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1 1.1) INTRODUCTION 

Under NASA Contract NAS 9-12995, a program was undertaken to develop 

and test two prototype pressure suits to operate at pressures up to 

413 mm Hg (8.0 PSIG). The units were designated Emergency 

Intravehicular Spacesuits (EIS). This report covers the performance 

requirements, the design evolution, testing performed, problems 

encountered, and final EIS configuration. 

2.0 DESIGN REQUIREMENTS 

Specific design requirements are summarized below. 

2.1 Pressure 

Normal operating, 413 mm Hg (8.0 PSIG);structural, 16 PSIG; 

non-catastrophic failure, 20 PSIG. 

2.2 Mobility 

Joints to be located in elbow, shoulder, thigh, knee, and ankle. 

As a design goal, mobility envelope to be compatible with emergency 

fly-back capability in a seated configuration. 

2.3 Ventilation System: Pressure Drop and CO2 Removal 

Pressure drop through the vent system not to exceed 9.14 cm (3.6 

inches) of water with a flow rate of 198 LPM (7 ACFM) of 77" F (250 C )  

i air at a suit pressure of 413 mm Hg. Partial pressure of C02 

in the oro-nasal area not to exceed 7.6 mm Hg at 198 LPM (7 ACFM) 

and metabolic rate of 252 ~~-~al/~r>(1000 Btu/hr.). , 



2.i Helmet 

Collapsible, soft shell and visor. Sufficient visual field and 

optical quality to see and read all instruments required to 

perform an emergency fly-back. 

2.5 Gloves and Connectors 

Provide sufficient pressurized mobility to actuate switches 

and other flight controls, while also providing long-term 

comfort for unpressurized wear. 

2.6 Communications and Bio-Instrumentation 

These systems to be GFE Apollo/Skylab type; prototype EIS to 

incorporate mounting and routing provisions. 

2.7 Weight 

Target weight of less than 5.5 kg (12 pounds). 

2.8 Flammability 

Materials to meet the flammability requirements of NASA-JSC 

Document D-NA-002, except the cabin atmosphere shall be nominal 

sea-level (760 mm Hg, 80% N2, 20% 02). 

. . .. . 
, . ' 
, . 2.9 Sizing 3 

, . .  . , Firstprototype EIS to be custom-sized for a NASA-designated 

j \ .  subject;second prototype to be sized to a standard size per NASA 
. , 1. a: --.-+; .... n -+,,A,,A ,:,:,, ,,..,,,, +.. L, -,,---+-a I.---> . n + c r ~ ~ ~ u u ~ u  ~ L ~ L I L E ,  ~ L U ~ L L L I U  L V  v c  ~ C I L = I ~ C T C L ,  V ~ ~ C ; U  O i i  

suit configuration and crew anthropometry. 



2.70 Comfort 

Acceptable comfort for 8 hours unpressurized wear and 5 hours 

pressurized wear. 

2.11 Donning 

Unassisted donning by the crewman to be accomplished in less than 

5 minutes, including preparation and connection to the vehicle 

ECS. 

2.12 Leakage 

Not to exceed 400 SCC/min. at 413 nun Hg at delivery. As a 

design goal, not to exceed 1000 SCC/min. during the service 

life of the suit. 

2.13 Service Life 

Equivalent to a mission of one year's duration, including 

preflight crew training, testing, and daily donning and doffing. 

3.0 PROGRAM STRUCTURE 

The EIS Program consisted of four phases, described below. 

Phase A :  This phase consisted of a detailed design and config- 

uration analysis of state-of-the-art and advanced suit systems/ 

components for applicability to the EIS requirements. Materials - 
and components were subjected to testing and evaluation; this 

effort culminated in a report and recommendations for the Phase B 

prototype configuration. \ . 



Ph?.se B: This phase consisted of the fabrication and test of 

sub-assemblies and components for incorporation into the Phase B 

prototype, and final fabrication of the Phase B prototype. Also 

included in this phase was the generation of the DVT Plan and 

Procedures and a sizing plan. 

Phase C: Phase C consisted of design verification testing of the 

Phase B prototype EIS. This included cockpit evaluations, comfort 

evaluations, manned cycle testing, and mobility envelope measure- 

ments. Also included was the preparation and submittal of the 

Phase C DVT report, which included the Sizing Program. 

Phase D: Phase D consisted of the fabrication of a second EIS, 

based on the results of the Phase "C" DVT. 

NOTE: This program logic was not followed precisely: due to design 

problems uncovered during DVT of Phase B EIS 001, and numerous 
! 

reworks and over-pressure tests, it was decided that more meaningful 

data would be obtained by performing the final DVT on the Phase D 

i 
EIS 002. 

4.0 TECHNICAL EFFORT 

4.1 Phase A/Configuration Baseline 

This is defined by the Phase A design and configuration report, 

excerpts of which are included in Attachment A, "8.0 PSI EIS DVT 

Configuration Change Summary". l-. 



. . 
4.2 Phase 9 Prototype Design Evaluation 

The development efforts expended during Phase "A" were culminated 

in a review with NASA personnel at JSC. During this review ILC 

presented progress and problems to date. Denlonstrations of 

the tucked fabric unilateral joints were conducted and material test 

data were presented. During this meeting several important decisions 

were made affecting the design of the Phase "B" prototype suit. It 

was decided to incorporate the tucked-fabric concept for the uni- 

lateral joints and to emphasize the concept in developing the 

shoulder, hip and waist. A gimballed, tucked-fabric shoulder was 

considered feasible and selected as prime candidate for the Phase 

"B1' prototype. However, alternate design concepts, such as the 

2-bearing shoulder, were continued as back-ups. 

The decision to use a hard disconnect for the waist was based 

primarily on the inherent low reliability of zippers. A study was 

performed for waist disconnect sizing, location and minimum bulk 

cross-section. It was also decided at that time to use an Air 

Force type helmet connector to facilitate possible use with an 

ejection seat/conformal helmet configuration. 

Following the Phase "A" review, efforts were continued to design 

an acceptable soft facepiece although progress to date had been 
3 

discouraging due to the lack of acceptable materials. The shape 

and size of the helmet were accepted by NASA personnel during the 

meetings. The boot design with neoprene sole and heel was 

firmed but it was requested that ILC investigate a PRD-491 

epoxy laminate for the sole stiffener. 1 . :  . , 
,! ' :  



The glove design at this time had not progressed as far as some 

other areas but it was decided that tucked-fabric fingers and 

wrists were favorable approaches. 

Subsequent to the Phase "A" design review, work continued from 

November of 1972 through April of 1973, culminating in the shipping 

of the Phase "B" prototype suit in April. A synopsis of the 

effort in each area is presented in the following paragraphs. 

4.2.1 Elbow and Knee. The elbow and knee design conceived 

during the Phase "A" was finalized, tested, and installed in the 

first prototype suit. During this period a PRD-49 elbow was 

constructed and bench-cycled 100,000 times without failure. An 

attempt to use 3 oz. PRD-49 failed cycling because of seam 

?c11-out. Use of the 3 oz. PRC-49 for restraint fabric was 

therefore discontinued. Early attempts at knee fabrication 

using a 5 oz. PRD-49 fabric also resulted in seam pull-out, but 

improved longitudinal seams were developed and a knee was 

bench-cycled 124,000 cycles without failure. 

4.2.2 Shoulder. Considerable effort was expended during 

Phase "B" to develop a gimballed shoulder. The final shoulder 

joint design provides 150" of movement in the lateral medial 1 

plane and - + 30" of movement in the sagittal plane (which also 

provides additional cross-reach capability). This range was 
'._ 
\ 

n c h i e ~ r ~ r l  i a r i t h  nrimarily e f t  cnmpenpntc except  fnr a 101?. p r f i f i l ~  - - - - - - . - - . . - - - - r -- 

stainless steel gimbal ring. 



4.2'.3 Hip, Thigh and Waist. The original concept for waist and 

hip mobility was a tucked-fabric waist and hip. Early evaluations 

with a NASA prototype IV suit, in a Shuttle Mock-up c.ockpit 

proved that this configuration was unacceptable. Later 

evaluations of waist mobility indicated that this joint was an 

unnecessary complication in an IV emergency suit. It was 

concluded to configure the suit in a sitting position with 

sufficient leg mobility to operate foot pedals and allow the 

crewman to straighten up for seat egress/ingress and contingency 

transfer. The concept finally designed after several successively 

improved mock-ups was a single-axis, tucked-fabric thigh joint 

mounted in a seated-position lower torso. 

4.2.4 Boots. The boot configuration, although basically 

complete at the Phase "A" review was finalized during Phase "B". 

The PRD-49 sole stiffener suggested at the review was utilized 

and fabrication techniques were optimized. The ankle joint 

failed after approximately 60,000 bench-cycles at 413 mm Hg, but 

was considered adequate since 10,000 cycles was the design 

requirement. Since it allows for convenient replacement of 

boots, a roll-seal at the upper boot-lower leg interface was 

pursued. Attempts at a leakage-free and reliable roll-seal 

were not successful; hence, a zipper and cemented joint were 

selected for the Phase "B" suit. Lower leg length adjustment 

capability was accomplished by use of soft goods sizing "links" 
.. 

incorporated in the longitudinal restraint webbing. 



