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1.0 INTRODUCTION 

This document c o n s t i t u t e s  t h e  f i n a l  r e p o r t  of e f f o r t  pursuant 

t o  t h e  development of r e s t r a i n t  ma te r i a l  and tucked f a b r i c  

j o i n t s  f o r  space s u i t s .  The e f f o r t  w a s  conducted f o r  NASA/ 

~ y n d o n  B. Johnson Space Center  by ILC I n d u s t r i e s  under con t r ac t  

NAS 9-14244. 

The ob jec t ive  of t h e  e f f o r t  w a s  t o  eva lua te  and select a 

s u i t a b l e  r e s t r a i n t  ma te r i a l  f o r  t h e  e x t e r i o r  of space s u i t s  

p ressur ized  t o  4.0 PSID f o r  normal opera t ions ,  and t o  develop 

and improve tucked' f a b r i c  j o i n t s  f o r  motions assoc ia ted  wi th  

t h e  human shoulder ,  elbow, knee, w a i s t ,  h i p ,  ankle ,  and w r i s t .  

The many a t t r i b u t e s  of the end i tems as d e t a i l e d  i n  t h e  s t a t e -  

ment of work can be summarized t o  include s t r u c t u r a l  i n t e g r i t y ,  

s i m p l i c i t y ,  low maintenance, l igh tweight ,  h igh d u r a b i l i t y ,  low 

e longa t ion ,  f u l l  range mobi l i ty ,  long l i f e ,  and r e s i s t a n c e  t o  

degradation i n  t h e  ope ra t iona l  environment. 

The end items of t h i s  e f f o r t  as def ined i n  t h e  s ta tement  of 

work included: d e f i n i t i o n  of a s u i t a b l e  space s u i t  r e s t r a i n t  

material and i ts  f a b r i c a t i o n  techniques;  prototype j o i n t s  . 
i n s t a l l e d  i n  an e x i s t i n g  space s u i t ;  and a f i n a l  r e p o r t  

including t echn ica l  d a t a  developed, materials inves t iga t ed ,  

and cons t ruc t ion  techniques.  Addi t ional  end i t e m s  d i c t a t e d  

by support  of manned cyc l e  t e s t i n g  included t h e  development 

and f a b r i c a t i o n  of a complete l i n e r  and ven t  duc t  system. The 

w r i s t  j o i n t  development and f a b r i c a t i o n  w a s  de l e t ed  a s  an end 

i t e m .  This e f f o r t  was conducted by NASA-CSD aa p a r t  of  an 

in-house glove development program. - 1- 



SUMMARY 

A s i g n i f i c a n t  change i n  p r i o r i t i e s  occurred dur ing t h e  i n i t i a l  

phase of t h e  con t r ac t .  The development of t r i a x i a l  woven 

f a b r i c  and f a b r i c  coa t ings  f o r  r e s t r a i n t  systems; and t h e  

dsvelopment of unsupported and supported conformally molded 

bladder systems where dropped a s  prime ob jec t ives .  The reasons 

are s t a t e d  i n  t he  t e c h n i c a l  d i scuss ions  following. P r i o r i t y  

was s h i f t e d  t o  opt imizat ion of t h e  f l a t  pa t te rned  tucked j o i n t  

concept u t i l i z i n g  t h e  b e s t  a v a i l a b l e  b i a x i a l  woven Kevlar f a b r i c ,  

and off- the-shelf  ure thane coated nylon f a b r i c s  f o r  t h e  bladder.  

A f u r t h e r  change i n  p r i o r i t i e s  o r  ob j ec t ives  was t o  demonstrate 

t h e  f e a s i b i l i t y  of developing a one-size space s u i t  without 

h i p  bear ings ,  which would provide a high l e v e l  of comfort and 

mobi l i ty  f o r  t he  5th  t o  95th p e r c e n t i l e  m a l e  population.  

F l a t  pa t te rned  j o i n t s  were developed f o r  t h e  shoulder ,  elbow, 

wa i s t ,  and knee. The b r i e f  area was redesigned t o  incorpora te  

a gimbal r i n g  a t  t h e  hip .  This provided t h e  s t a b i l i t y  necessary 

t o  incorpora te  f l a t  pa t te rned  h i p  j o i n t s  wi thout  bear ings ,  and 

improved the  e f f i c i e n c y  of t h e  wa i s t  j o i n t  s u f f i c i e n t  t o  in -  

corporate  3 inches  of  v e r t i c a l  s i z i n g  i n  t h e  to rso .  The arms 

and l e g s  were f a b r i c a t e d  t o  incorpora te  adequate length ad jus t -  

ment t o  accommodate t h e  5 th  t o  95th p e r c e n t i l e  male population.  

The f a b r i c  used f o r  f a b r i c a t i o n  of the r e s t r a i n t  was a 5.25 oz/yd 2 

blended Nomex/PRD-49 woven c lo th .  Tapes and webbings included 

a v a r i e t y  of cons t ruc t ions  developed under NASA c o n t r a c t  NAS 9-12995. 



The bladder  was f a b r i c a t e d  from t h e  same p a t t e r n s  developed 

f o r  t h e  r e s t r a i n t .  A l l  seams were joined,  ' s t%tched . and . t aped .  

The ma te r i a l  was .: 5.5 o ~ / ~ d *  urethane coated nylon. The 

tapes  w e r e  10 m i l  Pe r f l ex  E (urethane) bonded with A? 770 

(urethane) adhesive. The primary ob jec t ive  achieved w a s  to 

demonstrate compat ib i l i ty  of a r e l a t i v e l y  non-e1asto:aeric 

re inforced  bladder  wi th  t h e  f l a t  pa t te rned  r e s t r a i n t  concept. 

A complete l i n e r  and ven t  duc t  system were also developed t o  

complete refurbishment of t h e  space s u i t .  The l i n e r  w a s  

f ab r i ca t ed  from 5 pz/yd2 Nomex. The primary ob jec t ive  achieved 

with  t h e  l i n e r  was a s i g n i f i c a n t  improvement i n  ea se  of donning 

over previous s u i t s .  The vent  duc t  system was intended t o  t e  a 

minimum e f f o r t  t o  support  DVT. The s imp l i f i ed  system developed 

however i s  extremely l i g h t ,  f l e x i b l e ,  kink r e s t r a i n t ,  and 

durable.  Crush r e s i s t a n c e  is r e d u c e a b u t  could be increased i f  

required.  

Exclusive of hardware, t h e  only con:ponents of t he  space s u i t  

no t  redesigned and f a b r i c a t e d  i n  t h i s  program were t h e  helmet, 

g loves ,  upper t o r so ,  and lower por t ion  of t he  boots.  

The program w a s  consj.dered highly  succes s fu l  i n  demonstrating 

t h e  adequacy of t h e  ma te r i a l s  and design concepts i n  t h e  

economical manufacture of space s u i t s  of high mobi l i ty  and 

d u r a b i l i t y .  While some d e f i c i e n c i e s  i n  d e t a i l  design have 

been noted i n  the end i t e m s ,  t he re  have been none f o r  which 

minor co r r ec t ive  f i x e s  a r e  no t  apparent.  



3.. 0 TECIINICAL DISCUSSION 

3 .1  MATER~ALS DEVELOPMENT 

3.1.1 Res t r a in t  Fabr ic  

Three areas f o r  improvement of t h e  r e s t r a i n t  f a b r i c  

used i n  t h e  8 p s i  s u i t  programs were i d e n t i f i e d .  They 

were ; seam pul l -ou t  r e s i s t a n c e ,  b i a s  s t a b i l i t y ,  and 

abras ion r e s i s t ance .  A l l  wsre r e l a t e d  t o  weave s t a k i l i t y ,  

o r  r e s i s t a n c e  t o  t h e  yarns  s l i d i n g  over each o ther .  

A new technique f o r  weaving f a b r i c  had been under i n v e s t i -  

ga t ion  by ILC t o  produce a s i n g l e  p ly  f a b r i c  equal  i n  

s t a b i l i t y  t o  b i a s  p l i e d  f a b r i c  ex tens ive ly  used f o r  

bal loon construct ion.  This f a b r i c  produced exc lus ive ly  

by "Doweave", of Ph i lade lph ia  i s  a t r i a x i a l  cons t ruc t ion  

cons i s t i ng  of two warp yarns  l a i d  a t  approximately 100 

degrees t o  each o t h e r  and in te r locked  with  a f i l l  yarn. 

I t  was theor ized  t h a t  a t i g h t  weave of t h i s  cons t ruc t ion  

would be supe r io r  i n  b i a s  s t a b i l i t y , s e a m  holding,  and 

abras ion r e s i s t ance .  The emphasis f o r  developing an 

improved r e s t r a i n t  f a b r i c  was consequent ia l ly  based on 

opt imizat ion of t h i s  construct ion.  

I n i t i a l  e f f o r t s  t o  ob ta in  a  s u i t a b l e  r e s t r a i n t  f a b r i c  

of t h i s  cons t ruc t ion  r e s u l t e d  i n  a PRD 49 f a b r i c  of 

equal 'weight ,  t e n s i l e  s t r e n g t h ,  and t e a r  r e s i s t a n c e  t o  

t h e  b i a x i a l  woven f a b r i c  used i n  t h e  8 p s i  space s u i t s .  

Due t o  a  comparatively open weave, however, t h e  f a b r i c  

was inadequate i n  seam holding s t r e n g t h ,  abras ion,  and 



snag r e s i s t ance .  I f  a  h igher  count cons t ruc t ion  could 

be produced, which it could no t  wi th  ava i l ab l e  equipment, 

t h e  problem of non-avhi lab i l i ty  of smal le r  den ie r  PRD 49 

yarn would have r e s u l t e d  i n  a .very  heavy s t i f f  f a b r i c .  

