirements of f i g u r e  2-10 were d i scussed  

wi th  M r .  G.  C .  Smily of United-Carr, who concluded t h a t  the e l e c t r o l y t i c -  

d e p o s i t i o n  methods developed by United-Carr could b e  used f o r  t h i s  program. 

Samples of nonshielded FCC wi th  H/FEP and al l -polyimide i n s u l a t i o n s  were 

fu rn i shed  t o  United-Carr f o r  sample  p l a t i n g .  One p l a t i n g  sample i s  

shown on f i g u r e  2-17. 

from improper s u r f a c e  p r e p a r a t i o n .  However, United-Carr personnel  con- 

cluded t h a t  i t  i s  t e c h n i c a l l y  f e a s i b l e  t o  apply t h e  r equ i r ed  p l a t i n g  w i t h  

a proper  development program f o r  s u r f a c e  p r e p a r a t i o n  and p l a t i n g  procedures.  

The t e c h n i c a l  d i f f i c u l t y  of accomplishing t h e  continuous p l a t i n g  around 

t h e  c a b l e  edge, and of making continuous c o n t a c t  w i th  t h e  edge conductor,  

p re sen ted  problems which United-Carr f e l t  might n o t  be r e so lved .  

Inadequate adhesion and p l a t i n g  b l i s t e r i n g  r e s u l t e d  

With t h e  sample p l a t i n g  r e s u l t s  descr ibed above, and w i t h  t h e  ve ry  l i m i t e d  

d u c t i l i t y  experienced wi th  t h e  Lashclad e l e c t r o d e p o s i t e d  s h i e l d i n g ,  a l l  

e f f o r t  f o r  t h i s  method of s h i e l d  accomplishment w a s  terminated,  
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2.3.4.4 With Very Thin Foil 

The difficulty experienced in achieving a satisfactorily deposited shield 

around the perimeter of a nonshielded FCC, plus the ductility limitation 

of the electrolytic-deposited material, prompted a new survey effort for 

the procurement of very thin (1.0 mil or less) high-permeability shield- 

foil material. It was discovered that MU30 nickel-iron alloy in 1-mil 

thicknesses was available from existing stock. A l s o ,  that 4-79 moly 

permalloy, in 0.5-inch thicknesses, was available on special order. 

In July 1967, 100 feet of MU30, 2 inches wide by 1 mil thick, nickel- 
iron alloy, shielding material was ordered from Russell Industries, 

Linbrook, New York. Crude sample shielded-cables were made by MDC to 

test the flex capability of the MU30 material. Shield samples were also 

sent to various cable manufacturers for short, laminated-shielded cable 

prototypes. The results of the initial prototype was very encouraging. 

The ductility of the alloy shield material was excellent, and the han- 

dling and cable-lamination requirements were easily accommodated. 

MDC shielding-effectiveness analysis indicated that the moly permalloy 

shield with its very-high initial permeability would provide the required 

shielding effectiveness with the two shield foils not in contact with 

each other.* A plating of 50 microinches of copper and 50 microinches of 
dull electroless nickel would provide the composite shield layers for 

increased, overall shielding efficiency. 

With all these apparent advantages of the foil shielding material, this 
method 

figure 

2.3.5 

was selected, and the basic shielded cable construction shown in 

2-18 was selected. 

Final Selection of FCC Cable 

The decision was made to use high-permeability, 0.5-mil foil, plated for 

multilayer shielding performance, and the cable cross section shown on 

figure 2-18. 

*Later testing of the moly permalloy shielded cable disclosed that con- 
tinuous magnetic shielding is required around the edges of the cable. 
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Since t h e  s h i e l d e d  c a b l e  concept,  w i t h  t h e  p l a t e d ,  high-permeabili ty 

s h i e l d  f o i l  w a s  a new development, i t  w a s  necessary f o r  MDC t o  n e g o t i a t e  

d i r e c t l y  w i t h  t h e  v a r i o u s  companies t o :  

a.  Procure t h e  r e q u i r e d  s h i e l d i n g  material 

b .  Have t h e  r equ i r ed  p l a t i n g  accomplished 

c. Obtain t h e  s h i e l d e d  FCC 

Five pounds (approximately 1,200 l i n e a r  f e e t )  of 0.5-mil, 1.84 inches 

wide, 4-79 moly permalloy s h i e l d i n g  material  w a s  ordered from Arnold 

Engineering Company, F u l l e r t o n ,  C a l i f o r n i a .  The material w a s  t o  be 

fu rn i shed  i n  t h e  f u l l y  annealed cond i t ion  wi th  an i n i t i a l  pe rmeab i l i t y  

of approximately 36,000. 

A purchase o r d e r  w a s  placed wi th  Precious Metal P l a t e r s  of Hopkins, Minn., 

t o  p l a t e  t h e  4-79 s h i e l d i n g  material w i th  50 microinches each of copper 

and d u l l  n i c k e l .  

Nego t i a t ion  wi th  v a r i o u s  FCC cab le  manufacturers  w a s  undertaken t o  o b t a i n  

a cab le  c o n s t r u c t i o n  p e r  f i g u r e  2-18, which would m e e t  t h e  mechanical and 

e l e c t r i c a l  requirements of t h e  proposed MIL-C-55543 FCC s p e c i f i c a t i o n ,  and 

one which could b e  s t r i p p e d  wi th  a h i g h - r e l i a b i l i t y  product ion method. 

Problems were encountered i n  a l l  t h r e e  areas. F i r s t ,  Arnold Engineering 

melted two ba tches  of m i l l  ( p a r t i a l l y )  annealed s h i e l d i n g  material during 

t h e i r  a t t e m p t s  t o  perform t h e  f u l l y  annealed ope ra t ion .  A f t e r  two f a i l u r e s ,  

they would only f u r n i s h  m i l l  annealed material wi th  an i n i t i a l  pe rmeab i l i t y  

of much less than 36,000 (approximately 5,000).  Magnetic Metals Incorporated 

of Camden, New J e r s e y ,  accepted an o r d e r  t o  perform t h e  f u l l  anneal ing 

o p e r a t i o n  i n  a s t r i p  furnace.  By p l a c i n g  o r d e r s  w i th  both companies, t h e  

r equ i r ed  s h i e l d i n g  material  w a s  obtained without  f u r t h e r  i n c i d e n t .  

Second, when P rec ious  Metal P l a t e r s  r ece ived  t h e  f u l l y  annealed 4-79, 

0.5-mil s h i e l d i n g  material, they discovered t h a t  they could no t  accomplish 

t h e  continuous s t r i p  p l a t i n g  without  making an e l a b o r a t e ,  ve ry  expensive 

feedback t r a c k i n g  system t o  maintain material  alinement on the  r o l l e r  
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system through t h e  v a r i o u s  c l ean ing  and p l a t i n g  s o l u t i o n s .  Nei ther  

schedule  nor a v a i l a b l e  funds would permit t h e  t r a c k i n g  system t o  be 

developed. Therefore ,  s i x  p i e c e s  of material, 6 f e e t  long each,  w e r e  

p l a t e d  using t h e  same procedures t h a t  had been used f o r  p ro to type  samples. 

These samples w e r e  used f o r  EMC t e s t i n g  by MDC. The remainder of t h e  

material w a s  used nonplated f o r  shielded-cable  f a b r i c a t i o n .  P rec ious  

Metals P l a t e r s  supp l i ed  a r e p o r t  on t h e i r  p l a t i n g  a t t empt s ,  exp la in ing  

t h e  problems they encountered, which is  included i n  volume 11. It i s  

be l i eved  t h a t  t h e  r equ i r ed  p l a t i n g  could b e  accomplished e f f i c i e n t l y  and 

economically on a product ion q u a n t i t y  program. 

The t h i r d  problem was i n  t h e  s e l e c t i o n  of t h e  shielded-FCC f i n a l  config- 

u r a t i o n  and i t s  procurement. With t h e  s e l e c t i o n  and procurement a c t i o n  

completed on t h e  s h i e l d i n g  material ,  and wi th  t h e  c r o s s  s e c t i o n  de f ined  

p e r  f i g u r e  2-18, i t  w a s  necessary only t o  s e l e c t  t he  proper combinations 

of i n s u l a t i o n  materials and f a b r i c a t i o n  method. A major c o n s i d e r a t i o n ,  

i n  a d d i t i o n  t o  meeting t h e  e l e c t r i c a l  and mechanical requirements of 

MIL-C-55543, w a s  t o  o b t a i n  c a b l e  t h a t  could b e  s t r i p p e d  i n  a h igh ly  

r e l i a b l e  product ion manner. Numerous tests and i n v e s t i g a t i o n s  by MDC 

Manufacturing R&D personnel  had d i s c l o s e d  t h a t  t h e  most d e s i r a b l e  method 

t o  b a r e  and s t r i p  t h e  0.5-mil f o i l  s h i e l d  w a s  chemical ly .  The two 

i n s u l a t i o n s  which could b e  s t r i p p e d  chemically were p o l y e s t e r  and polyimide 

Since p o l y e s t e r  i n s u l a t i o n  would n o t  meet t h e  +200°C temperature  r equ i r e -  

ments, a l l  e f f o r t  w a s  concentrated on an al l -polyimide i n s u l a t i o n  system. 

Two companies, Sch je ldah l  and Rogers, o f f e r e d  all-polyimide, nonshielded 

FCC,and ECS, w i th  t h i n  tower-coating c a p a b i l i t i e s  w a s  a l s o  a p o t e n t i a l  

s u p p l i e r .  A l l  t h r e e  companies w e r e  requested t o  submit proposals .  A f t e r  

lengthy d i s c u s s i o n s  and i n v e s t i g a t i o n s ,  i t  w a s  concluded by a l l  t h r e e  

companies t h a t  t hey  could n o t  f u r n i s h  al l -polyimide,  s h i e l d e d  FCC t o  m e e t  

t h e  program schedule  requirements.  

of t h e  B-stage polyimide adhesive under t h e  s o l i d - f o i l  s h i e l d .  A l l  

previous c a b l e  f a b r i c a t i o n  had pe rmi t t ed  t h i s  cu r ing  t o  be accomplished 

through t h e  o u t e r  polyimide i n s u l a t i o n .  

A major problem i s  t h e  proper  cu r ing  
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A convent iona l  H/FEP-insulation system had been developed by Methode 

E l e c t r o n i c s  f o r  NASA/MSFC f o r  so l id-copper - fo i l  s h i e l d i n g  material t o  b e  

used on t h e  Apollo Telescopic  Mount (ATM) Program. Numerous d e t a i l  

f a b r i c a t i o n  methods had been used, and t h e  major e lec t r ica l  ana mechanical 

tests had been performed s a t i s f a c t o r i l y  on t h e  developed conf igu ra t ion .  

Therefore ,  t o  m e e t  t h e  program schedule  and funding requirements ,  t h e  H/FEP 

cab le  c o n s t r u c t i o n  developed f o r  NASA/MSFC w a s  s e l e c t e d ,  knowing t h a t  major  

problems would b e  encountered i n  c a b l e  s t r i p p i n g .  

Procurement drawing 1T11017 w a s  p repared ,  d e f i n i n g  t h e  sh i e lded  FCC requ i r e -  

ments,  and t h e  FCC manufacturers  were reques ted  t o  submit in formal  c o s t  

and d e l i v e r y  quo ta t ions .  Methode E l e c t r o n i c s ,  t h e  s u p p l i e r  of t h e  

s i m i l a r  s h i e l d e d  c a b l e ,  w a s  s e l e c t e d  on t h e  b a s i s  of t h e i r  c a p a b i l i t y  of 

meeting t h e  schedule  requirements  w i t h  t h e  h i g h e s t  p r o b a b i l i t y  of supplying 

s a t i s f a c t o r y  cab le .  The l a t te r  w a s  based on t h e  f a c t  t h a t  Methode had 

a l r eady  produced 2 very  s imilar  cab le  c o n s t r u c t i o n  t h a t  had passed t h e  

major s p e c i f i c a t i o n  tests. 

of s h i e l d e d  c a b l e  p e r  1T11017. MDC w a s  t o  supply t h e  high-permeabi l i ty  

s h i e l d i n g  material. A 100-foot l e n g t h  of 0.5-mil-copper-foil sh i e lded  

cab le  w a s  exped i t ious ly  d e l i v e r e d  t o  a i d  MDC i n  t h e i r  s t r i p p i n g  techniques  

and i n  t h e i r  p lug  assembly development. 

magnet ic-shielding material  from MDC, Methode manufactured and supp l i ed  

an  a d d i t i o n a l  200 f e e t  of s h i e l d e d  FCC. 

sh i e lded  c a b l e  proved d i f f i c u l t  t o  s t r i p .  I n  a d d i t i o n ,  t h e  v o l t a g e  break- 

down between t h e  s h i e l d s  and conductors  was marginal .  It i s  recommended 

t h a t  a l l  f u t u r e  c a b l e  development and/or  procurement have t h e  primary 

H-film i n s u l a t i o n  between t h e  s h i e l d s  and conductors  increased  from t h e  

1 m i l  used t o  2 m i l s .  

An o rde r  w a s  p laced  w i t h  Methode f o r  200 f e e t  

Upon t h e  r e c e i p t  of t h e  nonpla ted ,  

A s  a n t i c i p a t e d ,  t h e  H/FEP-insulated 

2.3.6 Suggested Shie lded  FCC Cons t ruc t ion  f o r  Optimum S t r i p p i n g  

A f t e r  many c a b l e  c o n s t r u c t i o n s  and s t r i p p i n g  methods have been eva lua ted ,  

t h e  fo l lowing  e l e c t r o s t a t i c  sh i e lded  FCC c o n s t r u c t i o n  is  suggested f o r  

product ion  s t r i p p i n g .  The o u t e r  i n s u l a t i o n s  should  be  tower-coated polyimide,  

polyimide f i l m  w i t h  polyimide adhes ive ,  o r  p o l y e s t e r  f i l m  wi th  p o l y e s t e r  
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adhesive.  

t h e  s h i e l d ,  and t h e  removal of t h e  s h i e l d  i n  t h e  r equ i r ed  areas by 

chemical s t r i p p i n g .  The i n n e r  cab le  i n s u l a t i o n  and c o n s t r u c t i o n  should 

be s e l e c t e d  t o  m e e t  t h e  program t e rmina t ion  requirements .  I f  t h e  NASA/ 

MSFC-type conductor-contact connector system i s  used? then II/FEP i n n e r  

i n s u l a t i o n  could be removed wi th  a cold b l ade  s t r i p p e r .  

i n s u l a t i o n  t e rmina t ion  is  used,  t h e  i n n e r  i n s u l a t i o n  could b e  mylar o r  

t e f  l o n  

This  w i l l  permit t h e  o u t e r  i n s u l a t i o n  t o  be removed t o  b a r e  

I f  weld-through- 

2.3,7 Suggested Procedure f o r  Optimum Magnetic Shielded FCC 

The s t u d i e s  performed by MDC on magnetic-shielded FCC were n o t  conclusive.  

However, i t  w a s  determined t h a t  very-high-permeabili ty s h i e l d i n g  material 

( i n i t i a l  36,000) wrapped around an FCC cab le  and spo t  welded on t h e  open 

edge d i d  not  provide t h e  a n t i c i p a t e d  magnetic f i e l d  a t t e n u a t i o n .  There- 

f o r e ,  any new e f f o r t  t o  develop s h i e l d e d  FCC f o r  magnetic f i e l d s  should 

start  w i t h  s imple,  p ro to type  cab le* te s t ed  i n  accordance wi th  t h e  sh i e ld ing -  

e f f e c t i v e n e s s  tes ts  desc r ibed  i n  d e t a i l  i n  s e c t i o n  7 .  A f t e r  v e r i f i c a t i o n  

of t h e  system performance of t h e  p ro to type  has  been accomplished, 

e f f o r t  f o r  product ion implementation can b e  undertaken. 

2 . 4  Shielded Plug Design 

The e s t a b l i s h e d  requirements f o r  a sh ie lded  plug were: 

a.  To mate wi th  NASA/MSFC 2-inch-wide c a b l e  r e c e p t a c l e  ( f i g u r e  2-1). 
This i n c l u d e s  t h e  use  of t h e  e x i s t i n g  r e c e p t a c l e  c l i p s .  I f  
mod i f i ca t ion  is  r e q u i r e d  t o  t h e  r e c e p t a c l e s ,  they should s t i l l  
mate p rope r ly  w i t h  e x i s t i n g  NASA/MSFC molded and premolded FCC 
plugs D 

b. Metal backahe l l  w i th  EMC s h i e l d i n g  p rov i s ions .  

c .  EMC s h i e l d i n g  p r o v i s i o n s  between t h e  mating s u r f a c e s  of t h e  FCC 
plug and receptacle. 

*This p ro to type  could be as simple as a nonshielded FCC wrapped wi th  t h e  
4-79 permalloy material ,  remaining from t h i s  program, t h a t  has  been r o l l -  
seam o r  flame-welded i n  a continuous manner a long t h e  open edges of t h e  
s h i e l d  
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d. P lugs  should be  capable  of assembly i n t o  FCC sh ie lded  ha rnesses  
i n  a product ion  h i g h - r e l i a b i l i t y  manner. 

2 .4 .1  I n i t i a l  Development 

The o b j e c t i v e  of t h e  i n i t i a l  development w a s  t o  des ign  and f a b r i c a t e  

sample sh i e lded  plug assembl ies  meeting t h e  requirements  of 2.4.  

problems a s s o c i a t e d  w i t h  t h i s  development would then  be  analyzed f o r  t h e  

r equ i r ed  des ign  improvements t o  be  incorpora ted  i n  t h e  program p ro to type  

shielded-plug assembly. 

The 

Since  t h e  sh i e lded  p lug  w a s  r equ i r ed  t o  mate w i t h  t h e  e x i s t i n g  NASA/MSFC 

r e c e p t a c l e ,  t h e  i n t e r f a c e  requirements  were w e l l  de f ined .  The i n i t i a l  

development requi rements  could be  accomplished f o r  t h e  model f a b r i c a t i o n  

pursuing one of t h r e e  courses :  

a .  The e x i s t i n g  p lug - in j ec t ion  molding d i e s  could be  modif ied t o  

b .  Ex i s t ing  premolded p a r t s ,  manufactured by Amphenol and Methode 

accommodate t h e  metal backshe l l  of t h e  plug.  

E l e c t r o n i c s ,  could be  reworked t o  accommodate t h e  r equ i r ed  metal 
backshe l l  and s h i e l d i n g  requi rements .  

c. A l l  new p a r t s  could be  designed and f a b r i c a t e d .  

A f t e r  c a r e f u l  cons ide ra t ion ,  i t  w a s  decided t o  rework e x i s t i n g  premolded- 

plug p a r t s  t o  f i t  i n t o  a newly designed backshe l l .  This  permi t ted  expedient  

f a b r i c a t i o n  and assembly wi th  a minimum c o s t  o u t l a y  f o r  t h e  plug body p a r t s .  

The Amphenol premolded plug assembly pe r  drawing 100-6073-15, and t h e  

Methode E l e c t r o n i c s  assembly p e r  drawing 134-112-05-00, were cons idered .  

The Methode premolded p a r t s  were s e l e c t e d  because t h e  assembly p o t t i n g  was 

accomplished from t h e  rear of t h e  p lug  assembly and, i n  gene ra l ,  they  could 

be  adapted more e a s i l y  t o  t h e  model des ign .  

were ordered .  Drawing 1B67953 (Layout, Model Connector Assembly, F l a t  Cable 

Phase 111) w a s  r e l e a s e d  f o r  i n i t i a l  development f a b r i c a t i o n  and assembly. 

The Methode premolded p a r t s  were machined t o  f i t  i n t o  a new metal backshe l l .  

Teckni t  wire-mesh s h i e l d i n g  material w a s  used a t  t h e  rear of t h e  connector  

f o r  t h e  EMC s h i e l d  c o n t i n u i t y .  P a r t s  f a b r i c a t e d  p e r  t h i s  i n i t i a l  des ign  

are shown i n  an  exploded view i n  f i g u r e  2-19. 

F i f t y  each plug body par t s ’  

r 
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A number of plug assemblies  were f a b r i c a t e d  and eva lua ted .  I n  a d d i t i o n ,  

two shielded-plug-assembly ha rnesses ,  u s ing  t h e s e  plug p a r t s  and Methode 

wire-mesh s h i e l d e d  c a b l e ,  were fu rn i shed  t o  NASA/MSFC f o r  s h i e l d i n g  tests 

t o  be performed by t h e  Boeing Company i n  H u n t s v i l l e ,  Alabama. One 

ha rness  had t h e  s h i e l d s  i n  continuous c o n t a c t  w i t h  t h e  plug s h e l l s ,  and 

t h e  o t h e r  had t h e  s h i e l d s  i s o l a t e d  from t h e  plug s h e l l s .  Due t o  funding 

l i m i t a t i o n s ,  t h e  tests were n o t  run. 

The i n i t i a l  model plug development proved t h e  f e a s i b i l i t y  of t h e  proposed 

design concept,  po in t ed  out  t h e  cable-short ing p o s s i b i l i t i e s  encountered 

i n  using t h e  Teckni t  wire-mesh s h i e l d i n g  material, and gave a preview of 

plug assembly and bonding problems t o  b e  encountered. 

2.4.2 Prototype Design 

The design,  f a b r i c a t i o n ,  and assembly experience gained from t h e  model 

s h i e l d e d  FCC plug assembly provided a sound b a s i s  f o r  t h e  p ro to type  plug 

design. 

2 .4 .2 .1  I n i t i a l  S e l e c t i o n  of Materials and Concepts 

2.4.2.1.1 Plug Body 

A f t e r  c a r e f u l  c o n s i d e r a t i o n  of performance, f a b r i c a t i o n ,  and plug assembly 

requirements,  i t  w a s  decided t o  t r a n s f e r  mold g l a s s - f i l l e d  d i a l l y l  p h t h a l a t e  

material i n t o  premolded plug p a r t s .  This c u r r e n t  t r i e d  and proven method 

f o r  connector body o r  i n s e r t  f a b r i c a t i o n  provided t h e  h i g h e s t  p r o b a b i l i t y  

of s u c c e s s f u l 9  i n i t i a l  par ts  procurement. The premolded p a r t s  would per- 

m i t  va r ious  assembly development techniques t o  b e  i n v e s t i g a t e d ,  without  

making changes t o  t h e  molds f o r  t h e  plug p a r t s .  

2 ,4 .2 ,1 ,2  Sur face  EMC S h i e l d  

Two b a s i c  methods of achieving t h e  r equ i r ed  o u t e r  s u r f a c e  EMC s h i e l d  were 

considered.  
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F i r s t ,  e x t e n s i v e  e f f o r t  w a s  made t o  i n v e s t i g a t e  t h e  p r a c t i c a l i t y  of 

provid ing  t h i s  s h i e l d  w i t h  a n  e x t e r n a l  p l a t i n g .  

s h i e l d  t o  be  a minimum of 10 m i l s  t h i c k ;  15 m i l s  w a s  more d e s i r a b l e  f o r  

EMC performance and mechanical p r o p e r t i e s .  This  p l a t e d  s h i e l d  must adhere  

t enac ious ly  t o  t h e  d i a l l y l  p h t h a l a t e  plug body dur ing  temperature  cyc l ing ,  

ag ing ,  and handl ing .  

It w a s  necessary  f o r  t h e  

Numerous p l a t i n g  and o t h e r  metal-deposi t ion methods were i n v e s t i g a t e d .  

The i n i t i a l  r e s u l t s  were d iscouraging ,  as shown by f i g u r e s  7-1 and 7-2 of 

Sec t ion  V I I ,  

Later, test  samples provided by AVCO Corporat ion ( f i g u r e  7-3) and United 

Carr Incorpora ted ,  were most encouraging, and should be  cons idered  f o r  new 

des ign  concepts .  

and t h e  d e c i s i o n  w a s  made t o  u s e  a s e p a r a t e  metal backshe l l .  

The Ship ley  p l a t i n g  process ,  used by AVCO Corporat ion,  depos i t ed  10 t o  15  
m i l s  of copper on t h e  Amphenol Flex-1 218 d i a l l y l  p h t h a l a t e  p lug  body and 

t h e  two d i a l l y l  p h t h a l a t e  p o t t i n g  cups.  Sh ip ley  copper-plat ing s o l u t i o n ,  

mix number 328, w i t h  c a t a l y s t  number 6F and a c c e l e r a t o r  number 19 ,  w a s  

used. A l l  p l a t i n g  s u r f a c e s  were p rope r ly  prepared p r i o r  t o  p l a t i n g .  

United-Carr performed sample p l a t i n g  on two d i f f e r e n t  t ypes  of g l a s s - f i l l e d  

d i a l l y l  p h t h a l a t e ,  w i t h  and wi thout  f lame r e t a r d a n t ,  and No. 22262 b l a c k  

Durez pheno l i c .  The sample p a r t s  were machined by MDC, 11110649 EO"P", t o  

be  r e p r e s e n t a t i v e  of t h e  pro to type ,  shielded-plug body p a r t s .  All samples 

were s a t i s f a c t o r i l y  p l a t e d  by United-Carr and passed temperature  cyc l ing  

wi thout  exper ienc ing  p l a t i n g  f a i l u r e .  

The p rocess  used by United-Carr i s  expla ined  as fo.llows: 

E l e c t r o l e s s  copper w a s  depos i ted  i n  t h e  s t anda rd  f a sh ion ,  i . e . ,  
d i p  i n  s o l u t i o n  of t i n  fol lowed by pal ladium and then  commercial 
e l e c t r o l e s s  copper s o l u t i o n .  The copper was b u i l t  up w i t h  a 
s t anda rd  acid-copper e l e c t r o l y t i c  b a t h  t o  approximately 1 m i l ,  
Permalloy and copper l a y e r s  were then  a l t e r n a t e d  w i t h  approximately 
1 m i l  each t o  a f i n i s h e d  p l a t i n g  th i ckness  of 6 t o  7 m i l s .  
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The Permalloy s o l u t i o n  w a s  one of t h e  Watts b a t h s ,  w i th  some 
sodium c h l o r i d e .  The ca th rode  h a l f - c e l l  p o t e n t i a l  w a s  1.1 v o l t s ,  
and t h e  c u r r e n t  d e n s i t y  w a s  approximately 4.5 amps p e r  square f o o t .  
P l a t i n g  w a s  done a t  room temperature  wi th  a n i c k e l  anode, and t h e  
b a t h  w a s  m i l d l y  s t i r r e d .  The p l a t e  w a s  depos i t ed  under po ten t io -  
s ta t ic  c o n d i t i o n s  t o  ma in ta in  a near-constant  a l l o y  composition. 

2.4.2.3 EMC Sea l ing  

EMC s e a l i n g  w a s  r e q u i r e d  between t h e  s h i e l d s  of t h e  FCC and t h e  plug 

metall ic b a c k s h e l l s ,  and between t h e  mating s u r f a c e s  of t h e  sh i e lded  plug 

and r e c e p t a c l e .  

Experience wi th  t h e  i n i t i a l  model shielded-plug design e l imina ted  t h e  use  

of woven-mesh s h i e l d i n g  f o r  t h e  s h i e l d - t o - s h e l l  c o n t a c t ,  because of t h e  

high p r o b a b i l i t y  of causing c a b l e  conductor s h o r t i n g  by l o o s e  s t r a n d s  i n  

t h e  woven mesh. Therefore ,  s i l v e r - f i l l e d  s i l i c o n e  and s i l v e r - f i l l e d  

p o t t i n g  materials were i n v e s t i g a t e d .  

Tests w i t h  Emerson & Cuming, I n c .  and Chomerics, Inc . ,  conduct ive p o t t i n g  

materials, i n  t h e  test  f i x t u r e s  shown i n  f i g u r e  7-5 and d e t a i l e d  i n  drawing 

1B67951EO"B1', w i t h  conduct ive pa th  dimensions of 0.125 inch  o r  more as 

r equ i r ed  by t h e  s h i e l d e d  plug des ign ,  could n o t  be s a t i s f a c t o r i l y  maintained 

through temperature  cyc l ing  wi th  t h e  materials i n v e s t i g a t e d .  Temperature 

tests w i t h  s i l v e r - f i l l e d  s i l i c o n e  compounds under compression i n d i c a t e d  

t h a t  t h i s  material  would m e e t  t h e  design requirements .  

4 combination RF and p res su re - sea l  gaske t  f o r  t h e  i n t e r f a c e  between t h e  

plug and receptacle w a s  considered.  The companies f u r n i s h i n g  wire-shield 

material imbedded i n  rubberized o r  s i l i c o n e  gaske t  material  v e r i f i e d  t h a t  

i t  w a s  i m p r a c t i c a l  t o  f u r n i s h  such a p a r t  i n  t h e  space l i m i t a t i o n  imposed 

by t h i s  des ign .  Therefore ,  sample c r o s s  s e c t i o n s  of s i l v e r - f i l l e d  s i l i c o n e  

compounds were obtained and t e s t e d  f o r  p r e s s u r e  leakage and EMC conduc t iv i ty  

( s e e  f i g u r e  7-5 and lB67951EO"A") both b e f o r e  and a f t e r  temperature cyc l ing .  

The t e s t  r e s u l t s  w e r e  s a t i s f a c t o r y ,  and t h i s  material  w a s  s e l e c t e d  f o r  t h e  

r equ i r ed  combination RF and p r e s s u r e  seal .  
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2.4 .3  Pro to type  P a r t s  Procurement 

2 . 4 . 3 . 1  Plug Body 

The plug body des ign  w a s  accomplished on drawing 1T10900. 

r e l e a s e d  f o r  procurement of s i x  p i e c e s  each of p lug  body p a r t s  t o  be  

machined from d i a l l y l  p h t h a l a t e  s tock .  E.O. "A", f o r  b i d ,  w a s  i s sued  f o r  

procurement of 150 each of t h e  molded-plug body p a r t s .  

E.O. "New1' w a s  

It was in tended  t o  procure  t h e  s i x  sets of machined plug-body p a r t s  w i t h i n  

3 weeks from i s suance  of a purchase o rde r .  These p i e c e s  would then  be  

assembled i n  sample shielded-plug assembl ies  t o  de te rmine  t h e  problems 

involved and suggested des ign  changes.  It w a s  in tended  t h a t  t h e s e  changes 

would be  inco rpora t ed ,  p r i o r  t o  t h e  i s suance  of a purchase o r d e r  f o r  150 

each of t h e  molded p i e c e s .  

Los Angeles performed sample machining ope ra t ions  on d i a l l y l  p h t h a l a t e  p r i o r  

t o  t h e  acceptance  of t h e  purchase o r d e r ,  they  encountered many d i f f i c u l t i e s  

i n  a t t empt ing  t o  machine t h e  f i n i s h e d  plug-body p a r t s .  The problems 

encountered were s o  e x t e n s i v e  t h a t  cons ide rab le  t i m e  w a s  l o s t .  F i n a l l y ,  

as a l as t  r e s o r t ,  MDC approved t h e  u s e  of P l e x i g l a s  f o r  t h e  main plug-body 

p a r t s ,  and sample p i e c e s  of ques t ionab le  q u a l i t y  w e r e  fu rn i shed .  However, 

t h e  p a r t s  were n o t  r ece ived  i n  t i m e  t o  e f f e c t  t h e  i n i t i a l  des ign  of t h e  

molding d i e s  f o r  t h e  product ion  p i e c e s .  

Although Aero P r e c i s i o n  Machine Company of 

A f t e r  reviewing t h e  vendor p roposa l s  f o r  t h e  molded plug p i e c e s ,  t h e  o r d e r  

w a s  g iven  t o  Raykar, Inc. ,  of Los Angeles. Suggest ions from t h e i r  mold-die 

d e s i g n e r s  were inco rpora t ed  i n  t h e  MDC drawing, f o r  improvement i n  p a r t s  

and t o  make t h e  mold des ign  more f e a s i b l e .  

on schedule  by Raykar. I n i t i a l ,  minor d i f f i c u l t y  experienced w i t h  f l a s h  

i n  t h e  conductor e n t r y  areas w a s  l a r g e l y  overcome i n  t h e  production-run 

p a r t s .  

The molded p a r t s  were fu rn i shed  

2 . 4 . 3 . 2  Backshel l s  

Both d i e -cas t  aluminum and magnetic-backshell  c o n s t r u c t i o n s  w e r e  cons idered .  

The c o s t  and d e l i v e r y  schedule  f o r  t h e  la t ter  were p r o h i b i t i v e .  Therefore ,  
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b i d s  f o r  t h e  aluminum backshe l l s  w e r e  obtained from Sunbank E l e c t r o n i c s  

and Glena i r ,  both from t h e  Los Angeles area. 

t o  Sunbank E l e c t r o n i c s  f o r  150 p a r t s ,  p l a t e d  w i t h  0.5 m i l  of e l e c t r o l e s s  

n i c k e l  over 0.5 m i l  of copper,  

schedule .  

b a c k s h e l l  p a r t s  t o  be used wi th  t h e  machined plug p a r t s  f o r  i n i t i a l  

assembly e v a l u a t i o n .  

A purchase o rde r  was i s sued  

S a t i s f a c t o r y  p a r t s  were d e l i v e r e d  on 

An o rde r  w a s  placed w i t h  Aero P r e c i s i o n  f o r  s i x  machined-aluminum 

These par ts  w e r e  a l s o  d e l i v e r e d  on schedule .  

2.4.3.3 EMC Sea l ing  P a r t s  

With t h e  d e c i s i o n  made t o  u s e  s i l v e r - f i l l e d  s i l i c o n e  material  f o r  t h e  two 

p rev ious ly  desc r ibed  EMC seal  areas, f u r t h e r  coord ina t ion  w a s  accomplished 

w i t h  Emerson SI Cuming and Chomerics, t h e  two known s u p p l i e r s  of t h i s  

material. 

gaske t  b i d s .  A f t e r  e v a l u a t i o n  of t h e  b i d s ,  Chomerics w a s  s e l e c t e d ,  and 

a purchase o rde r  was placed f o r  t h e  design and f a b r i c a t i o n  of t h e  d i e ,  and 

f o r  150 g a s k e t s ,  S a t i s f a c t o r y  p a r t s  were d e l i v e r e d  on schedule .  

Copies of 1T10900 were s e n t  t o  t h e s e  companies f o r  t o o l i n g  and 

The EMC seal between t h e  FCC s h i e l d s  and t h e  plug backshe l l s  was made wi th  

Chomerics' s i l v e r - f i l l e d  s i l i c o n e  rod material  a v a i l a b l e  from s tock .  

2.4.4 Shielded Plug Assembly 

The p ro to type  shielded-plug assembly w a s  made us ing  t h e  p a r t s  desc r ibed  

in 2.4.3 and t h e  techniques developed i n  t h e  assembly of t h e  model con- 

nec to r  as desc r ibed  i n  2 .4 .1  and as shown i n  f i g u r e  2-19. 

2 .4 .4 .1  Engineering Drawings 

Drawing 1T10900 d e f i n e s  t h e  d e t a i l  plug p a r t s  procured f o r  t h e  p ro to type  

shielded-plug assembly. A f t e r  t h e  p a r t s  were r ece ived  and t h e  assembly 

techniques developed, NASAIMSFC drawing format w a s  used t o  p repa re  a series 

of 50M drawings t o  d e t a i l  a l l  plug p a r t s  and t h e i r  assembly. Drawing 

1T16061, "Connector V a r i a t i o n ,  F i n a l  Drawing v e r s u s  Prototype",  w a s  prepared 

t o  d e f i n e  t h e  plug body v a r i a t i o n s  r equ i r ed  f o r  f u t u r e  design.  A l l  drawings 

are inc luded  i n  Volume 11, Sec t ion  V I I .  
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2.4 .4 .2  Assembly Problems 

Both t h e  machined plug p a r t s ,  as shown on f i g u r e  2-20 ,  and t h e  product ion 

p a r t s ,  as shown i n  f i g u r e  2-21 ,  were used t o  develop t h e  assembly tech- 

niques f o r  t h e  s h i e l d e d  plug assembly. Numerous problems were encountered. 

2.4 .4 .2 .1  Conductor I n s e r t i o n  

The r e c t a n g u l a r  openings i n  t h e  plug body, provided f o r  conductor i n s e r t i o n ,  

w e r e  purposely made w i t h  a minimum of c l ea rance  t o  reduce t h e  amount of 

adhesive material  which could flow forward i n t o  t h e  plug c o n t a c t  area. 

This  p re sen ted  a problem i n  t h e  simultaneous i n s e r t i o n  of t h e  s t r i p p e d  

FCC conductors.  Although tapered s e c t i o n s  w e r e  included i n  t h e  i n i t i a l  

molded des ign ,  i t  w a s  s t i l l  ve ry  d i f f i c u l t  t o  accomplish t h e  r equ i r ed  

simultaneous i n s e r t i o n .  The plug body i n s e r t i o n  area has been redesigned 

as shown on drawings 11116061 and 50M72656. It i s  be l i eved  t h a t  t h e s e  

r e v i s i o n s  w i l l  g r e a t l y  f a c i l i t a t e  conductor i n s e r t i o n .  

2.4.4.2.2 Bonding Backshel l  t o  Plug Body 

The i n i t i a l  des ign  of t h e  d i e -cas t  aluminum b a c k s h e l l  and molded-plug body, 

as shown on drawing 1T10900, provided inadequate  bonding between t h e s e  two 

pa r t s .  A f t e r  e x t e n s i v e  temperature cyc l ing  t e s t i n g  of sample  bonded 

a s sembl i e s ,  two c o r r e c t i v e  a c t i o n s  were taken f o r  bonding improvement. 