4.2.5 Helmet. The most difficult problem of the helmet develop- 

ment was in forming the soft visor. Both ILC and Airlock, Inc. 

were involved in attempting to form a hemisphere of Regalite, 

Lucolite or Hedwin sheet. The basic problem was that the depth of 

draw necessary for the required shape caused a haze in the material, 

ruining the optics. The final solution was to press-polish several I 

! 

layers of Lucolite to a thickness of .I00 and to draw an ellipsoid 

shape. The ellipsoid, when installed in a spherical helmet 

opening and pressurized, assumes a nearly spherical shape 

and optics are maintained. A possible problem exists in that 

the facepiece material permanently elongates at temperatures 

above 2 8 O  C (82" F) when under load. NASA has estimated that 

the facepiece can attain a surface temperature of 3 2 O  C (90" F) 

during worst case conditions in the Shuttle Craft. If the 

3 2 O  C temperature is confirme-7, some other material for the 

helmet facepiece, possibly polycarbonate, will have to be used. 

4.2.6 Bearings. The EIS bearings were to be of simple 

design and minimal cross-section. Various bearing concepts 

were evaluated and found to be unacceptable because of either 

high torque or high leakage. After the break-through of the 

gimballed shoulder joint rendered a scye bearing unnecessary, 

effort was concentrated on the upper arm bearing, using as : 

a basis the Apollo bearing. It was reasoned that identical 

cross-sections (or greater) with 17-4 PH stainless steel (twice -. -. . 
the strength for t w i c e  the ~ c I ~ C ? !  ~ h ~ ~ l d  - - L 1 - c - - . -  D S L A D L ~ G L U ~ Y .  See 

Figure 2 for the Apollo arm bearing and Figure 3 for the FIS a m  
. : . . ,  
'! : 

bearing. 

I 
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The initial torques on this bearing were 1.15 - 1.28 Newton- 

Meters (18 - 20 inch/lb) at 413 mm Hg. Since the Apollo bearing 

torques were in the .45 - .64 N-M (7 - 10 inch-lb) range, it 

was decided to remachine the Teflon sealing surfaces to reduce 

the torque. After remachining, the torques were .64 - .77 N-M 

(10 - 12 inch-lb). 

These bearings were also subjected to deflection tests under 

both 4- and 2- point loading conditions. The deflection was 

.I27 cm (.05OW) at a load equivalent to 413 mm Hg. This means 

that high leakage of this bearing is likely - if four (4) 

point loaded conditions exist at pressures above 413 mm Hg. 

However, two-point loading deflections are about .041 cm to .046 cm 

(.016" to .018") at 413 mm Hg (ab,out the same as the Apollo 

bearing). Therefore, the axial restraints must be in line if 

the suit is subjected to pressures above 8 PSI. 

An added feature of the EIS arm bearing is the "stitch-on" 

attachment technique whereby the bearing is drilled with .040-.060 

in. diameter holes around the perifery and the restraint stitched 

into place with a hand stitching technique. Tensile strength 

'tests (see Attachment "B") indicate this is a strong, reliable 

- method of joining hardware to fabric. 
.A i 

4.2.7 Entrance/Closure. It was decided early in the program . ' . 
that pr~ssurp-qealing zipper closures were inherently unreliable 

for use in the EIS. A mechanical disconnect was chosen for the 

final EIS configuration. A sizing analysis for a mechanical 

disconnect located at the waist was conducted (See Table 1). 



Following,the Phase A Review, a sizing study was performed to select the dimensions for a 
mechanical waist disconnect. The results of this study are shown in the following tables 
and paragraphs. . ,  

WAIST DISCONNECT SIZING - SHUTTLE 
Air Force Civilian 

5th to 95th Percentile 2.5 to 97.5 Percentile Apollo History 

Chest at Bcye 35" to 43 1/4" 

Waist Cir. 27" to 37 1/2" 

Buttock CLr . 34 1/4" to 41 3/4" 

Hip Cir. 

Hip Breadth 12.1 to 14.4 

Hip Depth 7.6 to 10.2 

Shoulder Cir. 41.6 to 49.4 

Chest Depi;h 8.0 to 10.4 

Shoulder Breadth 16.5 to 19.4 

Dividing the above ranges into equal increments, 
nominal for each waist ring. 

7.7 to 10.7 

16.2 to 19.8 

ye get the following body dimensions as 

/ 2 Size Rings 3 Size Rings 
Circ. 

"Small" "Large" Small Large "Small" "Med. " "Large" 

Chest @ Stye 39 1/2" "44" 12.6 14 38" 41" 44" 

Waist Cir . 33" 39" 10.5 12.4 31" 35" 39" 

Buttock Clr. 38 1/2" 41 3/4" 12.3 13.3 36 3/4' 39 1/4" 41 3/4" 

Hip Breadth 13 1/4" 14 1/2" 12 7/8" 13 5/8" 14 1/2" 

Hip Depth 9" 10 1/4" 8 1/2" 9 3/8" 10 1/4" 



CONCLUSIONS: 

1. In 51 out of 58 Apollo crewmen, the chest circumference is 
larger than the buttocks circumference (usua1.l~ 1 1/2" to 
2" ) ,  suggesting that the internal half of the disconnect 
should be on the lower portion of the suit. (Of the remaining 
7 crewmen, 3 had the same circumference chest and buttocks 
and the other 4 were within 1/2" of the same.) 

2. The hip breadth and depth numbers suggest the major and minor 
dimensions of the elipse obtained by tilting a circular ring. 
The large dimensions suggest a 14 1/2" circle tilted until 
there is a minor (front to back) dimension of 10 1/4". 
However, such a ring tilted to 30' off horizontal gives a 
12 1/2" front to back dimension, which is more reasonable. 

3. Data on shoulder circumference with arms over the head is 
lacking, but this data seems to correspond with a disconnect 
outer half about 1 1/2? larger than inner half and with the 
15" diameter hoop, tried with various subjects during a 
previous study. 

As a result of this study, a 39.4 cm (15 1/2") inside diameter 

waist disconnect was selected. (The study indicates that two or 

three sizes would be practical; however, the largest size only 

was selected for this initizl program.) This disconnect employs 

a breech-lock type locking mechanism. 

4.2.8 Hardware Mounting. The usual hardware (e.g., gas 

connectors) mounting procedure used with the Apollo, and other 

pressure suits, has traditionally been to reinforce the area, 

punch holes for screws, caulk and clamp with screws. This procedure 

is highly reliable but makes the hardware difficult to remove and 

replace. Because of the thermoplastic nature of the bladder 3 

material (polyurethane), it was decided to integrally mold a 

reinforcement-sealing area into the suit wall, carefully controlling 
I 1% 

d u r o m e t e r  o f  the area to gliarantee a reliable, leakage-free 

seal. This was successfully fabricated and tested and is part of 

-the final EIS suit design. As a result, the hardware may be 



removed and replaced innumerable times without affecting 

the integrity of the suit wall or requiring cleaning of 

the hardware. 

4.2.9 Materials and Processes. 

4.2.9.1 Restraint 

The design of this suit restraint employs a new fabric 

made from PRD-49 Fiber (duPont "Kevlar"). This material 

is a proprietary duPont product. It has tensile 

strength in the neighborhood of 18-21 grams per 

denier, and low ultimate elongation. Extensive testing 

throughout the duration of this program has indicated 

that this is a viable material for the restraint of 

higher pressure space suits. However, further 

development is necessary to produce an optimum fabric 

weave. There are problems inherent in the low elongation 

characteristics such as stress risers, and seam strength 

lower than fabric tensile strength. Also, flex cycling 

characteristics are not optimum. The optimum design 

may lie in a blend with other fibers and/or a change 

in weave style. (See attachment "B" for detailed test 

data, and attachment "A" which contains a copy of the 

procurement specifications for the fabric used in the ! 

EIS.) 

4.2.9.2 Bladder 
1. 

Z x t e l ~ h i i i e  testing was perfcr;;.,cd c:: t h c  p c l y ~ r e  t>.ncc 

bladder materials. Conclusions drawn from the testing 

indicate that unsupported polyurethane is an excelleit 

material for the bladder of the suit, and it should 



yield a shelf life of at least seven or eight 

years. It is readily heat formable, easily sealed 

with RF sealing equipment, easily cemented to itself 

and other materials, has good abrasion and tear resistance, 

and high ultimate elongation. The material finally 

used in the Phase B and Phase D EIS was Union Carbide's 

Perflex "E" 101 film. Detailed test results on this 

material are presented in Attachment B. 

Attachment B also provides a summary of other relevant 

materials and processes testing. 