While both of t he se  c o n s t r a i n t s  may be temporary, t h e r e  

was no a l t e r n a t i v e  bu t  t o  drop t h i s  concept f o r  t h e  

s u b j e c t  prugram. , 

An a l t e r n a t i v e  approach was sponsored by NASA t o  produce 

a b i a x i a l l y  woven f a b r i c  s i m i l a r  C,a t h a t  previously  used, 

bu t  us ing  pre-coated PRD-49 yarn. This approach was 

based on t h e  e x c e l l e n t  r e s u l t s  wi th  B e t a  f a b r i c  f o r  t h e  

Apollo program. Problems i n  coat ing of t h e  yarn and i n  

weaving, however, prevented production of a s u f f i c i e n t  

quan t i t y  of t h i s  f a b r i c  f o r  evaluat ion.  

I t  w a s  f i n a l l y  resolved t o  proceed with  t h e  program 

using t h e  most r ecen t ly  developed and most durable  

b i a x i a l l y  woven PRD-49. The cons t ruc t ion  and phys ica l  

p r o p e r t i e s  of t h ~ s  f a b r i c  i n  comparison with  t h e  t r i a x  

weave evaluated a r e  given i n  Table 1. 

3.1.2 Tapes and Webbings 

The s i g n i f i c a n t  v a r i e t y  of Kevlar t apes ,  webbings and 

cords developed on the previous s u i t  programs were 

deemed adequate f o r  use i n  t he  cu r r en t  program without 

f u r t h e r  development. The cons t ruc t ion  and physical  

p r o p e r t i e s  of those  used a r e  given i n  Table. 2. S p e c i f i c  

app l i ca t ions  a r e  noted i n  t h e  design d i scuss ions .  



Descr ip t ion 

Weave 

Yarn Denier 

TABLE 1 

RESTRAINT FABRICS 

B i a x i a l  Woven T r i a x i  a1 Woven 
PFiD-49/Nomex PFiD-49 

2/2 T w i l l  16th  Var ian t  T r i ax  

200/134 (PRD-49) 2/200/134 (PRD-49) 
200/100 (Nomex) 

Weight ( o z / ~ d l )  5.25 5.70 

Tens i l e  ( l b / i n )  
Warp 
F i l l  

Tear S t reng th  ( l b )  
Warp 66 
F i l l  58 

Seam St reng th  ( lb/ in)  
3/8 S ing l e  Fe l l ed ,  
Top S t i t c h e d  1/8 + 1/8 

Warp 4  15 
F i l l  250 

TABLE 2  

CORDS AND TAPES 

Type 

1/16" H o l l o w  Braid  Cord 

1/&8" Hollow Braid Cord 

1/2" T w i l l  Tape 

1" T w i l l  Tape 

Breaking S t r eng th  

400 



3,. 1.3 Bladder Fabr ic  

I t  w a s  proposed t o  develop conformal bladder elements 

by thermal bonding o r  d i p  forming urethane over a 

r e in fo rc ing  f a b r i c .  Samples were made by t h r e e  d i s t i n c t  

processes.  One which had been e f f e c t i v e l y  used t o  form 

s e l e c t e d  i n t e r f a c e s  on t h e  8 p s id  s u i t  program w a s  

vacuum forming. The process i s  t h e  same as t h a t  used t o  

form r i g i d  thermal p l a s t i c  p a r t s .  A second method was 

t o  f a b r i c a t e  f l a t  panels  us ing heated p re s s  p l a t t e n s  t o  

laminate urethane f i l m  t o  a r e in fo rc ing  f a b r i c .  The t h i r d  

method was t o  d i p  coa t  urethane over preformed f a b r i c  

r e s t r a i n t  panels.  Each of t hese  techniques were t r i e d  

wi th  the  ob jec t ive  of f a b r i c a t i n g  samples from which 

phys ica l  p r o p e r t i e s  could be determined and the  most 

e f f e c t i v e  ma te r i a l s  and processes se lec ted .  

Numerous problems evolved from the  b e g i m i n g  of  t h i s  

e f f o r t  which eventua l ly  caused it t o  be set as ide .  

Uniformity of f i l m  th ickness  and adhesion t o  t h e  

r e s t r a i n t  f a b r i c  were immediate problems. Physical  proper ty  

tests showed t h a t  l igh tweight  scrims o r  leno weave f a b r i c s  

a c t u a l l y  reduced t h e  t e a r  s t r e n g t h  of t h e  urethane f i l m  

t o  values  l e s s  than t h a t  of t h e  primary bladder  f a b r i c  

used i n  t h e  Apollo s u i t s .  Heavier reinforcements tended 

t o  produce laminates which were bulky, s t i f f ,  and heavy. 

Most s i g n i f i c a n t ,  t h e  experimentation necessary t o  

optimize the  concept t o  an acceptable  l e v e l ,  and t h e  

lead  times necessary t o  produce t o o l i n g  f o r  prototype 

s u i t  components were pro jec ted  t o  extend w e l l  beyond 

program terminat ion.  
-7 - 



Based on t h e  above circumstances, and a reaccessment 

of t h e  prime a t t r i b u t e s  of t h e  bladder  system i n  t he  

then more d e f i n i t i z e d  r e s t r a i n t  des ign,  it was decided 

t o  sc reen  ava i l ab l e  urethane coated f a b r i c s  f o r  

f a b r i c a t i o n  of a bladder  system pa t te rned  and joined 

t o  conform t o  t h e  r e s t r a i n t .  O f  t h e  s e v e r a l  evaluated,  

a  5.55 oz/yd2 laminate procured by NASA from Swi t l i ck  

Parachute Company was s e l e c t e d  as having t h e  b e s t  

cotribination of p rope r t i e s .  

The phys ica l  p r o p e r t i e s  of . l i s  ma te r i a l  and o t h e r s  

evaluated a r e  given i n  T a b l e  3. 



. TABLE 3 

BLADDER FABRICS 

Apollo Switlik Switlik Rips top 
Type MIL-C-19002 SPC-MS-73-1 SPC-MS-73-2 (Unknown) 

Weight 7.2 5.55 4.41 2.63 

Tensile Strength 260/191 135/154 73/72 67/72 

Ultimate Elongation 33/31 9.7/6.9 4.9/6.2 4.2/5.5 

Tear 7.3/4.5 4.0/3.9 1.6/1.2 6.0/14.5 



DESIGN APPROACH 

While it was necessary  t o  develop each s u i t  j o i n t  a s  

a complete f u n c t i o n a l  component f o r  e v a l u a t i o n ,  t h e  

f u n c t i o n  of each element  of  a p ro to type  j o i n t  was apparen t ,  

and s u f f i c i e n t  commonality e x i s t e d  between t h e  v a r i o u s  

j o i n t s  of t h e  s u i t  t o  e s t a b l i s h  s z n e r a l  des ign  c r i t e r i a  

wi thou t  a l a r g e  number of t r i a l s .  A n a t u r a l  r e s u l t  of 

t h i s  des ign  approach was a h igh  l e v e l  of  s t a n d a r d i z a t i o n  

i n  c o n s t r u c t i o n  as opposed t o  op t imiz ing  each element 

of each j o i n t  t o  i t s  s p e c i f i c  f u n c t i o n  i n  t h e  s u i t .  

The knee j o i n t  was s e l e c t e d  f o r  i n i t i a l  i n v e s t i g a t i o n  

s i n c e  it r e p r e s e n t e d  an unbalanced h igh  range j o i n t  of 

adequate  s i z e  t o  e s t a b l i s h  s t r u c t u r a l  requi rements  f o r  

a l l  b u t  t h e  waist j o i n t .  The elbow, shou lde r ,  and ank le  

j o i n t s  were subsequent ly  developed based on t h e  des ign  

c r i t e r i a  e s t a b l i s h e d  f o r  t h e  knee. 

The w a l s t ,  b r i e f ,  and h i p  a s s e r b l y  was developed a s  a 

u n i t  because of  a g r e a t  degree of i n t e r a c t i o n  exper ienced 

between t h e  col~~ponents .  I n  o r d e r  +.o conserve t i m e  and 

m a t e r i a l s ,  t h i s  assembly was developed i n  h a l f  s c a l e .  

Although some problems were encountered  i n  s c a l i n g  up t o  

f u l l  s i z e ,  they  were n o t  a direct r e s u l t  of t h e  s c a l i n g  

o p e r a t i o n ,  and considerab1.e c o s t  sav ings  d i d  r e s l l l t .  



Throughout t he  development program prime cons idera t ion  

w a s  given t o  keeping the design as simple a s  poss ib l e  

i n  f ab r i ca t ion .  No s p e c i a l  t o o l i n g  was used, and a l l  

operat ions  were preformed with  b a s i c  sewer/cementer 

s k i l l s .  While t h e  development sequence d i d  n o t  always 

permit  optimum sequencing of assembly of the prototype 

s u i t ,  this a l s o  w a s  considered i n  t h e  design. 

3.3 JOINT CONCEPTS . - . 

A prime ob jec t ive  of the program was t o  determine i f  

t h e  tucked f a b r i c  j o i n t s  developed f o r  t h e  8 p s i  

s u i t s  could be produced more e f f e c t i v e l y  using f l a t  

pa t te rned  cons t ruc t ion  and s imp l i f i ed  seam techniques.  

Two a l t e r n a t e  f l a t  p a t t e r n  concepts were evolved l a t e  

i n  t h e  8 p s i  s u i t  programs. One u t i l i z e d  fou r  a x i a l  

panels tc form the j o i n t  and the  o the r  u t i l i z e d  a series 

of t ransverse  panels.  These concepts are i l l u s t r a t e d  

i n  Figure 1. 