F i r s t ,  a d d i t i o n a l  bonding space was provided between t h e  two p a r t s  t o  

i n c r e a s e  t h e  bonding-layer t h i ckness  from less than l m i l  t o  approximately 

10 m i l s .  Second, t h e  i n s i d e  bonding s u r f a c e  of t h e  plug metal b a c k s h e l l  

was roughened t o  enhance bonding. Sample assemblies  on p a r t s  having t h e s e  

two c o r r e c t i o n s  provided adequate bonding through t h e  r e q u i r e d  temperature  

range. 

However, i t  should be noted t h a t  t h e  production-plug l o o s e  p a r t s  remaining 

on t h i s  program do n o t  have t h e s e  changes inco rpora t ed .  

Drawings 1T10900 EO'IG" and 50M72657 have t h e s e  changes incorporated.  

? 
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2.4.4.2.3 EMC Sea l ing  Shield-to-Shell  

Considerable d i f f i c u l t y  w a s  encountered i n  a t tempting t o  accomplish t h e  

r equ i r ed  continuous e l e c t r i c a l  c o n t a c t  between t h e  s h i e l d s  of t h e  FCC 

and t h e  plug metal backshe l l .  The s i l v e r - f i l l e d  s i l i c o n e  conduct ive 

r e t a i n e r  shown i n  f i g u r e  2-21 provided t h e  r equ i r ed  c o n t a c t  p r i o r  t o  

p o t t i n g .  Because of t h e  ve ry  s m a l l  areas involved and t h e  v i s c o s i t y  o r  

creep tendency of t h e  adhesive used, t h e  r equ i r ed  c o n d u c t i v i t y  w a s  

i n v a r i a b l y  degraded during t h e  p o t t i n g  o p e r a t i o n  and subsequent temperature  

cyc l ing .  There w a s  no known s o l u t i o n  developed f o r  t h i s  problem. 

2.4.4.3 Changes f o r  Fu tu re  Procurement 

2.4.4.3.1 Metal Backshell  

The metal b a c k s h e l l  should have t h e  i n s i d e  s u r f a c e  p r e p a r a t i o n  desc r ibed  

above and as de f ined  by drawing 50M72657. 

2.4.4.3.2 Plug Body 

Modif icat ions should be made t o  t h e  transfer-molded plug bodies  furnished 

f o r  t h i s  program, as de f ined  by 1T16061 t o :  

a ,  Provide adequate  bond th i ckness  between t h e  plug body and 

b.  Provide t h e  proper seal  compression a t  t h e  p lug - recep tac l e  

c ,  F a c i l i t a t e  t h e  i n s t a l l a t i o n  of t h e  conductors i n t o  t h e  rear of 

b a c k s h e l l  

i n t e r f a c e  

t h e  plug 

Provide t h e  proper r e g i s t r a t i o n  f o r  t h e  rear r e t a i n e r .  d. 

These changes have been inco rpora t ed  i n  drawing 50M72656. 

2.4.4.3.3 EMC Sea l ing  Shield-to-Shell  

It should be v e r i f i e d  by l a b o r a t o r y  t e s t i n g  and a n a l y s i s  t h a t  a continuous 

c o n t a c t  between t h e  FCC s h i e l d s  and t h e  m e t a l  b a c k s b e l l  i s  a t r u e  r equ i r e -  

ment, I f  i t  i s  n o t  r equ i r ed ,  t hen  t h e  e x i s t i n g  shielded-plug assembly 
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design can be used with an insulating resilient retainer in the rear of 

the plug assembly, with the cable insulation remaining over the cable 
shields in the plug backshell contact area. This would eliminate the 

problems previously encountered, and provide an assembly with very good 
electrical and mechanical characteristics. 

If it is determined that the shield-to-shell continuous contact is a 
requirement, then the plug assembly must be redesigned in the cable 

entry area. 

2.5  Magnetic Backshell Connectors 

It was originally intended to assemble and test a prototype, magnetic- 
shielded FCC with plug and receptacles having magnetic backshells. 

A 1-inch-diameter bar of HYMU high-permeability material was procured 
from Carpenter Steel in Los Angeles. Aero Precision machined two each 

metal backshells for the NASA/MSFC solder receptacle and the MDC shielded 

plug. The parts were given a high-permeability anneal by Magnetic Metals 
in Costa Mesa, California. 

The solder-type receptacles were assembled by NASA/MSFC for the proposed 
testing. Because of the inadequacy of the magnetic-shielded FCC procured 

for this program, the shielded-plug assemblies with the magnetic backshells 

were never made, and all effort was terminated. 

2.6 Summary 

Development has been accomplished on a shielded FCC termination system. 

Prototype shielded cable and plugs have been procured and assembled. Many 

problems were encountered. Suggestions for future effort in the selection 

and testing of the shielded cable were given in 2 . 3 . 7 .  Extensive, 

additional EMC testing should be performed on shielded-plug assemblies to 

determine the actual requirements of having the shields in continual 

contact with the backshell. If this is not a requirement, then the existing 
design with the suggestion defined in 2 . 4 . 4 . 3  is efficient and adequate. 
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If the continual EMC contact between the FCC shield and the metal 

backshell is a requirement, then consideration should be given to revise 

the design to accomplish the contact with a conductive gasket in 

compression similar to the design now shown in the MIL-C-55544 pin-and- 

socket connector system. All potting material should be eliminated from 
the shield-to-shell contact areas. Electrical tests on a sample 

MIL-C-55544 pin and socket connector, using the compressed conductive 

gasket, indicated that adequate contact could be made and maintained 

with this design, 
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Figure 2-1 NASA/MSFC FCC Connector Assemblies 
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SECTION A-A 

BENEATH SHIELD 7 I 

CONDUCTORS 
(BARED) 

A 

F i g u r e  2-2. S h i e l d e d  Cable  P r e p a r a t i o n  f o r  P lug  Te rmina t ion  

GROUND (SHIELD) CONDUCTOR OFF CE 

F i g u r e  2-3 Off-Center Edge Conductors  
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A 

A 

SECTION A-A 

Figure 2-4 Spot-Faced Contact Areas 

A 
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Figure 2-5 Corrugated Contacts  



Figure 2-6 Dimpled Contact Areas 
A 

A 

Figure 2-7 Pierce-Contact Areas 
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I 

Figure 2-8 Contact W i t h  Conductive Epoxy 

WELDED OR SOLDERED 
CONTINUO1IS ALONG CABLE LENGTH 

Figure 2-9 Welded Or Soldered Typed Contact 
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1 CONTINUOUS SHIELD 
TOW ER-C OAT ED INSULATION 

Figure 2-10 Continuous Sh ie ld  (Tower Coated) 

Figure 2-1 1 Continuous Sh ie ld  ( C o l l a t o r  Coated) 
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I 
L "U"-PIECE CONDUCTOR 

Figure 2-1 2 Crimped-Contact Type 

MULTIPLE FOLD OF SHIELD 

Figure 2-13 Roll-Formed Shield Contacts 
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ROLL FORMED SH 

7 INSULATION STRIP SHIELD FOIL 

F i g u r e  2-14 W i t h  Roll-Formed S h i e l d  Assy 

F i g u r e  2-1 5 Round-Wi r e -Con tac t  Type 
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112 MIL SOLID FOIL SHIELD 

Figure 2-18. Shielded FCC With In-Line Conductors. 
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SECTION I11 

3. SPECIFICATIONS 

3.1 Introduction 

The program initial work statement defined the specification effort for  

FCC and FCC connectors as follows: 

a. Revise the existing specifications MSFC-SPEC-219 A, "Connectors, 
Flat Conductor, Flexible, Electrical Cable," and MSFC-SPEC-220 B, 
"Flat Conductor, Flexible, Electric Cable" to include the deter- 
minations resulting from programs previously conducted by 
Douglas Aircraft Company under S-IVB Stage NASA Contract 
NAS7-101, under titles of "Flat Cable Installation Study" 
(Phase I) and "Flat Cable Engineering Study" (Phase 11); and 
the present and "near-term" predicted aerospace qualification 
requirements. 

design and qualification requirements for shielded terminations 
to be developed on the "Flat Cable System Engineering (Phase 111). 

c. Create a new specification to be released in the MSFC system, 
similar to MSFC-SPEC-220 B, and cover the configurations, 
detail design criteria, and qualification requirements for 
various required types of shielded cable. 

b. Append MSFC-SPEC-219 A, to include the configurations, and 

During the initial customer program meeting at MDC on 9 and 10 March 1967, 
it became apparent that the bulk of the actual effort to be expended on 
FCC specifications would be directed toward the proposed military speci- 

fications for FCC and FCC connectors, An MDC assignment from this first 

meeting was to prepare, print, and distribute the completed drafts of the 

proposed MIL-C-55543 FCC specification. MDC was further requested to 

act in the capacity of committee chairman for Mr. W. Angele, the officially 

appointed, government-agent chairman of the FCC Specification Committee. 

Therefore, the specification effort required on the program was actually 

revised as follows: 

a, Represented the tri-service chairman in the preparation, printing, 
distribution and meeting coordination in the preparation of 
MIL-C-55543, (Proposed) Milita.ry Specification--Cable, Elec- 
trical, Flat Multiconductor, Flexible, Unshielded. 
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b. Submit comments and provide s p e c i f i c a t i o n  s h e e t  d a t a  f o r  t h e  
new m i l i t a r y  s p e c i f i c a t i o n  MIL-C-55544, I n i t i a l  D r a f t  (Proposed), 
M i l i t a r y  Specification--Connectors,  E l e c t r i c a l ,  Environment 
R e s i s t a n t ,  For U s e  With F l e x i b l e ,  F l a t  Conductor Cable. 

format of MIL-C-55543. This "no number'' s p e c i f i c a t i o n  would 
b e  t h e  b a s i s  f o r  t h e  l a te r  p r e p a r a t i o n  of a new m i l i t a r y  
s p e c i f i c a t i o n  f o r  s h i e l d e d  FCC. S p e c i f i c a t i o n  s h e e t s  were t o  
be included f o r  t h e  NASA/MSFC s h i e l d e d  c a b l e  c o n f i g u r a t i o n  
developed f o r  t h e  Apollo Te le scop ic  Mount (ATM) program and 
f o r  t h e  s h i e l d e d  c a b l e  c o n f i g u r a t i o n ( s )  t o  be developed by 
MDC on t h i s  program. 

c. Prepare a new s p e c i f i c a t i o n  f o r  s h i e l d e d  FCC t o  fo l low t h e  

It w a s  a n t i c i p a t e d  e a r l y  i n  t h e  program and later v e r i f i e d  t h a t  t h e  e f f o r t  

r equ i r ed  by t h e  r e v i s e d  s p e c i f i c a t i o n  t a s k s  w a s  f a r  i n  excess  of t h a t  

which would have been r equ i r ed  by t h e  i n i t i a l  work s t a t emen t .  

3.2 Nonshielded FCC S p e c i f i c a t i o n  

The e f f o r t  r equ i r ed  f o r  t h e  nonshielded FCC s p e c i f i c a t i o n ,  MIL-C-55543, 

included t h e  p r e p a r a t i o n ,  p r i n t i n g ,  d i s t r i b u t i o n ,  coord ina t ion ,  and 

conducting o r  c h a i r i n g  t h e  Tri-Service M i l i t a r y  FCC Committee Member 

Meetings. 

3.2.1 I n i t i a l  D r a f t  P repa ra t ion ,  MIL-C-55543, da t ed  March 1967 

The r e q u e s t  t h a t  MDC p repa re  t h e  i n i t i a l  d r a f t  of MIL-C-55543 w a s  made 

during t h e  8, 9 March 1967 customer meeting a t  MDC, as p rev ious ly  s t a t e d .  

On 16 March 1967, 10 copies  of t h e  completed d r a f t ,  w i th  s p e c i f i c a t i o n  

s h e e t s  f o r  va r ious  c a b l e  c o n f i g u r a t i o n s ,  were shipped t o  New York C i t y  

f o r  t h e  Tri-Service FCC Committee Meeting t o  be h e l d  i n  conjunct ion w i t h  

t h e  s p r i n g  IPC meeting on 20, 2 1  March 1967, 

Data f o r  t h e  p r e p a r a t i o n  of t h i s  s p e c i f i c a t i o n  d r a f t  were ob ta ined  from 

t h e  fol lowing sources:  

a ,  MSFC-SPEC-220B9 dated January 28, 1966. 

b .  Prel iminary copy of M i l i t a r y  S p e c i f i c a t i o n  f o r  f l a t  cab le ,  
p re sen ted  t o  MDC by NASA/MSFC on March 8 ,  1967. 



c. Pre l iminary  copy of  M r .  R e  F ,  Van Ness' M i l i t a r y  S p e c i f i c a t i o n  
f o r  f l a t - c a b l e  connec tors ,  fu rn i shed  by NASA/MSFC on March 11, 
1967. 

d. Typica l  c u r r e n t  M i l i t a r y  S p e c i f i c a t i o n s .  

e.  Douglas comments t o  MSFC-SPEC-220B9 prepared on t h e  Flat-Cable 

f .  Numerous coord ina t ion  te lephone  calls wi th  Messers W. Angele and 

Phase I1 Cont rac t .  

R.  F. Van Ness dur ing  March 13, 14  and 15,  1967, 

Because of  t h e  very  l i m i t e d  t i m e  a v a i l a b l e  t o  p repa re  t h i s  s p e c i f i c a t i o n ,  

t h e r e  were miss ing  s l a s h  s h e e t s ,  " to  be  determined" paragraph numbers, 

and o t h e r  abnorma l i t i e s .  I n  a d d i t i o n ,  i t  w a s  be l i eved  t h a t  t h i s  document 

could b e  much improved by: (1) t h e  a d d i t i o n  of  requirements  and cr i ter ia  

f o r  a " R e l i a b i l i t y  Program Plan ,"  p e r  MIL-STD-790, which r e q u i r e s  

p o t e n t i a l  s u p p l i e r s  t o  produce evidence of  t h e i r  c a p a b i l i t y  o f  producing 

c o n s i s t e n t l y  r e l i a b l e  products ;  and (2) by t h e  i s suance  of a M i l i t a r y  

Standard similar t o  MIL-STD-275 covering v a r i o u s  i t e m s  of c r i t e r i a  

p e c u l i a r  t o  f l a t - c a b l e  technology f o r  g e n e r a l  in format ion ,  and as a 

source  f o r  f u t u r e  cab le  s p e c i f i c a t i o n  r e fe rences .  

The March 1967 d r a f t  of MIL-C-55543 w a s  n o t  reviewed i n  d e t a i l  dur ing  t h e  

March IPC meeting. In s t ead ,  a coord ina t ion  meeting w a s  h e l d  a t  NASA/MSFC 

on 16,  1 7  May 1967 w i t h  t h e  Tri-Service Committee members a t t e n d i n g .  

M r .  E. U. Baker of  MDC a t tended  t h i s  meeting as t h e  committee chairman 

r e p r e s e n t a t i v e .  

M r .  Baker p r i o r  t o  t h e  meet ing.  A l l  agreements and Act ion I t e m s  were 

coord ina ted  f o r  t h e  nex t  s p e c i f i c a t i o n  r e v i s i o n .  See Volume I1 f o r  MDC 

comments t o  t h e  March d r a f t  of MIL-C-55543. 

Member comments w e r e  c o l l e c t e d  and d i s t r i b u t e d  by 

3.2.2 Second D r a f t ,  MIL-C-55543, da ted  June  1967 

Data, agreements,  and completed Act ion  I t e m s  f r o m  t h e  FCC Tri-Service 

Committee Meeting h e l d  a t  NASAIMSFC i n  May 1967 w e r e  used t o  p repa re  

t h e  second d r a f t  p roposa l  of  MIL-C-55543. 

w e r e  fu rn i shed  f o r  t h e  Tri-Service J o i n t  Agency Committee Meeting h e l d  

i n  Washington, D . C .  on 6,  7 June 1967, 

T h i r t y  copies  of t h e  proposa l  
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Comments t o  t h i s  d r a f t  i s s u e  were coordinated wi th  MDC personnel  a c t i n g  

as t h e  FCC S p e c i f i c a t i o n  Committee chairman r e p r e s e n t a t i v e .  

r e v i s i o n s  were coordinated,  t oge the r  w i th  major r e v i s i o n s  t o  t h e  d e t a i l e d  

s p e c i f i c a t i o n  s h e e t s .  Sample s p e c i f i c a t i o n  s h e e t s  were s e n t  t o  a l l  FCC 

committee members f o r  t h e i r  comments. 

A l l  suggested 

3.2.3 Third D r a f t .  MIL-C-55543, dated September 1967 

This t h i r d  d r a f t  w a s  prepared t o  i n c o r p o r a t e  t h e  suggested r e v i s i o n s  

made a t  t h e  6,  7 June 1967 coord ina t ion  meeting he ld  i n  Washington, D.C. 

Copies were t r a n s m i t t e d  t o  a l l  FCC committee members f o r  t h e i r  review 

p r i o r  t o  t h e  succeeding coord ina t ion  meeting t o  b e  he ld  a t  MDC, Huntington 

Beach, C a l i f o r n i a ,  on 20, 21 September 1967. 

The September coord ina t ion  meeting w a s  he ld  as scheduled. Wri t ten i n p u t s  

from a l l  committee members were reproduced, d i s t r i b u t e d ,  and reviewed. 

The MDC comments are shown i n  Volume 2. The meeting w a s  cha i r ed  by MDC 

personnel  who prepared minutes of  t h e  meeting, which are included i n  

Volume 2. 

3.2.4 Fourth Draft, MIL-C-55543, dated November 1967 

The f o u r t h  d r a f t  w a s  prepared and d i s t r i b u t e d  t o  a l l  FCC committee 

members on 3 November 1967 i n  p r e p a r a t i o n  f o r  t h e  j o i n t  cab le  and con- 

n e c t o r  committee member meeting he ld  i n  A t l a n t i c  C i t y ,  New J e r s e y ,  on 

t h e  26, 27 November 1967. This d r a f t  contained t h e  coordinated agree- 

ments, p l u s  completed Action Items from t h e  FCC S p e c i f i c a t i o n  Coordina- 

t i o n  Meeting he ld  a t  MDC i n  September 1967. Add i t iona l  sugges t ions  and 

i n p u t s  from Messrs. Angele, Godwin, Ro ths t e in ,  and Van Ness were included.  

M r .  R. 0. McHarg from MDC a t t ended  t h e  j o i n t  FCC and Connector Coordination 

Meeting i n  A t l a n t i c  C i t y ,  coordinated t h e  comments and suggested changes 

t o  t h e  s p e c i f i c a t i o n .  
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3.2.5 F i f t h  D r a f t ,  MIL-C-55543. da ted  Januarv 1968 

The f i f t h  d r a f t  w a s  prepared t o  inco rpora t e  a l l  changes suggested a t  

t h e  November 1967, A t l a n t i c  C i ty  J o i n t  Coordinat ion Meeting, 

d i r e c t i o n s  of NASA/MSFC, t h e  o r i g i n a l  bond s h e e t s  of t h e  s p e c i f i c a t i o n  

were t r ansmi t t ed  d i r e c t l y  t o  M r ,  Jack  Roths te in  of t h e  U - S .  Army Elec- 

t r o n i c s  Command, For t  Monmouth, New J e r s e y .  M r .  Roths te in  has  t h e  

r e s p o n s i b i l i t y  f o r  p r i n t i n g  t h e  d r a f t  s p e c i f i c a t i o n  f o r  d i s t r i b u t i o n  t o  

o t h e r  government agencies  and t o  indus t ry  f o r  comments. 

P e r  t h e  

Copies of t h e  s p e c i f i c a t i o n  w e r e  submit ted t o  NASAIMSFC t o  m e e t  t h e  

c o n t r a c t  requirement f o r  t h e  nonshielded FCC spec i f i ca t ion , ,  

3.2.6 Other E f f o r t  

A l l  t h e  d e t a i l e d  s p e c i f i c a t i o n  s h e e t s ,  pages 2 through 10 f o r  t e n  config-  

uxa t ions ,  were r ev i sed  t o  c o r r e c t  coding e r r o r s  and t o  make t h e  conductor 

t h i ckness  range more l o g i c a l ,  These 30 o r i g i n a l  bond s h e e t s ,  t oge the r  

w i th  a r ev i sed  t a b l e  1 f o r  conductor dimensions,  were s e n t  t o  M r .  J ack  

Ro ths t e in  on 27 March 1968 f o r  subsequent  i nco rpora t ion  i n t o  t h e  next  

s p  e c i  f i cat ion  i s s u e  

The s p r i n g  IPC meeting w a s  a t t ended  i n  New York C i ty  during March 1968 

by MDC personnel  t o  a c t i v e l y  p a r t i c i p a t e  i n  t h e  indus t ry  review of t h e  

MIL-C-55543 s p e c i f i c a t i o n ,  

It can b e  concluded t h a t  MDC's active p a r t i c i p a t i o n  has been a major 

c o n t r i b u t i o n  i n  t h e  p repa ra t ion  of MIL-C-55543, Nonshielded FCC 

S p e c i f i c a t i o n .  

3 . 3  FCC Connector S p e c i f i c a t i o n s  

A s  p rev ious ly  expla ined ,  t h e  major program e f f o r t  f o r  t h e  FCC connector  

s p e c i f i c a t i o n s  w a s  p r e p a r a t i o n  and coord ina t ion  of t h e  new MIL-C-55544 

FCC connector  s p e c i f i c a t i o n ,  This included t h e  s u b m i t t a l  of t h e  d e t a i l  

s p e c i f i c a t i o n  s h e e t s  and proposed method drawings f o r  t h e  NASAIMSFC 

shielded-plug assembly developed by MDC on t h i s  program, 
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P a s t  experience wi th  MSFC-SPEC-219A F l a t  Conductor Connector S p e c i f i c a t i o n ,  

NASA/MSFC connector hardware, o t h e r  FCC connector  development, and g e n e r a l  

knowledge and expe r i ence  wi th  connector s p e c i f i c a t i o n s  were a l l  used i n  

t h i s  s p e c i f i c a t i o n  t a s k  e f f o r t .  

3 . 3 . 1  General Comments t o  MSFC-SPEC-219A 

During t h e  Reference 2 s tudy ,  MDC prepared numerous comments t o  t h e  above 

NASA s p e c i f i c a t i o n .  See Volume 11. High l igh t s  of t h e s e  comments included:  

a. Proper  dimensional c o n t r o l  must b e  s p e c i f i e d  f o r  plug and 
r e c e p t a c l e  t o  a s s u r e  mating and performance. 

Performance levels must b e  e s t a b l i s h e d  t o  meet t h e  Sa tu rn  program 
requirements .  

t h e  program requirements.  

b .  

c. The r equ i r ed  connector conf igu ra t ions  must be included t o  m e e t  

3 . 3 . 2  I n p u t s  t o  MIL-C-55544, FCC Connector S p e c i f i c a t i o n  

Direct coord ina t ion  w i t h  M r .  R. F. Van Ness, t h e  chairman of t h e  FCC 

Connector S p e c i f i c a t i o n  Tri-Service Committee, a s su red  t h e  g e n e r a l  format 

coord ina t ion  between MIL-C-55543 and MIL-C-55544. 

The requirements f o r  t h e  MS method drawings f o r  assembly of NASA/MSFC 

conductor-contact connectors w e r e  e s t a b l i s h e d  wi th  Messrs. W, Angele 

and R. F. Van N e s s .  MDC generated t h e  i n i t i a l  format f o r  t h e  r equ i r ed  

drawings and f o r  e s t a b l i s h i n g  drawing dimensional t o l e r a n c e  methods t o  

m e e t  m i l i t a r y  s t anda rds .  

M55544/11, d e t a i l  s p e c i f i c a t i o n  s h e e t s ,  were prepared i n  coord ina t ion  with 

Messrs. Angele and Van Ness f o r  t h e  NASA/MSFC s h i e l d e d  conductor-contact 

plug assembly developed by MDC. 

"MS55544/11 F l a t  Conductor Cable Shielded Plug Assembly I n s t r u c t i o n s "  

w a s  prepared t o  d e f i n e  t h e  assembly procedures f o r  t h e  M55544/11 s h i e l d e d  

plug assembly. 

f o r  t h e i r  nonshielded plug assembly s p e c i f i c a t i o n  drawing p r e p a r a t i o n .  

Numerous v e r s i o n s  of both of t h e  above drawings were prepared and 

MS75081, proposed method drawing, 

The drawings prepared by MDC were s imulated by NASA/MSFC 
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coordinated p r i o r  t o  s u b m i t t a l  of t h e  f i n a l ,  o r i g i n a l  drawings f o r  

i n c l u s i o n  i n  t h e  MIL-C-55544 s p e c i f i c a t i o n .  F i n a l  copies  are included 

i n  Volume 11. 

Two sets of w r i t t e n  comments were fu rn i shed  f o r  v a r i o u s  i s s u e s  of 

MIL-C-55544. The f i r s t  set w a s  submit ted t o  NASA/MSFC on 4 October 1967. 

The second se t  w a s  submit ted t o  U.S. Army E l e c t r o n i c s  Command a t  F o r t  

Monmouth, New J e r s e y ,  on 5 March 1968 i n  answer t o  t h e i r  wri t ten 

r eques t  f o r  comments. Both sets of comments are included i n  Volume 11. 

3.4 Shielded FCC S p e c i f i c a t i o n  

The format used f o r  t he  MIL-C-55543 nonshielded s p e c i f i c a t i o n  and t h e  

techniques developed i n  i t s  p r e p a r a t i o n  were used t o  p repa re  a ''no number" 

proposed d r a f t  of a s h i e l d e d  FCC s p e c i f i c a t i o n .  This  d r a f t  can be used 

as a b a s i s  f o r  a m i l i t a r y  s p e c i f i c a t i o n  t o  be i s sued  i n  t h e  f u t u r e .  

The d r a f t  s p e c i f i c a t i o n  included i n  Volume I1 i s  a complete document i n  

i t s e l f  and does no t  depend on MIL-C-55543 f o r  any of i t s  requirements 

o r  procedures.  This w i l l  permit t h e  simultaneous development of t h e  two 

s p e c i f i c a t i o n s  without  any r e s t r i c t i o n s  which would be experienced i f  t h e  

s h i e l d e d  cab le  s p e c i f i c a t i o n  l i s t e d  only t h e  d i f f e r e n c e s  o r  changes 

r equ i r ed  over t h e  nonshielded s p e c i f i c a t i o n .  

The i n i t i a l  d r a f t  c o n t a i n s  two s l a sh - shee t  cab le  conf igu ra t ions .  Both 

u t i l i z e  H/FEP i n s u l a t i o n  throughout. The /1 drawing has one-half m i l ,  

bare-copper s h i e l d  on both s i d e s ,  wh i l e  t h e  / 2  drawing has one-half m i l ,  

Permalloy magnetic s h i e l d  on both s i d e s .  The s h i e l d s  f o r  t h e  / 2  are 

p l a t e d  on one s i d e  only ( t h e  o u t e r  s i d e s  of t h e  completed cab le )  w i th  

50 microinches of d u l l  n i c k e l  over 50 microinches of copper. Both 

p l a t i n g s  are e l e c t r o d e p o s i t e d .  

A l ist  of g e n e r a l  comments t o  t h e  proposed s p e c i f i c a t i o n  d r a f t  fol lows:  

a. The s h i e l d e d  cab le  s p e c i f i c a t i o n  has  n o t  been updated t o  t h e  
changes inco rpora t ed  i n  proposed MIL-C-55543, dated January 
1968 a 
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b.  The r e v i s i o n  t o  be made t o  MIL-C-55543 by t h e  U.S. Army Elec- 
t r o n i c s  Command at F o r t  Monmouth, New J e r s e y ,  as t h e  r e s u l t  of 
i n d u s t r y  comments, should a l s o  be considered i n  updating t h e  
s h i e l d e d  c a b l e  s p e c i f i c a t i o n .  

It is recommended t h a t  t h e  t h i c k n e s s  of t h e  primary i n s u l a t i o n  
between t h e  s h i e l d  and conductor b e  inc reased  t o  a minimum of 
2 m i l s  H/Film, o r  equ iva len t .  This is  r equ i r ed  t o  ma in ta in  
t h e  voltage-withstand test  va lues  s p e c i f i e d ,  and w i l l  a l s o  
make cab le  s t r i p p i n g  more p r a c t i c a l .  

d.  The requirements f o r  t h e  magnetic-shielded c a b l e  should b e  
reviewed. Tests by MDC have i n d i c a t e d  t h a t  continuous,  circum- 
f e r e n t i a l ,  molecular magnetic s h i e l d i n g  w i l l  be  r equ i r ed .  I n  
a d d i t i o n ,  many major problems w e r e  encountered i n  ob ta in ing  
p ro to type  magnetic s h i e l d i n g  wi th  50 microinches o f  copper 
and n i c k e l  p l a t i n g .  

e. A f t e r  t h e  f i n a l  s h i e l d  conf igu ra t ions  has  been de f ined ,  developed, 
and t e s t e d ,  s h i e l d i n g  performance requirements should be added 
t o  t h e  s p e c i f i c a t i o n .  

c. 
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SECTION I V  

4. MECHANIZED DESIGN 

4 . 1  I n t r o d u c t i o n  

I 

The mechanized design t a s k s  de f ined  by t h e  program work s t a t emen t  were 

t o  d e s c r i b e  how mechanized design (through t h e  use  of computers) could 

b e  app l i ed  t o  t h e  des ign ,  f a b r i c a t i o n ,  t e s t i n g ,  and i n s t a l l a t i o n  of FCC 

in t e rconnec t ing  ha rness  networks. Then, depending on t h e  a v a i l a b l e  

program t i m e  and funds,  mechanized design w a s  t o  be a p p l i e d  t o  an a c t u a l  

FCC a p p l i c a t i o n  program t o  perform t h e  d e t a i l  des ign  and p repa re  t h e  

drawings, t o  i l l u s t r a t e  what could b e  done by computerized des ign  f o r  

f u t u r e  programs. However, about midway through t h e  program, i t  was agreed 

wi th  NASA/MSFC pe r sonne l  t h a t  t h e  e x t r a  nonan t i c ipa t ed  e f f o r t  r equ i r ed  on 

o t h e r  h i g h e r  p r i o r i t y  t a s k s  precluded t h e  p o s s i b i l i t y  of performing a n  

a c t u a l  d e t a i l e d ,  mechanized design on a t y p i c a l  v e h i c l e  e l e c t r o n i c s  

system. Therefore ,  t h e  mechanized des ign  e f f o r t  w a s  l i m i t e d  t o  d e f i n i n g  

how mechanized des ign  could be a p p l i e d  t o  FCC in t e rconnec t ing  ha rness  

sys  t e m s  I) 

Paragraph 4.2 and i ts  subparagraphs e s s e n t i a l l y  con ta in  t h e  mechanized- 

design summary d a t a  included i n  t h e  FCC handbook. Paragraph 4 . 3  and i t s  

subparagraphs con ta in  t h e  p re l imina ry  mechanized-design d a t a  prepared by 

t h e  Information Processing Systems Department of t h e  Information Systems 

Subdivis ion wi th  t h e  Sa tu rn  E l e c t r o n i c s  des ign  personnel ,  both from MSSD 

of MDC. 

4,2  Mechanized Design General Desc r ip t ion  

A l a r g e  p o r t i o n  of t h e  design of FCC ha rnesses  can b e  mechanized wi th  

t h e  use  of a d i g i t a l  computer and a p p r o p r i a t e  programs. This can a i d  

des igne r s  of a complex e l e c t r o n i c  system by providing r e l i e f  from much 

of t h e  r e p e t i t i v e ,  t e d i o u s ,  and time-consuming phases of ha rness  design 

p rocesses  
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4,2.1 What Mechanized Design Can Do 

A mechanized harness-design system can accomplish much of t h e  r o u t i n e  

assignment of i d e n t i f i c a t i o n  information,  bookkeeping, and drawing 

e f f o r t  t h a t  would o r d i n a r i l y  be done by des igne r s  a i d e s .  

A d e s c r i p t i o n  o f  t a s k s  t h a t  can be performed e f f e c t i v e l y  by t h e  computer 

system is o f f e r e d .  This  system can: 

a. 

b. 
C. 

d. 

e. 

f .  

g *  

h.  

Read, compile, and f i l e  (e .g . ,  magnetic tape)  i n fo rma t ion  on 
approved p a r t s ,  w i th  a p p r o p r i a t e  performance c h a r a c t e r i s t i c s  
and s p e c i f i c a t i o n s  from which harness  assemblies  may be 
f a b r i c a t e d .  

Read, compile, and f i l e  point- to-point  w i r ing  requirements .  

Process  and analyze wir ing requirements ,  and s o r t  ou t  t hose  
which cannot b e  m e t  by a v a i l a b l e  approved p a r t s .  The system 
can then analyze t h e  remaining requirements t o  group conductors 
i n t o  cab le s ,  and w i t h i n  each cab le ,  according t o  t h e  l o c a t i o n  
of each conductor t e rmina t ion  and t o  EMC zoning cr i ter ia .  

Assign c a b l e  network path rou t ing  from information generated 
i n  i t e m  c, above, i nc lud ing  a s p e c i f i e d  q u a n t i t y  of s p a r e s  
f o r  each network pa th .  I t  can then a s s i g n ,  from t h e  approved 
p a r t s  l i s t ,  t h e  type and q u a n t i t y  of cab le .  

The computer system can select  t h e  type  and r e q u i r e d  q u a n t i t y  
of approved connectors  to  meet t h e  cable- terminat ion r equ i r e -  
ments. 

The computer system can s e q u e n t i a l l y  a s s i g n  i d e n t i f i c a t i o n  
numbers f o r  each cab le  segment. 

The computer system can p repa re  wi r ing  and f a b r i c a t i o n  informa- 
t i o n  f o r  automatic  placement and p i c t o r i a l i z a t i o n  on manufac- 
t u r i n g  drawings. 

The program should be documented s u f f i c i e n t l y  t o  fac i l i t a te  
i n t e r p r e t a t i o n  and mod i f i ca t ion .  Comment ca rds  should b e  
a s s o c i a t e d  wi th  each d e c i s i v e  s t a t emen t ,  t o  ref lect  what t h e  
program is doing. Each s u b r o u t i n e  should be documented i n  
t h e  fol lowing manner: 

1, The purpose of t h e  sub rou t ine .  

2.  Input  arguments. 

3. Output arguments. 

4 .  E r r o r  r e t u r n s .  

5. I n t e r n a l  v a r i a b l e s  used. 

6. R e s t r i c t i o n s  t o  using t h e  r o u t i n e .  

7. Names of a l l  sub rou t ines  used by t h i s  sub rou t ine .  



4 e 2 2 ComDuter DescriDtion 

The system desc r ibed  i n  t h i s  r e p o r t ,  i f  w r i t t e n  i n  a machine-independent 

language such as FORTRAN I V ,  could b e  run on almost  any medium o r  l a r g e -  

scale computer. The e x t e n t  t o  which t h i s  system is  implemented i s  t h e  

only major v a r i a b l e  i n  t h e  e x t e n t  of machine conf igu ra t ion .  Examples of 

machine c o n f i g u r a t i o n s  are t h e  UNIVAC 1108; IBM SYSTEM 360, MODEL 65; 

and t h e  SDS 9300. 

A b a s i c  system hardware c o n f i g u r a t i o n  should i n c l u d e  t h e  fol lowing:  

a. Console and Mainframe - Used by t h e  computer o p e r a t o r  t o  

b. 32K words of Core Memory - Holds system so f tware  and c o n t r o l s  

c. Card r eade r  - Input  o p t i o n s  and c o n t r o l  information.  

d. Typewriter - Messages t o  o p e r a t o r  f o r  mounting of t a p e s ,  

c o n t r o l  o p e r a t i o n  of t h e  program. 

execut ion of program. 

s y s  t e m  e r r o r s .  

Off-Line P r i n t e r  - Generate p r i n t e d  ou tpu t .  e. 

f .  Magnetic Tape Un i t s  - Means f o r  i n p u t t i n g  s t anda rd  f i l e s  for  

g.  Random Access Bulk S to rage  Unit  - S t o r e  l a r g e  amounts of d a t a  

program access 

t o  b e  ope ra t ed  on by t h e  program. 

An o p t i o n a l  b u t  d e s i r a b l e  subprogram w i t h i n  t h e  mechanized des ign  system 

would b e  a r o u t i n e  t o  opt imize t h e  cab le  r o u t i n g  and l ayou t ,  i n  conjunc- 

t i o n  wi th  equipment l a y o u t ,  according t o  some o b j e c t i v e  f u n c t i o n  (e .g . ,  

weight,  t o t a l  c o s t  of materials and l a b o r )  w i t h i n  l i m i t s  of s p e c i f i e d  

c o n s t r a i n t s  (e.g. ,  l o c a t i o n  of mechanical o b s t r u c t i o n s ,  s p e c i f i e d  minimum 

percentage of s p a r e s  i n  each pa th  of t h e  c a b l e  network, and EMC i s o l a t i o n  

requirements) .  This is  compared wi th  a s imple r  assignment of cab le  

rou t ing  according t o  p r e e s t a b l i s h e d  ground r u l e s ,  which may g i v e  reason- 

ab ly  good, b u t  less than opt imal ,  r e s u l t s .  Because of t h e  complex n a t u r e  

of such a subprogram, i t  would b e  a p p r o p r i a t e  t o  add i t  t o  t h e  system at  

a later d a t e ,  after t h e  s imple r  r o u t i n e s  are adequately checked out  and 

o p e r a t e  s a t i s f a c t o r i l y .  
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4.2.3 Computer Program Design Requirements 

The computer program and subrou t ines  w r i t t e n  t o  accomplish automated 

f l a t - c a b l e  design should be w r i t t e n  and documented t o  meet t h e  fol lowing 

requirements : 

a. 

b.  