4.2.10 Vent System. Vent system development for the 

EIS suit began with an evaluation of the existing Apollo 

vent ducting in terms of weight, pressure drop characteristics, 

crush resistance, flex cycle life, vent terminations, 

and vent plenums. From this evaluation and from review 

of EIS requirements the following design requirements 

were established: 

1. Materials must be spacecraft compatible. 
2. Weight - less than 1.04 gm/cm 1.07 lb/ft.) 
3. Crush resistance - comparable to Apollo 

system - 13.57 ~g/cm2 (193 lb/in2). 
4. Pressure drop - less than that of Apollo A 

du~ing all flow modes. 3 

5. Cycle life - minimum flex life of 100,000 
cycles when cycled 110° over a5.75 cm ... (2.25 inch) 
radiu s . 

With the above parameters established, a survey of tubing 

and duct vendors was conducted to establish the availability 

of an existing tubing or duct which would meet the established 



requirements. This survey disclosed that none of the 

available commercially manufactured products would 

meet the requirements; furthermore, due to the unique 

application and minimum quantity requirements these 

same tubing and duct manufacturers would not commit 

to any development effort. 

1t was therefore necessary to design a flexible duct. Steel, 

aluminum, and nylon along with other materials were 

considered for use as spacers. Nylon was finally 

selected as the spacer material due to its,light weight 

and ability to recover when subjected to crush tests. 

Several sample ducts were fabricated using Perflex "E" 

polyurethane inner sleeves, nylon spacer coils of a 

flat oval configuration, and various polyurethane outer 

coatings. 

Evaluation of these early samples indicated excellent 

weight, pressure drop and crush resistant characteristics; 

however, the flex-cycle life was limited due to the 

polyurethane coatings. Further evaluation of polyurethane 

coatings resulted in the fabrication of a ventilation 
< 

duct which meets all of the design parameters including" 

flex-cycle life (100,000 cycles without degradation). 

'.. 
Vent system plenums (gas connectors) of the Apollo 

type were not acceptable for interface or termination, 
' : 

of the new ventilation duct. Tooling was designed to 



fabricate plenums which could be vacuum formed from 

a thermoplastic materi-a1 (Noryl). These plenums 

provided a minimum of pressure drop at the gas 

connectors and a hard interface point for the ventilation 

ducts. 

Vent-system interfaces with the plenums and vent/hardware 

attach points were evaluated. The method finally 

selected was to use 1.6 mm (1/16") nylon pins to 

secure the duct to its interface and polyethylene 

shrink tubing to provide a seal at the interface and 

retain the pin(s) in position. Vent system interface 

at the neck plenum, and boot vent, was accomplished 

by adhesive bonding with N-136. A spacer was attached 

to the end of each arm vent so that it could extend 

into the glove and provide cooling for the hand area. 

Several methods for attachment of the ventilation 

system to the suit wall were evaluated. It was required 

that the duct should be free to move between its 

constrained attach points, so as not to restrict 

mobility. Therefore, vent duct restraining loops 
2 

were fabricated and secured to the bladder wall with " 

velcro. 

' . \  

4.2.11 Gloves 

4.2.11.1 Description. The principle component of . :. , 
,i . :  

.. . the EIS glove is a PRD-49 fabric restraint incorporating 

a bi-axial tucked wrist and single-axis tucked-fabric . 

-17- 



fingers and thumb. The restraint is patterned so 

that all elements interface Lo produce a relaxed, 

mid-mobility range attitude. 

A molded fiberglass palm restraint maintains conformity 

in the palm and distributes the axial load from the 

wrist joint. A molded fiberglass oval ring joins the 

two 90 degree opposed wrist joints to achieve 

omni-directional wrist mobility. 

The glove bladder is a composite fabricated from dip-formed 

urethane fingers, metacarpal, thumb, and abbreviated 

hand bonded to a lower handlwrist portion of . 2 5  mm 

(10 mil) urethane film. Thelbladder is joined to 

the glove restraint at the finger tips, metacarpal, 

and wrist disconnect only. 

4.2.11.2 Materials. In selecting the restraint material, 

the 3 oz. Kevlar fabric was first evaluated. The material 

was of adequate strength and would produce a lighter 

more flexible restraint. The relatively open weave 

of the 3 ounce fabric, however, was difficult to hold 
5 

in the finger seams and was susceptable to snagging. 

The 5 ounce Kevlar fabric provided a much more durable restraint 

with acceptable weight and stiffness. 

ILC initially considered the use of stainless steel 'ih j 
., ' . 

the palm restraint to minimize bulk. The cost and lead 
. . i 

-18- 



time to produce tooling to form the complcx shapes was 

prohibitive for the design phase, however, and it was 

determined that adequate strength could be achieved 

with fiberglass without excessive bulk. In addition 

to a significant weight savings, the fiberglass 

components could be easily reproduced on inexpensive 

molds which in turn were quickly modified as the 

design progressed. Both the palm restraint and 

wrist gimbal were ultimately fabricated by hand layup 

of six plies of glass fabric and epoxy resin. 

ILC investigated fabrication of these components with 

Kevlar fabric and epoxy and with a high-temperature 

flame-resistant poly-vinyl resin. Layups were also 

tried using the poly-vinyl resin with glass. None 

of these systems were found to have advantage over the 

glass/epoxy laminate, and caused a variety of problems 

in fabrication. The Kevlar fabric could not be thoroughly 

impregnated with resin with available processes. The 

parts also were extremely difficult to cut, drill or 

otherwise finish. The glass and poly-vinyl resin 

produced satisfactory parts, but the resin has 5 

extremely short gel time and was air inhibited. Both 

characteristics caused fabrication problems with no 

distinct improvement in properti6&. 
x. 

! : 

4.2.11.3 Sizing. Sizing of the gloves is proposed to . , i  

be accomplished by the creation of a large and small 



glove based on hand b read th .  A p r o p o r t i o n a t e  adjustment  

would be a p p l i e d  t o  t h e  c i rcumference of t h e  w r i s t ,  

hand, f i n g e r  and thumb d i ame te r s .  Each glove s i z e  w i l l  

be a v a i l a b l e  i n  s i x  f i n g e r  l e n g t h s  of 6 mm (1/4 inch)  

increments  i n  l e n g t h .  

4 . 2 . 1 1 . 4  Produc t ion  Adapta t ion .  The glove was designed 

t o  n o t  r e q u i r e  any s p e c i a l  s k i l l s  i n  f a b r i c a t i o n .  A l l  

components of  t h e  same des igna t ed  s i z e  a r e  i n t e r changeab le  

More s o p h i s t i c a t e d  t o o l i n g  would be recommended f o r  

l a y i n g  up and trimming the  f i b e r g l a s s  components, and 

f o r  s e t t i n g  t h e  e y e l e t s  and r i v e t s  used i n  f i n a l  

assembly. I n  a d d i t i o n ,  more e f f o r t  i s  r e q u i r e d  t o  

des ign  and f a b r i c a t e  d i p  molds and d ipp ing  f a c i l i t i e s  

f o r  a f u l l y  formed seamless  u re thane  b l adde r .  

4 . 3  Phase C Design V e r i f i c a t i o n  T e s t i n g  

De ta i l ed  r e p o r t i n g  o f  t h e  Phase C DVT i s  conta ined  i n  

a  s e p a r a t e  r e p o r t  ( I L C  Document No. 8852701152). This  

r e p o r t  a l s o  d e s c r i b e s  t h e  complete S i z i n g  Program. 

4 . 4  Phase D P ro to type  Design Evolu t ion  
> 

During t h e  DVT, v a r i o u s  des ign  d e f i c i e n c i e s  became 

appa ren t ,  r e s u l t i n g  i n  r e d e s i g n  and rework of Phase B 

EIS 001. These c o n f i g u r a t i o n  changes were i nco rpo ra t ed  . 
i n  Phase D EIS 002. 'The d e t a i l e d  h l s t o r y  o f  t h e s e  

changes i s  

Conf igura t  

con ta ined  i n  Attachment A ("8.0 PSI EIS DVT: 
? 

I ' ;  

i o n  Change Summary", I L C  Document No. 8852700151). 



It was finally decided to rerun the cycle DVT on EIS 002, 

since 001 had been subjected to numerous reworks and 16 PSI 

proof pressures, which could possibly cause unrealistic 

failure modes. Figure 1 shows the final configuration of the 

EIS. 

CONCLUSIONS 5.0 

This program resulted in a significant advance in pressure suit 

technology. Specific areas of advancement include: 

- Pressurized (8.0 PSIG) mobility greatly superior 
to existing flight suits, and advanced suits, 
operating at 3.5 - 5.0 PSIG. 

- Simplified constr~ction of mobility joints. All 
single-axis joints are made entirely of soft goods. 
Use of hardware, such as bearings and gimbal rings, 
was reduced to an absolute minimum. 

- Elimination of metal cables, cable guides, 
pressure-sealing zippers, and rubber dipped goods, 
all of which have been marginal in reliability 
and/or shelf life. in the past. 

- Greatly reduced cost of fabrication of mobility 
joints. 

- Rapid donning and doffing. 
- Long shelf life (at least 8 years). 