The former concept was used t o  f a b r i c a t e  t he  unsupported 

bladder components i n  t h e  8 p s i  s u i t  j o i n t s  and worked w e l l  

because t h e r e  were no t ransverse  seams t o  impede bladder  

s l i p  e s s e n t i a l  t o  i ts  funct ion.  I n  a r e s t r a i n t  however, 

t w o  inheren t  design c o n s t r a i n t s  were apparent.  One, 

t h e  ma te r i a l  of cons t ruc t ion  must e x h i b i t  good b i a s  

s t a b i l i t y  adjacent  t o  t he  a x i a l  r e s t r a i n t ;  and two, t h e  

pa t t e rn ing  must be c a r e f u l l y  con t ro l l ed  t o  minimize 

excess ive  d i s t o r t i o n  and r e s u l t i n g  non-uniform hoop 

tension along t h e  seams. 
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The f i r s t  c u t  a t  t h i s  concept involved modifications 

d i rec ted  a t  minimizing these problems. The four  panels 

were expanded t o  s i x  t o  provide b e t t e r  conformity and 

the panels adjacent t o  t h e  a x i a l  r e s t r a i n t  w e r e  two layer  

b ias  p l ied  t o  simulate t h e  not y e t  ava i lab le  t r i a x i a l  

woven f a b r i c  . 

This f i r s t  j o i n t  showed evidence of non-uniform f a b r i c  

loading, poor range, and excessive spring back. A second 

j o i n t  was fabr ica ted  using corrected pa t te rns  and 

t r i a x i a l l y  woven f a b r i c  i n  place of the  b ias  p l i e d  panels. 

With only minor improvement i n  performance, inadequacies 

i n  avai lab le  t r i a x  weaves, c r i t i c a l  pat terning not  

conducive t o  s i z i n g  o r  adaptation t o  o ther  jo in t s ,  and 

d i f f i c u l t  s t i t c h i n g  requirements; t h e  a x i a l  panel concept 

f o r  jo in t s  w a s  discarded. 

The l a t e r  concept using t ransverse panels o r  gores t o  

achieve easement was more productive. Pat terning f o r  the  

f i r s t  cu t  a t  t h i s  concept was developed from a geometric 

layout using 5 i d e n t i c a l  t ransverse gores t o  achieve a 

150 degree bend. This j o i n t  functioned wel l ,  bu t  was 

s l i g h t l y  unstable i n  favor of the  bent mode and r e s t r i c t e d  

i n  achieving the  f u l l  t h e o r e t i c a l  range. Further ana lys is  

and experimentation with pat terning resul ted  i n  a very 

e f fec t ive  second u n i t ,  and i n  the  establishment of c r i t e r i a  

f o r  the  design of a l l  o ther  jo in ts .  



3.. 4 AX1.U RESTR4INT CONCEPTS 

I n  t h e  process  of e s t a b l i s h i n g  the b a s i c  p a t t e r n  

approach f o r  t h e  j o i n t s ,  var ious  a x i a l  r e s t r a i n t  systems and 

terminat ions  w e r e  i nves t iga t ed ,  It has been considered 

d e s i r a b l e  t o  have an a x i a l  r e s t r a i n t  system which w a s  

independent of t h e  j o i - t  r e s t r a i n t  proper  to  t h e  e x t e n t  

t h a t  it could be changed o u t  i n  t h e  f i e l d  on evidence of  

wear, and could be s i z e d  t o  be  preloaded when pressur ized  

t o  r e l i e v e  the j o i n t  s i d e  seam of a x i a l  load. To t h i s  

end, a knee j o i n t  w a s  f a b r i c a t e d  t o  incorpora te  a shea th  

i n  t h e  s i d e  seam to  hold an a x i a l  r e s t r a i n t  cord, This  

system r e s u l t e d  i n  a b i - s t ab l e  j o i n t ,  and confirmed t h e  

need f o r  t h e  a x i a l  cord t o  be securely  anchored t o  t h e  

r e s t r a i n t  so t h a t  both t r ansve r se  and a x i a l  displacement 

is t o t a l l y  e l iminated.  

Axial  r e s t r a i n t  terminat ions  i nves t iga t ed  are i l l u s -  - 

tr-ated- i n  Figure 2.. Those systems which. involved . 

webbings o r  l ac ing  proved i n e f f e c t i v e  due t o  t he  inheren t  

h igher  e longat ion of t hese  cons t ruc t ions  r e l a t i v e  t o  t h e  

base f a b r i c ,  i n s u f f i c i e n t  ava i l ab l e  t r a n s i t i o n  a r e a  f o r  

implementation, and bulk and complexity of construct ion.  

The catenary cord system r e s u l t e d  i n  excess hoop tens ion  i n  

t h e  cord wi th  subsequent deformation of t h e  j o i n t  and 

a x i a l  extensior.. The t r i a n g u l a r  based f a b r i c  load patch 

evolved from s t v d i e s  of webbing systems and woven catenary 

load patches.  This system proved most e f f e c t i v e  i n  o v e r a l l  
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performance, s i m p l i c i t y ,  and e a s e  of f ab r i ca t ion .  Its 

implementation. w a s  f u r t h e r  enhanced by t h e  determinat ion 

t h a t  t h e  load d i s t r i b u t i o n  patch could be i n s t a l l e d  i n  

the f i r s t  element of a j o i n t  without s i g n i f i c a n t  e f f e c t  

i n  range and torque.  This el iminateC the need f o r  any 

t r a n s i t i o n  area between t h e  j o i n t  and ad jacen t  components. 

3.5 S I Z I N G  

Before proceeding with  d e t a i l  j o i n t  and s u i t  design it 

w a s  necessary t o  perform a s i z i n g  study.  The purpose 

of t h i s  study was t o  e s t a b l i s h  t he  length and loca t ion  of 

s i z i n g  elements which would make it poss ib le  t o  a d j u s t  the 

s u i t  from t h e  95th p e r c e n t i l e  m a l e  t o  t h e  5 th  p e r c e n t i l e  

m a l e  and maintain j o i n t  center ing.  I t  a l s o  served t o  

e s t a b l i s h  t h e  maximuri. length a v a i l a b l e  t o  t h e  var ious  j o i n t s .  

Circumferent ia l  dimensions were b a s i c a l l y  e s t a b l i s h e d  by 

the  disconnects  and bear ings ,  and by p r i o r  des igns  which 

m e t  ezsement requirements. One c r i t i c a l  c i rcumferen t ia l  

determination hcwever w a s  t h a t  of t h e  gimbal h i p  r ing .  T h i s  

was e s t ab l i shed  a t  15 1/2 inch I.D. by t r i a l  f i t  of a mock- 

up r i n g  on a group of r ep re sen ta t ive  sub jec t s .  

The r e s u l t s  of t h i s  s tudy a s  it was appl ied t o  t he  . . .  

development p r o g r h  is shown i n  Figure 3. I n  s p i t e  of 

this ' e f f o r t  some d isc repanc ies  were apparent  i n  s i z i n g  

of the end i t e m  DVT s u i t .  Based on f i t  checks 'wi th  

sub jec t s  ranging from 5 f e e t  8 inches  t o  5 f e e t  1 inch ,  

thd torso:was one:inch too  s h o r t ,  and ..the l e g s  . 
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two inches too.  .long. : .The t o r s o  length was s*? .. 

sequent ly  cor rec ted ,  b u t  t h e  d i sc repanc ies  i n  t h e  l egs  

remained with  t h e  r e s u l t  t h a t  t h e  knee j o i n t s  could n o t  

ba proper ly  centered f o r  s h o r t  sub jec t s .  Two o t h e r  

d i sc repanc ies  r e l a t e d  t o  s i z i n g  were apparent  i n  manned 

rcohil i ty evaluat ions .  The shoulder j o i n t  was t o o  s h o r t  

r e s u l t i n g  i n  r e s t r i c t e d  range, and the  h i p  w a s  in-  

c o r r e c t l y  pa t te rned  r e s u l t i n g  i n  a wider than d e s i r a b l e  

crotch.  

3.6 DETAIL JOINT DESIGN 

3.6.1 Knee J o i n t  

The f i r s t  c u t -  a t  t h e  knee j o i n t  was d e l i b e r a t e l y  made 

t o  conform t o  a strict geometric rayout even though it 

w a s  known t o  no t  be most e f f e c t i v e .  This w a s  done t o  

e s t a b l i s h  a base J i n e  from which t o  access  l i m i t a t i o n s  

and e s t a b l i s h  progress ive  design c r i t e r i a .  A s  such i t  

w a s  l a i d  o u t  t o  incorpora te  f i v e  i d e n t i c a l  f r o n t  gores 

of 30 degrees ,,.each gore had a ra t j  r, of 2: 1, cen te r  vs. 

edge. The back panel  was l a i d  o u t  co tha  same width a s  

t he  cord of t he  f r o n t  gores. and was terminated a t  each 

end t o  include a 1/2 gore easement. This was done t o  

incorporate  a s l i g h t  over cen te r  c a p a b i l i t y  a s  opposed 

t o  a t o t a l l y  unbalanced j o i n t .  

Seam allowances were added t o  incorpora te  3/8 inch 

s i n g l e  f e l l e d  seams. The s i d e  seams were turned t o  t h e  

back and a one s i x t e e n t h  inch hollow b r a i d  lac ing  cord 



was la id  over t h e  s i d e  seam and bu t t ed  t o  t h e  j o in  

seam a s  an a x i a l  r e s t r a i n t .  N o  e f f o r t  w a s  made t o  

design a s p e c i f i c  terminat ion for t h e  r e s t r a i n t  cord 

on t h i s  u n i t .  