C. 

The program should provide t h e  c a p a b i l i t y  of a l lowing t h e  u s e r  
t o  extend t h e  con ten t s  of d a t a  t a b l e s  t o  add i t e m s  p rev ious ly  
undefined. This  extended c a p a b i l i t y  should be allowed wi th  
l i t t l e  o r  no program modi f i ca t ion ,  and without  causing obso- 
l e scence  of e x i s t i n g  d a t a  f i l es .  

The program should b e  modularly cons t ruc t ed  t o  facil i tate 
a d d i t i o n  of extended c a p a b i l i t i e s  and t o  f a c i l i t a t e  modifica- 
t i o n s .  Each d i s c r e e t  f u n c t i o n  should become a subrou t ine .  
A l l  s u b r o u t i n e s  should be under c o n t r o l  of a supe rv i so ry  
r o u t i n e  o r  execu t ive .  

Programming should b e  done i n  a h ighe r  level machine-independent 
language such as FORTRAN I V .  This f a c i l i t a t e s  implementation of 
t h e  program on more than one computer hardware conf igu ra t ion .  

4 .3  Mechanized Harness Assembly Design 

4.3.1 Scope 

The fol lowing system d e s c r i p t i o n  d i s c u s s e s  and i l l u s t r a t e s  t h e  p r i n c i p l e s  

and techniques of automated des ign  as app l i ed  t o  f l a t - s a b l e  in t e rconnec t ing  

systems. The system desc r ibed  i s  an a i d  t o  des ign  personnel  f o r  e l i m i n a t i n g  

t h e  r e p e t i t i o u s  p a r t s  o f  t h e  design procedure.  The d e s c r i p t i o n  i s  organized 

under t h e  fo l lowing  o u t l i n e :  

Sec t ion  4.3.2 - General System Design Philosophy 

Sec t ion  4.3.3 - Limi ta t ions  and Unique Fea tu res  of Flat-Cable Systems 

Sec t ion  4,3.4 - Flat-Cable Mechanized Design System 

S e c t i o n  4.3.5 - Computer Program Design Requirements 

S e c t i o n  4.3.6 - Computer Desc r ip t ion  

4.3.2 General S y s t e m  Design PhilosoDhv 

A des ign  system, u t i l i z i n g  mechanized o r  automated design,  normally 

con ta ins  t h r e e  design e f f o r t  phases,  These are (1) t h e  d e f i n i t i o n  of t h e  
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design problem, (2)  p re l imina ry  des ign  and a n a l y s i s ,  and (3) d e t a i l  

design and drawing p r e p a r a t i o n .  

programs and subrou t ines .  Each phase is  designed t o  fo l low e f f i c i e n t  and 

s t anda rd ized  des ign  procedures.  

Each phase c o n t a i n s  i t s  own computer 

4.3.2.1 D e f i n i t i o n  of t h e  Design Problem 

A des ign  problem is c h a r a c t e r i z e d  by t h e  performance requirements i t  must 

s a t i s f y .  Func t iona l  and p h y s i c a l  a s p e c t s  of t h e  design are e s t a b l i s h e d  

i n i t i a l l y ;  t h e  hardware system c o n f i g u r a t i o n  then  evolves.  Func t iona l  

requirements of t h e  system are de f ined  i n  broad terms, are grouped, and 

t h e  r e s u l t  i s  a t e n t a t i v e  l i s t  o f  hardware u n i t s .  A s  t h e  des ign  r equ i r e -  

ments are changed and f i n a l i z e d ,  t h e  s i z e  and q u a n t i t y  of  proposed hard- 

ware u n i t s  w i l l  f l u c t u a t e .  When t h e  performance requirements have been 

f i n a l i z e d ,  t he  des ign  problem w i l l  have been def ined.  

4 . 3 . 2 . 2  Prel iminary Design and Analysis  

During t h e  p re l imina ry  design phase,  varying s o l u t i o n s  t o  t h e  design 

problem are considered.  A s  p re l imina ry  a n a l y s i s  p rogres ses ,  c e r t a i n  

s t a n d a r d s  are e s t a b l i s h e d  f o r  approved p a r t  numbers, ground r u l e s  f o r  

a p p l i c a t i o n ,  e tc .  As t h e  p re l imina ry  des ign  i s  f i n a l i z e d ,  point- to-  

p o i n t  w i r ing  i s  e s t a b l i s h e d  and loaded i n t o  a d a t a  base  f o r  u s e  i n  es tab-  

l i s h i n g  in t e rconnec t ing  c a b l e  assemblies .  

e f f o r t ,  t h e  d a t a  base  is a s s e s s e d  f o r  t h e  wi r ing  l ist ,  and a l l  w i r e s  n o t  

a p p l i c a b l e  t o  t h e  type  of cab l ing  being used are r e j e c t e d .  

P r i o r  t o  t h e  d e t a i l e d  des ign  

4.3.2.3 Detai l  Design and Drawing P r e p a r a t i o n  

The m a j o r i t y  of t h e  t ed ious  and r e p e t i t i o u s  des ign  j o b s  e l imina ted  by 

automated design a i d s  occurs  i n  t h e  d e t a i l  des ign  phase,  Conductor 

groupings can b e  made, and c r o s s - s e c t i o n a l  areas, c a b l e s  and connectors  

can b e  s e l e c t e d  f o r  each c a b l e  assembly. A l l  t h e s e  t a s k s  can b e  performed 

more e f f i c i e n t l y  and more r a p i d l y  by using mechanized design.  Pin numbers 

can be a u t o m a t i c a l l y  ass igned,  and s p a r e  w i r e s  can b e  provided i n  each 

cab le  assembly. Tabulated p r i n t o u t  can b e  made f o r  each cab le  assembly 
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drawing, i nc lud ing  t h e  l i s t  of material. Schematic drawings and test 

requirement drawings can be generated f o r  t h e  FCC in t e rconnec t ing  system. 

4.3.3 L imi t a t ions  and Unique Fea tu res  of F l a t  Cable Systems 

Seve ra l  unique f e a t u r e s  of FCC r e q u i r e  t h e  a d d i t i o n  of r o u t i n e s  t o  RWC 

mechanized design systems. 

4.3.3.1 Ground Rules f o r  Cable S e l e c t i o n  

C e r t a i n  wi r ing  requirements are g e n e r a l l y  no t  a p p l i c a b l e  t o  FCC. Fol- 

lowing are t y p i c a l  ground r u l e s  which might be used f o r  c a b l e  s e l e c t i o n :  

For Conductor Conduc t iv i t i e s :  

a. Use s t anda rd  FCC f o r  conductor requirements of 2 1  AWG 

b. U s e  high-density FCC f o r  conduc t iv i ty  of 20 AWG. 

c. Use power FCC f o r  conduc t iv i ty  requirements of 8 through 
19 AWG. For special  cases, the p a r a l l e l i n g  of non-power 
FCC conductors may b e  used! f o r  16 through 1 9  AWG r equ i r e -  
ments. 

o r  smaller. 

d. U s e  RWC i f  conduc t iv i ty  requirements are l a r g e r  t han  8 AWG. 

Coaxial  cab le s  s h a l l  n o t  be converted t o  FCC. (keys) 

4.3.3.2 D i s t r i b u t i o n  Boxes 

The geometry of  FCC and t h e  t e rmina t ion  "by l a y e r "  t o  t h e  FCC connectors  

l i m i t  thepin-assignment change c a p a b i l i t y  of t h e  FCC system. Wiring 

change f l e x i b i l i t y  can b e  achieved through t h e  use  of s t r a t e g i c a l l y  l o c a t e d  

d i s t r i b u t i o n  boxes. Pin-assignment changes can t h e n  b e  made by r ewi r ing  

t h e  d i s t r i b u t i o n  boxes and no t  changing t h e  FCC c a b l e  assemblies  o r  t h e  

e l e c t r o n i c  u n i t s .  Fac to r s  which must b e  considered i n  t h e  s e l e c t i o n  of 

d i s t r i b u t i o n  u n i t s  include:  

a. Design t h e  d i s t r i b u t i o n  system f o r  minimum connectors and 

b.  Provide f o r  easy i n s t a l l a t i o n  and replacement of t h e  d i s t r i b u t o r s .  

maximum s i m p l i c i t y  of t h e  i n t e r c o n n e c t i n g  c a b l e  assemblies .  
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c. 

d. 

Use d i s t r i b u t o r s  which can e a s i l y  accommodate s i m p l e  wi r ing  
changes i n  t h e  f i e l d .  

Consider t h e  added weight of t h e  d i s t r i b u t o r s .  
w i l l  s t i l l  be less f o r  t h e  FCC system. 

Consider t h e  inc reased  number of c i r c u i t  j u n c t i o n s  added by 
t h e  d i s t r i b u t o r s .  

The n e t  weight 

e. 

4 . 3 . 3 . 3  Electrical  Grouping 

Electr ical  grouping provides  i s o l a t i o n  between c e r t a i n  classes of conductors .  

Conductors which are h i g h l y  s u s c e p t i b l e  may be grouped t o g e t h e r ,  and conduc- 

t o r s  which are i n t e r f e r e r s  may b e  grouped t o g e t h e r .  FCC g e n e r a l l y  can b e  

grouped i n  t h r e e  classes. A t y p i c a l  example fol lows:  

Class A - Low-level s i g n a l s ,  s u s c e p t i b l e  t o  o u t s i d e  i n t e r f e r e n c e s ,  

such as: 

a. Dc s i g n a l s  less than 5 v o l t s .  

b .  Low-level ac s i g n a l s  less than 1 v o l t .  

c. Slowly varying dc s i g n a l s  less than 5 v o l t s .  

Class B - S i g n a l s  n o t  as s u s c e p t i b l e  as those  of Class A, b u t  n o t  

t h e  i n t e r f e r i n g  type of Class C :  

a. D c  power of 5 t o  28 vdc. 

b. Slowly varying dc  s i g n a l s  o f  5 t o  28 v o l t s .  

Class C - S i g n a l s  which cause i n t e r f e r e n c e  such as: 

a. 

b. B i l e v e l  switching s i g n a l s ,  

Ac s i g n a l s  g r e a t e r  t han  1 v o l t .  

The n a t u r e  of FCC provides  two methods of electrical  grouping. 

4.3.3,3.1 Within a S i n g l e  Cable 

Electr ical  grouping may be done i n  a s i n g l e  c a b l e  by grouping conductors as: 

CLASS A, CLASS B, AND CLASS C 
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4.3.3.3.2 I n  Several Cables 

Electrical  grouping may be done by grouping a s i n g l e  conductor class 

(A, B, o r  C) i n  i n d i v i d u a l  cab le s  and then rou t ing  a l l  cab le s  of each 

class i n  s e p a r a t e  bundles ,  

4.3.3.4 Method of S e l e c t i n g  FCC 

S e l e c t i o n  of FCC, between e l e c t r o n i c  u n i t s ,  r e q u i r e s  t h e  determinat ion of 

t h e  number of cab le  segments r equ i r ed ,  t h e  types of i n s u l a t i o n ,  and t h e  

conductor c r o s s  s e c t i o n s .  A complete d e s c r i p t i o n  w i l l  n o t  be given on t h e  

s e l e c t i o n  cri teria,  b u t  each area w i l l  be  b r i e f l y  touched. 

4.3.3.4.1 Number of Cable Segments 

The o b j e c t i v e  h e r e  is t o  use t h e  minimum number of cab le  segments without  

degrading system performance. The fol lowing f a c t o r s  must be considered: 

a. Ensure adequate  s e p a r a t i o n  of group classes. 

b - Examine each c i r c u i t  f o r  unusual e lectr ical  c h a r a c t e r i s t i c s  
r e q u i r i n g  special c o n s i d e r a t i o n .  

c. Leave excess  conductors f o r  use as s p a r e s .  

4.3.3.4.2 S e l e c t i o n  of  Cable I n s u l a t i o n  

The s e l e c t i o n  of  i n s u l a t i o n  is p r i m a r i l y  determined by t h e  v o l t a g e ,  

d i e l e c t r i c  cons t an t ,  temperature requirements,  and t h e  t e rmina t ion  system 

s e l e c t e d .  See examples below: 

Rat ings 

Type Cable I n s u l a t i o n  Conductors Vo l t  age Temp era t u t  e 
L__ 

Standard P o l y e s t e r  N 1  coated Cu 600 v looo c 
Hi-Dens i t y  P o l y e s t e r  N 1  coated Cu 300 V looo c 
Standard H/FEP N 1  coated Cu 600 v 200° c 
Hi-Density P o l y e s t e r  Bare S t r i p  Cu 300 V looo c 
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4.3.3.4.3 S e l e c t i o n  o f  Optimum Conductor Cross Sec t ions  

The conductor c r o s s  s e c t i o n  i n  FCC i s  d i r e c t l y  r e l a t e d  t o  t h e  cab le  width,  

t h e  number of conductors i n  t h e  c a b l e ,  and t h e  c a b l e  th i ckness .  The 

o b j e c t i v e  is t o  select common c r o s s  s e c t i o n s  which w i l l  enab le  a l l ,  o r  as 

many as p o s s i b l e ,  of t h e  conductors i n  a given class t o  s a t i s f y  both 

electrical  requirements and t h e  c a b l e  assembly t e rmina t ion  requirements .  

There are several methods of accomplishing t h i s .  

a. S e l e c t  c e n t e r l i n e  spac ings  which are t h e  same o r  are a 

b.  L i m i t  t h e  f i n a l  conductor c r o s s  s e c t i o n s  s e l e c t e d  t o  t h e  smallest 

m u l t i p l e  of t h e  c e n t e r l i n e  spacings of t h e  connector c o n t a c t s .  

number which can l o g i c a l l y  meet t h e  system conduc t iv i ty  and 
s p e c i a l  e lectr ical  c h a r a c t e r i s t i c s  requirements .  

4.3,4 Flat-Cable Mechanized Design Procedures 

The fol lowing r o u t i n e s  d e s c r i b e  t h e  mechanized des ign  procedures f o r  FCC 

a p p l i c a t i o n .  The subrou t ines  are desc r ibed  i n  t h e  o r d e r  i n  which they 

occur.  The main program o r  execu t ive  program i s  descr ibed first.  

F igure  4-1 is a flow c h a r t  o f  t h e  Flat-Cable Mechanized Design System 

(Figure 4-2 i n d i c a t e s  a round-wire c a b l e  des ign  system f o r  comparison t h a t  

is p r e s e n t l y  i n  o p e r a t i o n  a t  MDC). 

a code name and d e s c r i p t i o n s  of t h e  purpose of i n p u t  and ou tpu t  d a t a  used 

and generated by t h e  r o u t i n e .  

Each s u b r o u t i n e  d e s c r i p t i o n  con ta ins  

4 , 3 . 4 , 1  EXEC - 
EXEC i s  t h e  execu t ive  o r  c o n t r o l l i n g  program. It accep t s  a l l  c o n t r o l  card 

i n p u t s  and, from these ,  dec ides  which subrou t ines  are t o  be c a l l e d .  A f t e r  

each s u b r o u t i n e  is  f i n i s h e d  wi th  i t s  unique a p p l i c a t i o n ,  i t  r e t u r n s  c o n t r o l  

t o  t h e  EXEC and t h e  EXEC ca l l s  t h e  nex t  sub rou t ine .  This process  cont inues 

u n t i l  a l l  design r e q u e s t s  have been completed, 

4.3.4.2 FCDOl 

As s t anda rd  hardware and cab le  s p e c i f i c a t i o n s  become approved, they are 

assembled i n t o  two d a t a  bases  which can be a s s e s s e d  later i n  the des ign  



phase. One d a t a  base  con ta ins  approved connectors ;  t h e  o t h e r  con ta ins  

approved c a b l e  s p e c i f i c a t i o n s .  FCDOl  accep t s  t h e s e  s p e c i f i c a t i o n s  on user-  

loaded ca rds  and r eco rds  the d a t a  f o r  subsequent use.  

4.3.4.3 FCD02 

The p re l imina ry  design phase ca l l s  f o r  t h e  des igne r  t o  load  w i r i n g  d a t a .  

This is  accomplished by e n t e r i n g  point- to-point  t e rmina t ions  on loadshee t s .  

Point-to-point is de f ined  as un i t - to -un i t ,  r e f e r e n c e  designat ion-to-  

r e f e r e n c e  des igna t ion ,  e tc .  Data d e s c r i b i n g  each w i r e  are a l s o  en te red .  

FCD02 a s s i g n s  each t e rmina t ion  a unique i d e n t i f y i n g  number and s t o r e s  t h e  

f i l e  on magnetic t a p e .  

4.3.4.4 FCD03 

This r o u t i n e  i s  used t o  retrieve c e r t a i n  wi r ing  r eco rds  from t h e  wi r ing  

f i l e .  The re t r ieval  i s  done by s y s t e m ,  assembly number, u n i t  number, o r  

r e fe rence  des igna t ion ,  depending on what t h e  des igne r  r e q u e s t s  on t h e  

master load  s h e e t .  The r e t r i e v e d  r eco rds  are assembled i n t o  a form which 

w i l l  be  ope ra t ed  on by o t h e r  sub rou t ines  and made i n t o  cab le s .  

a l though a l l  wi r ing  d a t a  f o r  a v e h i c l e  are on t a p e ,  FCC s e l e c t i o n  can b e  

done f o r  s m a l l  s e c t i o n s  a t  any time. 

Therefore ,  

4.3.4.5 FCD04 

C e r t a i n  types  of w i r e  requirements are n o t  a p p l i c a b l e  t o  FCC use.  This  

r o u t i n e  checks a l l  w i r e  requirements and e l i m i n a t e s  those which cannot b e  

m e t  by FCC. The r e j e c t e d  requirements are noted i n  a p r i n t o u t .  

4.3-4.6 FCD05 

This r o u t i n e  s e l e c t s  t h e  number, type,  and l o c a t i o n  f o r  any d i s t r i b u t i o n  

u n i t s  which may b e  needed. Previously e s t a b l i s h e d  ground r u l e s  are used, 

4.3.4.7 FCDOG 

The purpose of  FCDOG is t o  s o r t  t he  c i r c u i t s  s e l e c t e d  f o r  f l a t - c a b l e  

a p p l i c a t i o n .  This  s o r t i n g  serves t o  a i d  i n  providing l o g i c a l  conductor 

4-10 



grouping assignments w i t h i n  each c a b l e .  

and un i t - to -un i t  p a t h .  

The w i r e s  are s o r t e d  by class 

Previously e s t a b l i s h e d  ground r u l e s  are used. 

4.3.4.8 FCD07 

This r o u t i n e  selects t h e  FCC f o r  each l o g i c a l  grouping of c i r c u i t s .  

l o g i c a l  grouping, taken by t h e  uni t - to-uni t  pa th  and grouped i n  FCDOG, is  

assigned a percentage of s p a r e  w i r e s  and then a s s igned  a c a b l e  number. 

The c a b l e  is  s e l e c t e d  from t h e  FCDOl hardware f i l e  and t h e  c i r c u i t  w i r ing  

The 

from t h e  FCD02 wi r ing  f i l e .  A l l  s p a r e  w i r e s  

name SPARE. The generated c a b l e s  are placed 

4.3.4.9 FCDO8 

are assigned t h e  f u n c t i o n  

i n  a new t a b l e .  

This r o u t i n e  selects connector hardware from 

t o  match t h e  c a b l e s  i n  t h e  cab le  design f i l e  

t h e  hardware f i l e  of FCDOl 

of FCDO7. The connectors  are 

s e l e c t e d  by c e n t e r l i n e  spacing,  number and c r o s s  s e c t i o n  of conductors,  and 

number of l a y e r s  of c a b l e  

4.3.4.10 FCD09 

This r o u t i n e  s e q u e n t i a l l y  a s s i g n s  r e f e r e n c e  d e s i g n a t i o n  and/or p i n  numbers 

from blocks en te red  on t h e  master loadshee t .  

4.3.4.11 FCD10 

The purpose of FCDlO i s  t o . g e n e r a t e  a l l  of t h e  r equ i r ed  p r i n t o u t s  - 
i nc lud ing  t h e  "Reference Designat ion L i s t  t a b l e  4-1 and "Material 

Summary," t a b l e  4-2. 

and FCD07. 

This r o u t i n e  uses  d a t a  f i l e s  from FCDO1, FCD02, 

4.3.5 Computer Program Design Requirements 

The computer program and subrou t ines  w r i t t e n  t o  accomplish automated 

f l a t - c a b l e  design should b e  w r i t t e n  and documented t o  m e e t  t h e  fol lowing 

requirements 
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Table 4-1 

Ref Des. 

1AJ29 

1AJ54 

REFERENCE DESIGNATION LIST 

Connector P a r t  No. Mating Ref Des. Connector P a r t  N o .  

2BC 359-2 2BC53 2DA 643-1 

2CA 531-12 1CC41 2DC 512-7 

e e e e e e e e e e e e  

Table 4-2 

MATERIAL SUMMARY 

P a r t  Number 

2BC359-2 

2CA531-12 

124957-1 

224395-2 

3C1135 

P a r t  N a m e  

Connector 

Connector 

Cable Segment 

Cab l e  Segment 

D i s t r i b u t i o n  Unit  

4 .3  e 5 . 1  Data Table F l e x i b i l i t y  

Quant i ty  

3 

The program should provide t h e  c a p a b i l i t y  of a l lowing t h e  u s e r  t o  extend 

con ten t s  of d a t a  t a b l e s  t o  add items prev ious ly  undefined. This  extended 

c a p a b i l i t y  should be allowed wi th  l i t t l e  o r  no program modi f i ca t ion  and 

without  causing obsolescence of e x i s t i n g  d a t a  f i l e s .  

4.3.5.2 Modular Programming 

t 

t h e  

The program should b e  modularly cons t ruc t ed  t o  f a c i l i t a t e  a d d i t i o n  of  

extended c a p a b i l i t i e s  and t o  f a c i l i t a t e  mod i f i ca t ions .  Each d i s c r e e t  

f u n c t i o n  should become a subrou t ine .  A l l  sub rou t ines  should b e  under 

c o n t r o l  of a supe rv i so ry  r o u t i n e  o r  EXEC. 
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4.3.5.3 Programming Language 

Programming should b e  done i n  a h i g h e r  level,  non-machine-oriented 

language such as F o r t r a n  I V .  This f a c i l i t a t e s  implementation of t h e  

program on more than  one computer hardware conf igu ra t ion .  

4.3.5,4 Program Documentation 

The program should b e  documented s u f f i c i e n t l y  t o  f ac i l i t a t e  i n t e r p r e t a t i o n  

and mod i f i ca t ion .  Comment ca rds  should be a s s o c i a t e d  wi th  each d e c i s i v e  

s t a t emen t  t o  r e f l e c t  what t h e  program is  doing,  Each s u b r o u t i n e  should b e  

documented i n  t h e  fol lowing manner: 

a. The purpose of t h e  sub rou t ine  

b.  Input  arguments 

c. Output arguments 

d. E r r o r  r e t u r n s  

e. I n t e r n a l  v a r i a b l e s  used 

f .  R e s t r i c t i o n s  t o  using t h e  r o u t i n e  

g.  Names  of a l l  sub rou t ines  used by t h i s  sub rou t ine .  

4.3.6 ComDuter Desc r ip t ion  

The system desc r ibed ,  i f  w r i t t e n  i n  a non-machine-oriented language such 

as F o r t r a n  IV, could b e  run  on almost  any medium o r  l a r g e  scale computer. 

The e x t e n t  t o  which t h i s  system is implemented is  t h e  only v a r i a b l e  

a f f e c t e d  by machine conf igu ra t ion .  

are t h e  UNIVAC 1108; IBM SYSTEM 360 ,  MODEL 6 5 ;  and t h e  SDS 9300. A b a s i c  

COnfigUratiOn f o r  implementation is desc r ibed  i n  4.3.6,1 and 4-3 .6 .2 ,  

Examples of machine conf igu ra t ions  

4.3.6,1 System Hardware 

A b a s i c  system hardware c o n f i g u r a t i o n  should i n c l u d e  t h e  fol lowing:  

a. Console and Mainframe - Used b.y t h e  computer o p e r a t o r  t o  c o n t r o l  

b. 32K words of Core Memory - Holds system so f tware  and c o n t r o l s  

o p e r a t i o n  of t h e  program. 

execut ion o f  program. 
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C ,  

d ,  

e. 

f .  

g. 

4.3.6.2 

Card r eade r  - Input  op t ions  and c o n t r o l  information.  

Typewriter - Messages t o  o p e r a t o r  f o r  mounting of t apes ,  
sys  t e m  e r r o r s  e 

Off Line P r i n t e r  - Generate p r i n t e d  ou tpu t .  

Magnetic Tape Units - Means f o r  i npu t ing  s t anda rd  f i l es  f o r  
program access. 

Random Access Bulk Storage Uni t  - S t o r e  l a r g e  amounts of d a t a  
t o  be  opera ted  on by t h e  program. 

System Software 

The b a s i c  system so f tware  necessary  t o  implement t h e  program c o n s i s t s  o f :  

a. Language (such as For t r an  I V )  Compiler - changes t h e  s ta tement  
language commands t o  machine language commands ( i n s t r u c t i o n s  
which t h e  machine unders tands) .  

b. System Subrout ine Library  - A set of  r o u t i n e s  which faci l i ta tes  
us ing  a s ta tement  language. These are usua l ly  provided wi th  t h e  
machine. For  example, a l g e b r a i c  f u n c t i o n s  and i n p u t l o u t p u t  
r o u t i n e s .  

E 
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SECTION V 

5 .  CLAMPS AND INSTALLATION 

5 . 1  I n t r o d u c t i o n  

During t h e  Phase I F l a t  Cable Development Program, over  100 FCC cab le  

assemblies  were de f ined ,  development, manufactured and i n s t a l l e d  i n  a 

180 degree mockup s e c t i o n  of t h e  a f t  s k i r t  of t h e  Sa tu rn  S-IVB/V v e h i c l e .  

Many clamping and i n s t a l l a t i o n  problems were de f ined ,  ground r u l e s  were 

e s t a b l i s h e d ,  and clamp hardware and i n s t a l l a t i o n  techniques were developed. 

The clamp and i n s t a l l a t i o n  work s t a t emen t  f o r  t h i s  program requ i r ed  t h e  

development of high-temperature clamps (2OO0C), and improved methods of 

i n i t i a l  i n s t a l l a t i o n  and replacement of c a b l e  segments i n  major bundle 

runs.  Limited e v a l u a t i o n  t e s t i n g  w a s  t o  be performed, as pe rmi t t ed  by 

t h e  program funds,  t o  determine t h e  s u i t a b i l i t y  of t h e  hardware and 

methods developed f o r  space a p p l i c a t i o n .  Because of subsequent i nc reased  

e f f o r t  on h ighe r  p r i o r i t y  program t a s k s ,  t h e  e v a l u a t i o n  t e s t i n g  w a s  h e l d  

t o  a minimum. 

5.2 Clamps 

5.2.1 Clamps from FCC Development Program 

Two s e p a r a t e  FCC clamp types were developed on t h e  FCC Development Program. 

They were t h e  metal-cushioned clamp, f i g u r e  5-1, and t h e  Velcro l a p  

clamp, f i g u r e  5-2. Both clamps used t h e  H a r t w e l l  nylon f a s t e n e r s ,  which 

l i m i t e d  them t o  a maximum ope ra t ing  temperature of + l O O ° C .  

Both t y p e  clamps were s u b j e c t e d  t o  numerous e v a l u a t i o n  tests during t h e  

FCC Development Program, inc lud ing  v i b r a t i o n ,  high temperature,  and cab le  

s l i p p a g e  tests. 

subsequent f a i l u r e s  w e r e  noted on t h e  180 degree mockup. With aging a t  

room temperatures ,  t h e  Velcro nylon material p u l l e d  o r  t o r e  ou t  of t h e  

H a r t w e l l  f a s t e n e r s  i n  t h e  compressed, o r  mounting, areas. Therefore ,  

Even though t h e  Velcro l a p  clamps passed t h e s e  tests, 
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known r e q u i r e d  clamp improvements included higher  temperature f a s t e n e r s  

f o r  t h e  metal-cushioned c l amps  and an  improvement t o  t h e  Velcro l a p  

clamp t o  prevent  t ea r -ou t  i n  t h e  f a s t e n e r  mounting areas. 

5.2.2 Revis ions and New Clamp Designs by MDC 

5.2.2.1 Clamp Design Goals 

The fol lowing des ign  g o a l s  were e s t a b l i s h e d  f o r  FCC clamps: 

a.  Simple and l i gh twe igh t  

b.  U t i l i z e d  c a p t i v a t e d  hardware (no l o o s e  p a r t s )  

c .  Require minimum mounting c u t o u t s  and hardware i n  suppor t s  o r  

d.  Modular i n  c o n s t r u c t i o n  t o  accommodate t h e  d i f f e r e n t  FCC widths  

s t r u c t u r e  

wi th  t h e  same clamp design 

e. Contain no sha rp  p r o t r u s i o n s  

f .  B e  capab le  of i n s t a l l i n g  i n  b l i n d  o r  poor-access areas. 

5.2.2.2 I n d u s t r y  Survey 

With t h e  FCC development program clamp design and t e s t i n g  experience,  this 

program's clamp temperature  requirements ,  and paragraph 5.2.2.1,  Design Goals, 

an i n d u s t r y  survey w a s  made t o  review a l l  e x i s t i n g  and proposed clamp des igns .  

The H a r t w e l l  Corporat ion w a s  con tac t ed  f o r  p o s s i b l e  new development i n  

s a t i s f a c t o r y  h ighe r  temperature  "lap" materials and higher  temperature  

expanding f a s t e n e r s .  Ne i the r  w a s  a v a i l a b l e .  Trade magazines were 

reviewed, and a l l  known clamp manufacturers  were contacted f o r  e x i s t i n g  

and proposed clamps s u i t a b l e  f o r  u s e  wi th  FCC. 

i n  FCC development s t u d i e s ,  i nc lud ing  Lockheed A i r c r a f t  of Burbank, 

C a l i f o r n i a ,  and McDonnell A i r c r a f t  of S t .  Louis ,  Missouri ,  w e r e  con tac t ed  

and t h e i r  clamp des igns  were reviewed. This  background information w a s  

then used t o  make a series of clamp p roposa l s .  

Various companies engaged 
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5.2.2.3 C l a m D  ProDosals 

A series of clamp p roposa l s  w a s  made by a l ayou t  des igne r  who w a s  guided 

bu t  no t  i n h i b i t e d  i n  h i s  o r i g i n a l  concepts  f o r  FCC clamp des igns .  Using 

t h e  des ign  g o a l s  of 5.2.2.1,  and t h e  r e s u l t s  of t h e  i n d u s t r y  survey of 

5.2.2.2, a t o t a l  of 1 7  d i f f e r e n t  design-proposal ske t ches  was made and 

p resen ted  t o  NASA/MSFC a t  t h e  t h i r d  informal  review he ld  a t  MDC/MSSD on 

12  and 1 3  December 1967. 

w i th  q u a r t e r - t u r n  f a s t e n e r s ,  t u b u l a r  clamps wi th  c a p t i v a t e d  screw and 

sp r ing  f a s t e n e r s ,  s p r i n g  bodies ,  m u l t i p l e - c o i l  s p r i n g s ,  c o n t r o l l e d  

spacing from mounting s u r f a c e ,  and those  f o r  r igh t - ang le  c a b l e  r o u t i n g  

wi th  2-hole mounting. The 1 7  d i f f e r e n t  ske tches  are included i n  Volume I1 

wi th  a f u r t h e r  exp lana t ion  of each. 

The type  clamps included were: cushion clamps 

During t h e  December review, i t  w a s  agreed t h a t  t h e  MDC Velcro l a p  clamp 

wi th  metal  grommets, metal-cushioned clamp wi th  qua r t e r - tu rn  f a s t e n e r s ,  

and t h e  m e t a l  C-channel clamp wi th  c a p t i v a t e d  f a s t e n e r s  would be included 

i n  t h e  FCC handbook. 

5.2.2.4 Velcro Lap Clamps, 100°C 

A series of tests w a s  conducted on Velcro l a p  clamps made from nylon 

hook-and-pile material, with metal grommets i n s t a l l e d  i n  t h e  f a s t e n e r  

areas. 

Two methods w e r e  considered f o r  s t r eng then ing  t h e  Velcro nylon material 

i n  t h e  f a s t e n e r  areas t o  prevent  t h e  cold-flow f a i l u r e s  experienced wi th  

aging on t h e  Saturn a f t - s k i r t  mockup. A p l a s t i c  grommet, molded i n  

p o s i t i o n ,  w a s  d i sca rded  because of i n i t a l  c o s t  and opinions t h a t  t h i s  

would i n c r e a s e  t h e  t i m e  per iod r equ i r ed  f o r  cold-flow, bu t  would no t  

prevent  i t s  occurrence.  Metal grommets were i n s t a l l e d  i n  a number of 

sample Velcro clamps by t h e  H a r t w e l l  Corporat ion.  

s i n g l e  clamps w a s  f a s t e n e d  t o  a ve r t i ca l  suppor t ,  and weights were 

a t t a c h e d  t o  t h e  o t h e r  l o o s e  end (see f i g u r e  5-3). Weights of up t o  15 

pounds were app l i ed  a t  ambient temperatures  f o r  1 week wi th  no apparent  

One loose  end of t h e  
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cold-flow of t h e  Velcro nylon material. It w a s  concluded t h a t  t h i s  

a c c e l e r a t e d  t e s t i n g  w a s  more s t r i n g e n t  than t h e  a c t u a l  cond i t ions  t o  be  

encountered. The metal grommet des ign  w a s  s e l e c t e d .  The f i n a l  Lap Clamp 

assembl ies  f o r  100°C ope ra t ion  are shown on f i g u r e s  5-4 (S ing le ) ,  5-5 

(Double), and 5-6 ( T r i p l e ) .  

5 .2 ,2 .5  A l l - M e t a l  Clamp, 200°C 

Figure  5-7 shows t h e  all-metal, C-section body, cap t iva t ed  screw clamp 

s e l e c t e d .  

t h a t  maximum screw to rque  can be  app l i ed  wi th  Polyimide FCC over  an  

extended t i m e  per iod  without  mechanical o r  e l e c t r i c a l  degrada t ion  of 

t h e  FCC. The C-section body of t h i s  clamp could be  coated w i t h  s i l i c o n e  

rubber  t o  provide a d d i t i o n a l  insu l -a t ion ,  g r e a t e r  r e t e n t i o n  f o r c e s ,  and 

improved load  d i s t r i b u t i o n .  

Tests conducted by NASA/MSFC on t h i s  t ype  clamp ind ica t ed  

5.2.2.6 Metal-Cushioned Clamp, 200°C 

Figure  5-8 shows t h e  metal-cushioned clamp s e l e c t e d .  This  clamp, wi th  

i t s  s i l i c o n e  cushion and rubber ized  s t a n d o f f s ,  p rovides  t h e  maximum pro- 

t e c t i o n  t o  FCC a t  200°C ope ra t ing  temperature .  The qua r t e r - tu rn  Expando 

Grip f a s t e n e r s ,  manufactured by t h e  Adjus tab le  Bushing Company of North 

Hollywood, C a l i f o r n i a ,  r e q u i r e s  only  a round h o l e  i n  t h e  suppor t  s t r u c t u r e  

f o r  mounting. 

5.2.3 NASA/MSFC Clamp Designs 

The NASA/MSFC PM11450 "Clamp Assembly F l a t  Conductor Cable" drawing and 

i t s  d e t a i l  drawings were reviewed, and w r i t t e n  comments were submit ted 

( s e e  Volume 11) .  I n  gene ra l ,  t h e  comments submit ted f o r  t h i s  c lamp 

des ign ,  f i g u r e  5-9, apply t o  t h e  o t h e r s  s e l e c t e d  by NASA/MSFC f o r  

i n c l u s i o n  i n  t h e  FCC handbook. These f i g u r e s  are l i s t e d  below: 

F igure  2-46 - Tubular Clamps With Nylon Fas t ene r s ,  100°C. 

F igure  2-47 - Tubular Clamps With Screw Fas t ene r s ,  100°C. 

F igure  2-49 - Metal Noncushioned Clamp, Right-Angle Tubular ,  200°C. 
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Figure  2-50 - Metal Noncushioned Clamp, Right-Angle Sheet Metal, 

F igu re  2-52 - Metal-Cushioned Clamp, Double G r i p ,  200OC. 

F igu re  2-53 - Metal-Cushioned Clamps, For Angle Fold,  200OC. 

20OOC. 

The above f i g u r e  numbers are from t h e  FCC handbook and wi th  t h e  except ion 

of f i g u r e  2-52 ( f i g u r e  5-9) are n o t  included i n  t h i s  r e p o r t .  

The comments t o  t h e  NASA/MSFC clamp des igns  inc lude :  

a. 

b.  

C .  

d.  

e. 

I n  gene ra l ,  t h e  des igns  are s imple,  l i g h t w e i g h t ,  low c o s t ,  and 
perform t h e  clamping a c t i o n  w e l l .  

Lack of c a p t i v a t e d  hardware would i n c r e a s e  t h e  p r o b a b i l i t y  of 
loosing" p a r t s  du r ing  i n s t a l l a t i o n  and subsequent s e r v i c i n g .  

The many p a r t s  of some clamp des igns  would g r e a t l y  i n c r e a s e  t h e  
i n s t a l l a t i o n  t i m e s  and make i n s t a l l a t i o n s  i n  congested areas 
ve ry  d i f f i c u l t .  