Maximum use was made of existing space suit hardware component 

designs that have proven themselves in the past, e-g., gas 

connectors, helmet connector, glove connector, hard waist: 

-disconnect. 

y, 
A considerable amount of experience was gaiired, ail& dat; 

generated, on the construction and use of soft goods (fabric, 

cord, tapes, etc.) made from Kevlar (PRD-49) fiber. 



Recommended further action areas relative to the EIS include: 

- Optimization of the Kevlar fabric construction, 
possibly including the use of a tri-axial weave. 

- Use of an elliptical waist connector to reduce 
bulk at the waist and to reduce weight. 

- Continued cockpit" interface stbdies'. 
- Modification to interface with ejection seat 
and hard helmet. 

- Investigate incorporation of a waist joint to 
enhance pressurized intravehicular mobility. 

- Lightweight gimbal ring' for the shoulder joint. 



ATTACHMENT A 

8.0 PSI  EIS DVT C O N F I G U R A T I O N  CHANGE b U V m R Y  



8.0 PSI-EIS  

! 

i ILC NASA 

-(- 4 . .Qaa. , .  . Approved by: 
5 

EIS Program bianager . 
Approved by: 

i . : 
1 contract Sumber NAS-9-12995 

Approved by: 

Approved by : 

. . 

Approved by: 

JSC Safety Office 
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8.0  P S I  1:1S 1)VT 
-7.. 

~ : , 

The EIS Phase ''21'f r e p o r t  documents a l l  the des ign  and development 
e f f o r t  which was u t i l i z e d  i n  t h e  i n i t i a l  Phasc "B" EIS d e l i v e r e d  t o  
NASA/JSC on 5/7/73.  Excerp ts  frorn t h e  Phase "A" r c p o r t  a r c  inc luded a s  
Appendix "A" t o  subs  t a n t i a t e  t h e  i n i t i a l  EIS Conf igura t ion .  

~. . 
-- . . - - . . . 
- -- - .  . 
.. .. . 
-. 

. - 

~ 

P r i o r  t o  d e l i v e r y  of t h e  EIS t o  N A S A ~ J S C  s e v e r a l  s t r u c t u r a l  
(12 PSIG), proof p r e s s u r e  (16 PSIG), and leakage  t e s t s  ( a t  8 PSIG) were i 

performed a t  I L C / D O V C ~  t o  v e r i f y  t h e  p r e s s u r e  i n t e g r i t y  and s a f e t y  of  
t h e  EIS. 

co~!-~dL!i:~z~rox CI~:.FG:; SC:.~:~I,IG 
. ~ ~. 

- ~ . ... . . . ! . ~ . < .  ~ ~ . .  .. . ~~ .. ~ . - .  
~ . . . . I . During t h e  course  of t l ~ e  dcs ign  v e r i f i c a t i o n  test<.lrg (DVT) 

- - of the  8.0 PSI ~ ~ i i e r g e n c ~  I n t r a v e l ~ i c u l a r  S u i t  (CI:S) some p rob lcn~s  ~. . . . . -. - . . . . 

.: were._uncovered . - 
~ . .  ~ ~. ~ ~ ~. .~ ~ 

This  r c p o r t  has  been prepared t o  stimmciri.ze these  problenls 
w i th  dcscript . ions of t h c  des ign  changes which were incorpora ted  i n t o  
the  EIS t o  c o r r e c t  t h e s e  problems. 

T h e  EIS was r ece ived  a t  NASAIJSC on 5/7/73. A predes ign  
v e r i f i c a t i o n  tes t  review was conducted on 5/11/7? to re vie.^ t h e  EIS EVT 
Tes t  Plan and Procedure,  i n c o r p o r a t e  a l l  necessa ry  cornncnts, and o b t a i n  
approval  s i g n a t u r e s .  

Appendix "B" l ists those  NASA and ILC personnel  who p a r t i c i p a t e d  
i n  t h e  t e s t  review meetings.  A p r e - v e r i f i c a t i o n  t e s t  was i n i t i a t e d  on 
5130173 a t  t h e  KASA t e s t  f a c i l i t y .  This  t e s t  cons i s t ed  of a d e t a i l e d  
v i s u a l  i n s p e c t i o n ,  a  l eakage  t e s t  and s t r u c t u r a l  t e s t  a t  12 PSIG. A f t e r  
t h e  s e l e c t i o n  of  t e s t  s u b j e c t s  f o r  t h e  DVT, v e n t  p r e s s u r e  c y c l i n g  i n  
accordance w i t h  t h e  DVT t e s t  p l a n  and procedure (ILC Document No. 8852701102) 
was i n i t i a t e d  on 6/4/73.  A f t e r  150 manned v e n t  p r e s s u r e  c y c l e s  were 
completed, t h e  r i g h t  boot  developed an a u d i b l e  l eak .  Inspec t ion  of t h e  
EIS boot  r evea led  t h a t  t h e  h e a t  s e a l  i n  t h e  t o e  of the  r i g h t  boot  b l adde r  
had sepa ra t ed .  It was determined t h e  s e p a r a t i o n  was caused by a  poor 
h e a t  s e a l .  This  was r e s e a l e d  a t  NASA/JSC and a  leakage  and s t r u c t u r a l  
t e s t  (12 PSIG) was perfolmed t o  v e r i f y  s t r u c t u r a l  i n t e g r i t y  and manned 
s a f e t y .  

3 
On 6/7 /73 ,  the.  EIS was manned a t  8.0 PSIG f o r . 1 1 2  hour  dur ing  

a Space S h u t t l e  o r b i t e r  mock-up i n t e r f a c e  eva lua t ion .  This  same day 
the EIS was s u b j e c t e d  t o  350 a d d i t i o n a l  manned v e n t  c y c l e s  ( t o t a l  500 
manned ven t  c y c l e s ) .  On 6/8/73,  350 a d d i t i o n a l  DVT manned v e n t  c y c l e s  
were performed (8'0 t o t a l  manned v e n t  c y c l e s )  when a  sma l l  t e a r  was 
noted-on  t h e  f r o n t  of  the  l e f t  pane l  of t h e  s u i t  b r i e f  a t  t h e  g r o i n  
l i n e  seam. It was decided by NASA/JSC and ILC t h a t  the  s u i t  would be 
r e tu rned  t o  ILctDover f o r  a d d i t i o n a l  v i s u a l  i n s p e c t i o n  of t h e  t o p 1  s u i t  
asseinbly and r e p a i r  of  the  g r o i n  area.  ., . : ., 

, ., 



To v e r i f y  t h e  p r e s s u r e  i n t e g r i t y ,  a  s t r u c t u r a l  t e s t  (12 PSIG) 
was performed. A f t e r  four  (4)  of t h e  f i v e  (5) minutes  r equ i red  f o r  
the  t e s t  d u r a t i o n  had t r a n s p i r e d ,  the  r i g h t  f r o n t  shoulder  r e s t r a i n t  
tape  separa ted  and t h e  shoulder  r e s t r a i n t  m a t e r i a l  and b ladder  rup tu red .  
I n v e s t i g a t i o n  r evea led  t h a t  t h e  114" wide f l a t  t ape ,  when f l exed  a t  a  
sharp  angle ,  was loaded w i t h  excess ive  t e n s i l e  l o a d s  on t h e  o u t e r  ya rns  
of  the  tape ,  c a u s i n ~  p rogres s ive  breakage.  It was determined t h a t  a 
braided cord would be more compatible  w i t h  t h e  load ing  experienced i n  i 

t h e  shoulder ,  s i n c e  minimal f l e x u r a l  l o a d i n g  would occur  on t h e  bra ided  
yarns.  I n  a d d i t i o n ,  t h e  bra ided  cord c o n s i s t i n g  of an i n n e r  co re  and 
braided shea th  exh ib i t ed  s u p e r i o r  t e n s i l e  s t r e n g t h  over  t h e  p r e v i o u s l y  
used 1 /4"  restraint tape.  This  was v e r i f i e d .  by Jns t ron  machine t e s t i n g .  
The 1!8" braided cord was then sub jec t ed  t o  t h e  i , l i . l i t a ry  Standard 
F lexura l  Tes t  f o r  a 3/32'' d!ameter s t e e l  c a b l e  (b!IL-14-5424) and 
s u c c e s s f u l l y  passed ( i n  f a c t ,  t h e  cord  showed no l o s s  of t e n s i l e  s t r e n g t h ) .  
As a  r e s u l t ,  t h e  118" diameter  braided cord was i n s t a l l e d  a s  t h e  r e s r r a i n t  
i n  both t h e  l e f t  and r i g h t  shoulder  j o i n t s .  A new upper t o r s o  shou lde r  
bladder  and upper  r e s t r a i n t  f a b r i c  was inco rpora t ed  i n  t h e  EIS d u r i n g  t h e  
shoulder  r e s t r a i n t  t ape  des ign  change. 

. . . . . .  
~ - .  ~~ 

. ~ 

. 
~. 

... 