The j o i n t  demonstrated about a 30% loss i n  t h e o r e t i c a l  

range a t  4.0 PSID. I n i t i a l  lock-out w a s  apparent  i n  

t h e  areas of t h e  gores  ad j acen t  t o  t h e  a x i a l  r e s t r a i n t  

cord. Fur ther  r e s t r i c t i o n  w a s  apparent  i n  pre-extension 

of t he  j o i n t  a t  t h e  ends and i n t o  t h e  s t r a i g h t  s e c t i o n s  

added t o  t h e  j o i n t  f o r  test. The j o i n t  was also s l i g h t l y  

uns tab le  i n  favor  of t h e  bend mode. 

A second j o i n t  was f a b r i c a t e d  t o  c o r r e c t  t he se  d e f i c i e n c i e s  

and add an a x i a l  r e s t r a i n t  termination.  The terminat ion 

was f o r  design eva lua t ion  only s ince  t h e  a x i a l  r e s t r a i n t  

i n  t h e  l e g  is  normally continuous through t h e  knee. The 

p a t t e r n  co r r ec t ions  involved changing t h e  gores from 

t h e o r e t i c a l  curves t o  c i r c u l a r  o r  constant  r ad ius  curves,  

adding one more gore ,  and increas ing  t h e  width of t h e  

back panel  t o  equa l  t he  a r c  of t h e  f r o n t  gores. The 

c i r c u l a r  gores ,  i n  add i t i on  t o  increas ing  easement 

ad jacen t  t o  t h e  a x i a l  r e s t r a i n t s ,  a r e  more e a s i l y  developed 

f o r  s i z i n g  and adapta t ion  t o  o the r  j o i n t s .  The a x i a l  

r e s t r a i n t  terminat ion cons i s ted  of a two ply  t r i a n g u l a r  

s e c t i o n  ( folded)  s i zed  t o  have i ts apex j u s t  o f f  t h e  

f i r s t  gore seam when bu t ted  t o  t he  end of t h e  j o i n t .  

This element is tacked t o  t h e  edge of t h e  j o i n t  before  



i n s t a l l i n g  t h e  r e s t r a i n t  cord. The r e s t r a i n t  cord is  

l a i d  over t h e  element, turned under j u s t  s h o r t  of t h e  

l oca t ion  of t h e  end jo in  seam of t he  j o i n t ,  and sewn 

through with  heavy thread.  The base of t h e  t r i a n g u l a r  

element i s  subsequently joined i n t o  t h e  end seam of 

t h e  j o in t .  

This j o i n t  exh ib i t ed  e x c e l l e n t  range, low torque,  and 

good s t a b i l i t y  wi th  no apparent  evidence of improvement 

p o t e n t i a l .  The design and cons t ruc t ion  d e t a i l s  descr ibed 

are i l l u s t r a t e d  i n  Figure 4 . -  The performance 

c h a r a c t e r i s t i c s  with comparison t o  t h e  OES tucked f a b r i c  

knee j o i n t  a r e  shown i n  Table 4. 

3.6.2 Elbow J o i n t  

The elbow j o i n t  w a s  pa t t e rned  i n  accordance wi th  t h e  

gu ide l ines  e s t a b l i s h e d  f o r  t he  knee. Only f i v e  gores 

were incorporated however, p lu s  what could be construed 

a s  a ha l f  gore i n  t h e  w r i s t  cone, and a l ~ a l f  gore i n  

t h e  upper arm cone. The use  of ha l f  gores no t  only add 

t o  t he  range of t h e  b a s i c  j o i n t  b u t  when proper ly  o r i en t ed  

complement design of t h e  cones. This b r ings  us  t o  a 

more general  d i scuss ion  of t he  use of b i a x i a l  f a b r i c s  

i n  r e s t r a i n t  des ign,  Contrary t o  e a r l i e r  p recep ts ,  t h e  

b i a s  s l i p  of b i a x i a l  f a b r i c s  can be used t o  advantage i n  

space s u i t  des ign,  and only r a r e l y  p re sen t  problems. I n  

t h e  sub jec t  s u i t  t h i s  proper ty  was used t o  s impl i fy  t h e  

development of a l l  con ica l  s e c t i o n s ,  t o  s impl i fy  t h e  h i p  

pa t t e rn ing ,  and t o  improve t h e  breaking c h a r a c t e r i s t i c s  
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TABLE 4 

TORQUE VS. BEND ANGLE 

1 $; 
: 

: i 
5% F l a t  P a t t e r n e d  Knee a t  4.0 PSID 
f 

8. Torque ( i n . - l b . )  28 .1  20.2 1 0 . 1  0 0 0 0 

Angle  70 80 90 100 110 120 

Torque 0 0 0 7 .3  14 .6  22.5 

OES Knee a t  4.0 PSID 

Angle (O)  o 10 20 30 40 50 60 

Torque ( i n . - l b . )  32.8 28.0 25.6 21.6 20.8  20.0 17.6 

Angle 70 80 90 10 0 110 120 

Torque 12 .8  0 31.2 57.6  88 .8  113.6 

UJ 
01 - 

F l a t  P a t t e r n e d  S h o u l d e r  a t  4.0 PSID 

Angle (+O) 0 10  20 30 40 5 0 60 70 

Torque ( i n .  -1b. ) 0 10.5 15 .8  19 .5  24.4 27.0 35.6 42.0 

Angle (-0) 0 10  20 30 40 50 60 70 
. . 
, , Torque ( i n .  -1b. ) 0 8.3  1 2 . 8  19 .5  16.5  22.5 30.0 37.5 

: 



and conformity of t h e  j o i n t s .  I l l u s t r a t i o n s  of t h i s  
- 

a p p l i c a t i o n  a r e  shown i n  F igure  5 ,  

The elbow j o i n t  was f a b r i c a t e d  w i t h  2 inches  s i z i n g "  

c a p a b i l i t y  i n  t h e  cone above t h e  j o i n t  and 4 inches  of 

s i z i n g  c a p a b i l i t y  i n  t h e  w r i s t  cone. A f t e r  f i t  check 

it was a p ~ a r e n t  t h a t  t h e  s i z i n g  i n  t h e  arm cone above t h e  

j o i n t  should  be  e l i m i n a t e d  and the  cone l e n g t h  reduc- *' 

t o  a minimum r e q u i r e d  to  achieve  t h e  c i r c u m f e r e c t i d  

change i n t o  t h e  arm bear ing .  This  would pe rmi t  a  s l i g h t l y  

longer  shou lde r  j o i n t  f o r  improved m o b i l i t y  and s t i l l  

r e t a i n  adequate elbow c e n t e r i n g  and o v e r a l l  l e n g t h  a d j u s t -  

ment f o r  a wide range  of s u b j e c t s .  

The elbow j o i n t  was n o t  t e s t e d  f o r  to rque  vs .  range.  

Both were s u b j e c t i v e l y  judged h i g h l y  a c c e p t a b l e ,  c y c l e  

t e s t i n g  was n o t  performed because t h e  c o n s t r u c t i o n  was 

t h e  same a s  t h e  knee.which was t e s t e d  and was s u b j e c t e d  

t o  approximately 25 p e r c e n t  lower loads .  
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$ 3.6.3 Shoulder J o i n t  
$' 
$ 
: The shoulder j o i n t  w a s  a considerably g r e a t e r  chal lenge 

than knee o r  2lbow because of i ts  l o w  leng th  t o  diameter 

ratio and t h e  severe  diameter chanq? :ram sGye t o  arm 

bearing.  A t a p e r  i n  t h e  j o i n t  proper had been found 

undesi rable  because of a s t rong  tendency t o  s t a c k  t o  t h e  

smaller end. *.is pro&xzd 3 sp r ing  back tendency t o  t h e  

n e u t r a l  pos ' t ion.  I t  was a l s o  determined undes i rab le  t o  

design an unbalanced j o i n t  as used i n  t h e  OES because of 

a randon tendency f o r  the j o i n t  t o  t r ack  i n t o  alignment 

contrary  t o  the  des i r ed  motion (no t  always ev iden t  i n  

con t ro l l ed  mobi l i ty  e x e r c i s e s ) .  I n  s h o r t ,  development 

followed the  gu ide l ines  e s t a b l i s h e d  f o r  t h e  knee and elbow, 

b u t  w a s  no t  as success fu l  due t o  t h e  l i m i t a t i o n s  noted. 

Three gores w e r e  i - lcorporated i n  each s i d e  of t h e  j o i n t  

p lus  t he  ha l f  gore i n  each end cone. Because no s i z i n g  

adjustment was required,  t h e  r e s t r a i n t  terminat ions  were 

. loca ted  i n  t he  cones. I n  h inds igh t ,  a much more e f f e c t i v e  

j o i n t  would have r e s u l t e d  by t h e  simple add i t i on  of a 

fou r th  gore i n  each s ide .  A s  was l a t e r  ev iden t ,  the  added 

o v e r a l l  length could have been taken o u t  of t h e  upper arm. 

This j o i n t  was t e s t e d  f o r  range vs .  torque and was cycled 

150,000 t i m e s  i n  each d i r e c t i o n .  A s  can be seen i n  

Table 4 ,  t he  torques  were. h igher  t h a n - t h o s e  of t h e  

knee and t o t a l  range was l e s s  an des i red .  The cyc l ing  

test d i d  demonstrate an adequate s t r u c t u r e .  I n  theory 



and based on exper ience,  a fou r th  gore would inc rease  

range by 30 percen t  and reduce torque by 50 percen t  

through the  nominal range. This should be f u l l y  

3.6.4 Waist J o i n t  

The w a i s t  j o i n t  i n  t h e  OES w a s  t apered  and w a s  n o t  

r i g i d l y  anchored a t  the  bottom end of the a x i a l  r e s t r a i n t s .  

This r e s u l t e d  i n  only  about 50 percen t  e f f i c i e n c y  and 

s 'qn i f ican t  v a r i a t i o n  i n  torque and range with  pressure .  