Inadequate p r o v i s i o n s  t o  p r o t e c t  t h e  FCC edges from becoming 
pinched and/or  sho r t ed .  

The t r i a n g u l a r  mounting h o l e s  f o r  t h e  r igh t - ang le  clamps would 
r e q u i r e  much heav ie r  and more complicated support  b r a c k e t s  t han  
t h e  normal ver t ica l  o r  h o r i z o n t a l  two-hole mounting clamps. 

I 1  

5.3 FCC I n s t a l l a t i o n s  

The ground r u l e s  and methods e s t a b l i s h e d  f o r  FCC i n s t a l l a t i o n s  during t h e  

r e f e r e n c e  FCC development program are s t i l l  g e n e r a l l y  a p p l i c a b l e  t o  

f u t u r e  programs. However, t h e r e  were two c l o s e l y  a s s o c i a t e d  problems 

which r e q u i r e d  c o r r e c t i o n .  The f i r s t  w a s  t h e  problem of r o u t i n g  and 

maintaining each FCC segment i n  i t s  preassigned bundle p o s i t i o n .  The 

second w a s  t o  a s s u r e  t h a t  t h e  c a b l e  segments would remain i n  t h e i r  

a s s igned  p o s i t i o n s  a f t e r  t hey  were i n i t i a l l y  i n s t a l l e d .  

A method of u s i n g  H/Film t a p e  around a l l  c a b l e  segments i n  each l a y e r ,  

t o  a s s u r e  t h e  i n i t i a l  and maintained r e g i s t r a t i o n s ,  w a s  used on t h e  develop- 

ment program. It w a s  ve ry  d i f f i c u l t  t o  make t h e  i n i t i a l  i n s t a l l a t i o n  wi th  

t h e  r e q u i r e d  r e g i s t r a t i o n ;  and on t h o s e  bundle runs  made up of a number 

of c a b l e  segments i n  each c a b l e  l a y e r ,  t h e  segments g r a v i t a t e d  toward 

t h e  bottom of t h e  bundles w i t h  t i m e .  
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Figure 5-10 shows t h e  FCC s e p a r a t o r  developed on t h i s  program. Figures  

5-11 and 5-12 show t h i s  s e p a r a t o r  i n s t a l l e d  between and under clamps on 

t y p i c a l  FCC i n s t a l l a t i o n s .  

Although t h e r e  w a s  n e i t h e r  t i m e  nor funds a v a i l a b l e  on t h i s  program t o  

develop a mockup s e c t i o n  using the  FCC s e p a r a t o r  desc r ibed  above, i t s  

use on f u t u r e  programs should g r e a t l y  s i m p l i f y  t h e  i n i t i a l  r e g i s t r a t i o n  

of each c a b l e  segment and a s s u r e  t h a t  t h i s  r e g i s t r a t i o n  i s  maintained 

throughout t h e  l i f e  of t h e  i n s t a l l a t i o n .  

5.4 Conclusions 

Clamp hardware, FCC s e p a r a t o r s ,  and i n s t a l l a t i o n  techniques have been 

developed which are s u i t a b l e  f o r  u s e  on aerospace,  m i l i t a r y ,  and com- 

mercial programs. These are def ined i n  t h e  FCC handbook, and i n  t h i s  

s e c t i o n  of t h i s  r e p o r t .  
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Figure 5-2. Metal Cushioned Clamp 
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I 

P ASSEMBLY SINGLE, 100" C 

(H 323- 2-3- 2) P L U N G E R 
(H A R TW E L L) 

(H559-2-2) GROMMET 
(H A R TW E L L) 

C A B L E  BUNDLE STRAP 
(VELCRO V330-12-50 (ADH. BACK) 

CLAMP BODY (REF) 

VIEW A-A 

GENERAL NOTES: 

1. PROVIDE :::; DIA. MOUNTING H O L E  FOR INSTALLATION O F  CLAMP ASSEMBLY. 

2. CLAMP ASSEMBLY CONSISTS OF CLAMP BODY, C A B L E  BUNDLE STRAP, TWO (2) BRASS 
GROMMETS, TWO (2) PLUNGERS, AND TWO (2) GROMMETS. 

Figure 5-4. Lap Clamp Assembly, Single, 100°C 
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CABLE (REF) 7 LAP CLAMP ASSE BLY DOUBLE, 100' C 

(H 323-2-3-2) P LU N GE R 

(HA RTW E L, 7 
\ I  

.299 
,294 D'A. 

.18 R '(TYP) 
.50 

CLAMP BODY (VELCRO 
V330-2-50-PS-0100) /- (BACK TO BACK) 

(H559-2-2) GROMMET 
(HA R TWE L L) 

CABLE (REF) -./ 

CABLE BUNDLESTRAP 
(VELCRO V330-12-50 (ADH. BACK) 

BRASS GROMMET 
VlEW 14-8 

TABLE I I 

OF CLAMP ASSEMBLY. 

BODY, TWO (2) CABLE BUNDLE STRAPS, 
) PLUNGERS, AND THREE (3) GROMMETS. 
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BLY TRIPLE, 1 W C  

- -  

H323-2-3-2) PLUNGER (HARTWELL) 

H-5592-2) GROMMET CLAMP BODY (VELCRO 
V330-2-50-PS-0100) (BACK TO BACK) 

/ CABLE (REF) -/ CABLE BUNDLE STRAP 
(VELCRO V330-12-50 
(ADHESIVE BACK) 

BRASS GROMMET --F 
VIEW A-A 

I TABLE I I 

111 1 ZH”’ -3”  4” 

GENERAL NOTES: 

FOR CLAMP ASSEMBLY. 
Y, THREE (3) CABLE BUNDLE STRAPS, 
ERS, AND FOUR (4) GROMMETS. 



~~ ~ ~~ 

METAL CLAMP ASSEMBLY + 200" C 

.62 

.12 R.TYP 
--- I I 

A 

CLAMP BODY 
.040 ALUM. 

.25 - 
I 

f -7- -- -h 
CABLE (REF) -/ L- N AS 130 1-6-6 

SCREW & WASHERS 

I TABLE I I 
CABLE WIDTH 1 A DIM. 
IN INCHES 

I I H" -," I 2"' 1" 

5-1 3 



#6 SCREW 8 WASHER 
.040-THICK ALUM. 

X "D" LONG WITH 
SIL160NE COATING 

PER MIL-STD67O-TE3 
BUSHING NUT, AND 

GENERAL NOTES: 

1. PROVIDE ::# DIA. MTG. HOLE FOR INSTALLATION OF CLAMP ASSEMBLY. 
2. A L L  CUSHIONS TO BE INSTALLED TO C L A  PS USING RTV-731 CE 

3. CLAMP ASSEMBLY CONSlSTS OF CLAMP BODY, SfLlCONE RUBBER CUSHION, TWO (2) 
NO. 6 SCREWS, TWO (2) WASHERS, TWO (2) EXPAND0 GRIP BUSHINGS, NUTS, AND KEEPERS, 
TWO (2) SPACERS. 



f CHANNEL 
SILICONE RUB. 

STRUCTURE 

SCREW --/ fWASHER 

KEEPER 

w E 

15 



Y 

NE 

8 MIL H-FILM 
SHEET 
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FCC 

H FILM 
TAPE - 

FCC 

i 

-11. Separator Installed Between Clamps 
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SECTION V I  

6. HANDBOOK PREPARATION 

6 .1  In t roduc t ion  

One of t h e  major and most important t a s k s  of t h i s  program w a s  t h e  p repa ra t ion  

of a handbook f o r  FCC system des ign  and manufacturing. The purpose of t h i s  

handbook w a s  t o  assist t h e  technologies  engaged i n  t h e  design,  manufacturing, 

and q u a l i t y  c o n t r o l  of FCC e lec t r ica l  in te rconnec t ing  harnesses  f o r  aero- 

space,  defense  indus t ry ,  and commercial programs. 

6.2 Sources of Information 

Information f o r  t h e  p repa ra t ion  of t h e  FCC handbook was obtained from 

NASA/MSFC, o t h e r  government agencies ,  major c o n t r a c t o r s ,  and hardware 

manufacturers  who had been a c t i v e l y  engaged i n  FCC hardware f a b r i c a t i o n  

and/or  system a p p l i c a t i o n .  NASA/MSFC a s s i s t e d  MDC, as r equ i r ed ,  t o  ob ta in  

a l l  a v a i l a b l e ,  app ropr i a t e  d a t a  wi th  t h e  r equ i r ed  approval  f o r  i t s  i n c l u s i o n  

i n  t h e  handbook. 

6.3 Accumulation of Ex i s t ing  Data 

Innumerable t e c h n i c a l  papers  and r e p o r t s ,  handbooks, vendor c a t a l o g s ,  

t r a d e  magazines, s p e c i f i c a t i o n s ,  and o the r  publ ished d a t a  were reviewed 

f o r  appropr i a t e  information which would be  included i n  t h e  FCC handbook. 

This e f f o r t  included reading and reviewing t h e  fol lowing:  

a. The many t e c h n i c a l  FCC r e p o r t s  publ ished by t h e  A s t r i o n i c s  
Laboratory of NASA/MSFC. 

J. D. Hannum of F l e x i b l e  Products ,  Inc . ,  inc luding  a v a r i e t y  of 
r e p o r t s  prepared under government c o n t r a c t  as w e l l  as numerous 
o t h e r  t e c h n i c a l  r e p o r t s ,  magazine a r t ic les ,  vendor d a t a ,  e tc .  

A l l  FCC d a t a  generated by Hughes A i r c r a f t  under NASA/MSFC con- 
t rac t  number NAS 8-11384 w e r e  reviewed. Direct con tac t  w a s  
made wi th  t h e  Hughes personnel  who had worked on t h i s  program, 
and t h e  incompleted rough d a t a  prepared by Hughes w e r e  t r ansmi t t ed  
t o  MDC f o r  eva lua t ion .  
a p p l i c a b l e  information.  

b e  Twenty-one (21) l a r g e  notebook f o l d e r s  on FCC accumulated by 

c. 

Every e f f o r t  w a s  made t o  u t i l i z e  a l l  
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d. 

e. 

f .  

go 

h. 

i. 

j -  

k. 

1. 

m. 

n. 

0. 

A l l  FCC s h i e l d i n g  d a t a ,  generated by P ica t inny  Arsenal ,  Dover, 
New J e r s e y ,  under c o n t r a c t  t o  NASA/MSFC were reviewed. 
c o n t r a c t  remained active dur ing  t h e  performance per iod  of t h e  
MDC c o n t r a c t .  

ATM 335 A FCC eva lua t ion  r e p o r t  by Bendix Systems Divis ion  f o r  
t h e  Lunar ALSEP program. 

A series of r e p o r t s  prepared by AVCO Corporat ion t o  cons ider  t h e  
u s e  of FCC on t h e  MARK 1 7  Minuteman Program. 

FCC r e p o r t s ,  prepared by Lockheed A i r c r a f t  Company of Burbank, 
C a l i f o r n i a ,  on t h e  a p p l i c a t i o n  of FCC t o  a t y p i c a l  a i r c r a f t  
i n s t a l l a t i o n .  

FCC r e p o r t s  prepared by McDonnell Douglas of S t .  Louis,  Missouri ,  
on use  of FCC harnesses  t o  in te rconnec t  t h r e e  e lectr ical  systems 
on a modern f i g h t e r  a i r c r a f t .  

F l e x i b l e  F l a t  Cable Handbook publ ished by IPC, dated 1965. 

Mul t i layer  P r in t ed  C i r c u i t  Board Technical  Manual publ ished by 
I P C ,  da ted  1966. 

F l expr in t  C i r c u i t  Design Handbook prepared by Sanders Assoc ia tes  
of Nashua, New Hampshire. 

G. T .  Sch je ldah l  Company. 

Development of P r in t ed  C i r c u i t s ,  Volume 111, F i n a l  Report Hand- 
book prepared by North American Avia t ion ,  Inc . ,  Columbus, Ohio. 

D5-15682 "Saturn V Wiring P r a c t i c e  Analysis" and D5-18683" 
Wiring Practice f o r  Electromagnet ic  I n t e r f e r e n c e  Control' '  
prepared by t h e  Boeing Company. 

Technical  r e p o r t s  ECOM 2775 "Thin Film Shie ld ing  Techniques" 
and ECOM 275 8 "Thin Film Shielding Measurements'' prepared by 
U.S. Army E lec t ron ic s  Command, F t .  Monmouth, New Jersey .  

This  

FCC t e c h n i c a l  d a t a  r e p o r t s  prepared by S t .  Olaf College f o r  t h e  

Wri t ten comments f o r  i t e m s  c ,  d ,  f ,  and 1 were submitted t o  NASA/MSFC 

t o  inform them of t h e  

be appl ied  t o  t h e  FCC 

11. 

Addi t iona l  ac t iv i t i e s  

u s e f u l ,  o r  l ack  of u s e f u l ,  information which could 

handbook. These comments are contained i n  Volume 

by MDC personnel  included:  

a. Active p a r t i c i p a t i o n  i n  t h e  IPC, inc luding  t h e  Electromagnetic 
Shie ld ing  Committee. Meetings a t tended  w e r e :  August 1967, IPC 
sh ie ld ing  meeting a t  t h e  P ica t inny  Arsenal ,  Doverg New Je r sey ;  
September 1967, IPC f a l l  meeting a t  Los  Angeles, C a l i f o r n i a ;  
and March 1968, IPC sp r ing  meeting i n  New York Ci ty .  
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b. P repa ra t ion  and p r e s e n t a t i o n  of two t e c h n i c a l  papers  on FCC 
accomplishments by MDC on NASA/MSFC-funded con t r ac t s :  

1. DAC paper  number 4186, Electrical  F l a t  Cable Harness 

2. DAC paper number 4187, F l a t  Cable Engineering S tudies  f o r  

Assembly and I n s t a l l a t i o n .  

Sa tu rn  S-IVB v e h i c l e  

These papers ,  requested by NASA/MSFC, were presented  a t  t h e  IPC/EDN 

seminar at t h e  Univers i ty  of Southern C a l i f o r n i a  on 20 June 1967. 

c. P a r t i c i p a t i o n  i n  F l a t  Cable Technology School a t  t h e  Univers i ty  
of Alabama, Hun t sv i l l e ,  Alabama, 20 - 26 June 1968. MDC personnel  
conducted t h e  F l a t  Cable Appl ica t ion  portTon (4 hours)  of t h e  
school .  A similar p a r t i c i p a t i o n  is scheduled by MDC f o r  t h e  
t h i r d  school  t o  be  he ld  26 - 30 August 1968. 

t h e  p repa ra t ion  of proposed m i l i t a r y  s p e c i f i c a t i o n s  f o r  FCC and 
FCC connectors .  
committee chairman f o r  t h e  FCC s p e c i f i c a t i o n .  See Sec t ion  I1 
f o r  more d e t a i l s .  

d. Active p a r t i c i p a t i o n  i n  government tri-service committees f o r  

MDC personnel  represented  NASA/MSFC as t h e  

It can b e  concluded t h a t  t h e s e  e x t r a  ac t iv i t i e s  g r e a t l y  con t r ibu ted  t o  

t h e  gene ra l  knowledge of FCC hardware and a p p l i c a t i o n ,  and thus  were very  

h e l p f u l  i n  t h e  p repa ra t ion  of t h e  FCC handbook. 

I n  gene ra l ,  t h e  major c a t e g o r i e s  of handbook d a t a  a v a i l a b l e  from t h e  e f f o r t s  

of t h e  p rev ious ly  descr ibed  d a t a  review and a d d i t i o n a l  a c t i v i t i e s  can be  

l i s t e d  as follows*: 

Sec t ion  I. In t roduc t ion  - genera l  information only.  

Sec t ion  11. FCC Hardware - Vendor con tac t s  and r e fe rence  information,  

Sec t ion  111. Design Appl ica t ion  - gene ra l  information wi th  s p e c i f i c  
d a t a  on thermal c h a r a c t e r i s t i c s  of FCC. 

Sec t ion  I V .  

p lus  s p e c i f i c  information f o r  NASA/MSFC system. 

Wire Changes - s p e c i f i c  in format ion  f o r  NASA/MSFC w i r e  
change devices  and gene ra l  information f o r  o t h e r s .  

Sec t ion  V. R e l i a b i l i t y  - genera l  information only.  

Sec t ion  V I ,  Manufacturing and I n s t a l l a t i o n  Techniques - s p e c i f i c  
information f o r  NASA/MSFC hardware systems and c a b l e  
s t r i p p i n g .  General information f o r  o the r s .  

Sec t ion  V I I .  Qual i ty  Assurance - gene ra l  information only.  

* The s e c t i o n s  l i s t e d  are those used f o r  t h e  FCC handbook. 
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The method used t o  compile t h e  hardware d a t a  (Sec t ion  11) on FCC connector 

systems,other than  those  covered by MIL-C-55544 (NASA/MSFC conductor- 

con tac t  connectors  and P ica t inny  Arsenal  pin-and-socket connectors), is  

descr ibed  i n  d e t a i l  as fo l lows .  

The l i s t  of vendors t o  be contacted f o r  FCC connector  d a t a  i n p u t s  was 

compiled and coordinated wi th  NASA/MSFC. Each vendor l i s t e d  w a s  contacted 

by phone by MDC personnel ;  a n  explana t ion  of t h e  FCC handbook w a s  given;  

and a r eques t  w a s  made f o r  a v a i l a b l e  FCC connector da t a .  

t o  c l a r i f y  h i s  product (s )  as product ion,  pro to type ,  o r  proposed. Each 

w a s  reques ted  t o  f u r n i s h  g l o s s  p r i n t s  and a summary d e s c r i p t i o n  of t h e  

va r ious  conf igu ra t ions  submitted.  

and t h e i r  i nd iv idua l  response.  

Each vendor w a s  

Table  6-1 shows t h e  vendors contac ted  

A l l  vendor d a t a  rece ived  were reviewed wi th  NASA/MSFC, and t h e  connector  

d a t a  t o  b e  included i n  t h e  FCC handbook were s e l e c t e d .  These d a t a ,  

modified as requi red  f o r  handbook format and cons is tency ,  were then  added 

t o  t h e  FCC handbook. 

TABLE 6-1 FCC CONNECTOR DATA FOR THE FLAT CABLE HANDBOOK (OTHER) 
VENDOR CONTACT RESULTS 

AC I 

AMP 
Amphenol 

Bendix 

Burndy 

Cinch 

Deutsch 

D i g i t a l  Sensors  

ECS 

ELCO 

F lex ib l e  Products  

Hughes A i r c r a f t  

Methode E lec t ron ic s  

Rogers Corporat ion 

Schj e l d a h l  

Richard Renner 

Dick Crees 

Fred Horn 

Dave Luzadis 

Russ Fieberg 

Roy Whit te  

Hendrick Comea 

Lee  Griswald 

Larry Travis 

Clive Harding 

J i m  Hannum 

John Mi tche l l  

Frank Desio 

Herman Gordon 

Ed Beavan 

Data Furnished 

Data Furnished 

Data Furnished 

Data Furnished 

No Input  

Data Furnished (Not Used) 

No Input  

Data Furnished 

Data Furnished 

Data Furnished 

No Input  

No Input  

Data Furnished 

Data Furnished 

No Input  



6.4 Generation of New Data 

A s  prev ious ly  descr ibed ,  cons iderably  more new d a t a  genera t ion  w a s  r equ i r ed  

f o r  t h e  p repa ra t ion  of t he  handbook than  w a s  o r i g i n a l l y  a n t i c i p a t e d  

New d a t a  requi red  f o r  FCC harness  des ign  and app l i ca t ion ,  comparison between 

FCC and RWC systems, s h i e l d i n g  e f f e c t i v e n e s s  and EMC philosophy were a n t i c i -  

pated,  generated as requi red ,  and included i n  t h e  handbook. 

Other new d a t a  requirements  f o r  t h e  handbook, which n e c e s s i t a t e d  g r e a t e r  

e f f o r t  than  t h a t  o r i g i n a l l y  a n t i c i p a t e d ,  included t h e  gene ra t ion  of FCC 

electrical  c h a r a c t e r i s t i c  d a t a  f o r  capac i tance ,  inductance,  c h a r a c t e r i s t i c  

impedance and v e l o c i t y  of propagat ion;  and t h e  p repa ra t ion  of a q u a l i t y  

c o n t r o l  s e c t i o n  f o r  FCC cable ,  connectors ,  harness  assemblies and i n s t a l -  

l a t i o n .  It w a s  i nd ica t ed  i n  the  beginning of t h e  program t h a t  t h e  

requi red  e lec t r ica l  c h a r a c t e r i s t i c  d a t a  would be a v a i l a b l e  from previous ly  

funded NASA/MSFC programs, and i t  w a s  be l ieved  t h a t  d e t a i l e d  documentation 

on q u a l i t y  c o n t r o l  f o r  t he  NASA/MSFC system would a l s o  be  a v a i l a b l e .  

6.4.1 Electrical  C h a r a c t e r i s t i c s  Data 

6.4 e 1.1 C a D a c i  t ance  

An i n i t i a l  survey w a s  made t o  eva lua te  publ ished tes t  and t e c h n i c a l  d a t a  

on t h e  capac i tance  of var ious  f la t -conductor  cab le  conf igura t ions .  Text- 

books, t e c h n i c a l  art icles,  and tes t  r e p o r t s  w e r e  reviewed. 

The e f f o r t  was then  concent ra ted  on t h e  de te rmina t ion  of capac i tance  

f o r  var ious  conf igu ra t ions  of unshielded f l a t  cab le  i n  f r e e  a i r .  The 

capac i tance  curves,  found i n  Sanders F lexpr in t  C i r c u i t  Design Handbook, 

were ad jus t ed  t o  account f o r  d i f f e r e n t  i n s u l a t i o n  th icknesses  and d i e l ec -  

t r i c  cons tan ts .  

capac i tance  between two adjacent  conductors f o r  a l l  conf igu ra t ions  of  

MIL-C-55543 cables .  Values from t h e s e  curves were then compared wi th  

test  r e s u l t s ,  o t h e r  publ ished va lues ,  and t h e  output  from a computer pro- 

gram. Cor re l a t ion  w a s  acceptab le .  However, i t  became evident  t h a t  

t o l e r a n c e  of conductor-spacing and i n s u l a t i o n  th ickness  p lay  an  important 

p a r t  i n  t h e  capac i tance  va lues  e 

From t h e  ad jus t ed  curves,  i t  w a s  p o s s i b l e  t o  read  t h e  

6-5 



Simi lar  information w a s  generated f o r  double-shielded w i x e  by u t i l i z i n g  

information from t h e  Sanders F lexpr in t  C i r c u i t  Design Handbook and 

unpublished material from M r .  Seck of Hughes A i r c r a f t .  

w i r e ,  manufacturing t o l e r a n c e s  cause a broad range of capac i tance  va lues .  

I n  t h e  handbook, methods were provided t o  t h e  des igner  t o  d e r i v e  capaci-  

t ance  v a l u e s  f o r  nonstandard pcc. These are a n a l y t i c a l  methods der ived  

by W. B. Boast i n  "P r inc ip l e s  of Electric and Magnetic F ie lds , "  Harper 

and Bros., 1948, f o r  unshielded cab le  and curves from unpublished material 

by M r .  Seck of Hughes Aircraft Company, f o r  double-shielded FCC. 

A s  with  unshielded 

The W. B. Boast a n a l y t i c  method of determining capac i tance  between two 

conductors i n  a f l a t  c a b l e  was mechanized t o  f a c i l i t a t e  t h e  many ca lcu la-  

t i o n s  requi red .  Three computer programs w e r e  w r i t t e n  t o  c a l c u l a t e :  

a,  Capacitance between ad jacent  conductors (edge-to-edge) i n  a f l a t  

b. Capacitance between two conductors (edge-to-edge) wi th  i n t e r -  

c .  Capacitance between ad jacent  conductors ( f l a t - t o - f l a t )  i n  

cable .  

vening conductor (s ) ,  (C2 and C6), i n  a f l a t  cab le .  

s tacked f l a t  cab le s .  

These programs are w r i t t e n  i n  For t r an  I V  language f o r  t h e  Univac 1108 

Computer. The capac i tances  C 1 ,  C2, C3, C 4 ,  and C5 are equiva len t  t o  

A,  C3,  Cc,  CD, and C t h e  capac i tances  C 

book. A l l  samples of ou tput  r e s u l t s  are f o r :  t h i ckness  = .004 inch ,  

width = .040 inch ,  and spacing = .035 inch.  

shown i n  s e c t i o n  I11 of t h e  hand- E 

Fur ther  explana t ion  of t h e  use  of t h e  computer program t o  d e r i v e  FCC 

capac i tances ,  t oge the r  wi th  examples of computer p r i n t o u t s ,  is  included 

i n  Volume 11. 



6.4.1.2 Inductance 

Self-inductance and mutual inductance were calculated for adjacent pairs 
of unshielded flat conductors running in a straight line. This was done 
for 23 standard cable configurations, both on an edge-to-edge basis within 

a cable and on a flat-to-flat basis for conductors in stacked cables. 

These calculations were made for cable lengths of 0.1 through 100 feet. 
From these calculated data, the total inductance of these pairs of con- 

ductors was computed for connection in a current-opposing circuit, as in 
transmission lines. 

The inductance calculations were performed with the-aid of a Univac 1108 
digital computer programmed in FORTRAN IV language. A s  input data, the 
computer reads cable length, width and thickness of conductors, center- 
line spacing between conductors, geometric mean distance, and geometric 

correction factor (the latter two were determined from tabulated data by 

Grover (1) ) 

Further explanation of the use of the computer program to derive FCC induct- 
ances together with examples of computer printouts are included in Volume 11. 

Total inductance of the transmission-line pairs is presented in the FCC 

handbook, Section 111. 

6.4.1.3 Transmission-Line Characteristics 

The characteristic impedance and velocity of propagation were computed 

for adjacent, unshielded pairs of conductors in edge-to-edge and flat-to- 
flat arrangements for each of 23 standard FCC configurations. These 
computations were made under assumptions of negligible series-resistance 

and shunt conductance. They are presented in the FCC Handbook, Section 111, 
paragraph 3.2.3.1.6 and 3.2.3.1.7, respectively. 

Grover Frederick W. , Inductance Calculations : Working Formulas 
and Tables. Dover, 1962. 



6 . 4 . 2  Shie ld ing  Ef fec t iveness  and EMC Philosophy 

Considerable  new d a t a  w e r e  generated f o r  s h i e l d i n g  e f f e c t i v e n e s s  and EMC 

philosophy f o r  FCC app l i ca t ion .  Deta i led  explana t ions  are contained i n  

s e c t i o n  V I 1  of volumes I and I1 of t h e  f i n a l  r e p o r t ,  and s e c t i o n  I11 of 

t h e  FCC handbook. 

FCC, a l a r g e  number of capac i tance  and inductance measurements w a s  made on 

a l l  a v a i l a b l e  FCC conf igu ra t ions  t o  provide e m p i r i c a l  d a t a  t o  be used wi th  

the  e lectr ical  c h a r a c t e r i s t i c  curves ,  c h a r t s ,  and formulas included i n  

t h e  FCC handbook. 

Concurrent w i th  t h e  sh i e ld ing -e f f ec t iveness  t e s t i n g  on 

6 . 4 . 3  Qual i ty  Control  

The l a c k  of publ ished qua l i ty -con t ro l  d a t a  f o r  cab le ,  connectors ,  and 

assembly of FCC harnesses  caused MDC t o  i n i t i a t e  new, d e t a i l e d  qua l i t y -  

c o n t r o l  requirements .  Af t e r  much coord ina t ion  wi th  NASA/MSFC, s e c t i o n  V I 1  

"Quality Assurance - Inspec t ion  Test Procedures'' w a s  prepared f o r  t h e  FCC 

handbook . 

6 . 4 . 4  Other Data 

Other d a t a  generated f o r  t h e  FCC handbook inc lude  t h e  FCC sepa ra to r  and 

i t s  use ,  as descr ibed  i n  s e c t i o n  V of t h i s  r e p o r t ,  and a new concept f o r  

a u n i v e r s a l ,  mult iple-connector  d i s t r i b u t i o n  u n i t  descr ibed i n  s e c t i o n  

I V  of t h e  FCC handbook. 



SECTION VI1 

7. EVALUATION TESTS 

7 1 Introduction 

It was initially proposed to conduct a series of tests on clamps, FCC, 
and FCC connector assemblies to verify the flight suitability and system 

performance of the hardware and system philosophy developed on this 

program. The proposed tests can generally be categorized as follows: 

a. Mechanical tests 

b. Temperature Cycling tests 

c. Electrical tests 

d. EMC tests 

The mechanical tests would include static and dynamic loads, vibration, 

flexing, et cetera. The temperature-cycling test agreed upon was: 

+200°C for 45 minutes, then -65°C for 45 minutes for one complete cycle. 

Three complete cycles would be made to verify suitability of the system 

to perform satisfactorily over the expected temperature range. The 
electrical tests would include eontinuity, insulation resistance, and 

voltage-withstand for FCC and FCC connector assemblies. The EMC tests 
would verify the shielding effectiveness of the shielded termination 
system selected. Additional laboratory testing would provide limited 

electrical characteristic data required to compile capacitance and 
inductance data for the handbook. 

7.2  Initial Test Plans 

The initial test plans for the developed shield-termination system are 

given in 7.2.1 and 7.2.2. NASA/MSFC was to furnish test specimens for 
hardware which they had developed and manufactured. MDC defined these 

requirements, and the specimens were delivered by NASA/MSFC on schedule. 

These included various cable types, and connector assemblies with FCC 
plugs as required. 
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7.2.1 Preliminary Test Plan - Shielded Termination System. Electrical 
and Mechanical 

7.2.1.1 Scope 

The purpose of these tests is to evaluate the shielded flat-cable and 

termination system developed by MDC on the Flat Cable Phase I11 

Study conducted for NASA. 

7.2.1.2 Test SDecimens 

Tests will be made on various shielded cables including: 

a. Methode screen shield 

b. W. L. Gore perforated shield 
c. 

d. 
Methode solid-copper shield for NASA/MSPC ATM 

Methode solid Moly Permalloy shield developed by MDC 

Tests will be made on various shielded cable assemblies including: 

MDC premolded, shielded-plug assembly with aluminum backshell 
with: 

1. Methode solid-copper shielded cable 
2. Methode solid Moly Permalloy shielded cable 

7.2.1.3 Tests to be Performed 

In general, the test procedures for the tests to be performed are in 

accordance with MIL-C-XXXXX, which Douglas has prepared for shielded 
flat-conductor cable and in accordance with MIL-C-55544 for flat-cable 

connectors, 

7.2.1.3.1 Cable Tests 

Cable tests would consist of the following: 

a. Temperature Cycling and Shrinkage 
b. Bend Test - high and low temperature 
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C. 

d. 
e. 

f. 

g *  
h. 

i. 

j. 

Vibration 

Flexure - high and low temperature 
High Voltage 

Insulation Resistance 

Moisture Resistance 

Tensile and Elongation - shield material 
Thermal Shock 

High Temperature at Low Pressure 

7.2.1.3.2 Connector Assembly Tests 

Connector assembly tests would consist of the following: 

a. 

b. 

C. 

d. 
e. 

f. 

g. 
h. 

i. 

j ,  

Temperature Cycling 

Mating and Unmating. 
Vibration 

Endurance Flexing 
High Voltage 

Insulation Resistance 

Voltage Drop 
Moisture Resistance 

Leakage 
Low Pressure Altitude 

7.2.2 Preliminary EMC Test Plan 

7.2.2.1 Scope 

The purpose of these tests was to be evaluation of the shielded flat cable 

and termination system developed by MDC on the Flat Cable Phase I11 Study 

conducted for NASA/MSFC. 

7.2.2.2 Test Specimens 

FCC, both shielded and nonshielded, plug assemblies, and harness assemblies 

of various configurations were to be prepared for testing. 



7.2.2.3 Tests to be Performed 

7.2.2.3.1 Bulk Cable Tests Shielded and Nonshielded 

Tests were to be performed on shielded and nonshielded cables provided by 
various flat cable vendors, and on separate copper and magnetic foils 
between nonshielded cables, plus dielectric spacers between nonshielded 

cables, as follows: 

a. Capacitance measurements 

1. Conductor-to-conductor mutual capacitance 

2. Conductor-to-shield shunt capacitance 

b. Inductance measurements 
1. Conductor-to-conductor mutual inductance 

2. Conductor self-inductance 
3 .  Shield self-inductaxe 

c. Resistance measurements 
1. Conductor series resistance 

2. Conductor leakage resistance to both shield and other 
conductor 

3 .  Shield series resistance 

4 .  Shield plane-to-shield plane contact resistance (where 

5. Shield plane-to-shield conductor contact resistance 

applicable) 

(where applicable) 

d. Transmission l o s s  versus frequency measurements 
e. Shielding effectiveness from audio through radio-frequency 

spectrum. 

1. Cable coupling 

(a) Magnetic 

(b) Electrostatic 

2. Radiated field 

(a) Magnetic 

(b) Electrostatic 

(c) Plane wave 



7 . 2 . 2 . 3 . 2  Connector Assembly Tests (One connector with short lengths 
of cable) 

Connector assembly tests were to be performed as follows: 

a. Shielding effectiveness from audio through radio frequency 
spectrum 

1. Radiated field 

(a) Magnetic 

(b) Electrostatic 

(c) Plane wave 

These tests were also to be performed with magnetic-shielded cable and 
magnetic shells on plug and receptacle. 

7 . 2 . 2 . 3 . 3  Harness Assemblies (6-foot harnesses with plugs at both ends) 

Tests were t o  be performed as follows: 

a. Shielding effectiveness from .audio through radio frequency 
spec t r um 
1. Cable coupling 

(a) Magnetic 

(b) Electrostatic 

2 .  Radiated field 

(a) Magnetic 

(b) Electrostatic 

(c) Plane wave 

7 . 3  Actual Tests Performed (or to be performed) 

As the result of the greater-than-anticipated effort required in the 

specification, shielded-termination system development, and accumulation 

of technical data for the handbook, the actual testing performed on the 

program in some areas was less than that originally anticipated. However, 

the EMC testing, as explained in detail in 7 . 4 ,  was even greater than 

7-5 



that originally proposed. This was necessitated by the lack of EMC and 

electrical-characteristic data which were supposed to be available from 

Hughes Aircraft and Picatinny Arsenal studies funded by NASA/MSFC. 

7.3.1 Clamp Tests 

The testing of FCC clamps was limited to the cold-flow tensile-load 

tests performed on the metal grommeted Velcro lap clamps. This test 

setup is shown in figure 5-3, and the test description is given in 

Section V. 

7.3.2 Temperature-Cycling Tests 

A large number of temperature-cycling tests were made to evaluate various 
FCC cable constructions, hardware, and methods of assembly for shielded- 

plug assemblies. 

Encapsulated and polished sections of various FCC cable construc- 
tions, both shielded and nonshielded, were prepared, and 8-1/2 x 11 
colored microscopic photographs were made. Douglas colored prints, 

numbers 23122 through 23151, show the cross sections of the cable as 

received from the manufacturer and after temperature-cycling 
as described in 7.1. A set of the colored prints, together with an 
evaluation explanation of them, was furnished to NASA/MSFC in December 1967 
These microscopic colored prints contain a wealth of information for 

FCC evaluation and suggestions for future fabrication methods and 

development e 

Temperature cycling tests were performed on various shielded FCC plug 

parts and assemblies to evaluate their ability to meet the established 

program requirements. 

Various plating techniques were evaluated for possible plating of the 

required conductive outer shield directly to the plug body. 



Figure 7-1 shows three diallyl phthalate potting cups which have been 
electroplated with aluminum and then temperature-cycled. 

small cup had no defects, the two larger cups had extensive blister 

areas where the plating separated from the cup material. 

Although the 

Figure 7-2 shows three more plating techniques, with the results after 

temperature cycling. The glass-filled epoxy plug body, electroplated 
with several microinches of aluminum, satisfactorily withstood the 

temperature cycling. 

blistered and peeled badly. The electrolytic copper deposit on the 

diallyl phthalate bar flaked off during temperature cycling. 

The potted module with the aluminum plasma spray 

Figure 7-3 shows three samples electroplated by the Shipley process. 

The Amphenol Flex-1 218 diallyl phthalate plug body offered a good 
simulation of the actual parts required. The thin walls of the potting 
cups gave the plating adhesion an even greater test during temperature 

cycling. All the plating, which was 10 to 15 mils thick, successfully 
withstood the required temperature cycling. 

Additional samples, as defined by drawing 1T10649 EO “pt t  and plated by 

United-Carr, Inc., satisfactorily passed the temperature cycling. These 
parts had approximately 7 mils of multilayer plating with alternate 

layers of copper and permalloy. 

The plating methods for the Shipley process and the United-Carr process 
are further explained in section 2.0. 

Figure 7-4 shows typical shielded-plug-assembly test samples after 

temperature cycling. The design objective was to make and maintain 

electrical continuity between FCC shields and the metal backshell of 

the plug. The copper sheet was soldered to the FCC shield to facilitate 

the taking of bridge measurements. Tests results continually indicated 

inconsistencies in the continuity between the shields and the backshell. 
The dissected cross section shows some of the mechanical and electrical 

problems associated in the development of this plug design concept. 
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Figure 7-5 shows the test fixtures developed for evaluation of conductive 

potting materials, bonding of plug assemblies in the cable entry area, 

and bonding of backshells to plug bodies. Temperature cycling, followed 

by dissection of the specimens, permitted evaluation for design suitability. 

Figure 7-6 shows a NASAIMSFC solder-type FCC receptacle which has been 
temperature cycled. The potting material in the rear of the receptacle 

has charred and cracked from the 200°C temperature exposure. 