A f t e r  s u c c e s s f u l  s t r u c t u r a l  (12 PSIG) and prcof p r e s s u r e  
(16 PSIG) t e s t s ,  a  manned t e s t  a t  6.0 PSIG was performed by s u b j e c t i n g  
a l l  131s j o i n t s  t o  approximately 1000 c y c l e s .  During t h i s  t e s t i n g  heavy 
man-induced l o a d s  were purpose ly  imposed by t h e  t e s t  s u b j e c t  ( i n c l u d i n g  
th igh  abduct ions) .  A s t r u c t u r a l  (12 PSIG) and l eakage  t e s t  was performed 
on t h e  EIS; t h e  EIS was r e tu rned  t o  NASA/JSC on 7/27/73. 

The method of at tachment  of t h e  EIS b r i e f  t o  t h e  l a g s  was 
revi.e:led by the I L ~ I ~ o l x e r  Dvsign, P r o j e c t ,  and Systems S a f e t y  E n g i ~ ~ e e r s .  
It >:as determined t h a t  a  des ign  change i n  t h e  method of seam a t tachment  
at: the  gro in  1Lne (rubere b r i e f  a t t ac l l c s  t o  l e g )  was necessary .  F igu re  1 
i l l u s t r a t e s  the  seam attachment change made. The f a b r i c  i n  tile f r o n t  . . .  

- ~~ . .  ~ of t h e  panel of  t h e  b r i e f  rcqui red  replacfllient si.nce i t  was to rn .  . ~~ ~ . . ~  .. 

....... IIowever, i t  was decided t o  r e p l a c e  t h e  enCire  b r i c f  t o  i n s u r e  t h e  f r o n t  ~. .-- ~ 

of thC r i g h t  pane l  of t h e  S r i e f  and o t h e r  p o s s i b l y  wenkened pane l s  of ... ......... .... - 
... . . thG b r i e f  woGld n o t ~ m i l f u n c t j . n n  i n . f u t u r e t e s t i i l g . -  A s  -a r e s u l t ,  t h e  

- . gr0i.c l i n e  sea111 was changed on both t h e  l e f t  and r i g h t  l e g s  t o  t h e  new 
conf igu ra t ion  i l l u s t r a t e d  i n  Fi-gure 1. 

On 8/1/73,  Ast ronaut  John Young donned and exe rc i sed  i n  t h e  
s u i t  a t  5.75 PSIG f o r  10 minutes .  DVT c y c l e  t e s t i n g  was a l s o  cont inued 
on t h i s  d a t e ,  and a n  a d d i t i o n a l  900 manned c y c l e s  a t  v e n t  p r e s s u r e  
( t o t a l  1750 manned v e n t  p r e s s u r e  c y c l e s )  were  completed. i 

On 8/2/73,  1300 manned c y c l e s  were  performed on each j o i n t  
a t  8.0 PSIG and 350 a d d i t i o n a l  ( t o t a l  2100 manned v e n t  p r e s s u r e  c y c l e s )  
manned ven t  c y c l e s  were completed. During t h i s  t e s t i n g ,  l eakage  
developed i n  the lower p o r t i o n  of t he -  ai-m. The mal funct ion  was caused 
by 'the s e p a r a t i o n  of a  hea t  s ea i ed  b i adde r  seam and was r e p a i r e d  w i t h  a  
pa t ch  ove r  t h e  seam on t h e  same day. A f t e r  c u r i n g  of the  p a t c h ,  a  
leakage  and s t r u c t u r a l  ( 1 2  PSIG) t e s t .  wasperformed and c y c l e  t e s t i n g  
was continued . , , . , 

'! : . 



On 8 /3 /73,  1.7GO n d d j t i o i ~ a l  manned prcssul:ized c y c l e s  ( t o t a l  - ..,, 
... 

3000 manned c y c l e s  a t  8.0 PSI) and 1500 a d d i t i o n a l  n~anried v e n t  p r e s s u r e  , :  

cycles  ( t o t i i l  - 3600 manned v c u t  c y c l e s )  wr re  comp1et:ed. 

A f t e r  examinntion of the  f a i l e d  knee j o i n t  a t  IT,C/~over,  t h e  
dec i s ion  was made t o  use  a  new a x i a l  j r e s t r a i n t  ~.7hicli would be s t r o n g e r  
and l e s s  a f f e c t e d  by f l e x u r a l  l oad ings  than t h e  114 inch  f l a t  r e s t r a i n t  
tape.  

... - ........ 
.......... 

. . . . . . . . . .  
~~ 

-- 
~ ~ . 

.......... 

A 1/8 i n c h  d iameter  hollow bra ided  Kevlar  (PRD-49) s h e a t h  was 
s e l e c t e d  a s  t h e  ner7 r e s t r a i n t  a f t e r  t h i s  f l a c t c n e d  c i r c u l a r  c y o s s - s e c t i o n  
had demonstrated s u p e r i o r  s t re t ;g th  and a b i l i t y  t o  endure f l e x u r a l  loads .  
Thp shea th  u t i l i z e d  was t h e  same a s  on t h e  b ra ided  cord used on t h e  EIS 
shoulder  j o i n t s .  T e n s i l e  t e s t s  of t h e  s h e a t h  r e s u l t e d  i n  a  960 l b s .  i 

breaking  s t r e n g t h  f o r  a n  8 i n c h  sample. 

I 
0 n 8 / 6 / 7 3 ,  approximately one (1)  minute of  c y c l e  t e s t i n g  a t  . 

. .~ . 
8.0 PSIG had been coi>duct.cd (36 a d d i t i o n a l  manned p r e s s u r i z e d  c y c l e s )  ~ ' . 

when t h e  rig!it knee r e s t r a i n t  tape  broke and t h e  knee j o i n t  r e s t r a i n t  - -  - . ~ 

fabri.c pa r t ed .  The s u b j e c t  was d e p r e s s u r i z e d ~  ,--, a.nd,-tl>-e-.l~<ISLyas p ~ u r n e d  ............... ... ....-.. -- . . .... . . . . . . .  ...... . . . . .  . . . . . . .  : t o  I L C ~ D O V C ~  f o r  i n s p e c t i o n  and r e p a i r .  

The bra ided  shea th '  was then  sewn t o  a  t e s t  model knee. j o i n t  
t o  v e r i f y  t h e  adequacy of t h e  sheath: and ' t h e  method of at tachment  t o  t h e  
knee j o i n t  r e s t r z l n t  m a t e r i a l .  The t e s t  model knee j o i n t  :.?as then 
cycled a t  I L c / ~ o v e r  on a  bench c y c l e  t e s t  a p p a r a t u s  f o r  100,000 c y c l e s  
a t  8.0 PSIG. No evidence  of  damage t o  t h e  new r e s t r a i n t  shea th  or  t h e  
a x i a l  r e s t r a i n t  l i n e  was observed. . . 

As a  r e s u l t  of  t h e  above d i scussed  t e s t i n g ,  two new knee 
j o i n t s  and r e s t r a i n t s  were inco rpora t ed  o n t o  t h e  DVT EIS. The EIS 

- ure thane  b ladder  i n  t h e  knee a r e a  was i n s p e c t e d  i n  d e t a i l  and no  evidence  
of damage was noted .  

I n s p e c t i o n  o f  t h e  lower t o r s o  a t  I L C / D O V ~ ~  a l s o  r evea led  t h a t  
t h e  1/4" a x i e l  r e s t r a i n t  t a p e  a s  w e l l  as t h e  314" wide a n c l ~ o r  webbing 
in t h e  i n n e r  t h i g h  was beginning  t o  s e p a r a t e .  I n v e s t i g a t i o n  r evea led  
t h a t  t h i s  was caused by excess ive  man-induced h i p  abduct ion  l o a d i n g s  (which 
a r e  n o t  a n  EIS des ign  requirement) .  A s  a  r e s u l t ,  t h i s  tape  was a l s o  
r ep laced  w i t h  t h e  118" d iameter  bra ided  s h e a t h  and new anchor webbing 
was added. A l eakage  and proof  pressure! (16.0 PSIG) t e s t  was then  , 
performed t o  v e r i f y  p rope r  o p e r a t i o n a l  and s t r u c t u r a l  i n t e g r i t y .  ~ l c h o u g h  
t h e  16 PSIG proof p r e s s u r e  t e s t  was s u c c e s s f u l l y  passed ,  m a t e r i a l  damage 
was  noted a t :  



1. T h e  l e f t  f r o n t  pancl  of  t h e  b r i e f  a t  the  pJoin l i n e .  

2. The r i g h t  fro."t shoulder  a t  t h e  po in t  where t h e  b ra ided  
.... 

.. . . . . . . . . . . .  . - - cord  i s  s t i t c h e d  t o  t h e  a x i a l  r e s t r a j . n t  l i n e .  
. . -~..  ~ .. 