Elimination of t h e  t a p e r  w a s  no problem b u t  r i g i d i z i n g  

the b r i e f  t o  hold  the w a i s t  a x i a l  r e s t r a i n t  proved 

impossible wi th  only  f a b r i c  s t r u c t u r e s .  Using h a l f  scale 

mock-ups, numerous p a t t e r n  modif icat ions ,  b i a s  o r i e n t a t i o n s ,  

webbings, and t r i a x i a l  f a b r i c  w e r e  t r i e d .  The b r i e f  per- 

s i s t e d  i n  d i s t o r t i n g  t o  z pred ic t ab l e  shape which repre- 

sen ted  an equi l ib r ium of hoop load and plug load vec tors  

under pressure .  The r e s u l t a n t  load l i n e  from 'r,,  c ro tch  

t o  che wa i s t  r e s t r a i n t  terminat ion always approximated 

30 degrees t o  t h e  v e r t i c a l .  This placed t h e  wa i s t  termina- 

t i o n  too  high t o  be e f f e c t i v e .  To c o r r e c t  t h i s  condi t ion  

a gimbal r i n g  w a s  incorporated i n  t h e  h i p  t o  r i g i d l y  support  

the cro tch  and t h e  lower wa i s t  a x i a l  r e s t r a i n t .  A stress 

ana lys i s  w a s  performed t o  determine t h e  minimum cross-  

' sect ions  i n  t he  gimbal r i n g  which would provide a y i e l d  

s t r eng th  of 12 PSID. The f i n a l  conf igura t ion  incorporated 

cons i s ted  of two 6061-T6 aluminum concent r ic  s p l i t  r i n g s  

3/8 inches  t h i ck  by 1 1/2 inches  wide. The r i n g s  w e r e  



bo l t ed  toge ther  wi th  s p l i t s  opposed to form a continuous 

r i n g  of 15 1/2 inches  I . D ,  x 3/8 t h i c k  x 1 1/2 w i d e .  

The r i n g  w a s  f i n i s h e d  wi th  a f u l l  r ad ius  on a l l  edges,  

pol ished,  and anodized. 

Following t h e  gu ide l ines  previously  e s t ab l i shed ,  a two 

gore  w a i s t  j o i n t  of 14 1/2 inches  diameter w a s  developed 

wi th  end cones t o  i n t e r f a c e  wi th  t h e  gimbal r i n g  and the 

w a i s t  disconnect ,  The upper cone w a s  t runca ted  15  degrees 

t o  match t h e  disconnect  angle and had 3 inches  of 

v e r t i c a l  t runk s i z i n g  incorporated i n t o  t h e  a x i a l  r e s t r a i n t  

terminations.  Details of  this cons t ruc t ion  are shawn i n  

Figure 6. The w a i s t  was.  later modified - to  incorpora te  

t h r e e  narrower gores  and r e s t r a i n t  z ippers  t o  improve 

con t ro l  of t h e  w a i s t  when taken up f o r  smaller sub jec t s .  

3.6-5 H i p  J o i n t  

To achieve t h e  t r a n s i t i o n  from t h e  b r i e f  t o  t h e  t h igh  

dictated a t runca ted  con ica l  h i p  j o in t .  As previously  

noted,  however, con ica l  j o i n t s  i nva r i ab ly  s t a c k  t o  the 

s m a l l  end. This  would lock o u t  t h e  upper end of t h e  j o i n t  

where f l e x i n g  w a s  most desired. To  preclude t h i s ,  t h e  

j o i n t  elements w e r e  developed t o  form a t o r o i d a l  s e c t i o n  

with  a l l  diameter reduct ion incorporated i n  t h e  th igh  cone. 

This produced a bloused e f f e c t  o r  bulge i n  t h e  upper t h igh  

whiqh was no t  p a r t i c u l a r l y  a t t r a c t i v e  b u t  w a s  func t iona l ,  
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The f i r s t  c u t  a t  t h i s  conf igura t ion  incorporated only  o r e  

element i n  t h e  j o i n t  proper p l u s  easement i n  t h e  upper 

b r i e f  and th igh  cone. When pressur ized ,  most of t h e  

ezsement w a s  lost i n  s t ack ing  of  t h e  t h igh  cone and poor 

mobi l i ty  r e su l t ed .  A second j o i n t  element w a s  incorpora ted  

wi th  both having q r e s t z r  e a s e m n t  i n  t h e  back area. Mobil i ty 

w a s  g r e a t i y  improved and t h e  bulging w a s  less epparent.  

This f i i i a l  conf igura t ion  is s t i l l  i n  need of m i n ~ r  mcdifi- 

cati*.>n t o  reduce t h e  c ro t ch  width and sho r t en  the th igh  

cone. I n  t h e  process  it is considered poss ib l e  to  ga in  

even g r e a t e r  h i p  range. 

3.6.6 Ankle J o i n t  

The prime ob jec t ive  i n  redesign of the ankle j o i n t  w a s  

t o  lower t h e  c e n t e r  of f l exu re  f o r  b e t t e r  t rack ing  and 

demonstrate t h a t  t h e  f l a t  pa t t e rned  concept i n  t h e  

j o i n t  would n o t  d e t r a c t  from what was a highly mobile, 

l o w  t o q u e  j o i n t ,  i n  t h e  OES and E I S  s u i t s .  To t h i s  

end t h e  e x i s t i n g  j o i n t  w a s  removed from t h e  EIS boots  

and t h e  boots c u t  down one inch.  The tucked j o i n t  was 

replaced with  two gores ,  f r o n t  and back with  a reduct ion 

i n  j o i n t  l eng th  of 1 1/2 inches. The r e s u l t  w a s  t o  lower 

t he  cen te r  of f l e x u r e  1 3 / 4  inches.  The s h o r t e r  j o i n t  

lacked t h e  apparent  range of t h e  o r i g i n a l ,  b u t  due t o  

improved t rack ing ,  was demonstrated t o  not  impede mobi l i ty .  

I n  developing smal l  j o i n t s  such a s  t h e  ankJe and w a i s t  

t h e r e  is a l eg i t ima te  ques t ion  as t o  t h e  advantages i n  

design and f a b r i c a t i o n  of f l a t  pa t t e rned  j o i n t s  vs.  tucked 
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. j o in t s .  The materials and jo in ing  methods are more 

than adequate i n  e i t h e r  conf igura t ion ,  and i n  a smal l  

balaaced j o i n t  t h e  tucked concept is  s imp l i e r  i n  con- 

s t r u c t i o n .  The f a c t  remains, however, t h a t  t h e r e  i s  

no way f o r  an independent bladder  t o  t r a c k  or f u l l y  

i n t e r f a c e  wi th  a tucked j o i n t ,  and no convenient way 

t o  s e a l  a tucked j o i n t  with i n t e g r a l  bladder.  I n  t h i s  

r e spec t  t h e  f l a t  pa t te rned  s m a l l  j o i n t s  are s t i l l  a 

v i a b l e  a l t e r n a t i v e .  

3.7 AXIAL - R E S T m N T S  - . .  - 

It was t h e  o b j e c t i v e  of t h i s  design e f f o r t  t h a t  t h e  

r e s t r a i n t  f a b r i c  and jo in  seams see only cons tan t  and 

and p red ic t ab l e  hoop loads  i n  t h e  s u i t .  A l l  a x i a l  loads ,  

both from p re s su r i za t ion  and manned loading are c a r r i e d  

by cords and webbings joined t o  form a continuous load 

bear ing s t r u c t u r e  wi th  t h e  hardware. 

One s i x t e e n t h  inch hollow b ra id  cord pressed f l a t  and 

s t i t c h e d  over t h e  s i d e  seams with  one row of heavy (hood) 

Kevlar thread was used f o r  t h e  knee, elbow, and shoulder  

j o in t s .  I n  t he  elbow and shoulder  t h e  cords terminated 

i n  a one inch over lap on the  t r i a n g u l a r  load d i s t r i b u t i o n  

patches. I n  t h e  knee t h e  cords overlapped the  1/2 inch 

a x i a l  r e s t r a i n t  webbings i n  t he  l e g  cones. 

Except where a l t e r e d  i n  rework, the  a x i a l  r e s t r a i n t  i n  

t he  w a i s t  cons i s ted  of double th ickness  one inch webbing 

terminat ing i n  two inch loop around the  h i p  gimbal r i n g  

a t  t h e  bottom, and a s e r i e s  of 3/4 inch s i z i n g  loops a t  

-30- 



, the top. The top  loops were i n t e r f a c e d  through a 3/8 

inch diameter p i n  t o  a load d i s t r i b u t i o n  cons t ruc t ion  

of one inch webbing a t  t h e  w a i s t  disconnect .  See 

Figure 6. . 

One e igh th  inch ho3low b ra id  cord w a s  used i n  t h e  ankle 

j o i n t  and h i p  j o i n t .  The cord i n  t h e  ankle j o i n t  w a s  

t h e  o r i g i n a l  EIS boot r e s t r a i n t  cord,  and was terminated 

i n  a t i e -o f f  loop br idg ing  the boot  r e s t r a i n t  c lo su re  

(z ipper)  t o  a mating loop i n  t h e  lower l e g  cone r e s t r a i n t .  

I n  t h e  h i p  t h e  r e s t r a i n t  cords w e r e  terminated by over- 

lapping the adjo in ing  r e s t r a i n t  tapes .  A one inch webbing 

w a s  crossed over t h e  inboard h i p  r e s t r a i n t  cords i n  t he  

c ro tch  and was terminated i n  double th ickness  2 inch loops 

over t he  h i p  gimbal r ing .  

The a x i a l  r e s t r a i n t  system a s  desiqned is considere& 

adequate. Severa l  f a i l u r e s  which occurred i n  manned 

cycl ing w e r e  t h e  r e s u l t  of dev ia t ion  t o  t he  design require-  

nrents i n  rework. 