7.3.3 Electrical Tests 

A series of electrical tests was conducted on various shielded-plug- 

assembly configurations. 

and plug metal backshells, and insulation resistance and voltage withstand 
was measured between the FCC conductors and cable shields or backshells. 

Figure 7-4 shows a typical specimen on which these tests were performed. 

Continuity was measured between the FCC shields 

Resistance measurements between the FCC shields and the metal backshell 

ranged from 3 to 50 milliohms prior to temperature cycling, and from 3 

to several hundred milliohms after temperature cycling. However, there 

were inconsistent high-resistance readings, several ohms to open, in a 

number of cases both before and after temperature cycling. It was con- 
cluded that the method of making the shield termination to the plug 

backshell was not reliable and could not be predicted from connector to 
connector. 

The insulation resistances between the conductors and the plug backshell 

were inconsistent. In many instances, this resistance, measured with a 
500-volt DC megohm meter, was essentially zero. However, for the majority 

of conditions, the resistance was in excess of the required 5000 megohms. 

It was concluded that the low-resistance cases resulted primarily from 

cable insulation damage incurred during cable stripping. 



The voltage-withstand testing at 1500 volts, 60 cycles rms, caused a 
large percentage of conductor failures. It was suspected that the 

failures were the result of a voltage high-stress field at the edge of 

the stripped shield. To verify this suspicion, a one-half mil copper 

foil was clamped with styrafoam to a nonshielded FCC with the half-mil. 

foil ending approximately 1 inch from the end of the nonshielded cable. 
At the other end, the copper foil curved gently away from the insulated 
FCC. When the voltage-withstand test was performed on this specimen, 

failure occurred consistently at approximately 1500 volts rms. Next, 
the shield was folded back on itself on the end which was clamped to 

the nonshielded FCC. This increased the average breakdown voltage to 

2500 volts rms, thus verifying that the voltage stress-field at the 
stripped edge of the cable contributed significantly to voltage break- 

down. Increasing the insulation thickness between the shield and con- 
ductors, or folding the shield at the cable end, will increase the final 

assembly voltage-withstand capability. 

7.3.4 Flexing Tests 

Magnetic-shielded FCC specimens, per drawing 1T11017, were furnished to 
NASA/MSFC for cable flexure tests as specified in paragraph 3.5.9 of 

MIL-C-55543. The number of flexures for the high and low temperatures 
was 500 each. 

shielded cable met the specification requirements. 

It was reported verbally by NASA/MSFC that the furnished 

Two shielded-plug assemblies, with the same type of magnetic-shielded 
FCC assembled so that the cable shields were floating (not connected to 

the plug backshell), were furnished to NASA/MSFC for flexure tests as 

specified in paragraph 3.15 of MIL-C-55544. The results of these tests 

were never furnished to MDC. 

7.3.5 Tensile Testing of Lashclad Shielding Material 

Samples of Lashclad shielding material were tensile tested on a 5K 

Baldwin testing machine. These tests were prompted by shielding 
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mechanical f a i l u r e s  i n  pro to type  samples prepared wi th  Lashclad s h i e l d i n g  

materials. 

over a one-half i nch  mandrel. 

w a s  t o  determine t h e  percentage  e longa t ion  f o r  t h e  Lashclad composition 

material  (one m i l  Kapton p l u s  e l ec t rodepos i t ed  s h i e l d i n g  material of 

less than  one m i l )  p r i o r  t o  t e n s i l e  f a i l u r e .  

The s h i e l d  cracked when t h e  p ro to type  cab le s  were formed 

The primary purpose of t h e  t e n s i l e  t e s t i n g  

Four each,  s tandard  necked-down specimens were prepared f o r  t h e  Lashclad 

type  K and type  KX materials, Table  7-1 l i s t s  t h e  r e s u l t s  of t h e  tests.  

The e longa t ion  of approximately 2 percent  f o r  t h e  KX type  (copper and 

n icke l - i ron)  and approximately 5 pe rcen t  f o r  t ype  K (copper) is  inadequate  

f o r  s h i e l d e d  FCC cons t ruc t ion .  

f o i l s  w i l l  e longa te  approximately 30 percent .  

completed, t h e  Lashclad material w a s  no longer  considered as a s u i t a b l e  

s h i e l d i n g  material f o r  t h i s  program. 

Annealed copper and Moly Permalloy s h i e l d i n g  

A f t e r  t h i s  t e s t i n g  w a s  

Table  7-1 

SHIELDING MATERIAL TENSILE TESTS 

Speci- 
man 
No. Code 

CROSS SECTION 

Width 

0.250 

0.250 

0.250 

0.250 

0.250 

0.250 

0.250 

0 a 250 

Thick 

0 00125 

0.00125 

0.00125 

0.00125 

0 (I 00140 

0 a 00140 

0 e 00140 

0 a 00140 

Area 

0.00031 

0 e 00031 

0.00031 

0.00031 

0.00035 

0 00035 

0 a 00035 

0 e 00035 

Yield 

Load 

6.2 

6.2 

6.5 

6.4 

15.5 

17.5 

14.1 

P .S . I .  

20 9 000 

20,000 

20,965 

20,645 

44,285 

50 000 

40 285 

U1 t i m a  t e 

Load 

9.8 

8.3 

8 .5  

9.7 

20.4 

2 1 . 1  

20.1 

17.9 

P . S . I .  

31 610 

26,775 

27  , 420 

31 290 

58,285 

60,285 

57,430 

-51,140 

h / I n  
Zlonga- 
:ion 

0.071 

0 .021  

0.037 

0.063 

0.016 

0 e 015 

0.012 

0 027 
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7.3.6 Harness Assembly Tests ( t o  be  performed) 

Many of t h e  e lec t r ica l  and mechanical tests l i s t e d  on t h e  7 .2 .1  proposed 

test  p l a n  could no t  b e  accomplished because of specimen a v a i l a b i l i t y ,  

and program funding and schedule  r e s t r i c t i o n s .  I n  l i e u  of t e s t i n g  only 

one FCC assembly conf igu ra t ion ,  f o u r  s e p a r a t e  systems are t o  be  included 

on harness  eva lua t ion  tests t o  be performed by MDC f o r  another  space 

a p p l i c a t i o n  program. 

7.3.6.1 FCC Test Specimen Descr ip t ion  

The FCC harnesses  t o  be  t e s t e d  are  descr ibed  as fol lows:  

a. 

b .  

C. 

d. 

The NASA/MSFC 7 5 - m i l  c e n t e r  conductor-contact connector 
system, as def ined by t h e  proposed MIL-C-55544 FCC connector 
s p e c i f i c a t i o n .  (Drawings PM11472 and PM11473). 

The P ica t inny  Arsenal ,  Doverg New Je r sey ,  pin-and-socket 
connector system, as def ined  by t h e  proposed MIL-C-55544 FCC 
connector s p e c i f i c a t i o n .  (Drawing P9232091). 

The Cannon ITT Micro D metal backshe l l  connector system. 
Pin-and-socket con tac t s  on 50-mil c e n t e r l i n e  u t i l i z e  the  
i n s u l a t i o n  weld-through technique f o r  conductor te rmina t ion .  

(Drawing ME1588-0000). 

The Microdot connector,  designed e s p e c i a l l y  f o r  FCC wi th  50-mil 
c e n t e r l i n e  pin-and-socket con tac t s .  The weld-through technique 
i s  a l s o  used on t h i s  design.  (Drawing 095-0507-0009). 

Addi t iona l  drawings prepared f o r  t h e  FCC harness  i n s t a l l a t i o n s  on t h e  

test  f i x t u r e s  are: 

a. 1T16044 

b. 1T16027 

c. 1T16019 

Harness I n s t a l l a t i o n ,  F l a t  Cable, Test 

Bracket Plug Assembly 

Clamp, Metal, Assembly 

A l l  t h e  drawings l i s t e d  above are included i n  Volume I1 of t h i s  r e p o r t .  

Each FCC tes t -harness  conf igu ra t ion  conta ins  one FCC plug assembly wi th  

FCC plugs a t  both ends, and two RWC* receptacle assemblies  which mate 
wi th  t h e  FCC plug assemblies .  The o the r  ends of the  RWC harnesses  w i l l  

be  connected t o  t h e  test  ins t rumenta t ion .  The FCC assemblies  w i l l  be 
sub jec t ed  t o  t h e  environmental  tests t o  b e  performed. 

*Round w i r e  cab le  



7.3.6.2 RWC Test Specimen Description 

The test-specimen wire-harness assemblies will consist of various wire 

sizes and connector types used throughout the vehicle program. 

will be multiple-conductor wire, shielded and unshielded wire harness- 
crimping techniques, various connector pin sizes and arrangements, 

receptacle mounted methods, and bundling or wrapping materials to be 
used. The assemblies will be mounted on simulated vehicle structure. 

Included 

7.3.6.3 Test Objectives 

The test objectives are the evaluation testing of the wire harness 
assemblies, wiring, and wiring installation methods for the intended 

purpose. Pull tests will be performed on specified connectors to 
determine that crimping methods will adeuqately retain the wire without 

applying damaging pressure to wire and connector pins. Wire harness 

assemblies will be subjected to a humidity test which will evaluate the 

moisture penetration with resulting insulation degradation. 

7.3.6.4 Test Environments and/or Conditions 

The test specimens will be tested to the environments specified below. 

a. 

b. 

C. 

d. 

2 Vibration - Random vibration of 2.1 g 
(rms) for three minutes each on each axis. Harnesses will be 
monitored for continuity during vibration. The units under 
test will be examined for abrasion, wire integrity, and con- 
tinuity following the vibration cycle. 

Vacuum Testing - The units under test will be subjected to 
thermo-vacuum testing at the anticipated shroud temperatures; 
8 hours at low temperature and 18 hours at high temperature, 
with wire carrying rated current. 

Humidity - Humidity testing per Air Force Standard 810 Methode 
507-1 will be conducted. 

Hypergolic Fuel Compatibility - Fuels per MIL-P-27402, 
MIL-P-27404 and MIL-P-26539 will be used. Mist Test - These 
fuels will be sprayed on the specimens at a 45-degree angle 
until they are thoroughly wetted. 
for 24 hours. Gaseous Test - The test specimens will be 
exposed to the above fuels in a gaseous state at 70 degrees for 
1 hour. 

per cps average 58-112 g 

They will then be air-dried 

Then the specimens will be air-dried for 24 hours. 



Afte r  each of t h e  above t e s t i n g  and p repa ra t ion  procedures,  t h e  harness  

s h a l l  be  v i s u a l l y  checked, and e l e c t r i c a l  tests f o r  con t inu i ty  and 

d i e l e c t r i c  s t r e n g t h  w i l l  be  performed. 

The fol lowing environmental  tests are now scheduled: 

Funct iona l  

Humidity 

Vacuum 

Vibra t ion  

Temperature A l t i t u d e  

Hypergolic Compatibi l i ty  

The cu r ren t  schedule  f o r  t h e  completion of t h e s e  tests i s  t h e  end of 

1968 e 

7.4 Electromagnet ic  Compatibi l i ty  Tests 

7.4.1 In t roduc t ion  

Most of us are f a m i l i a r  wi th  t h e  s l a p s t i c k  comedy i n  which a handyman 

makes plumbing r e p a i r s ,  and water s p u r t s  from t h e  l i g h t  f i x t u r e  when t h e  

switch is turned on. Complex e l e c t r o n i c  systems have exh ib i t ed  similar 

tendencies  under f a r  less humorous condi t ions .  The success  of  a r ecen t  

l una r  photography probe was s e r i o u s l y  jeopard ized  when i n t e r f e r e n c e  from 

an electric motor t r i g g e r e d  a camera s h u t t e r  prematurely,  causing t h e  

h igh- reso lu t ion  photographs t o  be  smeared. 

f u l  r e s u l t  of a mul t imi l l i on  d o l l a r  space program might e a s i l y  have been 

l o s t ,  wi thout  hope of retrieval,  because t h e  motor and s h u t t e r  mechanism 

were e l ec t romagne t i ca l ly  incompatible .  

A major po r t ion  of t h e  use- 

7.4.2 Spurious Coupling i n  Cables 

Electromagnet ic  compa t ib i l i t y  is t h e  branch of e l e c t r i c a l / e l e c t r o n i c  engi- 

neer ing  eva lua t ion  and reduct ion  of spur ious  coupling between sources  of 

e l e c t r i c a l  i n t e r f e r e n c e  and e lectr ical  c i r c u i t s  s u s c e p t i b l e  t o  such 

i n t e r f e r e n c e .  The in t e rconnec t ion  wir ing ,  e x t e r n a l  t o  e l e c t r i c a l /  

e l e c t r o n i c  packages, i s  f r equen t ly  t h e  c r i t i ca l  i t e m  i n  an  e l e c t r o -  

magnet ical ly  compatible system. The long runs of cab le  provide an 
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excep t iona l  oppor tuni ty  f o r  spurious-coupling pa ths  t o  develop. The 

phys ica l  r e l a t i o n s h i p  of conductors,  and t h e  type  of cable ,  are t h e  only 

major f a c t o r s  i n  system cabl ing  t h a t  can be modified t o  reduce spur ious  

coupling a 

Spurious-coupling pa ths  are combinations of  d i s t r i b u t e d  electrical  

parameters  and lumped c i r c u i t  cons t an t s  t h a t  form a series of frequency- 

s e n s i t i v e  vo l t age  o r  c u r r e n t  d i v i d e r  networks. These frequency- 

s e n s i t i v e  d i v i d e r  networks are extremely s imple c i r c u i t s  t h a t  are r e a d i l y  

understood once t h e  knack of v i s u a l i z i n g  d i s t r i b u t e d  parameters is 

acquired. 

and magnetic and electric coupling e 

The t h r e e  b a s i s  modes of spur ious  coupl ing are common impedance, 

When a conductor i s  shared  by several c i r c u i t s ,  t h e  flow of cu r ren t  from 

one c i r c u i t  through t h e  common impedance of a conductor produces a vo l t age  

drop t h a t  may a f f e c t  t h e  opera t ion  of o t h e r  c i r c u i t s  sha r ing  t h e  same 
conductor. 

channels,  i n t e rchanne l  c r o s s t a l k  w i l l  occur.  A t  low f requencies ,  t h e  

common impedance i s  p r imar i ly  resistive, bu t  above t h e  low audio frequen- 

cies conductor ‘ reactance may become t h e  dominant f a c t o r .  

I f  t h e  common impedance i s  a s i g n a l  r e t u r n  f o r  several similar 

The mere ex i s t ence  of a l o n g i t u d i n a l  conductor creates a s m a l l  bu t  f i n i t e  

inductor .  When two conductors are i n  c l o s e  proximity t o  each o the r ,  they 

form a t ransformer due t o  t h e i r  magnetic 

Any v a r i a t i o n  i n  the  vo l t age  appl ied  ac ross ,  o r  t h e  cu r ren t  f lowing 

through, one conductor i s  induc t ive ly  coupled i n t o  t h e  o t h e r  conductor 

as a vo l t age  o r  c u r r e n t ,  due t o  t h i s  t ransformer ac t ion .  

coupl ing o r  mutual inductance.  

When two conductors are i n  c l o s e  proximity to each o the r ,  they form .a 

small b u t  f i n i t e  capac i to r .  The conductors are c a p a c i t o r  e l ec t rodes ,  

and t h e  i n s u l a t i o n  and any o t h e r  nonconductive materials form t h e  capac i to r  

d i e l e c t r i c .  

is  capacitance-coupled i n t o  t h e  impedances connected t o  t h e  o t h e r  

conductor. 

Any v a r i a t i o n  i n  the  vo l t age  app l i ed  t o  one of t h e  conductors 
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7 . 4 . 3  Evaluat ion of Electromagnet ic  Coupling i n  Cabling 

The spur ious  coupl ing t h a t  occurs  between cable  conductors i s  a func t ion  

of t h e  d i s t r i b u t e d  e lec t r ica l  parameters  of t he  cable  conductors,  t h e  

te rmina t ion  impedances a t  t h e  ends of t h e  conductors,  t h e  i n t e r f e r e n c e  

waveform o r  frequency components, and a f e w  b a s i c  phys i ca l  l a w s .  

t h e  d e t a i l e d  e lec t r ica l  parameters of t h e  conductors,  t h e  te rmina t ing  

e l e c t r i c a l / e l e c t r o n i c  hardware, and t h e  i n t e r f e r e n c e  waveform are r a r e l y  

a v a i l a b l e ,  t h e o r e t i c a l  s o l u t i o n s  and classic l abora to ry  experiments 

u t i l i z i n g  e lec t r ica l  s imula t ions  are gene ra l ly  imprac t ica l .  

Since 

Laboratory measurements must u t i l i z e  a c t u a l  cab le s  i n  t y p i c a l  cable-stack 

geometr ies  t o  ensure  t h e  i n c l u s i o n  of a l l  d i s t r i b u t e d  e lec t r ica l  cab le  

parameters and conductor geometry cons ide ra t ions  necessary f o r  v a l i d  tes t  

r e s u l t s .  The e lec t r ica l  c h a r a c t e r i s t i c s  of t h e  t r ansmi t t i ng  t ransducer ,  

t h e  rece iv ing  t ransducer  and the  geometry of t h e  two t ransducers ,  and t h e  

in te rvening  propagat ion pa th  have a s i g n i f i c a n t  e f f e c t  on t h e  r e s u l t s  of 

c r o s s t a l k  and s h i e l d i n g  e f f e c t i v e n e s s  tests. 

I 

7.4 .4  Test Methoda 

Magnetic c r o s s t a l k  between ad jacent  conductors i n  t h e  same cab le  l a y e r ,  

o r  ad jacent  conductors i n  s tacked  cables ,  was measured by passing a 
c u r r e n t  through one conductor and measuring t h e  r e s u l t a n t  cu r ren t  induced 

i n  t h e  ad jacen t  conductor.  The exc i t ed  conductor was i n s e r t e d  between 

t h e  s t r u c t u r a l  ground p lane  and t h e  low-impedance end of t h e  s i g n a l  

source  (Figures  7 - 1  and 7-2) load  r e s i s t a n c e  t o  minimize t h e  p o t e n t i a l  

on t h e  conductor and d i sc r imina te  aga ins t  e l e c t r i c  coupling. The sensing 

conductor w a s  connected between t h e  s t r u c t u r a l  ground-plane and the  

50-ohm input  of t h e  monitoring ins t rumenta t ion  (Figures  7-8 and 7-10) t o  

minimize t h e  sens ing -c i r cu i t  impedance and d i sc r imina te  a g a i n s t  e lec t r ic  

coupling. The monitoring ins t rumenta t ion  cons is ted  of a series of s ens i -  

t ive  audio- and radio-frequency receivers wi th  s i g n a l  level i n d i c a t o r s  

used as tunable  vol tmeters .  Since t h e  receiver i n p u t  impedance w a s  known, 

t h e  i n p u t  vo l t age  could be converted t o  cu r ren t .  

cu r ren t  t o  sensed cu r ren t  w a s  p l o t t e d  versus  frequency. 

The r a t i o  of e x c i t i n g  
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Electr ic  c r o s s t a l k  between ad jacent  conductors i n  t h e  same cab le  l a y e r ,  

o r  ad jacen t  conductors i n  s tacked  cab le s ,  w a s  measured by applying a 

vo l t age  t o  one conductor and measuring t h e  r e s u l t a n t  vo l t age  induced on 

the  ad jacen t  conductor.  The exc i t ed  conductor w a s  connected t o  the  high- 

impedance end of  t h e  s i g n a l  source (Figures  7-7 and 7-9 )  load ,  and t h e  

f a r  end w a s  open-circui ted t o  prevent  t h e  i n t e n t i o n a l  f low of cu r ren t  

and d i sc r imina te  a g a i n s t  magnetic coupling. 

connected t o  t h e  high-impedance input  of t h e  monitoring ins t rumenta t ion  

(Figures  7-9 and 7-10), and t h e  f a r  end w a s  open-circui ted t o  prevent  t h e  

flow of induced cu r ren t  and t o  d i sc r imina te  a g a i n s t  magnetic coupling. 

The monitor ing ins t rumenta t ion  cons is ted  of a high-impedance audio- 

frequency receiver wi th  a s igna l - l eve l  i n d i c a t o r  used as a tunab le  vo l t -  

meter and an  u l t r a s e n s i t i v e ,  high-impedance osc i l l o scope .  Above 200 k i l o -  

h e r t z  t h e  50-ohm r a d i o  r e c e i v e r s  were used, due t o  t h e  l a c k  of more 

s u i t a b l e ,  commercially a v a i l a b l e  ins t rumenta t ion .  The r a t i o  of e x c i t i n g  

vo l t age  t o  sensed vo l t age  w a s  p l o t t e d  ve r sus  frequency. 

The sens ing  conductor w a s  

7.4.5 Data Format 

Magnetic c r o s s t a l k  between ad jacent  conductors i n  the  same l a y e r  of 

sh i e lded  conductors w a s  p l o t t e d  versus  frequency. A r e fe rence  curve,  

showing magnetic c r o s s t a l k  versus  frequency f o r  t h e  equiva len t  unshield- 

conductor conf igura t ion ,  w a s  shown. The d i f f e r e n c e  between t h e  two curves 

was p l o t t e d  as magnet ic-crosstalk reduct ion  ve r sus  frequency f o r  t h e  s h i e l d  

conf igu ra t ion  shown. 

Electr ic  c r o s s t a l k  w a s  p l o t t e d  using t h e  same b a s i c  procedure.  

Magnetic coupling, between ad jacent  conductors i n  s tacked  cab le s  i s o l a t e d  

by a s h i e l d ,  w a s  p l o t t e d  ve r sus  frequency. A reference curve, showing 

magnetic c r o s s t a l k  versus  frequency f o r  t h e  equiva len t ,  unshielded- 

conductor conf igura t ion ,  w a s  shown. The d i f f e r e n c e  between t h e  two 

curves w a s  p l o t t e d  as magnetic-shielding e f f e c t i v e n e s s  versus  frequency 

f o r  t h e  s h i e l d  conf igu ra t ion  shown. 

E lec t r i c - sh ie ld ing  e f f e c t i v e n e s s  w a s  p l o t t e d  us ing  t h e  same b a s i c  

procedure.  
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Curves showing c r o s s t a l k  coupling and s h i e l d i n g  e f f e c t i v e n e s s  are shown 

i n  Volumn 11, Sec t ion  11-7, f i g u r e s  3-38 t h r u  3-56 and 3-58 t h r u  3-73. 

7.4.6 Transmission Losses 

The d i s t r i b u t e d - s e r i e s  inductance and shunt  capac i tance  of a conductor 

form a d i s t r i b u t e d  low-pass f i l t e r  t h a t  a t t e n u a t e s  high-f requency energy 

t r ansmi t t ed  down t h e  conductor. Transmission loss  is  measured by apply- 

ing  a known vo l t age  or cur ren t  t o  one end of t h e  conductor and measuring 

t h e  vo l t age  o r  c u r r e n t  appearing a t  t h e  o t h e r  end of t h e  conductor. 

The te rmina t ion  impedances a t  t h e  two ends of t h e  cab le  have a s i g n i f i c a n t  

e f f e c t  on t h e  measured t ransmiss ion  l o s s .  Since most e l e c t r o n i c  systems 

u t i l i z e  mismatched t ransmiss ion  systems, t h e  t ransmiss ion  l o s s  was 

measured a t  t h e  two extreme te rmina t ion  impedances normally a n t i c i p a t e d ,  

1 ohm and 100,000 ohms. The r a t i o  of e x c i t a t i o n  vo l t age  t o  sensed vo l t age  

was p l o t t e d  versus  frequency f o r  t h e s e  two impedances. 

The same s i g n a l  sources  (Figure 7-7) and monitoring ins t rumenta t ion  

(F igure  7-10), used f o r  cab le  and connector spurious-coupling measurements,. 

w a s  a l s o  used f o r  t ransmission-loss  measurements. The 50-ohm s igna l -  

source impedance w a s  reduced t o  1 ohm by i n s e r t i n g  a 1-ohm r e s i s t a n c e  

between the  low-impedance end of t h e  50-ohm load  and the s t r u c t u r a l  ground- 

p lane ,  and connect ing the  cab le  conductor t o  t h e  j u n c t i o n  (Figure 7-11). 

The monitor ing ins t rumenta t ion  inpu t  impedance w a s  reduced t o  1 ohm by 

connecting a 1-ohm r e s i s t a n c e  between the  inpu t  connector and s t r u c t u r a l  

ground p lane  (Figure 7-11), 

The 50-ohm s i g n a l  source  impedance w a s  increased  t o  100,000 ohms by 

i n s e r t i n g  a 100,000-ohm r e s i s t a n c e  between t h e  high-impedance end of t he  

50-ohm load ,and t h e  conductor (Figure 7-12). The audio-frequency monitor- 

ing  ins t rumenta t ion  had a 100,000-ohm inpu t  impedance a v a i l a b l e  (Figure 7-12). 

The osc i l l o scope  inpu t  impedance of lmegohm w a s  reduced t o  100,000 ohms 

by connecting a 110,000-ohm r e s i s t e n c e  between t h e  input  connector and 

s t r u c t u r a l  ground p lane  (Figure 7-12). 

Curves showing t ransmiss ion  l o s s e s  are included i n  Volume 11, Sect ion  11-7, 

f i g u r e s  3-112 through 3-115. 



7.4.7 Capacitance and Inductance 

The capac i tance  and inductance of t h e  f l a t - c a b l e  conductors was measured, 

us ing  t h e  electrical br idges  and cab le  form shown i n  F igures  7-7 and 7-8. 

7 - 4 e 8 T e s t  EauiDment 

The test  equipment used on t h i s  program is  l i s t e d  i n  Table 7-2. 

7.4.9 T e s t  F a c i l i t y  

The tes t  w a s  performed i n  an  e lec t romagnet ica l ly  sh i e lded  enc losure .  The 
test specimen and monitoring ins t rumenta t ion  were loca ted  i n s i d e  t h e  enclos-  

s u r e  (F igure  7-4). The s i g n a l  sources  were loca ted  o u t s i d e  t h e  enc losure  
(Figure 7-1). The enc losure  served as an  i s o l a t i o n  s h i e l d  between t h e  s i g n a l  
sources  and monitoring ins t rumenta t ion  t o  prevent  i nadve r t en t  s i g n a l  leakage 
around t h e  t es t  specimens. The sh ie lded  test assembly provided t h e  necessary 
i s o l a t i o n  f o r  t h e  s i g n a l  source  in t e rconnec t ion  wir ing  a t t ached  t o  t h e  test 
specimen between t h e  p o i n t s  where t h i s  wi r ing  en tered  t h e  sh i e lded  enc losure  
and the  ends of t h e  t e s t  specimen (Figures  7-9 through 7-14). 

Y 

7.4.10 Conclusions and Recommendations 

7.4.10.1 Cables 

F l a t ,  nonferrous-shielded cab le s  and metall ic and d i e l e c t r i c  spacer  s t r i p s  
do not  produce a s i g n i f i c a n t  r educ t ion  i n  magnetic c r o s s t a l k ,  and do no t  
e x h i b i t  a u s e f u l  magnetic-shielding e f f e c t i v e n e s s  i n  t h e  frequency range 

a t  which these  cab le s  are u s e f u l  f o r  t h e  t ransmiss ion  of information and 
a t  t h e  f requencies  gene ra l ly  u t i l i z e d  i n  e l e c t r i c r o n i c  systems. F l a t  
fe r rous-sh ie lded  cab le s  are t h e o r e t i c a l l y  capable  of providing a gene ra l ly  
u s e f u l  magnetic-shielding e f f ec t iveness .  F l a t ,  fe r rous-sh ie lded  cab le s  
a l s o  produce t h e o r e t i c a l l y  g r e a t e r  c r o s s t a l k  between conductors w i t h i n  t h e  
same s h i e l d .  Ci rcumferent ia l  continuous,  fe r rous-sh ie lded  test specimens 
were not  a v a i l a b l e  f o r  eva lua t ion  during t h i s  s tudy  c o n t r a c t .  

F l a t ,  meta l l ic -sh ie lded  cab le s  and metall ic spacer  s t r i p s ,  e i t h e r  nonferrous 
o r  f e r r o u s ,  produce some reduc t ion  i n  e l e c t r i c  c r o s s t a l k  between conductors 
w i t h i n  t h e  s h i e l d  and e x h i b i t  a n  e x c e l l e n t  e l e c t r i c - s h i e l d i n g  e f f e c t i v e n e s s .  
Dielectric spacer  s t r i p s  do no t  produce a gene ra l ly  u s e f u l  r educ t ion  i n  

electric c r o s s t a l k  and do not  provide t h e  equ iva len t  of a s i g n i f i c a n t  

s h i e l d i n g  e f f e c t i v e n e s s ,  
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Powdered-ferri te sh i e lded  cables  do not  produce a u s e f u l  magnetic o r  

e l e c t r i c  s h i e l d i n g  e f f e c t i v e n e s s  because t h e  binders used t o  provide a 

f l e x i b l e  f e r r i t e  compound reduce t h e  e f f e c t i v e  permeabi l i ty  and inc rease  

the  r e s i s t i v i t y  of t h e  s h i e l d  t o  a n  imprac t i ca l  e x t e n t .  

Flat-conductor cab le s  tend t o  have a narrower t ransmission bandwidth, 

due t o  t h e  h igher  shunt  capac i tance  of t h i s  conductor geometry and t h e  

t h i n  d i e l e c t r i c s  used; t he re fo re ,  t h e  t ransmiss ion  l o s s e s  become s i g n i f i -  

can t  a t  somewhat lower f requencies  than f o r  round conductor cab le s .  

7.4.10.2 Connectors 

NASA p l a s t i c  plugs l i m i t  t h e  p o t e n t i a l  magnetic and electric sh ie ld -  

ing  e f f e c t i v e n e s s  of f l a t - c a b l e  s h i e l d s  t o  a va lue  adequate f o r  many 

e l e c t r o n i c  systemsp b u t  inadequate  f o r  some c r i t i c a l  a p p l i c a t i o n s .  NASA/ 

MDC aluminum connectors  are capable  of providing e x c e l l e n t  e l e c t r i c -  

sh i e ld ing  e f f e c t i v e n e s s ,  approximately equal  t o  t h a t  of t h e  b a s i c  sh i e lded  

cable .  The magnetic-shielding e f f e c t i v e n e s s  of connectors wi th  aluminum 

backshe l l s  i s  t h e o r e t i c a l l y  inadequate .  

Magnetic-shielding e f f e c t i v e n e s s  tests were inconclus ive  because t h e  

measured magnetic-shielding e f f e c t i v e n e s s  of t h e  test specimen w a s  

l i m i t e d  t o  r e l a t i v e l y  low va lues  by t h e  a t t ached ,  sh ie lded  f l a t  cab le .  

The magnetic and e l e c t r i c - s h i e l d i n g  e f f e c t i v e n e s s  of connectors  wi th  

f e r r o u s  backshe l l s  i s  adequate,  t h e o r e t i c a l l y .  Magnetic-shielding e f f ec -  

t i veness  tests could not  be performed because t h e  circumf e r e n t i a l l y  con- 

t inuous ,  fe r rous-sh ie lded  cab le  necessary f o r  t h i s  test w a s  n o t  a v a i l a b l e .  

7.4.10.3 Recommendations f o r  Future  E f f o r t  

Some form of thin-deposi ted,  a l t e r n a t e  l a y e r s  of high-permeabili ty f e r r o u s  

and nonferrous material over an  al l -polyimide d i e l e c t r i c ,  seems t o  have t h e  

b e s t  p o t e n t i a l  f o r  a magnet ical ly  and e l e c t r i c a l l y  sh i e lded ,  high- 

product ion f l a t  cab le .  Since a s h i e l d ,  capable  of reducing magnetic 

coupling from e x t e r n a l  conductors and o the r  sources ,  a l s o  tends t o  inc rease  

magnetic c r o s s t a l k  between conductors w i t h i n  t h e  s h i e l d ,  t he  c a p a b i l i t y  of 

s h i e l d i n g  ind iv idua l  conductors o r  small groups of conductors w i t h i n  a 

cab le  is  d e s i r a b l e ,  
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An unshielded c a b l e  wi th  r e l a t i v e l y  narrow and t h i n  over-and-under 

conductors separa ted  by a very t h i n  d i e l e c t r i c ,  u t i l i z e d  as a balanced 

s igna l - t ransmiss ion  and r e t u r n  pa th  p a i r ,  seems t o  have t h e  b e s t  p o t e n t i a l  

f o r  t h e  c a n c e l l a t i o n  of e x t e r n a l  magnetic and e l e c t r i c  i n t e r f e r e n c e .  The 

increased  usage of i n t e g r a t e d  d i f f e r e n t i a l  and balanced c i r c u i t r y  i n d i c a t e s  

a p o t e n t i a l  requirement f o r  balanced p a i r s  of conductors.  Most conductors 

i n  e l e c t r o n i c  systems c a r r y  r e l a t i v e l y  low c u r r e n t s  and vo l t ages ;  there-  

f o r e ,  conductor s i z e s  and d i e l e c t r i c  th icknesses  are gene ra l ly  not a 

l i m i t a t i o n  except f o r  power conductors.  

Combining a low-profi le ,  mul t ip le - layer  conductor c o r e  wi th  a deposi ted,  

mul t ip le - layer  f e r r o u s  s h i e l d  seems t o  have t h e  b e s t  p o t e n t i a l  f o r  t h e  

development of a n  optimum, modular, a l l -purpose,  sh ie lded  cab le  adapted 

t o  high-production manufacturing techniques.  

Avai lab le  s h i e l d i n g  theory and design information is  inadequate  f o r  t h e  

development of t h e  r e l a t i v e l y  t h i n  s h i e l d s  i n  f l a t - c a b l e  s h i e l d  configura- 

t i o n s  e s p e c i a l l y  f o r  low frequency magnetic f i e l d s ;  t he re fo re ,  a d d i t i o n a l  

test  and s tudy e f f o r t  is  r equ i r ed  f o r  t h e  eva lua t ion  of t h i n  s h i e l d s  i n  

f l a t - c a b l e  s h i e l d  geometr ies .  

For s p e c i f i c  electrical  c h a r a c t e r i s t i c s  r equ i r ed  f o r  many s p e c i a l  appl ica-  

t i o n s ,  t i g h t e r  t o l e rance  c o n t r o l  than is now s p e c i f i e d  by MIL-C-55543 must 

be imposed and s p e c i a l  c ros s  s e c t i o n  conf igura t ions  w i l l  b e  required.  
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Figure 7-8. Block Diagram-Magnetic Coupling Tests 
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SECTION VI11 

8 .  MANUFACTURING 

8.1 Introduction 

The advent of the Space Age, with its attendant requirement for subjection 

of space vehicles and associated equipment to the extreme temperatures of 

space environments, and high service temperature in areas of rocket engine 

exhaust, necessitated the development of a high-temperature, shielded, 
flat-conductor cable system. Such a system would supplement or replace 

the conventional, more cumbersome, round-wire cable systems, and provide 
a bonus of weight and space savings. These requirements imposed the need 

for development of advanced flat-conductor cable manufacturing and 
installation techniques. 

Fairly reliable, unshielded, flat-conductor cable systems, capable of 
withstanding service temperature up to 125OC, have been developed, and 

research and development of more advanced, more sophisticated flat- 
conductor cable systems continues. 

Shielding and insulation materials were evaluated by MDC Manufacturing 
for selection and design of a shielded flat-cable system which would 

withstand operating temperatures up to 2OO0C. 
met the design criteria, further development is needed to facilitate 

manufacturing of the shielded flat-cable system. 

Although these materials 

8.2 ComDonent Fabrication 

8.2.1 Cable Fabrication 

Under this contract, Manufacturing evaluated basic techniques of flat- 

conductor cable fabrication to determine the process that would produce a 

cable compatible for use in the MDC shielded-cable system. 
FCC development manufacturing facilities). 

(MDC has no 

At the beginning of this contract, purchase of shielded cable had been 
assumed possible; howeverg many problems were encountered in both the 
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s e l e c t i o n  and purchase.  These problems, along wi th  poss ib l e  s o l u t i o n s ,  

are enumerated i n  t h e  fol lowing paragraphs,  

8 .2 .1 .1  P repa ra t ion  of Conductors f o r  Fabr i ca t ion  

The p r e r e q u i s i t e  f o r  achieving c o n s i s t e n t l y  accu ra t e  center- to-center  

spacing i s  t o  use  s t r a i g h t  and f l a t  conductors;  even s l i g h t  deformations 

w i l l  i nva r i ab ly  cause i r r e g u l a r i t i e s  i n  the  spacing.  Therefore ,  t he  

cause of t h e s e  deformations,  however s l i g h t ,  are of prime i n t e r e s t .  F l a t  

w i r e s  are o f t e n  wound on a s tandard spoo l  i n  t h e  t y p i c a l  h e l i c a l  fash ion .  

A t  t h e  end of t h e  l a y e r  on t h e  c o i l  form, t h e  h e l i x  has t o  be  reversed  t o  

cont inue t h e  next  l a y e r .  The reversal can deform t h e  f l a t  w i r e  permanently; 

if no t  s t r a i g h t e n e d ,  t h i s  may cause spacing e r r o r s  i n  t h e  f l a t  cab le .  

Addi t iona l  deformations may occur when the  p i t c h  of winding i s  n o t  

accu ra t e ly  ad jus ted  t o  t h e  width of t h e  f l a t  w i r e .  