.. ~ 
I 

-.--Tn order '  t o  verify t h e  s t r u c t u r a l  compat ib i l . i ty  of  t h e  newly .. ~ 

.. addcd r e s t r a i n t  sl>.eaclls and t o  determine t h e  impact of  t h e  PI-evi.ously . - ~~ ~ .. 

noted n a t e , r i a l  d ~ n g e , - _ a m a n n c d  c-ycling t e s t  . - was . -. ... co!ldi~ctctl . - - ~ -  ... at. 6 .0 . . . . . .  PSIG 
~ - and run f o r  1000 c y c l e s .  The n r w  braAded shea th  functi.oned well., and 

i t  was agrezd by I1.C persoiitlel t o  be a succcssfc i l  mod i f i ca t ion .  
IIov?ever, j.n t h e  two a r e a s  noted t o  have i v n t e r i a l  damage, s l i g h t l y  
a d d i t i o n a l  yarn damage was observed. a f t e r  tesr i .ng.  I t  was decided 
t h a t  these  two a r e a s  ( t h e  l e f t  i r o n t  pane l  of  the b r i e f  and t h e  r i g h t  
f r o n t  shoulder)  should be modif ied p r i o r  t o  a d d i t i o n a l  manued p r e s s u r e  
c y c l e  t e s t i n g  a t  J S C .  

Due t o  p rev ious  expe r i ences  w i t h  yarn damage i n  t l ~ e  b r i e f  
a t  t h e  g ro in  l i n e ,  t h e  des ign  of t h i s  a r e a  was i n v e s t i g a t e d  i n  d e t a i l .  
I t - w a s  determined t h a t  wearing of  t h e  f i l l  y a r n s  of t h e  b r i e f  a t  t h e  
g r o i n  l i n e  r e s u l t e d  on ly  where t h e  ya rns  were  tangent  t o  t h e  c u r v a t u r e  i 

of t h e  g ro in  l i n e .  To p reven t  f u t u r e  t e a r i n g  i n  t h i s  a r e a ,  t h e  
d i r e c t i o n  of t h e  weave f o r  t h e  l c f t  and r i g h t  panels  of  t h e  b r i e f  was 
r o t a t e d  t o  move t h e  p o i n t  o f t a n g c n c y  of  t h e  f i l l  ynrns t o  a  l o c a t i o n  
on t h e  g r o i n  l i n e  where lower s t r e s s e s  e x i s t .  In  a d d i t i o n ,  t h e  b r i e f  
was r epa t t e rncd  t o  r e i i e v e  h igh  s t r e s s  a r e a s  on t h e  g r o i n  l i n e .  Th i s  
newly conf igured  b r i e f  was inco rpora t ed  i n t o  t h e  EIS. 

The s l i g h t  yarn  s e p a r a t i o n  i n  t h e  r i g h t  f r o n t  shou lde r  
r e s u l t e d  from t h e  a t tachment  of  the  f r o n t  r e s t r a i n t  cord t o  t h e  shou lde r  
j o i n t  r e s t r a i n t  f a b r i c .  This  was c o r r e c t e d  by removing t h e  s t i t c h e s  
whj.ch secured t h e  c e n t e r  s e c t i o n  of bra ided  r e s t r a i n t  cord t o  t h e  
r e s t r a i n t  f a b r i c  and a l lowing  i t  t o  f l o a t  f r e e  w i t h  the  ends a t t a c h e d  
u s i n g  t h e  same r e s t r a i n t  cord anchor ' des ign .  A new improved shou lde r  
j o i n t  which has  a d d i t i o n a l  f a b r i c  and a  new d a r t  des ign  was a l s o  added 
t o  t h e  s u i t  on t h e  r i g h t  s i d e  of  t h e  EIS only .  A f t e r  t h e s e  m o d i f i c a t i o n s ,  
s t r u c t u r a l  (12 PSIG) proof p r e s s u r e  (16 PSIG) t e s t s  were performed 
on t h e  EIS. A f t e r  approximate ly  t h r e e  (3)  minutes  of  proof p r e s s u r e  
t e s t i n g  (16 PSIG), t h e  r e s t r a i n t  m a t c r i a l  ( a t  t h e  seam where t h e  t o p  of 
t h e  l e f t  shoulder  j o i n t  and t h e  neck cone jo in ) rup tu red .  This  r u p t u r e  
a l s o  r e s u l t e d  i n  s e v e r a l  t e a r s  o f  t h e  u re thane  b ladder  i n  t h i s  same 
a rea .  The f a i l u r e  r e s u l t e d  from f a b r i c  breakage  i n  an a r e a  which had 
been reworked numerous t imes du r ing  t h e  i n i t i a l  development of t h e  " 
s u i t .  This  was confirmed by t h e  p resence  of  numerous s t i t c h i n g  h o l e s  
i n  t h i s  seam a r e a  due t o  s e v e r a l  shou lde r  j o i n t  changes. 
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EMERGENCY INTRAVEHICUR SUIT 

CONTRACT NAS 9-12995 

PHASE "A" STATUS REVIE[? 



I.  INTRODUCTION 

. .~ . . 
.. - 

. .:.'  his document c o n t a i n s  the recommendations, suppor t ing  d a t a ,  and 
, ,,, ~- ~~ . .  I ~ . -  - - ~~. ~ 

~ ~. discuss ion  of.:open i s s u e s ,  p e r t i n e n t  t o  t h e  des ign  and conf igura t io .  of 
. . .~ .. . 
. .~ . ~. . . ~. 

, ~- -. ., 
- - . . the  ~n~~~~~~~ ~ ~ t r a v e h i c i l a r .  s p a c e s u i t  ( E I S ) ;  ThepurPose:  of t h i s  doc- . - - . ... 

ument i s  t o  summarize t h e  r e s u l t s  of t h e  drvelopment, t e s t i n g ,  and eva l -  

ua t ion  conducted dur ing  Phase A of Cont rac t  NAS 9-12995, t o  make s p e c i f i c  

recommendations f o r  the  des ign  and c o n f i g u r a t i o n  of t h e  f i r s t  p ro to type  

E I S  t o  be f a b r i c a t e d  during Phase "B", t o  o u t l i n e  any a r e a s  of d e s i g ~ l  not  

- y e t  resol.vcd, and t o  propose approaches t o  r e s o l v e  these  a r e a s .  



2.0 Recommanded Coafigu::ations and Const ruc t ion  

Based on the  t e s t i n g  and cvaluaLion conducied under Phase "A", t he  EIS 

conf igura t ions  recon~nended f o r  the  f i r s t  p ro to type  t o  be f a b r i c a t e d  under Phase 

~. . . "B" i s  a s  fo l lows:  
.. - -. . - . .. 
-- . 2 ~~ . 
- - 2.1 ~ r e s s u r e / R e s t r a i n t  ~ a y u ~ :  The r e s t r a i n t  f a b r i c  t o  be PRD-49; 5.2 o z / ~ d  
- -  - .  
- ~ ~ . . ~  . . . - . . . .. .... . . ~ 

- - . . - . . f o r  l a r g e r  c ross - sec t ions  (e.g.,  t o r s o ) ,  2.9 f o r  l imbs./joiLts.  Separa te  
~ .- .. - ~~ . ~ .. . ~ ~ . . . ~ .. 

. . . tirethane f i lm  bladder  i n  j o i n t s ;  l a m i n ~ t e d  i n  s e l e c t e d  a r e a s ,  such  a s  Gas con- 

nector  mountings. 

2.2 Etobi.lity J o i n t s :  The elbow, wrist, f i n g e r ,  thumb, h i p l w a i s t  system, knee 

and ankld t o  be tucked-fabr ic  (PRD-49) wi th  s e p a r a t e  ure thane  b ladders .  The 

shoulder  t o  have a scye  bear ing  and upper-arm bear ing ,  with a s i n g l e - a x i s  j o i n t  

(probably tucked-fabr ic)  between. A t h ree -bea r ing  shoulder  should a l s o  be con- 

s idered .  

2.3 Closure: Waist d i sconnec t ;  e i t 6 e r  mechanical connector  o r  hard r i n g s  with 
. ~ 

r e s t r a i n t  z ipper .  Se r ious  c o n s i d e r a t i o n  should be given t o  a w a i s t  r o t a r y  bear ing ,  

i f  a mechanical connector  i s  selected..  

2.4 Vent System: S i n g l e  i n l e t  and o u t l e t ;  ny lon-co i l ,  smooth-bore d u c t s ;  twin 

duc t s  t o  helmet ,  r e t u r n  d u c t s  i n  arms and l egs .  

2.5 Helmet: 60-mil R e g a l i t e  (Vinyl) s o f t  v i s o r  supported by h igh- t enac i ty  Dacron 

-. 
n e t ;  connector t o  be hard r i n g s / 0 - r i n g / r e s t r a i n t  z ippe r .  ..- 
2.6 Boots: Rigid  f i b e r g l a s  i n s o l e ,  neoprene o u t s o l e  and h e e l ;  a x i a l  r e s t r a i n t  

load l i n e  t o  be c a r r i e d  around bottom of boot .  
3 

2.7 Gloves: Tucked-fabric  w r i s t  (two (2) s i n g l e - a x i s ,  g imbal led) ;  tucked-fabric  

f i n g e r s ;  hard palm r e s t r a i n t ;  tucked f a b r i c  thumb ( s ing le -ax i s ) .  The need f o r  a 

'. . 
mriacai-pal foizt --st be established by in-cockpi t  evalua t ion .  