3 . 8  BLADDER DESIGN 

One of t he  advantages of t h e  f l a t  pa t te rned  cons t ruc t ion  

techniques i s  t h e  a b i l i t y  t o  incorporate  a bladder  which 

is  f u l l y  conformal t o  the  r e s t r a i n t .  The advantages of 

t h i s  a r e  t h e  e l imina t ion  of s l i p p i n g  and s t r e t c h i n g  of 

t he  bladder  i n  f l ex ing  the  j o in t s .  This i n  t u rn  minimizes 

bladder  abrasion and permits  a non e ias tomer ic  ox f a b r i c  

re inforced  bladder  t o  be used. The intimacy of t he  bladder  



. and r e s t r a i n t  pe rmi t  t h e  same p a t t e r n s  t o  be used f o r  

bo th  w i t h  minor c o r r e c t i o n  f o r  d i f f e r e n c e s  i n  t e r m i n a t i o n  

a t  hardware i n t e r f a c e s .  

Heat  s e a l i n g  o f  t h e  j o i n  seams was i n v e s t i g a t e d  b u t  was 

n o t  pursued f o r  t h e  fo l lowing  reasons :  B u t t  seaming was 

t h e  only  method deemed f e a s i b l e  w i t h o u t  an e x o r b i t a n t  

expend i tu re  i n  t o o l i n g  t o  conform t o  t h e  many complex 

curves  involved.  Even b u t t  sea.ning would invo lve  con- 

s i d e r a b l e  expense. While b u t t  seaming was e f f e c t i v e  and 

r e l i a b l e  w i t h  t h e  unsupported u re thane  f i l m  used i n  t h e  

OES and EIS s u i t s ,  t h e  same techn iques  a r e  n o t  as e f f e c t i v e  

i n  u re thane  coa ted  f a b r i c s  because  o f  a l a c k  of comparable 

p h y s i c a l  p r o p e r t i e s  i n  t h e  u r e t h i n e  and t h e  non un i fo rmi ty  

of  p re load ing  o f  t h e  s e a l i n g  d i e  by i n t r o d u c t i o n  of  t h e  

f a b r i c  i n  i n t e r s e c t i n g  seams. F i n a l l y ,  t h e  use  of s t i t c h e d  

and t aped  seams was known to  be  r e l i a b l e  and was adequate 

t o  demonstrate  t h e  prime o b j e c t i v e  of c o m p a t i b i l i t y  t o  t h e  

r e s t r a i n t .  

The c o n s t r u c t i o n  t echn ique  used  was t o  j o i n  t h e  b l a d d e r  

components by s t i t c h i n g  w i t h  a  b u t t ,  o r  j o i n  seam, such 

t h a t  a l l  raw edges were o u t s i d e  and t h e  coa ted  s i d e  of t h e  

f a b r i c  i s  i n s i d e .  The seams were then over taped w i t h  1/2 

inch  wide s t r i p s  of no  m i l  u re thane  f i l m  c e n t e r e d  over  

the j o i n  seam on t h e  i n s i d e .  The only  problem which w a s  

encountered  was a tendency f o r  t h e  t a p e  t o  b r i d g e  t h e  

j o i n  seam when it  was n o t  p u l l e d  f l a t .  Th i s  p u t s  stress 

on t h e  seamline  t a p e s  when p r e s s u r i z e d  and can cause t a p e  
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. sepa ra t ion  o r  t e a r .  I t  is recommended t h a t  t h e  bladder  

seams i n  f u t u r e  e f f o r t s  be t o p  s t i t c h e d  1/8 inch from 

t h e  jo in  seam p r i o r  t o  t ap ing  t o  i n su re  t h a t  a l l  seams 

l ay  f l a t .  

Neoprene coated nylon b ladder  t ape  was joined t o  t h e  

e x t e r i o r  of t he  bladder  on s e l e c t e d  seains t o  bond t o  

s i m i l a r l y  placed tapes  on t h e  r e s t r a i n t .  These a r e  i n  

t u r n  bonded together  with neoprene adhesive t o  form a 

secure  b u t  separab le  attachment of t he  bladder t o  t he  

r e s t r a i n t .  Attachment was made a t  the  bottom of t h e  wa i s t  

j o i n t ,  through t h e  c ro tch ,  a t  t h e  t op  and bottom of each 

knee, and a t  t h e  t o p  of each ankle j o in t .  These were i n  

addi t ion  t o  common attachment a t  a l l  d isconnects  and bearings.  

3 . 9  LINER DESIGN 

To improve ease  of donning t h e  l i n e r  was pa t te rned  t o  con- 

form t o  t h e  bladder  and r e s t r a i n t  and secured t o  t h e  b ladder  

a s  deemed necessary t o  cause i t  t o  lay  c lo se  t o  t h e  bladder  

and no t  bunch up. To prevent  snagging a l l  seams were 

turned t o  the  ou ts ide .  

Attachment t o  t h e  bladder  was achieved by s t i t c h i n g  v e l c r o  

hook t o  t he  l i n e r  and cementing ve l c ro  p i l e  t o  t h e  bladder.  

Snaps were incorporated i n  a l l  ve l c ro  s t r i p s  t o  f a c i l i t a t e  

alignment. 

The shoulder l i n e r  was made sepa ra t e  wi th  t he  vent  duc t  

i n s i d e  t o  permit f r e e  r o t a t i o n  of t he  shoulder element. 

The l i n e r  ma te r i a l  was the  same 5 oz. Nomex used i n  t h e  

OES and E I S  s u i t s .  
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3.10 VENT DUCT DESIGN 

I t  was necessary t o  r e fu rb i sh  t h e  vent  duc ts  i n  t h e  

DVT s u i t  f o r  manned cycl ing.  I t  was no t  d e s i r a b l e  t o  

expend the e f f o r t  requ i red  t o  f a b r i c a t e  t he  duc ts  a s  

o r i g i n a l l y  designed, t h e r e f o r e ,  an a l t e r n a t e  inexpensive 

method w a s  sought. The method s e l e c t e d  involved i n t e r -  

weaving 1 / 2  inch wide s t r i p s  c f  b ladder  f a b r i c  through 

t h e  c o i l s  of t h e  sp r ing - l i ke  s t a i n l e s s  steel core  used 

i n  the o r i g i n a l  design.  A cover,  a l s o  of b ladder  c l o t h ,  

was then bonded around the  c o i l s  and t o  t he  s t r i p s .  

This produced ' a  very durab le  and f l e x i b l e  duct .  The 

duct  would no t  kink o r  c l o s e  on f l ex ing  bu t  d i d  no t  have 

much r e s i s t a n c e  t o  crushing.  



4.0' GENERAL CONSTRUCTION 

4.1 MARKING AND CUTTING 

I t  i s  impor tan t  t h a t  t h e  r e s t r a i n t  p a t t e r n s  be  l a i d  

o u t  i n  e x a c t  al ignment  t o  the warp o r  f i l l  of t h e  f a b r i c ,  

They were marked w i t h  s o f t  p e n c i l ,  t hen  coa ted  t o  approxi-  

mately 1/8 i n c h  t o  e i t h e r  s i d e  of the marking w i t h  AF770 

adhesive.  The adhes ive  makes c u t t i n g  easier and p r e v e n t s  

r a v e l i n g .  The b l a d d e r  and l i n e r  are l a i d  o u t  i n  t h e  same 

g e n e r a l  d i r e c t i o n  b - t  are n o t  a s  c r i t ica l  and are n o t  

coated.  

4.2 STITCHING 

Except f o r  t h e  j o i n i n g  of  r e s t r a i n t  cords  and webbings, 

a l l  r e s t r a i n t  s t i c h i n g  was done wi th  200 d e n i e r  Kevlar  

t h r e a d ,  10 t o  12 s t i t c h e s  p e r  inch .  The cords  and webbings 

were s t i t c h e d  w i t h  400 d e n i e r  Kevlar t h r e a d ,  10 t o  12 

s t i t c h e s  p e r  inch .  The b l a d d e r  and l i n e r  were s t i t c h e d  

wi th  S i z e  B Nylon t h r e a d ,  10 t o  1 2  s t i t c h e s  p e r  inch .  

V i r t u a l l y  a l l  s e a m P  i n  t h e  garment were jo ined 3/8 i n c h e s  

and t o p  s t i t c h e d  1/8 and 1/4 i n c h e s  from t h e  j o i n  seam. 

Exceptions were t h e  upper t o r s o  s i d e  seams and seams 

a d j a c e n t  t o  t h e  w a i s t  d i sconnec t .  These seams were 1/2 

inch wi th  a t h i r d  t o p  s t i t c h  f o r  added s t r e n g t h .  A l l  

r e s t r a i n t  seams w e r e  coa ted  on t h e  i n s i d e  w i t h  AF770 

adhes ive  t o  r e s i s t  p u l l  o u t  and f r a y i n g .  I n  a d d i t i o n ,  a l l  

t a p e  loops  wsre coa ted  on t h e  i n s i d e  t o  resist abras ion .  