A s a t i s f a c t o r y  method of s t r a i g h t e n i n g  t h i s  w i r e  and a l s o  c leaning  t h e  

w i r e  i s  descr ibed  i n  NASA Technical  Memorandum X-53586. Af t e r  t h e  w i r e  

has been s t r a i g h t e n e d ,  t h e  w i r e  i s  wound on pancake spools ,  having a 

width of one f l a t  w i r e .  These spools  can then be used as d ispensers  f o r  

t h e  cable  laminat ing machine. 

8.2.1.2 Laminated Cable 

The f i r s t  method eva lua ted  f o r  t h e  f a b r i c a t i o n  of f l a t  cab le  w a s  t h e  

laminat ion method i n  which t h e  cable  i s  run through r o l l e r s  under hea t  

and p res su re ,  i n  a sandwich type  conf igura t ion .  Typical  laminat ing 

machines are shown i n  f i g u r e  8-1. 

8 . 2 . 1 . 2 . 1  Laminating Material 

This manufacturing technique works b e s t  wi th  bonding materials t h a t  can 

be h e a t  bonded, 

because of t h e  fol lowing:  

FEP Teflon was s e l e c t e d  f o r  t h e  bonding material, 

a. The material  i s  a v a i l a b l e ,  and q u a l i t y  c o n t r o l  of t h e  material 
i s  good. 



b. The material can be bought in sheets, which is compatible with 
this manufacturing technique. 

c. This material has no cure cycle; when it is heated, it melts, 
and as soon as it cools down, it cures instantly. Therefore, 
it lends itself readily to a continuous run through the 
laminating machine without the necessity for incorporating a 
cure cycle into the operation, 

The material has a high operating temperature of almost 2OO0C -- 
a requirement of this contract. 

d. 

8.2.1.2.2 Laminating Problems 

The following problems were encountered when purchasing polyimide FEP 

laminated flat cable a 

a. Irregularities existed in bond strength from side to side of 

b. Conductor spacing varied, causing a problem when inserting the 
the cable. 

stripped conductors in the plug. 

8.2.1.2.3 Conclusion 

Flat-cable laminating techniques need to be improved in the area of 

capability for controlling bonding pressure and temperature throughout the 
laminating cycle. A need exists to develop better methods for controlling 

tolerances between conductars. 

8.2.1.3 Tower Coating Cable 

The tower coating method utilizes a system of rollers to dip-coat 

appropriate insulations on flat conductors. Insulation thicknesses can 

be controlled either by the speed with which the conductors are drawn 
from the liquid or by the viscosity of the liquid. Tower coating 

possesses interesting potential, as each conductor can be individually 

shielded. 

For this contract, tower coating was omitted as a fabrication method 
since it had not been as thoroughly investigated as the laminating 

techniques. 
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8 2 e 1 e 3.1 Conchs  ions  

An i n s u l a t i o n  material must be  s e l e c t e d  t h a t  can be  dip-coated and cured 

i n  a manner t h a t  i s  adaptab le  t o  a product ion opera t ion .  This cured 

material, bes ides  having good phys ica l  and e lec t r ica l  p r o p e r t i e s ,  must 

be  capable  of wi ths tanding  a 200°C ope ra t ing  temperature.  

8.2.1.4 Photo Etch Process  

This process  uses a composite conductor- insulat ion material with a high- 

s t r e n g t h  bond. The p o s s i b i l i t y  of t h e  conductors s h i f t i n g  o r  swimming 

is thereby decreased s i n c e ,  under h e a t ,  t h e  bond w i l l  no t  s o f t e n .  

Figure 8-2 o u t l i n e s  t h e  manufacturing sequence f o r  t h i s  process .  

8.2.1.4.1 Conclusions 

This process  possesses  i n t e r e s t i n g  p o t e n t i a l  because (1) dimensional 

t o l e r a n c e s  can be  he ld  extremely c lose ,  and (2) t h i s  type of process  is 

adaptab le  t o  product ion l i n e  manufacturing. 

8.2.1.5 Future  Considerat ions 

The fol lowing c r i t e r i a  should in f luence  t h e  s e l e c t i o n  of materials f o r  

cable  f a b r i c a t i o n .  

a. 

b. Tolerances must be kept  t o  w i t h i n  +0.005, noncumulative, 

c. The cable  must be capable  of being sh ie lded .  

The cab le  should be s t r i p a b l e .  

between conductors.  

8.2.1.5.1 Polyimide Fabr i ca t ion  

A good p o s s i b i l i t y  f o r  t h e  f u t u r e  is an al l -polyimide i n s u l a t e d  cab le  

system. Polyimide i n s u l a t i o n s  are being developed t o  t h e  po in t  where they 

lend  themselves t o  a tower coa t ing  opera t ion .  Polyimide i n s u l a t i o n  w i l l  
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withstand high temperatures to 3OO0C, and polyimide insulation is 

chemically stripable. 

8.2.2 Premolded Shielded Plug Assembly 

Figure 8-3 shows the configuration of the MDC-designed, premolded plug 

assembly. This system was developed by MDC to give a completely shielded 

flat-cable system that will operate efficiently at temperatures up to 

200° c. 

8.2.2.1 Douglas Premolded Plugs 

Diallyl phthalate moded plugs were selected for use, because of their 

high temperature-resistance and proven molding capabilities. A polyimide 

molded plug is desirable because of higher temperature resistance and 
good molding properties. 

8.2.2.1.1 Diallyl Phthalate 

Plugs molded of diallyl phthalate have an operating temperature of 200°C 

and are easily molded. A problem is the brittleness of transfer-molded 
diallyl parts. The plugs are less brittle when compression-molded. 

Raker, Inc., Santa Monica, California, designed and built plug-transfer 

molds, see figure 8-4, and has furnished MDC with acceptable plugs. The 

dimensions of the plugs are within print tolerances. The MDC design 

provides a light, high-temperature (2OOOC) connector for flat-cable 
application. 

8.2.2.1.2 Polvimide 

American Cydninide Co., has developed a transfer-moldable polyimide, and 

work is continuing on the development of an injection-moldable polyimide. 
This polyimide developed is a true thermosplastic material and has a 

temperature rating of 3OOOC. This material would eliminate the problem 
of the material in the plug, hence, raise the service temperature of the 

cable system. 



8.2.2.1.3 Epoxy 

Glas s - f i l l ed  epoxy is  a moldable thermoset t ing,  high-temperature r e s i n  

t h a t  could be used i n  a system of s e r v i c e  temperature r a t i n g s  between 

those  of polyimides and those  of d i a l l y l  p h t h a l a t e  (2OOOC t o  3OOOC). 

Epoxies mold w e l l  and e x h i b i t  good r e s i s t a n c e  t o  shock. 

8.2.2.2 Backshel ls  

Backshel ls  f o r  t h e  MDC sh i e lded ,  premolded connector were d i e c a s t  from 

aluminum. The backshe l l s  were e l e c t r o p l a t e d  wi th  copper,  then  p l a t ed  

with a coa t ing  of e l e c t r o l e s s  n i cke l .  The p l a t i n g  g ives  t h e  plug t h e  

necessary s h i e l d i n g  requirements.  

The d i e s  and backshe l l s  f o r  t h e  sh i e lded ,  premolded connector conf igu ra t ion  

(see f i g u r e  8-5) have been developed and f a b r i c a t e d  by Sunbank E lec t ron ic s  

Co., Burbank, Ca l i fo rn ia .  

8.2.2.3 Gaskets 

Gaskets are molded from conduct ive gaske t  material, Number 1221, developed 

and s o l d  by Chomerics, Inc . ,  Ar l ing ton ,  Massachusetts.  This  gaske t ,  molded 

of s i l i c o n e  rubber and impregnated wi th  s i l v e r  beads,  meets t h e  temperature  

and conductive requirements f o r  t h i s  sh ie lded  plug assembly. 

8.2.2.4 Reta iners  

The r e t a i n e r s  are a r e s i l i e n t ,  s i l i cone- rubber  p i ece  made of t h e  same 

material as t h e  gaske ts .  The r e t a i n e r s  are used wi th  t h e  shielded-cable  

conf igura t ion  t o  a l low a conductive pa th  between t h e  two i n n e r  s h i e l d s ,  

and t o  cause a p res su re  f i t  between t h e  ou te r  s h i e l d i n g  and t h e  metal 

backshe l l  ( f i g u r e  8-6). 

8.3 Harness Assemblies 

The NASA design uses  t h e  conductors as the  con tac t s  without  use  of a pin 

con tac t .  This design e l imina te s  a contac t  po in t  between conductors and 

p ins ,  and should,  t h e r e f o r e ,  i n c r e a s e  t h e  r e l i a b i l i t y  of t h e  system. 
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8.3 .1  Cable P repa ra t ion  

A f t e r  q u a l i t y  cab le  has  been f a b r i c a t e d ,  i t  must be  s t r i p p e d ,  and t h e  

conductors and/or s h i e l d  must b e  gold-plated t o  prepare  i t  f o r  assembly 

i n t o  t h e  plug.  

s t r i p p i n g  is  d iscussed  i n  t h e  s e c t i o n  d e t a i l i n g  t h e  s p e c i f i c  procedures ,  

such as p l a t i n g  and s t r i p p i n g .  

The problem encountered i n  prepar ing  t h e  cab le  f o r  

8.3.2 Plug P repa ra t ion  

The p lugs  are molded from s p e c i f i c  d i e l e c t r i c  materials t h a t  m e e t  t h e  

requirements  of t h e  system on which they are t o  b e  used. Any problems 

encountered i n  t h i s  area are d e t a i l e d  i n  t h e  s e c t i o n  on plug p repa ra t ion .  

8 .3 .3  Plug-and-Cable Assembly 

Under t h i s  c o n t r a c t ,  t h e  main system looked a t  was a premolded plug des ign  

wi th  s h i e l d e d  cab le  and plug ( f i g u r e  8-7 ) .  

type  of des ign  and t h e  a s soc ia t ed  problems. Other b a s i c  types  of cab le  

assemblies  are mentioned t o  acquain t  t h e  r eade r  w i th  t h e i r  advantages 

and disadvantages.  

This  s e c t i o n  d e l i n e a t e s  t h i s  

8 .3  a 3 . 1  Unshielded Molded-On Plugs (M55544/7)  

A s  opposed t o  t h e  premolded p lug ,  t h i s  type  of plug ( f i g u r e  8-8) can b e  

assembled wi th  less chance of damaging t h e  conductors .  Since t h e  con- 

duc tors  do no t  have t o  b e  threaded through t h e  s m a l l  openings t h a t  are 

p r e s e n t  on t h e  premolded plug des ign ,  t h e  p o s s i b i l i t y  of bending t h e  

conductors i s  lessened  cons iderably ,  

The two disadvantages t o  t h i s  type  of plug are: 

a. The plugs are molded a t  assembly, and r e q u i r e  molding equipment 
t h a t  i s  n o t  r equ i r ed  on t h e  premolded p lugs .  

b. The material s e l e c t e d  f o r  t h e  plug must have a lower molding 
temperature  than  t h e  i n s u l a t i o n  on t h e  cab le ,  o r  t h e  i n s u l a t i o n  
w i l l  b e  deformed o r  mel ted,  This  requirement l i m i t s  t h e  
i n s u l a t i o n  materials s e l e c t e d  f o r  t h e  p lugs ,  and s i g n i f i c a n t l y  
lowers t h e  operat ing-temperature  ranges allowed. 
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8.3.3.2 Unshielded Premolded Plug Assembly (M55544/5) 

These p lugs  ( f i g u r e  8-9) have been f a b r i c a t e d  from a g l a s s - f i l l e d  epoxy 

wi th  good hea t  and mechanical p r o p e r t i e s .  An advantage of t h e s e  plugs 

i s  t h a t  they can b e  assembled a t  f i e l d  s t a t i o n s .  

8.3.3.3 Shielded Premolded Plug Assembly (M55544/11) 

This  plug ( f i g u r e  8-10) w a s  designed t o  provide a completely sh i e lded  

f l a t - c a b l e  system. Problems of t h i s  system and p o s s i b l e  s o l u t i o n s  are 

d iscussed  below. 

A f t e r  t h e  conductors and s h i e l d  were exposed ( f i g u r e  8-11), t h e  s u r f a c e s  

were n icke l -  and gold-plated.  

The plugs were molded of d i a l l y l  p h t h a l a t e  wi th  good r e s u l t s .  

problem area is  t h e  threading  of t he  cable  conductors  through t h e  ho le s  

( f i g u r e  8-12). 

a t o o l  such as shown i n  f i g u r e  8-13, and by i n s e r t i n g  t h e  conductors w i th  

t h e  a i d  of a t o o l  such as shown i n  f i g u r e  8-14. 

One 

This  problem can be  minimized by c leaning  t h e  ho le s  w i t h  

Af t e r  t h e  conductors have been i n s e r t e d ,  t h e  plug i s  placed i n  t h e  

conductor fo ld ing  t o o l ,  f i g u r e  8-15, and t h e  conductors are secured i n  

t h e  plug.  

The assembly i s  removed from the fo ld ing  t o o l ,  and t h e  f i l l e r  i s  bonded 

i n  t h e  plug wi th  Lefkoweld, type  185, us ing  t h e  t o o l  shown i n  f i g u r e  8-16, 

then is  cured 1 hour a t  300°F. 

A l i n e  of Lefkoweld, type  185, is  placed along t h e  conductors from t h e  

back ( f i g u r e  8-17). The connector  is  placed i n  t h e  t o o l ,  as shown i n  

f i g u r e  8-18, and cured a t  300'F f o r  1 hour ,  then po t t ed  aga in ,  as shown 

i n  f i g u r e  8-19, and cured.  

A problem area has  been t h e  g r e a t  amount of p r e s s u r e  exe r t ed  by t h e  

r e t a i n e r  on t h e  cable .  

and t h e  conductors .  

e i t h e r  t h e  r e t a i n e r  l i n i n g  o r  t h e  edge of t h e  backshe l l ,  o r  change i n  

This  p re s su re  has  caused s h o r t s  between s h i e l d i n g  

P o s s i b l e  s o l u t i o n s  might be t h e  change i n  shape of 
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design s o  t h a t  t h e  p re s su re  r equ i r ed  can be  reduced. F igure  8-20 shows 

some p o s s i b l e  methods of a l l e v i a t i n g  t h i s  problem. 

8.4 Cable S t r ipp ing  

R e l i a b i l i t y  of t h e  f l a t - c a b l e  system requ i r e s  a good contac t  between 

t h e  conductors and t h e  in te rconnec t ing  devices  o r  te rmina t ion  p o i n t s .  

This s e c t i o n  de f ines  t h e  d i f f e r e n t  methods f o r  s t r i p p i n g  f l a t  cab le  t h a t  

were i n v e s t i g a t e d  under t h e  Flat-Cable Systems Engineering Study, NASA 

Contract  NAS8-20751. Figure  8-21 i l l u s t r a t e s  t h e  d i f f e r e n t  s t r i p p i n g  

methods and t h e  advantages of each. Chemical s t r i p p i n g  seems optimum, 

as i t  causes  t h e  least damage t o  both t h e  conductors and t h e  s h i e l d ,  and 

does no t  l i m i t  t h e  th ickness  of t h e  la t ter .  The appropr i a t e  s t r i p p i n g  

methods are d iscussed  according t o  t h e  type of material t o  be s t r i p p e d .  

8.4.1 Polyimide 

The most e f f i c i e n t  method i n v e s t i g a t e d  f o r  s t r i p p i n g  polyimide i n s u l a t i o n  

was t h a t  which u t i l i z e d  a h o t ,  c a u s t i c  s o l u t i o n .  Economy i s  an important 

c h a r a c t e r i s t i c  of t h i s  s t r i p p i n g  method, s i n c e  t h e  cable  can be  s t r i p p e d  

i n  ba tches  e 

8.4.1.1 Unshielded Polyimide Cable 

The unshielded cable  conf igu ra t ion  c o n s i s t s  of an  al l -polyimide system 

( f i g u r e  8-22), i n  which the  cable  i s  masked p r i o r  t o  s t r i p p i n g ,  t o  prevent  

degradat ion of t h e  i n s u l a t i o n  beyond t h e  des igna ted  areas. F igure  8-23 

shows masked and s t r i p p e d  cable .  Maskants and s t r i p p i n g  s o l u t i o n s  which 

can be  used i n  t h e  removal of i n s u l a t i o n  and s h i e l d i n g  are l i s t e d  i n  

t a b l e s  8-1 and 8-2. A sample of masked and chemically s t r i p p e d ,  unshielded. 

and sh ie lded ,  a l l -polyimide cable  i s  shown i n  f i g u r e  8-24. 

The masked cable  i s  immersed i n  a beaker conta in ing  a heated s o l u t i o n  of 

MER-1 resist remover (or  e q u i v a l e n t ) ,  u n t i l  t he  i n s u l a t i o n  has  been 

removed 
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Table 8-1 

STRIPPING MASKANTS 

I n s u l a t i o n  

Maskant No. 1 - 2021-66 

Maskant No. 2 

TFE-Tef lon  Tape 

Lead F o i l  Tape 

- 

No. 

1 
- 

2 

3 

4 

5 

6 
- 

Manufacturing 

Organo C e r a m ,  Inc.  

Western Coating Company 
\ 

Minnesota Mining and 
Manufacturing Company 

Minnesota Mining and 
Manufacturing Company 

Location 

P l a c e n t i a ,  C a l i f o r n i a  

Los Angeles, C a l i f o r n i a  

S t .  Paul ,  Minnesota 

S t .  Paul ,  Minnesota 

Table 8-2 

STRIPPING SOLUTIONS FOR REMOVAL OF INSULATION AND SHIELDING 

Solu t ion  

MER-1 

LEA 
INSUL 
STRIP 

PT-%-ML 

N L-76 

50% NaOH 

T i m e  
(minutes ) 

3 t o  6 

3 t o  6 

5 t o  8 

5 t o  8 

5 t o  10 

10 t o  15 

Temperature 
("C) 

93 t o  99 

93 t o  99 

96 t o  99 

99 t o  110 

93 t o  99 

99 t o  110 

8.4.1.2 Shielded Polvimide Cable 

Manufacturer 

London Chemical Company, 
Inc.  

The Lea Manufacturing 
Company 

London Chemical Company, 
Inc.  

Enthone, Inc.  

Clarkson Labora tor ies  

Laboratory Prepared 

Location 

Melrose Pa rk  
I l l i n o i s  

Waterbury, 
Conn. 

Melrose Park 
I1 l i n o  i s  

West Haven, 
Conn . 
Camden, New 
Je r sey  

The sh ie lded  cable  conf igura t ion  c o n s i s t s  of polyimide i n s u l a t i o n  and a 

copper s h i e l d  on high-permeabi l i ty  metal ( f i g u r e  8-25). The sh ie lded  

cable  can be  s t r i p p e d  i n  t h e  same manner as t h e  unshielded polyimide cab le ,  

except t h a t  t h e  s h i e l d  must be  s t r i p p e d  with a chemical such as f e r r i c  

ch lo r ide  e t chan t  35' Baume, o r  100 p a r t s  n i t r i c  a c i d  t o  2 p a r t s  

hydrochlor ic  ac id  by volume. 
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This  i s  a good system f o r  s t r i p p i n g  sh ie lded  polyimide f la t -conductor  

cable  because t h e  chemical s o l u t i o n  does not  harm the  s h i e l d ,  and 

e l imina te s  the  p o s s i b i l i t y  of s h o r t s  due t o  n i cks  o r  s c ra t ches  i n  t h e  

cable  o r  i n s u l a t i o n ,  which may occur when t h e  cab le  i s  mechanically 

s t r i p p e d .  

8.4.2 Mylar 

8 .4 .2 .1  Mylar Cable 

Any cab le  system, having a cover l a y e r  of mylar laminated wi th  an 

ashes ive  such as p o l y e s t e r ,  can be  chemically s t r i p p e d  i n  a manner 

s imilar  t o  removal of t h e  polyimide f i lm .  The s o l u t i o n s  l i s t e d  below 

were t r i e d  and found t o  be accep tab le  f o r  removing the  mylar. 

7 % ~  Temper a t  ur  e 
Solu t ion  (Minutes ) ("C) Manufacturer Location 

D S l O l H  3 t o  8 99 Method E lec t ron ic s ,  Inc.  Chicago, Ill .  

H2S04 2 t o  4 93 t o  99 Commercially Avai lab le  

The cab le  is  masked t o  d e f i n e  t h e  s t r i p p i n g  area and t o  prevent  degrada- 

t i o n  of t h e  ad jacent  cable .  A maskant, such as a lead-backed t ape  

No. 425 ,  Minnesota Mining and Manufacturing Company, is  recommended. 

8.4.2.2 Shielded Mylar Cable 

The shielded-cable  conf igu ra t ion  c o n s i s t s  of a mylar and metal s h i e l d  

lamina t ion  ( f i g u r e  8-26 ) .  The cable  is masked p r i o r  t o  each s t r i p p i n g  

ope ra t ion  t o  prevent  degrada t ion  of t h e  i n s u l a t i o n  and s h i e l d  beyond 

t h e  designated area. The sh ie lded  cable  can be s t r i p p e d  i n  t h e  same 

manner as t h e  unshielded mylar cab le ,  except t h a t  t h e  s h i e l d  must be 

s t r i p p e d  wi th  a chemical such as f e r r i c  ch lo r ide  e t chan t  35' Baume, o r  

100 p a r t s  n i t r i c  a c i d  t o  two p a r t s  hydrochlor ic  ac id  by volume. 
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8.4.3 H-Film FEP Teflon Bonded Cable 

8.4.3.1 Unshielded H/FEP Cable 

Mechanical s t r i p a b i l i t y  of t h e  H-FEP i n s u l a t e d ,  unshielded f l a t  cab le  

depends l a r g e l y  upon t h e  bond s t r e n g t h  between conductors and H/FEP-films. 

I n  order  t o  s t r i p  t h e  cable  e f f e c t i v e l y  wi th  t h e  NASA mechanical s t r i p p e r  

( f i g u r e  8-27) t h e  cab le  must have low bond s t r e n g t h  between t h e  i n s u l a t i o n  

and conductor.  Nickel p l a t i n g  appears t o  a l lev ia te  some of t h e  problems 

of too  s t rong  a bond. 

8.4.3.2 Shielded H/FEP Cable 

The most expedi t ious  method developed t o  d a t e ,  t o  c o n s i s t e n t l y  s t r i p  H/FEP 

so l id-sh ie lded  f l a t  cab le ,  is  descr ibed  i n  t h i s  s e c t i o n  as are experimen- 

t a t i o n  and r e s u l t s ,  and t h e  p o s s i b i l i t y  of improving t h i s  s t r i p p i n g  method. 

A s  w i th  t h e  unshielded cab le ,  low bond-strength between t h e  i n s u l a t i o n  and 

conductors i s  necessary t o  s u c c e s s f u l l y  s t r i p  t h e  cable .  A step-by-step 

approach i s  l i s t e d  below. 

a. Expose t h e  conductors 

1. 

2 .  

3. 

4 .  

5. 

Ensure t h a t  t h e  end of t h e  cable  i s  cu t  perpendicular  t o  
t h e  conductor.  

Backs t r ip  one s i d e  of t h e  cab le  wi th  t h e  NASA mechanical 
s t r i p p e r ,  as shown i n  f i g u r e  8-28. 

Tear of f  t h e  pee led - s t r ip  of i n s u l a t i o n  ( f i g u r e  8-29). 

Measure requi red  d i s t a n c e  of 0.475 201 shown i n  f i g u r e  8-29. 
Cut t o  t h e  requi red  dimensions. 

P e e l  o f f  t h e  back l a y e r  of i n s u l a t i o n  as i l l u s t r a t e d  i n  
f i g u r e  8-30, s t r i p  t h e  peeled-back l a y e r  of i n s u l a t i o n  
wi th  Tool No. 1T11128  ( f i g u r e  8-31). 

b.  Exposing t h e  s h i e l d  

1. Leave t h e  cable  clamped i n  Tool No. 1T11128, and s l i d e  

2. 

t h e  forward block back t o  p o s i t i o n  Z .  

Secure t h e  block i n  p l a c e  wi th  key p ins  and p res su re  
clamps 0 
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3. 

4.  

5. 

6.  

7 .  

8 .  

9 .  

10.  

11. 

12. 

13.  

1 4  e 

Apply h e a t  t o  t h e  exposed cab le  wi th  t h e  hea t  gun, o r  
equ iva len t ,  as shown i n  f i g u r e  8-32. The hea t  gun, upon 
ob ta in ing  a temperature  of 750°F, w i l l  have an accompanying 
a i r  b l a s t  of 7 cubic  f t /min ,  1 inch  from t h e  nozz le .  

Loosen t h e  top l a y e r  of H-film wi th  t h e  sharp  b l ade  of an 
exacto k n i f e  o r  o t h e r  sharp instrument .  

Af t e r  t h e  l a y e r  of H-film i s  loosened back t o  t h e  k n i f e  
edge on t h e  t o o l ,  tear of f  t h e  loose  l a y e r  of H-film. 
Tweezers may be  used as an a i d  i n  t e a r i n g  t h e  H-film. 

Loosen t h e  clamps and remove t h e  pos i t i on ing  key p ins .  

S l i d e  t h e  block back t o  p o s i t i o n  y, i n s e r t  t h e  p i n s ,  and 
apply t h e  p re s su re  clamps. 

Apply h e a t  t o  t h e  l a y e r  of s h i e l d i n g  wi th  a k n i f e  o r  
equ iva len t  instrument .  

Pee l  t h e  l a y e r  of sh i e ld ing  back t o  the  k n i f e  b l ade  on 
t h e  t o o l .  

Tear o f f  t h e  loose  l a y e r  of s h i e l d i n g  aga ins t  t h e  k n i f e  
b l ade ,  using tweezers i f  necessary.  

Loosen t h e  clamps and remove t h e  pos i t i on ing  key p ins .  

S l i d e  t h e  block t o  p o s i t i o n  Z and clamp. The exposed 
l a y e r  of s h i e l d i n g  should be  v i s i b l e  a t  t h e  k n i f e .  

Scrape t h e  area wi th  a d u l l  b lade  as shown, applying h e a t  
as necessary ,  t o  remove t h e  r e s i d u a l  FEP from t h e  sh i e ld ing  
area. 

Af t e r  a l l  FEP has  been removed i n  t h i s  manner, complete t h e  
ope ra t ion  by rubbing t h e  s h i e l d  b r i s k l y  wi th  a rubber i n k  
eraser u n t i l  t h e  m e t a l l i c  s u r f a c e  i s  f r e e  of t e f l o n  and 
oxides  e 

c. P r o t e c t  t h e  conductors.  

8 .4 .4  Unshielded TFE Teflon Cable 

This cab le  can be  s t r i p p e d  by an  abrasive- type s t r i p p e r .  

mechanical s t r i p p e r  can a l s o  be  used i f  t h e  bond s t r e n g t h  t o  t h e  

conductors i s  low, 

The NASA 

Other meLaods t e s t e d  f o r  s t r i p p i n g  polyimide FEP cab le  follow. 
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8.4.4.1 Induct ion  Heating 

An induct ion  h e a t e r ,  i n  t h e  frequency range t h a t  h e a t s  t h e  conductors 

and/or  s h i e l d  bu t  no t  t h e  i n s u l a t i o n ,  does no t  h e a t  t he  cables  s u f f i c i e n t l y  

t o  cause delaminat ion between t h e  i n s u l a t i o n  and t h e  conductors.  I f  an  

induct ion  h e a t e r  is  used i n  t h e  frequency range t h a t  h e a t s  t h e  i n s u l a t i o n ,  

i t  may cause delaminat ion of t h e  cable  and al low s t r i p p i n g .  This  method 

r equ i r e s  f u r t h e r  i n v e s t i g a t i o n .  

8.4.4.2 Laser S t r ipp ing  

A C02 laser, developing a 10.6-micron wave l eng th  t h a t  i s  r e f l e c t e d  by 

conductors and absorbed by the  t e f l o n  and an H-film i n s u l a t i o n ,  w a s  

fo.cused on a 0.5-mm diameter s p o t ,  c r e a t i n g  power d e n s i t i e s  of 2000 watts/ 

c m 2 ,  and s t r i p p e d  t h e  cab le  as fo l lows:  

mine i f  H-film and/or  t e f l o n  FEP could be vaporized;  i n  both in s t ances  i t  

vaporized t h e  material. Severa l  passes  must be made ac ross  t h e  cable  t o  

remove t h e  i n s u l a t i o n .  The va lues  s t a t e d  are no t  n e c e s s a r i l y  optimum, bu t  

are based on pre l iminary  t e s t i n g .  

t h a t  laser s t r i p p i n g  of FCC i s  no t  f e a s i b l e .  

This  concept w a s  used t o  de t e r -  

From the  t e s t i n g  accomplished i t  appears 

8.4.4.3 G r i t  B la s t ing  

A g r i t  b l a s t i n g  machine developed by S.  S. White, and shown i n  f i g u r e  

8-33, can be  used. The p res su re ,  t i m e ,  and a b a s i c  g r i t  can be  va r i ed  i n  

any combination. 

are problems i n  removing t h e  FEP wi thout  harming t h e  metal s h i e l d  o r  

conductors.  

Many types of g r i t s  w i l l  remove t h e  H-film, b u t  t h e r e  

8.4.4.4 Gore S t r i m e r  

The gore s t r i p p e r  w a s  t e s t e d  wi th  a s tandard  b lade  and wi th  a modified 

b lade .  The s tandard  b l ade  has  a tendency t o  break of f  t h e  conductors 

when t ens ion  i s  appl ied .  The modified b lade  i s  designed f o r  sh i e lded  

cable ,  and works i n  approximately t h e  same manner f o r  s t r i p p i n g  conductors.  

The modified b l ade  c u t s  t h e  i n s u l a t i o n  and p u l l s  i t  away from t h e  con- 

duc tors .  It w i l l  s t r i p  f a i r l y  w e l l ,  as long as t h e  conductor o r  s h i e l d  i s  

not  bonded t o  t h e  i n s u l a t i o n .  
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8.4.4.5 Cryogenics 

H - f i l m ,  wi th  FEP used as the  bonding agent ,  i s  no t  no t iceably  a f f e c t e d  

when immersed i n  l i q u i d  helium, nor  does i t  become b r i t t l e  a t  cryogenic  

temperature .  Polyimide/FEP f la t -conductor  cab le  w a s  immersed i n  l i q u i d  

helium and f l exed ,  w i t h  no apparent  e f f e c t  on t h e  i n s u l a t i o n .  It w a s  

hoped t h a t  t h e  i n s u l a t i o n  would become b r i t t l e  when subjec ted  t o  cryo- 

genic  temperature ,  and could be  broken o f f ;  however, t h i s  w a s  no t  t h e  

case.  

8.5 Sources of Materials 

The fol lowing paragraphs d e f i n e  t h e  e f f o r t  expended i n  an e f f o r t  t o  

determine materials t h a t  might improve t h e  f a b r i c a t i o n  and performance 

of f l a t - c a b l e  systems. 

8 .5 .1  Molding Materials 

Three b a s i c  types of molding materials show promise f o r  u se  i n  t h e  pre- 

molded plug assemblies .  These are discussed i n  t h e  o rde r  of ascending 

thermal r e s i s t i v i t y .  

8 .5 .1 .1  D i a l l y l  P h t h a l a t e  

This  material w a s  s e l e c t e d  because of i t s  temperature  c a p a b i l i t i e s  t o  

2OO0C, and because i t  has  been e a s i l y  molded i n  t h e  p a s t  wi th  good 

r e s u l t s .  The plugs f o r  t h i s  program were i n j e c t i o n  molded. The 

material can a l s o  be  compression molded f o r  a s t r o n g e r ,  less b r i t t l e  

plug;  however, t h i s  method is  more c o s t l y .  

8.5.1.2 EPOXY. Glass -Fi l led  

Types of t h i s  material are more h e a t - r e s i s t a n t  than  t h e  d i a l l y l  p h t h a l a t e  

material, bu t  t h e  dimensions may be  a l i t t l e  harder  t o  c o n t r o l  f o r  s m a l l  

areas because of t h e  g l a s s  f i l l i n g .  This  f i l l i n g  a l s o  tends t o  make t h e  

molded p a r t  b r i t t l e .  Plug design should cons ider  t hese  l i m i t a t i o n s .  



8.5.1.3 Polvimide 

This  material has very h igh  hea t  r e s i s t a n c e ,  over 2OO0C, but  i t  i s  j u s t  

emerging from t h e  development s t a g e  i n t o  t h e  product ion s t age .  American 

Cyanimide Co., has developed a thermoplas t ic ,  h e a t  r e s i s t a n t  polyimide 

polymer t h a t  is compression-moldable, bu t  only a t  very high mold tempera- 

t u r e s .  American Cyanimide is a l s o  developing an  injection-moldable 

material. Exce l len t  e lectr ical ,  thermal,  and mechanical c h a r a c t e r i s t i c s  

should be achieved. 

This  material holds  the  most promise f o r  t h e  f u t u r e ,  because of i t s  h igh  

thermal r e s i s t a n c e  and i t s  compa t ib i l i t y  wi th  an al l -polyimide cab le  system. 

8.5.2 I n s u l a t i o n  Material 

Several types  of high temperature  (200OC and above) i n s u l a t i o n s  w e r e  

eva lua ted  f o r  a p p l i c a b i l i t y  t o  f l a t - c a b l e  f a b r i c a t i o n .  The fol lowing i s  

a b r i e f  synopsis  of t h e  r e s u l t  of t h i s  s tudy.  

8.5.2.1 TFE Teflon 

TFE i s  milky-clear  i n s u l a t i o n  material with good e lec t r ica l  p r o p e r t i e s ,  

good temperature p r o p e r t i e s ,  25OoC, b u t  r a t h e r  poor mechanical p r o p e r t i e s  

(low t e n s i l e  s t r e n g t h  of 3000 p s i ) .  It i s  impervious t o  almost a l l  known 

so lven t s ,  which creates a s t r i p p i n g  problem. TFE cannot be bonded t o  

o t h e r  materials wi thout  bondizing t h e  su r face .  This ,  too ,  causes a 

problem i n  c r e a t i n g  a continuous f a b r i c a t i o n  process  which involves  o t h e r  

materials e 

8.5.2.2 FEP Tef lon  

FEP has chemical p r o p e r t i e s  similar t o  TFE t e f l o n ,  except without  s p e c i a l  

s u r f a c e  p repa ra t ions  i t  w i l l  bond t o  i t s e l f  and t o  o the r  materials. This 

material lends i t s e l f  w e l l  t o  continuous-run f a b r i c a t i o n .  

8.5.2.3 P o l y e s t e r  (Mylar) 

This material performs w e l l  up t o  temperatures of 14OoC; i t  i s  impervious 

t o  many chemicals,  b u t  can be s e l e c t i v e l y  chemically s t r i p p e d  f o r  use i n  

t h e  NASA connector conf igura t ion .  It i s  s t rong ,  mechanical ly ,  can be 
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bonded wi th  p o l y e s t e r  adhes ives ,  adapts  w e l l  t o  a continuous-run 

f a b r i c a t i o n  process .  

8.5,2.4.Polyimide (H-Film) 

This  material has  e x c e l l e n t  thermal  c h a r a c t e r i s t i c s  t o  300OC. 

mechanical p r o p e r t i e s  and can be bonded t o  i t s e l f  wi th  an  adhesive.  With 

t h e  aid of an appropr i a t e  adhesive,  t h i s  mater ia l  lends i t s e l f  t o  

continuous-run f a b r i c a t i o n .  

It has  good 

8.5.3 Bonding Material 

Severa l  materials were evaluated f o r  use  as high-temperature bonding f o r  

f l a t - c a b l e  cons t ruc t ion .  The fol lowing i s  a b r i e f  synopsis  of t h e  r e s u l t s  

of t h i s  s tudy .  

8.5.3.1 FEP Teflon 

FEP, which w i l l  wi ths tand  temperature  t o  2OO0C, can be  used i n  bonding 

H-film by t h e  methods descr ibed  under cable  f a b r i c a t i o n  (paragraph 8.2.1) .  

This creates a good bond, bu t  no r e l i a b l e  method has  been developed f o r  

s t r i p p i n g  of sh i e lded  cable .  

s t r i p p e d  mechanically.  

use  of t h i s  cable .  

However, t h e  unshielded cable  can be  e a s i l y  

FEP cannot b e  chemically removed, which l i m i t s  t h e  

8.5.3,2 Epoxy 

No epoxy w a s  found t h a t  w a s  s u i t e d  t o  the  r equ i r ed  temperatures .  Epoxies 

i n  t h e  25OoC ope ra t ing  temperature range tend t o  be too  b r i t t l e  f o r  u se  

as f l e x i b l e  adhesive.  Epoxies coming i n  two o r  more p a r t s  c r e a t e s  a 

problem f o r  continuous-cable f a b r i c a t i o n ,  bu t  no t  an insurmountable one. 

8.5,3.3 Polvimide 

These adhesives  o f f e r  t h e  most promise because they  ope ra t e  over  t h e  s a m e  

temperature  range as t h e  polyimide f i lm .  They are a one-part adhesive,  

bu t  r e q u i r e  severe cur ing  condi t ions .  Three companies t h a t  make 
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these adhesives are Thermo Resist, Inc., Fullerton, California; Quantum, 

Inc., Wallingford, Connecticut; and E. I. DuPont, Inca I Wilmington, 

Delaware. 

8 . 6  Conclusions and Recommendations 

During the course of this contract, several methods of fabricating 

flat-cable configurations were analyzed. 

primarily because of its availability. 

however, is the most promising flat-cable system, because of its high 

temperature resistance, high strength, and especially its adaptability 

to chemical stripping--a characteristic that is lacking in H/FEP cable. 