'> 
2.8 Sizing:  F i r s t  pro to type  w i l l  be s i z e d  f o r  Jack Mays, NASA/MSC. Quick ad- 

j u s t i n g  l i n k s  w i l l  be used i n  p lace  of l a c i n g  co rd l loop  tape  f o r  v i r n i e r  s i z i n g  

of arm, l e g ,  (both lower and upper) and possi.bly t o r s o  l eng th . .  
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3 . 2  PIOBILLTY JOINTS 

Mobil i tyRc_guircments:  ---- - Mobi l i ty  rcquireir ie~l ts  f o r  p re s su re  s u i t s  t o  f l y  

o r  ope ra t e  t h e  S h u t t l e  C r a f t  57ere i n v e s t i g a t e d  by revierring t h e  S h u t t l e  O r b i t e r  

. ~. ~. 
cockp i t  mockup a t  North American Roc.lc;$ell; Dowiley, C a l i f o r n i a .  

.~.. .  . .. ... . ~~ ..~ 
~ ~. . . . - . . 
.. ~. The a t t a c h e d  sIcetches i l l u s t r a t e  ~ ~~ . t h e  recommended ~ ~~~. p r e s s u r e  ~ s u i t  mobil . i ty  

~ ~ . -  . - ~ ~ . . . . . ~~ . . 
~ -~ 

. . . .. . - . / . 
.- .. .~ des ign  requirements .  ____~ ~ .... . 

~ . .~ ~ ..~ ~~ ..-..-- 
~ . .  ~~ . .. ~ 

. ~ 
~. . ~ . .  . -  

~.-.-= .. ~ 

~ ~ . .  













Mobility Requir~nents ior Pressure 

Suits ( I V  or ElT) to ~ l y / O ~ c r a e e  

the Shuttle Craft (>TAR Mockup, 8/11/72) 
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Arm bearing . i s  
requi red  r o t a t i o n ) .  (shoulder 

. . 

. . .  

. . . . 

. . 
A g r e a t  number of 
switches a r e  located 
on an overhead panel  
located between the 
two p i l o t s  r equ i r ing  
upuard reach not , . 

achievable i n  t h e  
s a g i t a l  plane alone. -* 

A t  t h i s  time, many a r e  . 
inaccess ib le  t o  :he 
nude body and NAR en- . . 

v i s i o n s  the  p i l o t  i n  a  
loose f i t t i n g .  s e a t  
harness " f loa t ing  UP 
(0-G only) .  
t o  perform, these  
ac tua t ions?  ~ c t u a l i y ,  
as much upward reach 
aa  can be provided w i l l  
be needed he i e  wi th  a  
j o i n t  n e u t r a l  aimed 
more toward the con 

I 
- ' , s t an t  "arm r e s t  spread 
.modeM f o r  "joy s t ick"  



. . 
. . . . . . 

. . 
. . 

. . .  . . 

: 

. . 
* 

. . .  - ... ". . . 
. . .  

- .  .- 
. . 

. . .  . . .  - .  - - 
. . +  -. - C. Neck . . , . . . . 
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@ * s n m ~ n  cesvcrlori (7d) 

. . .  
-. 

A11 p l anes  , . . . 

primary c ross reach  ' 

is requi red  f o r  
p o s s i b l e  use of  
hagds t o  a c tua t e  - 
swi tches  on c e n t r a l  
c o n t r o l  panel .  Over- 
head switches no t  
n e a r l y  a s  n o b i l i t y  
c r i t i c a l .  

. . 

. . 

. . .:. 

. . 
Although  t h e  s u i t  does 
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mobi l i t y ,  t he  man must . 
be  a f forded  a n  ex- 
t remely w i d e  v i s u a l  
range.  An open c l e a r  
bubble is h igh ly  
de s i r ab l e .  Good over- 
head as we l l  as ' 

forward a d  "down t o  . 
t h e  s ides"  v i s i b i l i t y  . . . 
i e  mandatory. 

. 

. . . .  
. . 
. , . .  .. . . . 

. . .  
.-. 

. . . . .  . 
... : - , . < ' :  

. . . . . . . . .  . . . ; 

... 
. . 

. . .  . -.- . . . . .  
. . . . . .  . -- .: . - . . . .  .: . . .  . . . . .  . . ~ ~ .  . . .  . . . . . . : >: . . . . .  . . , . -  , -  . . : 

. . :,,. . . . . . . . . . .  , ..- . . . . . . .- . . . . . . . . . .  . . 
. . .  . , 

a . . . . .  . . .  . . - . .  ' .  _ .  
. . . . .  . -. . . ... . - 

. .  : . . .  .,. . .  
. . .  

. . 

. . .  
. . 

. . .  ~ 

. . .. , . :,i ' . . . . . I . . . . . . 
. . 

. . . 
. . "  . . .  ..... . . 

. . . . . .  
., 2.: . . 3 ME27 ROTATICY Q t u n - n m r i  (l'OO). , ? . . 

, , , . . . .  I ' . . ,  . . . 
. . . . .  ... . . . .  . .  . . . . . . .  . . . .  - .  - -  - ..  - _ _  ... - .. ,: 

. .  . . ,  .- . . . . .  - 
, . . _  

. . .... . . .  . . .  . . . . .  . . .  . - . .-. . . . - .. -. . . . .  
. . 

*.' . . 1:. : . . .  . . . . . . . . .  - .  . . 
. . .  . . . ' .  . . . . . .  . r . . , ,  

. . . . . . .  ... , <- ' .  . - . . .  . . . .  ~ . .  
. . .  . . . . . . . . . . .  . .  : . , 

. . . . . .  
. .-  

. . .  - .  . . . . . 
. . - 13.- A .. - 



urent, hov;evcr, a ~ f s i s t  
b e ~ i l , G  c o u l d  b ~ :  he lp -  
ful f o r  visibility and 
improved upward r each  
toward s i d e  l o c a t i o n s  
from f i x e d  couch (de- 

. . . ~ 

. . . .  
- . .  . . . . . . " . . . .  . . . -  -. - -  .a .... . . .  . . , '  , .  - ' - -  . . 
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W i t h e x  r o t a t i o n  C O i  

sbduccion are r c q u i r 3 -  
ments a t  t h i s  time. 

----- --- 
3. Traverse 

. . 

No requirement  a t  t h i s  
time. Foot peda l  
spacing (2  each)  i s  
anmc as s tandard  a i r -  
c r a f t  . 

- .  HIP LE3UCTICY 
. - . . .  

. . .  . . . . . . . . 
.- . [HIP t E K f l  

Hain use w i l l  be f o r  
" Joys t ick  controls".  
Smooth a c t u a t i o n 1  
comfort should be 
e s s e n t i a l .  Normal 
sup ina t ion /prona t ion  
requirements  w i l l  r e -  
q u i r e  a w r i s t  bearing. 

Should be comfortabl+ @ -  . 
80°- 90' holding 
" j oys t i ck  control".  

f i n g e r s  should 
meet t h i s  requirement.  
P a r t i c u l a r l y  t he  index . 
f i n g e r  should be com- 
f o r t a b l e  and s t a b l e  
@ oO- 5 O  j no  bend) f o r  
push bu t ton  switch 
ope ra t i on  on t he  for -  
ward c e n t e r  con t ro l  
panel .  These recessed  
switches a r e  approx. 

I 
318" x 318" squares  

:attri s'nouiti nor: be too 
::. ; s m a l l  fo r  i n s e r t i o n  of  

t h e  pressur ized  f i n g e r  
. . a t  8 PSID. One " tee  

. ., . 



-. 

handiet '  conLrol f i t s  ., ' . 
b2twecn t h e  middlc elld 
index f i t igers  and ro-  
g u i r c s  a f i n g e r  spread . 
of 1/2" ac- :he . 
2nd , c t j c a r p a l ,  f i r s f  
2 d i e i t s .  A l l  t ogg le  . ,  

swi tches  were of 
spadcd (or  coined)  . . 
des ign  and can be 
ac tua t ed  witllout a  
~ e e t i n g  of thunb and . , 
f i r s t  d i g i t .  F i r s t   or^ . ~~ 

t h i r d  metacarpal  . .  
m o b i l i t y  was not  a  .. ~ 

d e f i n i t e  requirement ,  
h m e v s r ,  some b i a s  
(approx. 20') i s  
d e s i r a b l e .  s '. 

~ u s t  comfortably grasp  
about  s tandard  Apoll0 
CM t y g e  " joys t i ck  
con t ro l s "  maLntaining . 
p o s i t i o n  comfortably. 
An ext tension/rotat ion 
(toward f i r s t  d i g i t )  
a c t i o n  is  requi red  to 
depress  a l / E "  d i a z e t e r  
bottom mounted on top 

of  a j o y s t i c k  w i th  the 
metacarpa l  i n  p l a c e  
erou?d t h e  " joyst icks ' .  
Bal looning of palm 

. . .  should be l im i t ed  t o  
approximately t h a t  in  ~. 
Apollo. 