4.3-  BONDING 

Only two adhes ives  and one pr imer  were used i n  t h e  

program. AF770 ure thane  adhes ive ,  manufactured by 

S t a l e y ,  was most e x t e n s i v e l y  used. Its use  inc luded  

c o a t i n g  of r e s t r a i n t  f a b r i c  on c u t t i n g  l i n e s ,  edge- 

lock ing  and bonding of s t i t c h e d  r e s t r a i n t  seams, bonding 

of  b ladder  seam t a p e s ,  end c o a t i n g  of webbings and cords  

t o  p reven t  f r a y i n g ,  and c o a t i n g  of h igh  a b r a s i o n  a r e a s  

of  r e s t r a i n t  loops.  I t  was a l s o  used w i t h  a pr imer  f o r  

bonding of the b l a d d e r  t o  machined aluminum hardware 

i n t e r f a c e s .  The on ly  c o n s t r a i n t  on i t s  use  was t o  

neoprene c o a t i n g s  t o  which it does n o t  adhere  and i n  

bonds which must b e  s e p a r a t e d  f o r  maintenance. Typ ica l  

a p p l i c a t i o n  invo lved  one f u l l  c o a t  on each s u r f a c e  t o  

be  joined.  T h i s  was allowed t o  d ry  a minimum of 30 

minutes.  T h i s  was fo l lowed by a second t a c k  c o a t  on 

each s u r f a c e .  The adhes ive  goes through a ve ry  agoress-  

i v e  b u t  s h o r t  (5  t o  10 minute) t a c k  phase i n  cure .  This  

l i m i t s  t h e  l e n g t h  and complexity of a r e a s  which may be 

bonded i n  one o p e r a t i o n .  The adhes ive  can be  "re- 

t a c k i f i e d "  wi th  Mek f o r  revvork, b u t  i s  n o t  recommended 

a s  a s t a n d a r d  procedure.  The adhes ive  i s  used a s  r e c e i v e d  

wi thou t  c u t t i n g .  The m a t e r i a l  has  a she l f  l i f e  of one y e a r  

o r  more i n  a f u l l  c o n t a i n e r  t i g h t l y  s e a l e d .  When a c t i v a t e d  

wi th  1.0 p e r c e n t  a c c e l e r a t o r  by we igh t ,  it g e l s  w i t h i n  

one t o  f o u r  hours ,  depending on tempera ture  and exposure.  



. Neoprene adhes ive ,  N-136, manufactured by S t a l e y ,  was 

used t o  bond t h e  r e s t r a i n t  and b l a d d e r  t o g e t h e r .  Th i s  

adhes ive  has  a  much longe, t a c k  p e r i o d ,  and t h e  j o i n t s  

are r e a d i l y  s e p a r a t e d  wi th  to luene  wi thou t  a f f e c t i n g  

the AF770 adhes ive  bonds. Both f a c i l i t a t e  b l a d d e r  

i n s t a l l a t i o n  and removal. Its s p e c i a l  a p p l i c a t i o n  i s  

convent ional  f o r  neoprene adhes ives  and w e l l  documented. 

The primer used f o r  j o i n i n g  t h e  b l a d d e r  t o  aluminum 

s u r f a c e s  was PR-420 manufactured by Products  Research 

and Chemical Corpora t ion  (PRC). I t  i s  a two-part system, 

mixed i n  accordance wi th  manufacturer  supp l i ed  d i r e c t i o n s .  

A t h i n  uniform c o a t i n g  is  a p p l i e d  t o  t h e  a1umin:m and 

allowed t o  d ry  a  minimum of 16 hours b e f o r e  bonding. 

4 .4  ASSEMBLY 

4 . 1  R e s t r a i n t  

The t o r s o  r e s t r a i n t  was f a b r i c a t e d  i n  t h r e e  sub-assemblies  

includLng t h e  f r o n t  t o r s o ,  r e a r  t o r s o ,  and the h i p  and 

t h i g h  cone assembly. The f r o n t  and r e a r  t o r s o  assembl ies  

were joined zt t h e  s i d e  seam, then  jo ined t o  t h e  w a i s t  

d i sconnec t  f l a n g e  t a p e  wi th  a  double t h i c k  ( f o l d e d )  1-1/8 

inch  wide s t r i p  of r e s t r a i n t  f a b r i c  c u t  on a  b i a s .  To 

i n s u r e  a c c u r a t e  f i t  t o  t h e  w a i s t  d i sconnec t  f l a n g e ,  t h e  

f l a n g e  t ape  was f a b r i c a t e d  by marking a d i s c  of 2 p l y ,  

18  ounce neoprene coated  and laminated  nylon f a b r i c  t o  

match t h e  d i sconnec t  f l ange .  The c e n t e r  was c u t  o u t  

only  a f t e r  j o i n i n g  t h e  5/8 inch  beaded nylon loop t a p e  

and t h e  -$.as f a b r i c  j o i n i n g  s t r i p .  
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. I n  f a b r i c a t i n g  t h e  h i p  and t h i g h  cone assembly, t h e  

s i d e  seams were jo ined l a s t  b e f o r e  j o i n i n g  t o  t h e  t o r s o .  

The knee and lower l e g  cone, boo t s  and ;.;lkle j o i n t ,  lower 

arms and shou lde r  j o i n t s  were each f a b r i c a t e d  a s  s e p a r a t e  

assembl ies .  The axj  a 1  r e s t r a i n t  systems were i n s t a l l e d  

dur ing  f a b r i c a t i o n  of  t h e  sub-assemblies  w i t h  t h e  ex- 

c e p t j o n  of  t h e  o u t  board a x i a l  r e s t r a i n t  on t h e  h i p  and 

t h i g h  cone assembly. These should  be i n s t a l l e d  a s  a  f i n a l  

s t e p  t o  permi t  them t o  o v e r l a p  t h e  w a i s t  and knee r e s t r a i n t s  

independent  of  t h e  j o i n  seams. F a i l u r e  t o  do t h i s  a f t e r  

rework r e s u l t e d  i n  f a i l u r e s  d u r i n g  manned c y c l e  t e s t i n g .  

One inch  wide s t r i p s  of neoprene coated  f a b r i c ,  c u t  on a  

b i a s ,  were secured  t o  t h e  r e s t r a i n t  i n  L s i g n a t e d  seams v i a  

t h e  t o p  s t i t c h i n g ,  The s t r i p s  were c u t  s h o r t  and 2 o t  j c ined  

i n  t h e  s i d e  seams t o  reduce bu lk  and e a s e  inst-  . ,  . cn of 

t h e  b l a d d e r .  

4 .4 .2  Bladder Assembly 

The b l a d d e r  was assembled i n  t h e  same g e n e r a l  manner a s  

t h e  r e s t i - a i n t  e v c c ~ t t  t o p  s t i t c h e s  were n o t  used. The use  

of one row of t o p  s t i t c h e s  1/8 inch  from t h e  j o i n  s t i t c h  

i s  recommended, however, t o  f a c i l i t a t e  t a p i n g .  Oae-half 

inch  wide 10 m i l  unsupported u re thane  (Per fex  E) s e a l i n g  

t.apes were bonded t o  a l l  seams. Neoprene coa ted  nylon 

b i a s  s t r i p s  one i n c h  wide were s t i t c h e d  i n t o  t h e  j o i n  

seams p r i o r  t o  t a p i n g  t o  i n t e r f a c e  wi th  t h e  s i m i l a r  s t r i p s  

on t h e  r e s t r a i n t .  Snap loop p a t c h e s ,  f a b r i c a t e d  from 

b ladder  f a b r i c ,  were bonded t o  t h e  i n t e r i o r  of t h e  b ladder  



t o  cocure t h e  ven t  system. These were loca ted  ad jacen t  

t o  t h e  o u t  board s i d e  seams a t  t h e  t o p  of t he  elbow, 

i n  t h e  upper and lower l e g  cones, and i n  t h e  t r a n s i t i o n  

panel  j u s t  above the  h i p  j o i n t .  . One-half inch wide 

s t r i p s  of nylon ve l c ro  p i l e  were bonded t o  t h e  b ladder  

with AF770 adhesive t o  i n t e r f a c e  wi th  ve l c ro  hcck on the  

l i n e r .  A cut-away b u t t  seam w a s  incorporated i n  the 

cen te r  of t he  lower l e g  cone f o r  removal of t h e  boots.  

4.4.3 Liner 

Again, t h e  sequence of assembly of t h e  l i n e r  was t h e  

same as t h e  r e s t r a i n t  and bladder.  One ha l f  inch wide 

nylon ve l c ro  hook was s t i t c h e d  t o  t h e  l i n e r  t o  i n t e r f a c e  

wi th  t he  ve l c ro  p i l e  bonded t o  t h e  bladder.  Snaps were 

incorporated i n  t he  ve l c ro  as  r equ i r sd  t o  i n su re  a l ign-  

ment on i n s t a l l a t i o n .  



5.0 CONCLUSIONS 

It  can b e  reasonably  s t a t e d  t h a t  a l l  o b j e c t i v e s  o f  t h e  

Tucked F a b r i c  Wvelopment program w e r e  m e t ,  wh i l e  new 

f a b r i c s  w e r e  n o t  developed f o r  t h e  r e s t r a i n t  and b l a d d e r ,  

r e a d i l y  a v a i l a b l e  e x i s t i n g  m a t e r i a l s  w i t h  proven resist- 

ance t o  n a t u r a l  ag ing  and chemical  a t t a c k ,  and good 

mechanical p r o p e r t i e s  w e r e  demonstrated e n t i r e l y  s u i t a b l e  

t o  space  s u i t  c o n s t r u c t i o n .  R e l a t i v e  t o  s i m p l i c i t y  and 

economy of  c o n s t r u c t i o n ,  only  25 p a t t e r n s  w e r e  used t o  

f a b r i c a t e  t h e  r e s t r a i n t ,  b l a d d e r ,  and l i n e r  e x c l u s i v e  of 

t h e  upper t o r s o ,  g b v e s  and boots .  A l l  seams w e r e  of the 

s i m p l e s t  b u t t  jo ined ,  s i n g l e  f e l l e d  type  s t i t c h e d  on one 

type  machine. No t u c k s ,  p l e a t s ,  g a t h e r s ,  or s p e c i a l  

a t t e n t i o n  t o  take-up was requ i red .  The only  hand s t i t c h i n g  

was i n  s e c u r i n g  t h e  r e s t r a i n t  t o  t h e  bea r ings .  