H/FEP cable was selected, 

An all-polyimide cable system, 

? 



A. FULLERTO 

Figure 8-1, Typical Laminating 
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1 .  Wide web o f  conductor f o i l  
i s  cleaned and bot tom 
surface prepared. 

2 .  AIH polyimide-type 
insulation fushed t o  
bo t tom side of conductor 
f o i l .  

3. Exposed side of conductor 
fo i l  i s  cleaned, and r e s i s t  
material i s  deposited t o  
form the pattern o f  the 
conductors. 

5. Resist material i s  removed 
t o  expose bare corductors 
bonded t o  bottom insulation - 
forming the cable core. 

4 .  Etching process removes 
areas o f  fo i l  not  masked 
o f f  by r e s i s t  material, 
leaving separate conduc- 
tors .  

6 .  Top insulating film i s  
laminated t o  the cable 
core with adhesive, t o  
ful ly  encapsulate conduc- 
tors .  Cable i s  precision 
s l i t  t o  desired width. 

Figure 8-2. Pho to  Etch Process 

8-28 



/e BACKSHELL 

Figure 8-3. MDC Design, Premolded Plug Assembly 

8-2 1 





8-23 



SILICONE RUBBER 
RETAIN E R 

I 

Figure 8-6. Retainer Assembly 

PLUG ASSEMBLY 

Figure 8-7. Shielded-Plug Parts 
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SHIELDED F L A T  
CONDUCTOR C A B L E  

(REF) BARE SHIELD BOTH SIDES 

INSULATION SURFACE BENEATH SHIELD 

BARE CONDUCTOR 
--- 

PLUG ASSEMBLY 

Figure 8-10. Shielded Plug Parts 

0.585 
hOO.O1 

0.08 
h0.0 1 

INSULATION 
CONDUCTORS 
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SHIELD 
SHELL 

CON TACT 

~~ 

Figure 8-12. Inserting Stripped Conductors 
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.007 STOCK 
OIL-HARDENED STEEL 

Figure 8-13. C k  
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PM112M) - GEORGE C. 
MARSHALL SPACE 
FLIGHT CENTER 

- 2.01 
MACHINE OFF .070 

3NOM 

8 -30 





8-32 



SECOND C A B L E  
REMOVED FOR 
CLARITY 

POTTED 
SEALlN G 

FCC 

Figure 8-17. Fil l ing Conductor Holes 

8-33 



8-38 



HYPODERMIC SYRINGE ---, 

Figure 8-19. Potting Plug 

-7 /-" BACKSHELL 

lug Design Configuration 
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POLYIMIDE 

Figure 8-22. Unshielded Polyimide Cable 

8 -38 



Figure 8-23. Masked and Stripped Cable 
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Figure 8-24. Maskcoat Coated and Stripped Cable 
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)E ADHESIVE 

CONDUCTOR 

- POLY1 

Figure 8 -25. Shielded Polyimide Cable 

8-41 



1 CONDUCTORS 

CON DU CTO RS 

A .  UNSHIELDED MYLAR CONFIGURATION 

METALIC SHIELD POLYESTER FILM 

POLYESTER FILM 

POLYESTER ADHESIVE 

STRIPPED 
CONDUCTORS 

B. SHIELDED MYLAR CONFIGURATION 

Figure 8-26. Mylar Cable Configuration 
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START (POS. 

EXCESS INSULATION 

c 

~ 

Figure 8-28. Schematic of Cold Stripper For Back ~ ~ ~ ~ ~ ~ ~ n g  



USABLE CABLE 

Figure 8-29. Measuring Contacts 

P E E L  BACK INSULATION AND SHIELD 

CONDUCTORS 

Figure 8-30. Insulation Peeling 
CLAMP 

TEAR OFF 
AGAINST BLADE 

FORWARDBLOCK 

e Insulation Peeling Tool 
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SECTION I X  

9 .  MATERIALS RESEARCH AND PRODUCTION METHODS (MRSrPM) 

9 . 1  In-House Development, Shielded Flat-Cable 

A t  t h e  o u t s e t  of t h i s  program t h e r e  w a s  no cable  a v a i l a b l e  which u t i l i z e d  

a high magnetic-permeabili ty sh i e ld ing .  

done i n  an  at tempt  t o  u t i l i z e  t h e  fol lowing s h i e l d  materials t h a t  were 

o f fe red  f o r  t e s t i n g :  

The work descr ibed h e r e  w a s  

a.  

b.  Lashclad K copper e l e c t r o p l a t e d  on Kapton 

Lashclad KX high p material e l e c t r o p l a t e d  on Kapton 

C .  MLT-30 

The Lash materials w e r e  bonded t o  Kapton-FEP cab le s  wi th  t h e  metal l ic  

s i d e  f ac ing  both inward and outward from t h e  c a b l e s ,  wi th  and without  

an o u t e r  l a y e r  of i n s u l a t i o n .  I n  a l l  cases ,  t h e  l a y e r  of sh i e ld ing  

material cracked when t h e  test cab le s  were bent  over a 1.25-inch-diameter 

mandrel. Since Lashclad bonded t o  i t s e l f  d id  n o t  crack,  i t  w a s  con- 

cluded t h a t  t h e  d i s t a n c e  from t h e  n e u t r a l  a x i s  of t he  s h i e l d  i n  t h e  

bonded cab le ,  and t h e  low d u c t i l i t y  of t h e  Lash material, accounted f o r  

t h e  cracking e 

A two-foot l eng th  of sh ie lded  cab le  w a s  f a b r i c a t e d  wi th  0.001 MU-30 

s h i e l d i n g  material  bonded t o  a Kapton-FEP cab le ,  using a f l e x i b l e  epoxy 

adhesive (EPD TC1547). This cab le  w a s  bent over a 0.25-inch-diameter 

mandrel without c racking .  

Two s ix- foot  lengths  of similar cab le  were f a b r i c a t e d  f o r  e l e c t r i c a l  

t e s t i n g .  The s h i e l d s  on both cab le s  were p l a t e d  on one s i d e  wi th  

0.00005 inch  of copper and 0.00005 inch  of n i c k e l .  The s h i e l d s  on one 

of t h e  cab le s  were jo ined  by so lde r ing .  

Tes t ing  w a s  a l s o  done t o  determine t h e  f e a s i b i l i t y  of j o i n i n g  t h e  s h i e l d s  

by vapor depos i t ion .  Prel iminary tests ind ica t ed  t h a t  t h e  s h i e l d s  could 

be  jo ined  by vapor d i s p o s i t i o n  on a l abora to ry  scale. 

w a s  done on t h i s  process  t o  determine whether i t  were f e a s i b l e  t o  

accomplish i t  on a continuous b a s i s .  

No f u r t h e r  work 



9 . 2  Chemical S t r i p p i n g  of  Cable  I n s u l a t i o n  and S h i e l d i n g  

An approach t o  chemica l ly  s t r i p p i n g  i n s u l a t i o n  and s h i e l d i n g  material 

from FCC w a s  i n v e s t i g a t e d .  It w a s  found t h a t  a11 of t h e  materials i n  

t h e  c a b l e  t h a t  NASA/MSFC and MDC proposed t o  u s e  could  b e  chemica l ly  

s t r i p p e d ,  except  f o r  t h e  FEP T e f l o n  f i l m  used f o r  bonding. 

T e f l o n  FEP f l u o r o c a r b o n  f i l m  is  v i r t u a l l y  impervious t o  a l l  known 

chemicals  and s o l v e n t s ;  t h e r e f o r e ,  any c a b l e  system c o n t a i n i n g  FEP as t h e  

bonding a g e n t  w i l l  r e q u i r e  a combinat ion chemical  s t r i p p i n g  and a 

mechanical ,  thermal ,  o r  o t h e r  f e a s i b l e  method of  removing t h e  FEP. 

The t e r m i n a t i o n  system developed by NASA/MSFC u t i l i z e s  t h e  f l a t  conductor  

i t s e l f  as t h e  c o n t a c t i n g  s u r f a c e  f o r  t h e  p l u g ,  w i t h  no secondary s o l d e r -  

i n g ,  weld ing ,  o r  o t h e r  means of t e r m i n a t i n g  r e q u i r e d .  Inasmuch as t h e  

c a b l e  conductor  serves as t h e  c o n t a c t  s u r f a c e ,  t h e  i n s u l a t i o n  and s h i e l d  

must b e  removed p r i o r  t o  t e r m i n a t i n g  t h e  c a b l e  i n t o  t h e  p lug .  

Bare copper  conductors  o r  s h i e l d s  e n c a p s u l a t e d  i n  FEP w i t h  a polyimide 

cover  l a y e r  cannot  b e  chemica l ly  s t r i p p e d  u n l e s s  t h e  exposed end of t h e  

c a b l e  i s  s u i t a b l y  masked t o  p r e v e n t  t h e  s t r i p p i n g  s o l u t i o n  from wicking 

between t h e  conductors  and FEP caus ing  a b l a c k  contaminant  t o  form on 

t h e  copper  s u r f a c e .  Wicking of t h e  s o l u t i o n  of  0.50 i n c h  o r  more i s  

n o t  uncommon. Excess ive  wicking w i t h  bare-copper conductors  is  due t o  

t h e  porous ,  metal l ic  s u r f a c e  which promotes c a p i l l a r y  a c t i o n ,  o r  a 

f u s i o n  bonding tempera ture  and p r e s s u r e  c y c l e  which does n o t  p r o v i d e  

adhes ion  of t h e  conductors  t o  FEP. Low adhes ion  of t h e  bond between 

t h e  FEP and copper used t o  f a c i l i t a t e  mechanical  s t r i p p i n g  a g g r a v a t e s  

t h e  wicking c o n d i t i o n .  

Conductors ,  p l a t e d  w i t h  n i c k e l  b e f o r e  l a m i n a t i o n  of t h e  i n s u l a t i o n ,  

r e t a r d  w e t t i n g  of t h e  s u r f a c e  and c a p i l l a r y  a c t i o n  by t h e  s t r i p p i n g  

s o l u t i o n .  

9 .2 .1  Masking and S t r i p p i n g  Procedures  

The materials and procedures  employed i n  s t r i p p i n g  unshie lded  and 

s h i e l d e d  c a b l e  are l i s t e d  below. The unshie lded  c a b l e  c o n f i g u r a t i o n s  
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c o n s i s t  of an al l -polyimide system shown i n  f i g u r e  9-1 and a polyimide/ 

FEP system shown i n  f i g u r e  9-2, 

c o n s i s t s  of polyimide and a metal s h i e l d  laminat ion (copper o r  high- 

permeabi l i ty  meta l )  as shown i n  f i g u r e  9-3, and polyimide/FEP and a metal 

s h i e l d  laminat ion as shown i n  f i g u r e  9-4. The method of s t r i p p i n g  t h e  

polyimide from both  systems is  t h e  same. 

r equ i r e s  an a d d i t i o n a l  s t e p  f o r  t he  removal of FEP. 

The proposed shielded-cable  conf igu ra t ion  

The polyimide/FEP cab le  

The fol lowing h ighly  a l k a l i n e ,  commercially a v a i l a b l e  s o l u t i o n s  and t h e  

l abora to ry  prepared s o l u t i o n s  w e r e  found t o  be acceptab le  f o r  removing t h e  

polyimide i n s u l a t i o n .  

S t r ipp ing  T i m e  
So lu t ion  (2-Mil Polyimide) 

MER- 1 

P T- 5 -ML 

Endox L-76 

3 t o  6 minutes 

5 t o  8 minutes 

5 t o  8 minutes 

C lar  co s ub 5 t o  10 minutes 

50 percent  NaOH 10 t o  15 minutes 

66 percent  KOH 20 t o  25 minutes 

S t r ipp ing  Temperature 

93-99OC (200-210°F) 

96-99OC (205-210OF) 

99-110OC (210-230OF) 

93-99 O C  (200-210°F) 

99-110OC (210-230'F) 

99-110OC (210-230OF) 

These materials are a v a i l a b l e  from: 

a. London Chemical Company, Inc . ,  Melrose Park,  Ill. 

b. London Chemical Company, I n c . ,  Melrose Park,  Ill. 
c. Enthane Incorpora ted ,  West Havens Conn. 

d. Clarkson Labora to r i e s ,  Camden, N.  J. 

The maskants l i s t e d  below w e r e  appl ied  t o  t h e  cab le  and found accep tab le  

i n  prevent ing d e t e r i o r a t i o n  of the  i n s u l a t i o n  beyond t h e  s p e c i f i e d  

s t r i p p i n g  area e 

Maskcoat No. 2 - Western Coating Company, Los  Angeles, C a l i f .  

Maskant No. 1-2021-66 - Organoceram Inc .  P l a c e n t i a ,  C a l i f .  

TFE Teflon Tape - 3M Company, S t .  Paul ,  Minn. 

Lead F o i l  Tape - 3M Company, S t ,  Paul ,  Minn. 

AR-8-M Screen R e s i s t  - London Chemical Company, Melrose Park,  Ill .  
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The materials s p e c i f i e d  below f o r  t h e  s t r i p p i n g  of t h e  i n s u l a t i o n  and 

s h i e l d i n g  is  f o r  t h e  purpose of i l l u s t r a t i n g  t h e  sequence of s t e p s  

requi red  t o  expose t h e  conductors.  Other s t r i p p i n g  s o l u t i o n s  and 

maskants l i s t e d  can a l s o  be used i n  i n s u l a t i o n  and s h i e l d  removal. 

9.2.1.1 3 

a. Apply l ead  t ape  around cabl ing  a t  d e s i r e d  l e n g t h  from c u t  end 

b.  Immerse t h e  cable  i n  MER-1 resist remover a t  93-99'C (200-210'F) 

of cable .  

f o r  a per iod  of 3 t o  6 minutes f o r  an  i n s u l a t i o n  th ickness  of 
2 m i l s .  See f i g u r e  9-5 and f i g u r e  9-6. 

Spray rinse t h e  s t r i p p e d  conductors w i th  water t o  remove any 
r e s i d u a l  polyimide. 

removed wi th  acetone and a co t ton  swab. 

c. 

d. Remove tape.  Any t a p e  adhesive remaining on the  cab le  may be 

e. P r o t e c t  s t r i p p e d  conductors.  

9.2.1.2 StriDDed Shielded Polvimide Cable 

The cab le  i s  masked p r i o r  t o  each s t r i p p i n g  ope ra t ion  t o  prevent  p a r t i a l  

degrada t ion  of t h e  i n s u l a t i o n  and s h i e l d  beyond t h e  designated area. 

a. 

b. 

C. 

d. 

e. 

*f .  

g *  

h. 

Apply lead  t ape  around cabl ing  a t  d e s i r e d  l eng th  from c u t  end 
of cab le .  

Immerse t h e  cab le  i n  MER-1 resist remover a t  93-99'C (200-210'F) 
f o r  a per iod  of 3 t o  6 minutes.  

Spray-rinse t h e  s t r i p p e d  conductors w i th  water t o  remove any 
r e s i d u a l  polyimide. 

Remove tape.  

Apply l ead  t ape  around cabl ing a t  d e s i r e d  l eng th  from c u t  end 
of cable .  
e l i m i n a t e  wicking of t h e  e tch ing  s o l u t i o n .  

Str ip-metal  s h i e l d .  (Etchant may be  used a t  room temperature.)  

Remove t ape  and apply new t a p e  around t h e  cab le  a t  d e s i r e d  
l eng th  from conductor ends. 

Immerse t h e  c a b l e  i n  MER-1 resist remover a t  93-99'C u n t i l  t h e  
polyimide i s  removed. 

B e  s u r e  t a p e  i s  pressed  f i rmly  a g a i n s t  cab le  t o  

1 

*Fer r i c  c h l o r i d e  e t c h a n t  - 45' Baume', commercially a v a i l a b l e ,  o r  
100 p a r t s  n i t r i c  a c i d  by volume t o  2 p a r t s  hydrochlor ic  ac id  by volume, 
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i. Clean t h e  s t r i p p e d  conductors wi th  f o r c e f u l  water - r inse  t o  
remove any r e s i d u a l  polyimide. 

j . Remove Tape. 

k .  P r o t e c t  s t r i p p e d  conductors.  

9.2.1.3 S t r ipp ing  Mylar Insu la t ed  Cable 

The fol lowing s o l u t i o n s  were t r i e d  and found t o  be  acceptab le  f o r  removing 

mylar i n s u l a t i o n :  

Solu t ion  S t r ipp ing  T i m e  

DS 101  H 3 t o  8 minutes 

Concentrated S u l f u r i c  
Acid 2 t o  4 minutes 

S t r ipp ing  Temperature 

93-99OC (200-210°F) 

93-99OC (200-210'F) 

The c a b l e  i s  masked t o  de f ine  the  s t r i p p i n g  area and prevent  degradat ion 

of t h e  ad jacen t  cable .  

Minnesota Mining and Manufacturing Company i s  recommended. 

A maskant such as a lead-backed tape  /I425 from 

9.3 P l a t i n g  

The p l a t i n g  f o r  t h i s  program w a s  done on an  as-required b a s i s .  

f i x t u r i n g  information f o r  handl ing cab le s  during p l a t i n g  w a s  suppl ied  by 

NASA/MSFC. 

The 

The p l a t i n g  p r o j e c t s  were as fol lows:  

a. Laboratory run  t o  v e r i f y  handbook process  - Resul t s  
s a t i s f a c t o r y .  

Copper p l a t i n g  a s h i e l d  on a Kapton i n s u l a t e d  cable  - Adhesion 
t o  t h e  Kapton w a s  marginal  t o  unsa t i s f ac to ry .  

b.  

c .  P l a t i n g  t h e  edge of a cab le  which had Lashclad bonded t o  
each s i d e  and t h e  edge conductor exposed - The p l a t i n g  
s o l u t i o n s  caused a f a i l u r e  of t h e  bond between the  Lashclad 
and t h e  cable .  

d. Cu-Ni p l a t e  on MU-30 - Resu l t s  S a t i s f a c t o r y .  P l a t i n g  d id  n o t  

e, Cu-Ni p l a t i n g  of s ix- foot  lengths  of MU-30 f o r  subsequent 

crack o r  s e p a r a t e  when t h e  sample w a s  f l exed  o r  fo lded .  

f a b r i c a t i o n  of sh ie lded  cab le s  f o r  e lec t r ica l  t e s t i n g  - 
Resul t s  s a t i s f a c t o r y .  
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9.4  Connector Po t t ing  

Lefkoweld 185 (Leff ingwell  Chemical Co.) w a s  s e l e c t e d  f o r  p o t t i n g  t h e  

sh ie lded  plug.  The requirements were t h a t  t h e  p o t t i n g  material have a 

v i s c o s i t y  t h a t  would seal t h e  conductor passages on t h e  f r o n t  of t h e  

connector,  and have s u f f i c i e n t  r e s i l i e n c y  a f t e r  cur ing  t o  provide 

s t r a i n  r e l i e f  and pass  environmental  and e l e c t r i c a l  tests. The apparent  

v i s c o s i t y  w a s  increased  wi th  Cabosi l  s o  t h a t  t h e  p o t t i n g  would f i l l  t h e  

conductor s l o t s  bu t  would no t  run through t o  t h e  con tac t  area. The fay ing  

su r faces  on t h e  backshe l l  were sandblas ted  t o  produce a su r face  conducive 

t o  bonding. 

Sample I 

360mp. 520mp 700mp. Avg. 

1.6 0.8 0 0.7 

Dynamic weight l o s s  and depos i t i on  on qua r t z  wi tness  p l a t e s  i n  a thermal- 

vacuum tes t  were run on t h i s  m a t e r i a l .  The r e s u l t s  are shown i n  

f i g u r e  9-7 and t a b l e  9-1. 

Sample I1 

360mp 520mp 700mp Avg. 

1.1 0.2 0 . 2  0.7 

Table 9-1 

LOSS OF'LIGHT TRANSMISSION THROUGH WITNESS PLATES CAUSED BY 
CONDENSATION OF COMPONENTS OF LEFFINGWELL /I185 EPOXY 

TEST CONDITIONS 

Sample 111 

360mp. 520mp 700mp Avg. 

0.5 0 0 0 . 1  

Temperature = 212'F 

T e s t  Durat ion 20 h r s  

Vacuum Level 1 X Torr 



9.5 Bonding t h e  Connector Backshell  t o  t h e  Plug Body 

The n icke l -p la ted  aluminum backshe l l  i s  bonded t o  t h e  d i a l l y l  p h t h a l l a t e  

plug body wi th  Epon 934, a f i l l e d  epoxy s t r u c t u r a l  adhesive.  The fay ing  

s u r f a c e  on t h e  backshe l l  w a s  given a l i g h t  g r i t - b l a s t  t rea tment  t o  

improve adhesion. 

I n i t i a l l y ,  Leff ingwell  185 w a s  used i n  t h i s  a p p l i c a t i o n  wi th  a s l i p  f i t  

between t h e  backshe l l  and plug body. The fay ing  s u r f a c e  of t h e  backshe l l  

w a s  no t  g r i t - b l a s t e d .  The bond t o  t h e  metal backshe l l  f a i l e d  during 

temperature  cyc l ing .  A s  c o r r e c t i v e  measures, t h e  following changes were 

made : 

a. A s t r u c t u r a l  adhesive w a s  s u b s t i t u t e d  f o r  185 because t h e r e  
w a s  no requirement f o r  d i e l e c t r i c  p r o p e r t i e s ,  o r  f o r  t h e  
f l e x i b i l i t y  which 185 af forded .  

b.  The bond-line c learance  w a s  increased  t o  8 t o  10 m i l s .  

c. The fay ing  s u r f a c e  of t h e  backshe l l  w a s  g r i t - b l a s t e d .  

9.6 All-Polyimide I n s u l a t i o n  System 

An i n v e s t i g a t i o n  was conducted t o  determine t h e  p o s s i b i l i t y  of procuring 

an al l -polyimide i n s u l a t i o n  system; i .e.  a l l -polyimide i n s u l a t i o n  on a 

sh ie lded  cable  and a polyimide connector body assembled wi th  polyimide 

adhesive.  This would make chemical s t r i p p i n g  of t h e  al l -polyimide 

i n s u l a t e d  cable  f e a s i b l e ,  and would provide a system having t h e  tempera- 

t u r e  c a p a b i l i t y  of polyimide. A r eques t  w a s  made t o  a l l  known cab le  

manufacturers ,  bu t  none responded wi th  an acceptab le  proposal .  The 

polyimide adhesives  are so lven t  d i s p e r s i o n s ,  and d i f f i c u l t y  i s  encountered 

from so lven t  entrapment under t h e  s h i e l d s .  Limited development work w a s  

done in-house t o  overcome t h i s  d i f f i c u l t y ,  bu t  w i th  l i t t l e  success .  

Concurrent ly ,  i t  w a s  noted t h a t  American Cyanamid w a s  developing an 

inject ion-moldable  polyimide material (XP1 182) .  Vendor coord ina t ion  

d i sc losed  t h a t  XP1 182 could not  be  handled i n  t h e  Stokes injection-molding 

machine, l oca t ed  a t  Huntington Beach, and t h a t  f u r t h e r  development work 

w a s  r equ i r ed  on t h e  material .  

cons idera t ions  f o r  a l l -polyimide system. 

The program schedule  d id  not  permit  f u r t h e r  



Through subsequent  c o o r d i n a t i o n  w i t h  American Cyanamid i n  March 1968, 

i t  w a s  l e a r n e d  t h a t  t h e y  had developed a more e a s i l y  moldable  material 

(XP1 MC154). Except f o r  a lower h e a t  d i s t o r t i o n  p o i n t  (437°F r a t h e r  

t h a n  5OO0F+), t h i s  material h a s  p h y s i c a l  p r o p e r t i e s  comparable t o  

XP1 182, and merits f u r t h e r  i n v e s t i g a t i o n  i f  a n  a l l -po ly imide  i n s u l a t i o n  

system is t o  b e  pursued  on a f u t u r e  program. 

9.7 Flat-Cable  Bondinn 

A l i t e r a t u r e  survey  w a s  made on f l a t - c a b l e  bonding technology.  The f i e l d  

covered i n c l u d e d  s e c u r i n g  of c a b l e s  f a b r i c a t e d  from Mylar,  H-film, and 

T e f l o n  bonded t o  aluminum w i t h  a d h e s i v e s  o r  p r e s s u r e - s e n s i t i v e  t a p e s .  

Room tempera ture  c u r i n g  adhes ives  c a p a b l e  o f  m a i n t a i n i n g  a s u f f i c i e n t  

bond s t r e n g t h  o v e r  a service t e m p e r a t u r e  range of -195°C (-320'F) t o  

316°C (600'F) w a s  of pr ime i n t e r e s t .  

conta ined  a p p l i c a b l e  i n f o r m a t i o n :  

The s i x  r e p o r t s  summarized below 

a. Summary of Report  1MX-53080 

Kennedy, B.  W. E v a l u a t i o n  of  Adhesives f o r  I n s t a l l i n g  F l a t  
Conductor Cables  (U), NASA T e c h n i c a l  Memorandum TMX-53080, 
October  1964. 

Mylar t o  Mylar o r  t o  aluminum j o i n t s  bonded w i t h  3M's a d h e s i v e  
EC-1099 o r  Fasson P r o d u c t s  C o r p o r a t i o n  a d h e s i v e  S-277 passed  
r i g i d  mechanical  and envi ronmenta l  tes t  requi rements  imposed 
upon t h e  j o i n t  t o  s i m u l a t e  c o n d i t i o n s  encountered i n  s p a c e  
f l i g h t .  Dow Corning ' s  S i l a s t i c  140 passed  a l l  envi ronmenta l  
tests t o  which i t  w a s  s u b j e c t e d ,  b u t  d i d  n o t  have t h e  d e s i r e d  
i n i t i a l  p e e l  and c r e e p  s t r e n g t h .  

b. Summary of  Report  394-65 

Thiokol  Chemical Corpora t ion .  Development of an  Adhesive Sys tem 
f o r  F a s t e n i n g  Mylar ( P o l y e s t e r )  and H-Film (Polyimide) F l a t  Con- 
d u c t o r  No. 394-65, C o n t r a c t  No. NAS8-11,828, January  1966. 

A h i g h  i n i t i a l - t a c k ,  qu ick  ambient c u r e  a d h e s i v e  f o r  f a s t e n i n g  
Mylar f i l m  t o  v a r i o u s  s u b s t r a t e s  w a s  developed and q u a l i f i e d .  
The b i n d e r  sys tem c o n s i s t e d  of a hydroxyl- terminated poly- 
b u t a d i e n e  (HTPB) blended w i t h  an  epoxy-novolak d i l u t e d  w i t h  
Bisphenol-A e p i c h l o r o h y d r i n ,  which w a s  cured w i t h  t o l u e n e  
d i i s o c y a n a t e  and a t e r t i a r y  amine. 

An a d h e s i v e  f o r  bonding H-Film t o  v a r i o u s  s u b s t r a t e s  w a s  
formula ted  from a polyimide/polyamide b lend  which cured  i n  
1 hour a t  150°C (302°F).  

9-8 



C. 

d. 

e. 

f .  

Summary of F l a t  Cable Technology Report 

Angele, W. 
-9 t i o n s  presented  t o  t h e  Electrical  Manufacturing Coordinat ion 
Meeting, Hun t sv i l l e ,  Alabama, 5-6 November 1964. 

A Review of F l a t  Cable Technology i n  Space Applica- 

A Nit rophenol ic  r e s i n  w a s  used t o  mount H-Film and Mylar cab le s  
t o  aluminum. A one-year exposure t o  outdoor weathering d id  n o t  
d e l e t e r i o u s l y  a f f e c t  t h e  s t r u c t u r a l  performance of t h e  adhesive 
j o i n t  . 
Summary of Report DG-TR-4-60 

Army Ballist ic Missile Agency. Development Report No. 3 on 
P r i n t e d  Cables and Connectors, Technical  Report No. DG-TR-4-60, 
18 February 1960. 

Adhesives were submit ted by va r ious  manufacturers,  coded, and 
used t o  bond Mylar t o  aluminum, Teflon,  epoxy, phenol ic  and 
Mylar s u b s t r a t e s .  P e e l  and creep tests were conducted t o  
eva lua te  t h e  bond s t r e n g t h  performance of t h e  adhesives .  
s i n g l e  adhesive t e s t e d  proved s u p e r i o r  i n  a l l  a spec t s .  

No 

Summary of M P  1749 

Blanchard, G. P.  Peel S t rength  of Narmco 7343/7139 Adhesive 
When Bonding Mylar t o  Aluminum, (U), Report No. M P  1749, Douglas 
A i r c r a f t  Company, Inc .$  1 2  December 1963. 

A polyurethane adhesive was used t o  bond Mylar t o  sluminum. 
Pee l  s t r e n g t h  (180') was determined a t  temperatures ranging 
from -253°C (-423°F) t o  1 2 1 ° C  (250'F). 

Summary of MP 1690, Revision A 

S t .  Cyr, M. C. Barrier Films f o r  Containment of Liquid Propel- 
l a n t s ,  (U), Report No. MP 1690 (Revision A), Douglas A i r c r a f t  
Go., Inc . ,  29 J u l y  1963. 

The l a p  shea r  s t r e n g t h  of Mylar and H-Film bonded wi th  a 
polyurethane adhesive w a s  determined. 

Three formal r e p o r t s ,  exe rp t s  of which appear i n  t h e  above t e x t ,  were 

prepared on development work performed on t h i s  con t r ac t .  They are 

MP50653, A Survey of F l a t  Cable Bonding Technology, MP50839, Evaporation 

of V o l a t i l e s  from Leff ingwel l  Ill85 Epoxy and Deposi t ion on Quartz Witness 

P l a t e s ,  and MP50914, Dynamic Weight Loss of Lef f ingwel l  /I185 Epoxy i n  

Vacuum. The complete t e x t s  of t h e s e  r e p o r t s  fol lows.  
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Cutalog No. RD 2'e709 

A SURVEY OF FLAT CABLE BONDING TECHNOLOGY ~ ~ $ 1 ~ ~ ~ ~  TO 

I .  

2. 

3.  

4 .  

OBJECT 

To survey the  1 
t o  t h e  adhesive 
fab r i ca ted  trom 

I NTRODUCT I ON 

t e r a t u r e  f o r  data p e r t  i nent 
bonding o f  f l a t  cables 
Mylar,  H-Fi I m  o r  Tef lon.  

The recent  development o f  f l a t  conductor cable f o r  use i n  space veh ic les  
has created a demand f o r  more p r a c t i c a l  and e f f e c t i v e  methods o f  secur ing 
t h e  c a b l i n g  t o  space veh ic le  surfaces, TQ meet t h i s  demand adhesive 
systems have been inves t iga ted  t o  e l i m i n a t e  t h e  need f o r  most o f  the  t i e -  
downs, clamps and o t h e r  mechanical secur ing devices genera l l y  used i n  
convent ional  cable i n s t a l l a t i o n s .  A l i t e r a t u r e  survey was conducted t o  
determine the  s ta te -o f - the -a r t  o f  secur ing cables fabr ica ted  from Mylar,  
H - F i l m  o r  Te f lon  t o  aluminum w i th  adhesives o r  pressure s e n s i t i v e  tapes. 
Room temperature c u r i n g  adhesives capable o f  ma in ta in ina  s u f f i c i e n t  bond 
s t rength  over a serv ice  temperature range o f  -19S"c (-320°F) t o  316'C 
(600°F) were o f  prime i n t e r e s t ,  

PROCEDURE 

A l i t e r a t u r e  survey u t i l i z i n g  t h e  l i b r a r y ' s  Automatic Se lec t i on  o f  Dissemi- 
na t i on  In format ion serv ice  and a search o f  p r i v a t e  f i l e s  was conducted, 
A secondary screening o f  t he  cards and perusal  o f  repo r t s  revealed t h a t  
o n l y  s i x  (6) repo r t s  contained app l i cab le  in format ion.  

RESULTS 

The t e s t s  conducted i n  t h e  var ious programs and t h e  r e s u l t s  o f  t h e  t e s t s  
a re  g iven i n  Table 1 .  

4.1 Summary of Report TMX-53080 

y lar  o r  aluminum j o i n t s  bonded w i t h  zA's  adhesive EC-1099 
o r  Fasson Products Corporat ion adhesive 5-277 passed r i g i d  mechanical 
and environmental t e s t  requirements imposed upon the  j o i n t  t o  
s imulate cond i t i ons  encountered i n  space f l i g h t .  Dow Corning's 
S i l a s t i c  140 passed a l l  envirGnmental t e s t s  t o  which it was subjected 
but  d i d  no t  have t h e  des i red i n i t i a l  peel and creep strengths.  ( 1 )  

9-10 



MP 50,653 
Page 2 o f  7 

4.2 Summary o f  Report 394-65 

A high i n i t i a l  tack, quick ambient cure adhesive for f a ~ t e n i n g  Mylar 
f i l m  t o  various substrates was developed and qua l i f i ed .  
system consisted o f  a hydroxyl-terminated polybutadiene (HTPBI blende 
w i th  an epoxy-novolak d i l u t e d  wi th  Bisphenol-A epichlorohydrin, which 
was cured wi th  toluene diisocyanate and a t e r t i a r y  amine, 

The binder 

An adhesive f o r  bonding H - F i l m  t o  various substrates was formulated 
from a polyimide/polyamide blend which cured i n  I hour a t  15OoC 
(302°F). (2) 

4.3 Summary o f  F l a t  Cable Technology Report 

A Ni t rophenol ic res in  was used t o  mount H - F i l m  and Mylar cables t o  
aluminum. 
deleter ious ly  a f f e c t  the s t ruc tu ra l  performance o f  the adhesive 
j o i n t .  (3) 

A one year exposure t o  outdoor weathering d i d  not 

4.4 Summary o f  Report DG-TR-4-60 

Adhesives were submitted by various manufacturers, coded and used 
t o  bond Mylar t o  aluminum, Teflon, epoxy, phenolic and Mylar Substrates. 
Peel and creep t e s t s  were conducted t o  evaluate the bond strength 
performance o f  t he  adhesives. No s ing le adhesive tested proved 
superior i n  all aspects. (4) 

4.5 Summary o f  MP 1749 

A polyurethane adhesive was used t o  bond Mylar t o  aluminum, 
strength ( I8Oo) was determi ned a t  temperatures ranging from 

-423°F) t o  12l0C (250'F). (5) 

4.6 Summary o f  MP 1690, Revision A 

The lap shear strength o f  
adhesive was determined, 

y l a r  and H-F i lm  bonded with a PO 

5. REFERENCES 

Pee I 
-2 53 O C  

yurethane 

No, 394-65, Contract No. NAS8-11,828, January 1966. 

presenfsd Po 
Huntsvi l le,  
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DYNAMIC W G H T  LOSS OF IXFFINGWELL 
9185 EPOXY I N  VAC'UUM 

s w m :  
G. E. Dennis, A-260 

A cast  sample of Leffingwe11 #185 epoxy R. M. Washburn, A-263 
res in  supplied by A. McCown. R. C. Libby, A3-263 

J. G. Weiner, A3-263 
Fi le 

OaTECT : 

To measure t h e  dynamic weight loss of the  material  whi le  subjected t o  a 
vacuum of lo-" Torr and a temperature of 1 0 0 ° C .  

PROCEDURE: 

1. 

2, 

3 .  

4, 

54 

6. 

Apparatus : 

a. 

b. Cahn Electrobalance, DAC 641837 
c. Speedomax Recorder, NASA 9855 
d. Graphicorder-10, DAC 672545 

Edwards Vacuum System, DAC 632824 

Specimens were cut from the block of cast  material  and sanded smooth 
w i t h  #32O g r i t  emery paper. They w e r e  approximately 1 inch x 1 inch 
x 1/16 inch. 
i n  d i s t i l l e d  water, wiped w i t h  a clean tare1,and a i r  dried f o r  about an 
hour before being placed i n  the vacuum chamber. 

They were cleaned w i t h  d i s t i l l ed  water and detergent, rinsed 

Two specimens were mounted i n  the vacuum chamber. One was i n  a fixed 
position, supported by thermocouple leads. The other  was suspended 
from the electrobalance. 

Pumping was  s t a r t ed  and a continuous record of the specimen's weight 
made f o r  one hour a t  ambient temperature. 

The e l e c t r i c a l  heaters w e r e  turned on and con-tfnuom rec 
weight made f o r  an additional 20 hours a t  100°C. 

of specimen 

The test  was terminated by turning o f f  the heat, cooling the specimen 
t o  room temperature,and ventincg the  chamber t o  laboratory a i r .  

NOTE: A more detai led description of the t e s t  method may be found i n  
the referenced MP report. 
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RESULTS : 

summarized i n  Table I. Dynamic weight loss  and r a t e  of loss  
data from the t ab le  are  plot ted i n  Fpgure 1, 

SIGNIRCMCE OF DATA: 

The accuracy of the electrobalance data i s  limited by laboratory vibration and 
random e l e c t r i c a l  interference t o  approximately 4~0.1 milligram. For specimens 
of t he  s i z e  used t h i s  means an accuracy of approximately S.01 percent. 

Temperature readings are  estimated t o  be accurate t o  within f2'F. 

Only one test  specimen was tested. 
the va r i ab i l i t y  which might be expected between d i f fe ren t  batches of material  
o r  d i f fe ren t  specimens from the same batch. 