The one m i l l i o n  f l e x  c y c l e s  t o  which a  knee j o i n t  was 

s u b j e c t e d  wi thou t  f u n c t i o n a l  f a i l u r e  c l e a r l y  demonstrated 

t h e  d u r a b i l i t y  of t h e  i n a t e r i a l s  and c o n s t r u c t i o n  methods. 

Those f a i l u r e s  which d i ~  occur  i n  manned c y c l i n g  were n o t  

c a t a s t r o p h i c  I n  n a t u r e ,  and were a  d i r e c t  r e s u l t  of f a i l u r e  

t o  fo l low e s t a b l i s h e d  c o n s t r u c t i o n  g u i d e l i n e s  i n  rework. 

Donning and comfort  were s i g n i f i c a n t l y  inproved over  a l l  

previous  s u i t  des igns .  Mobi l i ty ,  whi le  n o t  improved, 

and i n  some c a s e s  less than  observed jn  t h e  OES s u i t ,  w a s  

s t i l l  adequate and g r e a t e r  than  t h a t  a v a i l a b l e  i n  t h e  

A7LB s u i t .  Of  more s i g n i f i c a n c e ,  excep t  f o r  m o b i l i t y  mode5 

predetermined now e s s e n t i a l  t o  e x t r a v e h i c u l a r  a c t i v i t y ,  



the s u i t  i s  cons ide red  capab le  w i t r ,  minor r edes ign  of  

m o b i l i t y  e q u a l  t o  o r  g r e a t e r  th= t h e  OES s u i t .  

The i n c o r p o r a t i o n  o f  t h e  h i p  gimbal r i n g  is  cons ide red  

the most s i g n i f i c a n t  advance i n  space  s u i t  d e s i g n  

r e s u l t i n g  from t h i s  program. W i t h  it w a i s t  j o i n t  

e f f i c i e n c y  w a s  improved s u f f i c i e n t  t o  pe rmi t  t o r s o  

l e n g t h  adjustment .  B r i e f  s t a b i l i t y  w a s  achieved f o r  

improved comfort  and f i t  and a f u n c t i o n a l  s o f t  h i p  

j o i n t  w a s  made f e a s i b l e .  With these improvements t h e  

gimbal r i n g  remained t o t a l l y  i n a b s t r u s i v e  t o  t h e  s u b j e c t  

i n  t h e  s u i t .  

The second most s i g n i f i c a n t  advance is t h e  demonst ra t ion  

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

t o  i d e n t i c a l l y  p a t t e r n e d ,  r e i n f o r c e d ,  b ladder  c o n s t r u c t i o n .  

Except f o r  t h i s  c h a r a c t e r i s t i c ,  the f l a t  p a t t e r n e d  

c o : ~ s t r u c t i o n  is n o t  c l e a r l y  s u p e r i o r  t o  p l e a t e d  con- 

s ' ruct ions.  Both concepts  e x h i b i t  good t o r q u e ,  range ,  

and s t a h i l i t y  c h a r a c t e r i s t i c s .  T h e i r  prime d i f f e r e n c e  

e x c l u s i v e  of b l a d d e r  i n t e r f a c e  lies i n  f a b r i c a t i o n  of t h e  

m u l t i p l e  seams of t h e  f l a t  p a t t e r n i n g  v s  t h e  hand p l e a t i n g  

and t a c k i n g  of t h e  o t h e r .  The m u l t i p l e  seams a r e  more 

compatible  t o  volume produc t ion  economy and c o n t r o l  than  

hand p l e a t i n g .  
\ 

Addi t iona l  advances may be c i t e d  i n  t h e  e l i m i n a t i o n  of 

t a p e r  i n  t h e  j o i n t s  and f u r t h e r  i n s i g h t  i n t o  t h e  e f f e c t i v e  

use  of b i a x i a l  f a b r i c  i n  complex p r e s s u r i z e d  systems. 



The added complexity and p o t e n t i a l  loss i n  r e l i a b i l i t y  

o f  t h e  t o r s o  r e s t r a i n t  system by a d d i t i o n  o f  t h e  s i z i n q  

system must be  s u b j e c t e d  to  f u r t h e r  s t u d y  i n  a r r i v i n g  

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

i n  the DVT p r o t o t y p e  is n o t  t h e  only  o p t i o n ,  and any change 

i n  w a i s t  d i s c o n n e c t  l o c a t i o n  would r e q u i r e  a r e - e v a l u a t i o n  

of  torso s i z i n g .  Its r e t e n t i o n  i s  a l s o  dependent  on whether  

it u l t i m a t e l y  becomes t h e  on ly  c o n s t r a i n t  t o  a one s i z e d  

s u i t .  

While t h e  e f f o r t  c l e a r l y  demonstrated that a s u i t  could  

b e  des igned t o  a d j u s t  t o  a wide range of s u b j e c t s ,  it a l s o  

p o i n t e d  o u t  some l i m i t a t i o n s  which must be overcome b e f o r e  

it is f u l l y  p r a c t i c a l .  The a r e a s  of take-up i n  s i z i n g  t e n d  

t o  produce an u n c o n t r o l l e d  bunching and d i v i n g  of t h e  

r e s t r a i n t .  T h i s  can l i m i t  mobi l i ty  and cause  p r e s s u r e  

p o i n t s  on t h e  s u b j e c t .  The a r e a s  of t h e  s u i t  where s i z i n g  

i s  r e q u i r e d  are a l s o  t h e  a r e a s  where c o n i c a l  e lements  a r e  

r e q u i r e d ,  t h e  combination i s  even more u n s t a b l e .  The more 

t h e  take-up, t h e  g r e a t e r  the problem. The d i s c o n t i n u i t y  

i n  t h e  primary a x i a l  r e s t r a i n t  l i n e s  c r e a t e d  by s i z i n g  

e lements  cause  s t r u c t u r a l  des ign  problems which compl ica te  

f a b r i c a t i o n .  The t echn iques  used were f a i r l y  e f f e c t i v e  

b u t  do nct r e p r e s e n t  t h e  on ly  des ign  op t ions .  



6.0 RECOMMENDATIONS 

A s  i n  a l l  programs o f  t h i s  n a t u r e ,  s e v e r a l  a r e a s  of  

p o t e n t i a l  improvement w e r e  no ted  a f t e r  complet ion and 

t e s t i n g  of  t h e  p ro to type .  Most. of  these have been no ted  

i n  t h e  d e s i g n  s e c t i o n  o f  t h i s  r e p o r t  b u t  are h e r e  

summarized f o r  c l a r i f i c a t i o n .  

I n c o r p o r a t i o n  o f  s i z i n g  i n  t h e  arm above the elbow 

r e s u l t e d  i n  a c o n s t r a i n t  of t h e  shou lde r  j o i n t  t o  a 

l e n g t h  which d i d  n o t  pe rmi t  f u l l  mobi l i ty .  The s h o u l d e r  

j o i n t  s h o u l d ' b e  lengthened and i n c r e a s e d  i n  range by 

t h e  a d d i t i o n  of a  f o u r t h  gore.  E l imina t ion  o f  t h e  s i z i n g  

above t h e  elbow would main ta in  t h e  maximum o v e r a l l  l e n g t h  
,J 

o f  t h e  arm w i t h  adequate  elbow c e n t e r i n g  and s i z i n g  

take-up r e t a i n e d .  

Two c u t s  w e r e  r e q u i r e d  to  ach ieve  a reasonab le  degree  of  

h i p  mobi l i ty .  The f i n a l  c u t  s t i l l  l e f t  room f o r  improve- 

ment. J o i n t  easement i s  marg ina l ,  t h e  c r o t c h  is t o o  w i d e ,  

w d  t h e  t h i g h  cones are t o o  long. Ail of  t h e s e  a r e a s  can 

be s i g n i f i c a n t l y  improved b y . a  s i n g l e  r e c u t ,  b u t  even 

f u r t h e r  e f f o r t  may be  d e s i r a b l e  t o  i n s u r e  optimum f i t  and 

m o b i l i t y  . 

The i n c o r p o r a t i o n  of t h e  h i p  gimbal r i n g  l e d  d i r e c t l y  t o  

c o ~ r s i d e r a t i o n  o f ,  i n t e g r a t i o n  c\,f it and t h e  w a i s t  d i sconnec t .  

A pre l iminary  s t u d y  has  shown many p o t e n t i a l  improvemnts  

w i t h  such a  c o n f i g u r a t i o n .  The w a i s t  d i sconnec t  i s  p r o p e r l y  



s i z e d  and s t r u c t u r a l l y  adequate t o  double a s  a h i p  

gimbal r ing .  By removing t h e  c i r c u l a r  b e a r i n g  and 

d i sconnec t  f r o m ' t h e  upper w a i s t  a r e a ,  t h e  upper  t o r s o  

can be made e l l i p t i c a l  t h u s  s i g n i f i c a n t l y  r educ ing  t h e  

f o r e  and a f t  envelope  dimensions of t h e  to ta l  EMU wi th  

back pack and c o n t r o l  u n i t .  By l o c a t i n g  t h e  b e a r i n g  

below t h e  w a i s t  j o i n t  t he  crewman can bend i n  t h e  

d i r e c t i o n  t o  which he t u r n s  h i s  body, a  mcre n a t u r a l  

movement which w a s  p a r t i a l l y  achieved i-r, --he OES s u i t  

through t h e  h i p  bea r ings .  The g r e a t e s '  pioblem i n  

donning, t h a t  o f  engaging t h e  disco-.nett is  minimized by 

v i r t u e  of  the d i s c o n n e c t  be ing  nore e .ccess ib le  t o  t h e  

crewman and more f l e x i b l e  i n  p o s i t i o n i n g .  
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