Therefore, no estimate can be made of 

A t  the end of the t e s t  period the specimen was s t i l l  losing weight. 
was down t o  less than 0.02 percent per hour, however; and t h e  r a t e  was de- 
creasing very slowly. 
men could be observed, 

The ra t e  

No changes i n  the v isua l  appearance of the  test  speci- 

REFERENCES : 

MP 50,717, C. S. Wilkinson, "Dynamic Weight Loss of Sealants i n  Vacuum," 
September 6, 1967 

TR 5907, pages 48-50 
S.0.  177132 

S ,A,  7003 
EWO 32808 

t a l l i e s  Research Projects Section, I\"IR&PM 

Approved by: 
R. M. Washbump Section Chief 
Non-Wtallics Research Projects, MF&FW 
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Table I 

Dynamic Weight Loss of kf f ingwe l l  

0.0 

0.5 
1.0 

1.5 
2.0 

3.0 
4.0 

5-0 
6.0 
7.0 
8.0 
9.0 

10.0 

11.0 

12.0 

13.0 

15.0 
16.0 
17.0 

14.0 

21e.o 

0.00 

0.04 

oe1g 
0.37 
0.40 

6* 46 
0.50 

0.53 
0.56 
0.59 
0.63 
0.65 
0.67 
0.70 

0073 
0.76 
0.78 
0.79 
0.81 
0.86 

0.71 

0.06 
0.45 
0.12 
0.06 

0.05 

0.04 

0 035 

--- 
..-e 

0 * 022 
-e- 

-"_ 

--- 
0.02 

--e 

0.018 

1 x LO-* Torr to 7 x Torr 
z 1 0 0 ° C  t o  1 0 9 ° C  
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POLYIMIDE 
/---ADHESIVE 

- POLYIMIDE 

Figure 9-1. Unshielded Polyimide Cable 
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ADHESIVE 
METAL SHIELD f poLy'"r ADHESIVE 

POLY IMIDE 
COPPER CONDUCTOR 

POLYIMIDE )Ti \\\ADHESIVE - METAL SHIELD 
ADHESIVE 

L P O L Y I M I D E  1 

Figure 9-3. Shielded Poly imide Cable 

COPPERCONDUCTOR 
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TEMPERATURE ("C) 

Figure 9-5. Stripping Data for 2-mil Polyimide With MER-1. 
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SECTION X 

10. TECHNICAL ASSISTANCE TO NASA/MSFC FOR FCC APPLICATION 

10 e 1 I n t  rodu,ct i on  

During t h e  Phase I F l a t  Cable Development Program, MDC designed, manu- 

f ac tu red ,  and i n s t a l l e d  over 100 FCC harnesses  on a 180-degree a f t s k i r t  

mockup of the  Sa turn  S-IVB/V Missile. 

During t h e  r e fe rence  F l a t  Cable Appl ica t ions  Phase I1 Study, MDC per- 

formed t h e  pre l iminary  design and cons ide ra t ion  d e f i n i t i o n s  f o r  using 

FCC in t e rconnec t ing  harnesses  throughout on a proposed Block I S-IVB 

s t age .  This involved harness  d e f i n i t i o n ,  d i s t r i b u t i o n  u n i t  u s e  and 

eva lua t ion ,  e l e c t r o n i c  u n i t  modi f ica t ions  and r e q u a l i f i c a t i o n ,  and 

system performance eva lua t ion  with FCC in te rconnec t ing  harnesses  on 

both a te lemet ry  system and a p rope l l an t  u t i l i z a t i o n  system. 

It was l o g i c a l  and d e s i r a b l e  t o  u t i l i z e  t h e  experience gained on t h e  

above-described programs f o r  FCC program app l i ca t ions  t o  be made by 

NASA/MSFC. Therefore ,  t he  t e c h n i c a l  a s s i s t a n c e  t a s k  t o  the  As t r ion ic s  

Laboratory o f  NASA/MSFC was included on t h i s  program. Concurrent wi th  

t h e  i ssuance  of t h i s  program c o n t r a c t ,  NASA/MSFC was engaged i n  the  

a p p l i c a t i o n  of FCC t o  t h e  Apollo Telescopic  Mount (ATM) Space Vehicle 

and t h e  MDC a s s i s t a n c e  w a s  made f o r  t h i s  program. 

10.2 Review of ATM Requirements 

For ATM o r i e n t a t i o n  and p repa ra t ion  i n  providing FCC a p p l i c a t i o n  a s s i s t a n c e  

t o  NASA/MSFC, MDC personnel  reviewed a l l  a v a i l a b l e  ATM da ta ,  inc luding:  

a. "Apollo Telescopic  Mount, Prel iminary P r o j e c t  Development 

b e  Drawing 40M33651, "ATM Cable In te rconnec t ing  Diagram. 'I 

C. "No number" drawing, "ATM CCEA F l a t  Connector v s .  Round 

Plan," da ted  J u l y  25, 1966. 

Connector, 
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The d a t a  and experience from t h e  FCC Phase I and Phase I1 s t u d i e s  were 

then app l i ed  d i r e c t l y  t o  t h e  ATM requirements t o  formulate  a pre l iminary  

p l an  f o r  FCC app l i ca t ion .  

10 .3  R e v i e w  of NASA/MSFC FCC Design Guidel ines  

A series of  proposed "Par t s  and Materials'' FCC Design Guidel ines ,  

prepared by M r .  S. J.  Dobbs of NASA/MSFC A s t r i o n i c s  Laboratory,  w a s  

submit ted t o  MDC f o r  comments. 

The MDC comments were t r a n s f e r r e d  o r a l l y  t o  M r .  Dobbs. The major comment 

involved t h e  engineer ing method of c a l l i n g  o u t  t h e  NASA/MSFC conductor- 

con tac t ,  molded-plug assembly. Since t h i s  assembly i s  made up of a 

premolded window and s h u t t l e ,  conductors from t h e  FCC used f o r  t h e  harness  

assembly, and t h e  plug body w a s  molded i n  p l a c e  around these  p a r t s ;  t h e  

completed plug assembly cannot be c a l l e d  ou t  as a s e p a r a t e  d e t a i l  p a r t .  

Rather,  t h e  plug assembly should be a dash number p a r t  o f  t h e  complete 

FCC harness  drawing. Therefore ,  i t  w a s  suggested t h a t  a method drawing 

be c rea t ed  t o  d e f i n e  t h e  molded-plug assembly opera t ions .  The FCC harness  

assembly drawing would ca l l  o u t  the  d e t a i l  p a r t s  - window, s h u t t l e ,  f r o n t  

f i l l e r  rod, forward gaske t ,  and in te rconnec t ing  FCC, as requi red .  A 

n o t a t i o n  would be  placed on t h i s  drawing r equ i r ing  t h a t  t h e  assembly b e  

accomplished pe r  t he  prev ious ly  descr ibed method drawing. 

The method descr ibed  above, which w a s  suggested t o  NASA/MSFC f o r  

i nco rpora t ion  i n t o  t h e i r  des ign  gu ide l ines ,  w a s  t h e  method subsequent ly  

adopted f o r  t he  MIL-C-55544 FCC connector s p e c i f i c a t i o n .  

10.4 ATM Systems Coordination Tr ip  t o  NASA/MSFC 

MDC personnel  (2) were a t  t h e  NASA/MSFC As t r ion ic s  Laboratory on 2 ,  3 ,  and 

4 May 1967 t o  provide FCC a p p l i c a t i o n s  a s s i s t a n c e  f o r  t h e  ATM program. 

A t  t h e  i n i t i a l  meeting wi th  t h e  head of t h e  As t r ion ic s  Laboratory,  MDC 

personnel  were d i r e c t e d  t o  review, wi th  t h e  va r ious  design groups involved,  

t he  cu r ren t  s t a t u s  of FCC a p p l i c a t i o n  t o  t h e  ATM program, provide coordina- 

t i o n  and a s s i s t a n c e ,  r e p o r t  back with the  r e s u l t s  of t h e  review, and make 

recommendations f o r  f u t u r e  e f f o r t  



, 

Deta i led  coord ina t ion  meetings were he ld  wi th  t h e  var ious  NASA/MSFC 

groups as fol lows:  

a. 

b .  

C. 

d. 

e. 

f ,  

J e r r y  Felch, J i m  F u l l e r ,  and John L o t t  - Ast r ion ic s  Laboratory 

Responsible f o r  in te rconnec t ing  harnesses ,  a11 J-boxes,. 
wi r ing  lists, cable  in te rconnec t  diagrams, and i n t e g r a t i o n  
of a l l  i n s t a l l a t i o n  and a p p l i c a t i o n .  
t h a t  0.004 X 0.040 f l a t - c a b l e  conductors be used, cab le  
and connectors had been s e l e c t e d  and cab le  in t e rconnec t ing  
diagrams had been prepared. 

Cec i l  Gregg - Ast r ion ic s  Laboratory,  Control  Moment 
Gyro (CMG) System 

Had completed h i s  pre l iminary  design using known ground r u l e s .  
H e  s e l e c t e d  round connectors  f o r  150 vrms because of vo l t age  
l i m i t a t i o n  f o r  f l a t - c a b l e  connectors as s t a t e d  i n  t h e  MSFC 
Design Guidel ines .  
a c t u a l l y  a v a i l a b l e ,  d e t a i l e d  d e s c r i p t i o n  of i t s  use,  and 
poin ted  out  a misunderstanding on connector-pin func t ion  
des igna t ion  

H. G. Vick - Ast r ion ic s  Laboratory,  Control  Loop and Guidance 

Problems e x i s t e d  wi th  4 . 8  k i l o h e r t z  i n  the  modulators and 
demodulator c i r c u i t s  e Proper s e l e c t i o n  of sh i e lded  cable  
combinations i n t o  connectors ,  and rou t ing  would be  requi red .  

B i l l  L e w t e r  - Ast r ion ic s  Laboratory,  Ins t rumenta t ion  

This a p p l i c a t i o n  seemed s t r a igh t fo rward  and w a s  an ex tens ion  
of previous f l a t  c a b l e  used on t h e  I.U. Two measuring racks  
from t h e  I . U .  w i l l  r e t a i n  round connectors and e i g h t  new racks  
w i l l  have f l a t - c a b l e  connectors .  

Harry Thayer - P&VE, Harness I n s t a l l a t i o n  

Responsible f o r  f i n a l  drawing documentation f o r  a l l  harness  
i n s t a l l a t i o n s ,  support  s t r u c t u r e ,  and clamping d e f i n i t i o n .  
H e  has  no one experienced i n  f l a t - c a b l e  rou t ing  o r  support .  
M r .  L. 0. Ramsey of As t r ion ic s  w i l l  a i d  i n  c lamp and support  
s e l e c t i o n  d e f i n i t i o n .  The ME d i v i s i o n  w i l l  do t h e  a c t u a l  
rou t ing  and i n s t a l l a t i o n  of t h e  harnesses ,  and t h e  As t r ion ic s  
P i l o t  Laboratory w i l l  f a b r i c a t e  t h e  f l a t - c a b l e  harnesses .  

W. Angele - Ast r ion ic s  Laboratory,  Pro to type  Development Branch 

Responsible f o r  a l l  f l a t - c a b l e  hardware. 
f o r  17,000 f e e t  each of sh i e lded  and nonshielded c a b l e  had been 
i n i t i a t e d .  

A t r a n s i t i o n - - f l a t  cab le  t o  convent ional  round connectors--will  
be accomplished with an encapsulated s p l i c e  u t i l i z i n g  t h e  
s tandard  window and s h u t t l e  f o r  molded p lugs ,  Round w i r e  w i l l  
be  lap-soldered t o  t h e  exposed f l a t - c a b l e  conductors a t  one end 
and i n s e r t e d  normally i n t o  the  connector crimp con tac t s  a t  t h e  
o t h e r  end, A l igh tweight  adapter  w i l l  support  t he  encapsulated 
s p l i c e  t o  t h e  connector backshe l l ,  

Based on ground r u l e s  

H e  reques ted  d e f i n i t i o n  of hardware 

Procurement a c t i o n  

Over 600 f l a t - c a b l e  r e c e p t a c l e s  w i l l  b e  procured. 
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Addi t iona l  ATM d a t a  were furn ished  t o  MDC personnel  f o r  f u r t h e r  

i n d o c t r i n a t i o n  and f a m i l i a r i z a t i o n  as fol lows:  

a. 

b. 

C. 

d. 

e. 

f .  

g *  

h.  

i. 

Statement of Work, Apollo Telescope Vernier  Poin t ing  Control 
System, by t h e  Perkin-Elmer Corporation. 

Apollo Telescope Mount Flex Cable Study, by Lockheed Missiles ii 
Space Company a 

Equipment L i s t  and Associated Technical  Data, Apollo Telescope 
Mount, by George C .  Marshal l  Space F l i g h t  Center.  

This inc ludes  a l l  b lack  boxes wi th  o u t l i n e  dimensions and 
power requirements.  

Drawing No. 40M33650, Apollo Telescope Mount F l a t  Cable 
Def in i t i on ,  by George C.  Marsha l l  Space F l i g h t  Center.  

Drawing No. 50M22123, Pin Function Diagram, Control  Moment 
Gyro, by George C ,  Marshal l  Space F l i g h t  Center.  

No number, Apollo Telescope Mount Telemetry System Block 
Diagram, by George C. Marshal l  Space F l i g h t  Center.  

No number, ATM CCEA F l a t  Connector vs. Round Connector, by 
George C .  Marshal l  Space F l i g h t  Center.  

Drawing No.  PM11390, Cable Power 2 SI 3 Conductors, by George C .  
Marshal l  Space F l i g h t  Center.  

Pre l iminary  Flat-Cable Handbook f o r  Pract ical  Design, Fabr i ca t ion ,  
and I n s t a l l a t i o n  of F l a t  Cables.  

I 

The r e s u l t s  of t h e  NASA/MSFC review w e r e  repor ted  t o  t h e  head of t h e  

As t r ion ic s  Laboratory as fol lows:  

a. A l l  A s t r i o n i c s  groups were making a consc ien t ious  e f f o r t  t o  apply 
FCC t o  t h e  ATM program per  t h e  known ground r u l e  requirements .  

b.  Addi t iona l  coord ina t ion  and d e f i n i t i o n  of t h e  d e t a i l e d  methods 
of FCC a p p l i c a t i o n  were requi red .  

c. U s e  o f  FCC wi th  conductor c ros s  s e c t i o n s  g r e a t e r  than 4 X 40 m i l s  
should be  considered;  e s p e c i a l l y ,  t h e  use  of FCC power cables  
a l ready  developed should be considered'  f o r  high-conduct ivi ty  
requirements i n  l i e u  of using a very l a r g e  number of p a r a l l e l  
4 X 40 m i l  conductors.  

t o  coord ina te  t h e  development of t h e  FCC harnesses  wi th  t h e  
development and i n s t a l l a t i o n  of a l l  o t h e r  equipment i n  t h e  
a p p l i c a b l e  areas. Techniques and exper ience  from t h e  previously 
completed MDC s t u d i e s  should be incorpora ted  i n  t h i s  mockup. 

d. A development mockup should be  e s t a b l i s h e d  as soon as p o s s i b l e  
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Deta i l ed  d i scuss ion  on e lec t romagnet ic  compatabi l i ty  requirements were 

made wi th  NASA/MSFC As t r ion ic s  personnel  as descr ibed i n  t h e  fol lowing 

paragraphs: 

a. A review of t h e  ATM e l e c t r o n i c  systems and wir ing p r a c t i c e s  
ind ica t ed  t h a t  t h e  Control Moment Gyro v e r n i e r  s t a b i l i z a t i o n  
system f o r  t h e  workshop complex, inc luding  sun senso r s ,  t h e  
spectography experiments,  and t h e  ins t rumenta t ion  system, 
contained t h e  most c r i t i c a l  c i r c u i t r y  and in t e rconnec t ion  wir ing .  
The ins t rumenta t ion  system is being designed by personnel  wi th  
p r i o r  f l a t - c a b l e  experience and an  awareness of spur ious  coupl ing 
t h a t  occurs  i n  in te rconnec t ion  wir ing .  Good design p r a c t i c e s  are 
apparent ly  being appl ied  t o  t h e  ins t rumenta t ion  system, In fo r -  
mation about t h e  spectography experiments w a s  l i m i t e d  because of 
t h e  number of non-MSFC experiment s u p p l i e r s  involved. 

The sun senso r s  f o r  t he  s t a b i l i z a t i o n  system w i l l  be  i n t e g r a t e d  
with a p reampl i f i e r  t o  provide a h igh  l e v e l ,  and t h e r e f o r e  non- 
c r i t i c a l ,  ou tput  t o  t h e  analog computer/servo a m p l i f i e r  c i r c u i t r y .  
These l i n e a r  ampl i f i e r s  are of medium ga in  and are d i r e c t  
coupled; t h e r e f o r e ,  no ca r r i e r - type  ampl i f i e r s  are involved and 
bea t  frequency problems should n o t  e x i s t ,  High level 4 . 8  k i l o -  
h e r t z  modulators and demodulators are used t o  permit t h e  use  of 
r e s o l v e r s  i n s t e a d  of potent iometers  i n  t h e  d i r ec t - cu r ren t  s i g n a l  
pa ths .  The l i m i t e d  information a v a i l a b l e  on i n t e rconnec t ion  
wir ing ind ica t ed  t h a t  t h e  wir ing designs were based on cri teria 
o the r  than e lec t romagnet ic  compa t ib i l i t y l  For tuna te ly ,  t h e  
c i r c u i t r y  involved appears  t o  be q u i t e  t o l e r a n t .  

c. Recommendations were made through t h e  CMG I n v e r t e r  des igner  t h a t  
f l a t - c a b l e  o;iented EMC design personnel  a t  MSFC work wi th  t h e  
in t e rconnec t ion  wir ing  des igners  and i n v e r t e r  des igners .  ATM 
conducts 4.8 k i l o h e r t z  square  waves wi th  2- t o  3-microsecond 
rise t i m e s  through f l a t  cab le  from t h e  i n v e r t e r .  This  p r a c t i c e  
i s  not  recommended wi th in  MDC, due t o  t h e  l a c k  of magnetic 
s h i e l d i n g ,  c r o s s t a l k ,  and pu l se  d i s t o r t i o n  produced by t h e  
capac i tance  loading of t h e  normally mismatched f l a t - c a b l e  i n t e r -  
connection wir ing  systems. The i n v e r t e r  enc losure  i s  a l s o  used 
as a j u n c t i o n  box f o r  c e r t a i n  ins t rumenta t ion  c i r c u i t s ,  a p r a c t i c e  
not  encouraged at MDC due t o  p o t e n t i a l  c r o s s t a l k  problems. 

The i n v e r t e r  syn thes i zes  a 400-hertz pseudo s i n e  wave and an 
a d d i t i o n a l  800 h e r t z  output  from t h e  4.8 k i l o h e r t z  r e fe rence  
output  d i g i t a l l y .  Therefore ,  a l l  ou tpu t s  from each i n v e r t e r  
are synchronized, There are t h r e e  CMG systems wi th  i n d i v i d u a l  
i n v e r t e r s  and in te rconnec t ion  cab le s ,  one system f o r  each a x i s .  
Unfortunately,  t h e  4.8 k i l o h e r t z  r e fe rences  f o r  a l l  t h r e e  axes 
are obta ined  from one of  t h e  i n v e r t e r s ;  t he re fo re ,  un less  t h e  
t h r e e  i n v e r t e r  4 ,8-k i loher tz  c locks  are synchronized o r  s l aved ,  
b e a t s  may occur  between t h e  4 ,8-k i loher tz  r e fe rence  and t h e  
400-hertz and 800-hertz ou tputs  i n  two of t h e  t h r e e  axes.  

b ,  

d ,  
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10.5 Conclusions 

The i n i t i a l  MDC a s s i s t a n c e  t o  NASA/MSFC f o r  FCC a p p l i c a t i o n  w a s  made 

during t h e  ATM Systems Coordination Tr ip  t o  NASA/MSFC as explained i n  

10.4. ATM i n d o c t r i n a t i o n  d a t a  were furn ished  t o  MDC, coord ina t ion  

meetings w e r e  he ld ,  and engineer ing con tac t s  w e r e  e s t a b l i s h e d  f o r  

f u r t h e r  d e t a i l  design and development problems. Suggestions w e r e  

made f o r  f u r t h e r  FCC e f f o r t  on the  ATM program. However, no a d d i t i o n a l  

a s s i s t a n c e  w a s  reques ted  by NASA/MSFC, and MDC personnel  d i r e c t e d  t h e i r  

e f f o r t s  toward t h e  many o the r  requi red  t a sks  of t h e  program. 
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SECTION X I  

11. INSPECTION AND TEST 

11.1 General 

The de termina t ion  of those  in spec t ions  and tests, necessary t o  v e r i f y  

t h a t  t h e  design i n t e n t  is m e t  i n  t h e  manufacturing cyc le ,  w a s  pursued 

i n  t h e  p repa ra t ion  of Sec t ion  V I 1  of t h e  Flat-Cable Handbook. Each 

f l a t - c a b l e  assembly w a s  broken i n t o  i t s  i n d i v i d u a l  components along wi th  

any a s soc ia t ed  components - r ecep tac l e s ,  etc.  No p a r t i c u l a r  problems 

were encountered i n  t h e  development of an in spec t ion  r o u t i n e  f o r  

processes ;  i . e . ,  p o t t i n g ,  p l a t i n g ,  e tc . ,  and rece iv ing  in spec t ion  of 

components s i n c e  e s t a b l i s h e d  procedures e x i s t e d  f o r  t h e  ma jo r i ty  of 

raw materials, components and b a s i c  processes  ( r e fe rence  Sec t ion  V I I ,  

Flat-Cable Handbook) . Fla t -cable  rece iv ing  and harness  assembly posed 

problems i n  t h e  i d e n t i f i c a t i o n  of de fec t s  and d i s c o n t i n u i t i e s ,  par t ic-  

u l a r l y  those  which a f f e c t  t h e  e lec t r ica l  c h a r a c t e r i s t i c s  o f  +he cable .  

Various methods of i d e n t i f y i n g  d e f e c t s  were presented .  The unshielded 

cable  conf igura t ions  can b e  e a s i l y  inspec ted  on t h e  device as shown i n  

f i g u r e  11-1. This device,  which u t i l i z e s  t h e  Moire p a t t e r n  system, i s  

adequate f o r  i d e n t i f i c a t i o n  of g ross  de fec t s ,  and out-of-tolerance 

conductor spacing.  

The sh ie lded  system can be eva lua ted  ( f o r  conductor spacing)  by use of 

a p o r t a b l e  x-ray device.  This system is  ad,equate f o r  a "quick look" a t  

s p e c i f i c  lengths  of cable ,  b u t  may be  c o s t l y  f o r  l a r g e  product ion l o t s .  

The in spec t ion  of t h e  cab le  assembly (plug and cable)  f o r  noncont inui ty  

between s h i e l d  and conductor,  and f o r  s h o r t s  and o t h e r  de t r imen ta l  

f a u l t s ,  can be done by convent ional  means, b u t  can p resen t  problems i n  

se tup  t i m e  and accu ra t e  l o c a t i o n  of f a u l t s  along a long l eng th  of cable .  

Fau l t  and de fec t  i d e n t i f i c a t i o n  of f l a t  cable ,  both on t h e  rece iv ing  and 

manufacturing l e v e l ,  and a f t e r  long per iods  of i n s t a l l a t i o n ,  can the re fo re ,  

p resent  a problem. 
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11.2 Time Domain Reflectometry 

Section V I I ,  paragraph 7.1.1.5.1 of the Flat-Cable Handbook mentions 

Time Domain Reflectometry (TDR) as a precise method of locating and 

analyzing cable discontinuities. 

The Time Domain Reflectometer (TDR) employs a step generator and an 

oscilloscope. 
gation, and the incident and reflected waves are monitored by the oscillo- 

scope at a particular point on the line. This method reveals at a glance 
the characteristic impedance of the cable. It also shows the position 

and type of discontinuity along the cable (inductive, resistive, or 
capacitive). This technique can be particularly helpful in the location 

of discontinuities not detectable by visual methods or normal electrical 

means for flat cable. 

A voltage step is propagated down the cable under investi- 

A Model 1415A TDR supplied by Hewlett Packard Co., was used tu sample a 
length of cable for discontinuities and faults. Because of limited amount 
of time, a complete analysis of the device with different configurations 

was not accomplished. 
adequate to find that the device can provide an excellent means for flat 

cable testing. 

The amount of testing done with the TDR was 

The TDR is capable of measuring a large range of impedances, both real and 
reactive; frequency response; attenuation; distances from fractions of 

centimeters to thousands of feet; and other transmission parameters. 

The TDR detects any flaws in flat cables such as: 

a. Conductor-to-conductor shorts 

b. Conductor misalignment 

c. Shield-to-conductor shorts 

d. Shield-to-conductor misalignment. 

These flaws result from discontinuities, or abrupt changes, in the 

otherwise constant characteristic impedance of the cable system. 
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With the TDR, theoretically ideal cable will appear as a resistive load 
on a scope display, with no reflections except at the ends of the cable. 

When a cable exhibits discontinuities, reflections will occur along the 

line, indicating changes in characteristic impedance. These will appear 

on the scope as steps or small spikes. The direction of the spike gives 

pertinent information as to the type of defect existing in the cable 
being tested, i.e., the characteristic impedance of the line is high 

over a short section, or a shunt capacitance exists, etc. 

The TDR is also capable of identifying multiple discontinuities. Each of 
the reflections caused by the discontinuities may be measured on the scope. 

Determination of the exact location of discontinuities along the cable is 

another feature of the TDR. A time distance/time scale is calibrated 

directly in cm to the discontinuity, which can provide a quick efficient 

method of locating the discontinuity, especially in long lengths of cable. 

In evaluating proposed testing methods for flat cable, the TDR should be 

given consideration. With proper application, TDR testing should provide 

all the data necessary f o r  checking a flat cable system from the receiving 
level through installation and use of flat cable in the field. More 

information of available equipment in the field can be obtained from 

Hewlett Packard, Tektronix, and General Radio Corporations. 
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SECTION XI1 

12 e SUGGESTIONS FOR FUTURE FLAT-CABLE EFFORT 

12 .1  In t roduc t ion  

Much has  been accomplished i n  t h e  development, s p e c i f i c a t i o n  p repa ra t ion ,  

e v a l u a t i m  t e s t i n g ,  and handbook p repa ra t ion  f o r  f l a t - c a b l e  components, 

and i n  des ign  a p p l i c a t i o n  f o r  e lec t r ica l  in te rconnec t ing  harnesses  s u i t a b l e  

f o r  m i l i t a r y  and government c o n t r a c t s  i n  a i rbo rne  and ground support  

systems. Proposed t r i - s e r v i c e  m i l i t a r y  s p e c i f i c a t i o n s  have been prepared 

f o r  nonshielded f l a t  cab le  and f l a t - c a b l e  connectors ,  and are c u r r e n t l y  

scheduled f o r  release i n  l a t e  1968. Numerous f l a t - c a b l e  conf igu ra t ions ,  

both sh i e lded  and nonshielded,  have been developed and t e s t e d .  

MSFC conductor-contact system f o r  premolded and molded plugs i n  f i v e  

r ec t angu la r  s i z e s ,  and f o r  two s i z e s  of molded c y l i n d r i c a l  p lugs ,  have 

been developed, t oo led ,  and t e s t e d .  A l l  t h e  NASA/MSFC development has  

been f o r  75-mil c e n t e r l i n e  spacing.  A 100-mil pin-and-socket connector 

has been developed by, and i s  being t e s t i n g  f o r ,  P ica t inny  Arsenal ,  Dover, 

New Je r sey .  However, a d d i t i o n a l  e f f o r t  i s  r equ i r ed  t o  encourage and a s s u r e  

gene ra l  f l a t - c a b l e  a p p l i c a t i o n  throughout i ndus t ry .  

The NASA/ 

12.2 General Areas Requiring Addi t iona l  Development 

Those areas r e q u i r i n g  a d d i t i o n a l  e f f o r t  t o  a s s u r e  ex tens ive  usage of t h e  

FCC system are: 

a. 

b. 

C. 

d. 

e .  

f .  

Develop a sh ie lded  FCC u t i l i z i n g  p a s t  experience.  

Def in i t i on ,  development, and p repa ra t ion  of a m i l i t a r y  spec i f i ca -  
t i o n  f o r  sh i e lded  FCC. 

Formal q u a l i f i c a t i o n  of cable  and connectors  t o  t h e  m i l i t a r y  
s p e c i f i c a t i o n s .  

F i n a l  development and t e s t i n g  of a sh ie lded  te rmina t ion  system 
which w i l l  meet s h i e l d i n g  performance requirements.  

Connector development and t e s t i n g  f o r  50-mil c e n t e r l i n e  spacing 
and hermet ica l ly  sea l ed  connectors .  

Development and t e s t i n g  of s p e c i a l  hardware f o r  harness  
in t e rconnec t ions ,  
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12.3  ProDosed Tasks f o r  F u t u r e  E f f o r t  

1 2 . 3 . 1  Shielded-Cable Development 

Much e f f o r t  w a s  expended on t h i s  program t o  d e f i n e  s h i e l d e d - c a b l e  

r e q u i r e m e n t s ,  p r o c u r e  m a g n e t i c a l l y  s h i e l d e d  c a b l e ,  perform e v a l u a t i o n  

tests, and develop  p r o d u c t i o n  s t r i p p i n g  methods.  However, because  of 

s c h e d u l e  and fund l i m i t a t i o n s ,  many of  t h e  program o b j e c t i v e s  were n o t  

accomplished.  A d d i t i o n a l  e f f o r t  i s  r e q u i r e d  t o :  

a .  Def ine  t h e  s h i e l d i n g  requi rements .  Magnetic s h i e l d i n g  materials 
should b e  used t o  make model s h i e l d e d  c a b l e s  f o r  t e s t i n g  
s h i e l d i n g  e f f e c t i v e n e s s  and t o  e s t a b l i s h  -optimum s h i e l d i n g  
c o n f i g u r a t i o n s .  

b .  P r o c u r e  p r o t o t y p e  c a b l e s ,  meet ing t h e  requi rements  of ( a )  above, 
and develop  p r o d u c t i o n  s t r i p p i n g  t e c h n i q u e s  f o r  t h e s e  c a b l e s .  

c .  Perform e n g i n e e r i n g  e v a l u a t i o n  tests on t h e  p r o t o t y p e  s h i e l d e d -  
c a b l e  c o n f i g u r a t i o n s ,  b o t h  as a l e n g t h  of c a b l e  and as a c a b l e  
assembly i n c l u d i n g  t h e  s h i e l d e d  p l u g s .  

12.3.2 Q u a l i f i c a t i o n  of Cable  and Connectors  t o  t h e  M i l i t a r y  S p e c i f i c a t i o n s  - 

Although much t e s t i n g  h a s  been accomplished on v a r i o u s  FCC c o n f i g u r a t i o n s  

and on NASA/MSFC connector  systems,  and i s  b e i n g  accomplished on t h e  

P i c a t i n n y  Arsenal pin-and-socket connec tor  assembly, formal  q u a l i f i c a t i o n  

of t h e  r e q u i r e d  p a r t s  is  n e c e s s a r y  p r i o r  t o  g e n e r a l  FCC a p p l i c a t i o n  t o  

h i g h - r e l i a b i l i t y  m i l i t a r y  and o t h e r  government programs. T h e r e f o r e ,  i t  

i s  n e c e s s a r y  t o  complete  t h e  development of t h e  p a r t s  r e q u i r e d  ( i n  t h o s e  

areas where s a t i s f a c t o r y  p a r t s  do n o t  e x i s t )  and t o  f o r m a l l y  q u a l i f y  them 

t o  t h e  m i l i t a r y  s p e c i f i c a t i o n s .  With t h e s e  p a r t s  on t h e  q u a l i f i e d  p a r t s  

l i s t ,  t h e i r  u s e  on new programs w i l l  b e  a s s u r e d .  
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12.3.3 Additional Effort for Conductor-Contact Shielded-Plug Assemblies 

The shielded-plug assembly developed on this contract provided prototype 
hardware, assembly techniques, and preliminary test results. Additional 

effort is required to: 

a. Define the EMC and magnetic-shielding requirements. The cable 
development proposed in 12.3 above should be assembled in 
existing prototype connectors to verify the system performance. 
Then, realistic final requirements can be established for EMC 
shielding. 

to incorporate the requirements of (a) above. 
b. Modify the existing design for the shielded-plug assembly parts 

c. Build and test prototype connectors to the new design requirements. 

12.3.4 Preparation of a Military Specification for Shielded Flat Cable 

A tri-service MIL-C-XXXXX specification should be prepared and released 
for shielded flat cable. The format should follow that of specification 

MIL-C-55543, and the proposed shielding effort of 12.3.1, plus information 

available from other government agencies and industry, should be 

incorporated. 

12.3.5 Connector Development for 50-Mil Centerline Spacing and 
Hermetically-Sealed Connectors 

The definition, procurement, and testing of prototype connectors for 
50-mil centerline spacing and hermetically sealed connectors should be 

accomplished, to assure the availability of required hardware for future 
programs. The set of guidelines for the 50-mil centerline connector 
system, furnished to industry at the March 1968 IPC meeting in New York 

City, established a basis for the requirements of 50-mil centerline con- 
nector system, Considerations should also be given for a 50-mil center- 

line system having the same performance requirements based on the NASA/ 
MSFC conductor-contact system. 

Hermetically sealed FCC connectors should be developed and tested, follow- 

ing the basic design developed for the 50-mil centerline connector system 
described above. 
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1 2 . 3 . 6  Development of Multiconnector Distribution Units 

The complexity of modern electronic systems, plus the major advantages 

gained from simple, two-ended, interconnecting harnesses, establishes 
a firm requirement for the development and testing of multiconnector 

distributors. The general requirements for the required distributors 
are listed in section 111 of the flat cable handbook. 

1 2 . 3 . 7  Development of a Connectorless Termination System 

With the accepted general use of integrated circuits, active electronics 

packages and modules are becoming smaller and smaller, and the electrical 
current requirements for these modules are very small. FCC has the 

capability of providing reliable, lightweight, economical, and very small 

(30 AWG or less) conductor gages. If this cable could be terminated directly 

to the integrated circuit packages, the weight and space of the connector 

systems could be eliminated. The design concepts for the connectorless 

system are: 

a. The FCC would be routed to, and inserted in, the electronic 
2ackage or module with no cable stripping required. 

b. An operation on the module, such as moving a lever or fastening 
screws, would effect an environmental seal at the cable entry 
and would accomplish reliable electrical connections to the 
module internal circuits, 

c. For replacement or maintenance, it would be possible to reverse 
the operation to remove the cable from the electronic unit. 
By trimming the cable and replacing expendable parts of the 
module, new electrical connections could be made. 

The geometry and performance requirements of FCC are such that the above 

design concepts are feasible. 
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12.3.8 Flat-Cable Systems Development Timetable 

Considering t h e  e f f o r t  expended t o  d a t e  by MDC and o t h e r  i n d u s t r i a l  

and Government concerns,  a t imetable ,  dep ic t ing  t h e  eva lua t ion  of 

f l a t - c a b l e  systems development, appears  appropr i a t e .  Such a t ime tab le  

is depic ted  i n  f i g u r e  12-1, and t h e  goa ls  sought are d e f i n i t i z e d  as 

fol lows : 

a.  Provide a rea l i s t ic  and e f f e c t i v e  path toward product ion 

b .  Minimize dup l i ca t ion  of e f f o r t s  wi th  o t h e r  government agencies .  

c .  Encourage p a r t i c i p a t i o n  of o the r  government agencies  i n  a co- 

d .  Enhance t h e  p a r t i c i p a t i o n  agencies '  p o s i t i o n ,  and raise the  

s t a t u s .  

o rd ina ted  e f f o r t  . 
level  of confidence i n  f l a t - c a b l e  systems i n  t h e  eyes of f l a t -  
cab le  manufacturers .  Hopefully,  t h i s  would s t i m u l a t e  t h e  
f l a t - c a b l e  components i ndus t ry .  

Seek a source  o r  sources  from which funding may be der ived ,  e .  
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DESCRIPTORS 

Connector ( E l e c t r i c a l )  - This t e r m  des igna tes  a mated p a i r  cons i s t ing  

of a plug and r ecep tac l e .  

Development F ix ture  - similar t o  t h e  mockup except t h e  s t r u c t u r e  and 

supports  are e s s e n t i a l l y  i n  accord with production drawings, t o  provide 

accura te  space and dimensional l o c a t i o n  requirements.  F ina l  tub ing  and 

e l e c t r i c a l  harness  development can be accomplished on t h i s  f i x t u r e .  

D i s t r i b u t o r  or Dis t r ibu t ion  Unit - device used i n  t h e  e l e c t r i c a l ,  i n t e r -  

connecting network which s i m p l i f i e s  t h e  wir ing harnesses  and f a c i l i t a t e s  

wir ing changes. 

E lec t ronic  Unit - an a c t i v e  e l e c t r o n i c  package capable  of being interconnected 

t o  o the r  e l e c t r o n i c  u n i t s  i n  a system v i a  e l e c t r i c a l  connectors.  

End Unit - a ground support  or f l i g h t  item which i s  complete i n  i t s e l f  and 

de l ive rab le  t o  a customer. This could be a complete missile,  a missile 

sec t ion  which i s  assembled with o the r  end items by t h e  customer or another  

con t r ac to r ,  or a de l ive rab le  p iece  of  ground equipment. 

Mockup - 3-dimensional, f u l l - s i z e  s imulat ion of end-item simulated s t r u c t u r e  

and i n s t a l l a t i o n s .  Exact dimensional con t ro l  i s  usua l ly  not maintained. 

Wooden members are o f t e n  used t o  s imulate  t h e  o u t l i n e  of s t r u c t u r e  and 

i n s t a l l a t i o n s .  The mockup i s  used f o r  i n i t i a l  design coordinat ion and 

development of t h e  var ious  design technologies .  