. . 
. . . . 
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hDnTTIO::h% SUIT DCSIG?? I F F A C T  

A.  The s p a c e c r a f t  f o o t  peda l s  f o r  rudder  con!.rol docs not r c q u i r e  a 

. ~. ~ . . - -  "sof t  touchH when o p e r a t i n g  t h e  c o n t r o l .   heref fore a t h i c k  boot ......... 
. . . . .  

. . . . . . . . .  
~. . . . . . .  . . . . .  . .  . .  . .~ .. 

. . . . . .  . . . . . . . . . . .  I . 
. . ~ 

~ 

s o l e  may be used i n  t h e  s u i t  des ign .  . . .  
. . . . . . . . . . . .  ..... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .- ~ - 

~ . .  ~ - ~ . ~ . .  - . . . . . ~ 
- .  .. - - -- - ... 

. -  B ~ ~ t . ~ ~ ~ ~ l d  ~ ~ ~ b ~ ~ & f i ~ i a l . - f o r  t h e  p r e s s u r e  s u i t -  t o . . b e s l i g h t l y -  has - - - - - -  . . . . . . .  - -  - . . . . . .  
- . . . . . . . .  . . . .  . . . . . . . .  ................. - ..... - 

tor.rard a s c a t e d  a t t i t u d e  r~:hich w i l l  p rovide  long term (5-8 hours)  

p res su r i zed  comfort  i n  the  couch d u r i n g  a contingency r e t u r n .  

. . C. An ex tens ive  range  of v i s i b i l i t y  i s  r e q u i r e d  dur ing  a contingency 
. . 

. . .  
. . i f  the s p a c e c r a f t  computer system becomes inopera t ive .  I n  t h i s  case  

the  crerwan w i l l  be  r equ i red  t o  fly t h e  s p a c z c r a f t  manually, u t i l i z i n g  
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. . . .  . . .  .~ - .  ~ 

... 

2. 1 Fcdcra! S+,,dard i 9 1 - i 'ax t  i l e  T ~ s t  :.%iti;ods. . ~ ~~ . ~ . ~  
. . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

,:!.'?I! EE::Ei+TS . . ~ - .  ~ .~ ~ . ~ .  . ~ 

. . . . . . . . . .  . . . . . . . . .  3 .~0_. . _.-P - .......... -- --: -..: ...... --- .. .... 
~~ . ....................................... . . . . . . . . . . . . . . . . . . . .  ......... - . .  . . . ~ 

. . 3.1 f4si-e r i a I 

3.1 The p~p -49  used i n  t t l e  m2nufaci.~t-e o f  t h i s  c lo i -h r.:i l l  be 200 k n i e r  

134 Filament, Type I V .  

3.1.2  TI,^ N~~~~ used i n  t he  manufacture o f  t h i s  c l o t h  w-i 1 1  be 200 [)enier ' 

100 Filamant, c o l o r  white. 

2 The weave patter11 shal l be t w i  l l 
2 

3.3 Warp Arrangeman1 
. . 

T h e  Warp w i l  1 ,be construct& w i th  an 8:2 end r a t i o  w i t h  8 ends 0: PPC-49 and 
*; 2 ends o f  Noaex. . . . . 

. . ~. . . . . 
. . .  ~. ~. . . 

F i  I 1 i ng Arrangement . . 3.4 . . : . . . . 
. .: .. , .  . . . . . . .  . . . . . . .  . . . 

. The f i I l ing w l  l I' be constructed o f  100 per  cen t  PRD-49. 
. . . . . . 

. . . .  . . . : .  . . . . . . . 
. . .  : . , 

3.5 Physical and Chemical Proper t ies  , . . ~ 

. . .  '' . 
. . 

. . 

The physical and chern ik l  p&pert ies '  o f  t h e  f i n i shed  c l o t h  . . .  shal l .. conform t o  
Table l a n d  subparagraphs thereto.  . . . . 

. . . .  
. . 

- TABLE I - PHYSICAL PROPERTIES - - 
. . . . . .  . . 

. . .  
Value . . 

~ h a r a c t e r i  s t i c  .... 
. . . . . . 

. . weight (oz/yd2) . . . . . . . .  a , 5.25 - .$ 
. . .  . - . . . . . . . . . . . . 

Tensi l e  Strength ( Ibs.1 . . 
. . . . . . . . .  

.. Grab Method . . . . . . 
. . . . .  ,. .A .. . , j . \ .  . 1 . .  750 Min. Warp , ' . ~. I 

. . . . 
. . .  . F i l l  . . . . . ...... 75n M i "  

<" 
. . . . .  . . . . , . . . 

. . .  ' ' 3. ' . . ' . . 
: ' ~ a v e l  S t r i p  Method ; - .  

Warp. . .  630 M i g .  
. . .  630 Mi 'n .  . . F i  l I . . . . . . ~ .  . 

. . . . . . . . 
. . .  . . . . 

Di'lG NO, . . . . . . . .  .,., ?,.~-. 
. a .  Sli EFI- 

. . .  . . . . . . 
. . .  '. , . .:. . ,.,i. . . ........ 

. . . . . . ........... . . . . . . . . . . . . . . . . ~, .-:-.?: * . . . . . . i / .  
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. * REV,  -- - . . . . .  . . . . .  



- Tear St rength  i lSs .1  
~ ~ . . ~  - 

. lonque Tear - . . . . . . . .  . . . . . . . . . . . . . . .  - . . . . . .  . . . . . .  . . ~. 
- ~ ' k!3r.? 1 . .  ~ ~ 50 Min. ~ ~~ ~ . ~. 

~ ~ . ~ 

1 .. . I. .~ ~. .. . . . . . . . . . . . . .  .......................... 50 Min?.  . .  -..:. . . . . . .  - - . . . . . .  ?. . .  
........ - . . . .  ~~ . . . . . . . . .  . . . . . . .  .- .... --ETol ...... " . ---- 

. . . . . . . .  .. A r jat~on'( ,>> . . r~.-- ~~ ~ . .~~ ~~-~ . . ~ ~ . ~  . - ... . .  - . .  
W; rp 15  ax. 
Fi I  I 10 Max. 

Yarns Per Inch 
Warp 
F i  I1 

Yarn Denier 
Warp 

PRO-49 . . 
Nonex , -  

F i l l  
PRO-49 

. . .  . . . . . . .  . . 
. . .  - 3.5.L .- Width . . .  . . . . . . . . . .  .* : :.. . . . .  ... . : . . .  ,:. c r . 6  '.?--;:.. . . 

. . . .  ... . . 
. . .  f a b r i c  width s h a l l  be as spec i f ied  on the  Purchase Order. . . .  . . . . . ~ 

, . . . .  . . . . . .  
. . 

. . . ~ . . .  ::. 3.5.2, ' ~lamrnabi lity .. .  . . , . .  . . . . , . . :  . . . . .  . . .  . . . .  . . . . . .  . . .  . . . .  
. . 

. . .  . .  . . . .  . . . . . . .  . . . . . . 
. . . .  

. . . . 
. . : 

. . .  
. . .: 

The f a b r i c  ;ha1 1 no t  burn. . . . . 
. . . , .  

. . . .  . . . .  . . . .  . . .  
, . ._ .  

. . . . - .  . . . . . . . . . . 
. . .  

. 
. . .  . . . .  . . .  

. . r .: 3.5.3 . F i n i sh  . . . . . . .  . . . . .  
. . 

. . . .  . . .  . . .  . . . . . . . . 
. . . .  . . . . ,. . . . . , . . . . . ~  . . . 

. . . . . . . . 
. . .  

. . 

.. .  
. . . . 

. . . .   he-cloth .s&l 1 b e  scoured and wr ink le  f ree.  
, 1 . . . . 

. . . . . . 
. . .  

.. : . . 
. . . . . .  . . 

. . .  
. . . . . . . . . . 

. . 3.5.4 Workmanship . . 
. . . .  . . .  . . . . . . . - . . . . . .  . . . . 

. " .  , The f in ished f a b r i c  s h a l l  be o f  h igh qua l i t y ,  clean a n d f r e e  o f  a l l  imperfec- 
- . t i o n s  detr imental  t o  app l i ca t ion  and appearance. . ~ 

. . . . i. 
. . :  

. . .  
, QUALIN-ASSURANCE PROVISIONS 4.0 . . . . .  . . . . 

. . .  . . .  . . . . .  . . , .  . . . . . . . . . . . . 
. . .-I. 4.1 .' ~ e s ~ 6 n s i  b i  l i t y  f o r  Inspection' .. . . . . .  I. . . . .  . .  .; :.:. . . ::. . . , . ' 

. . . .  , . - .  '.. . . . .  '.: . . , . .  . . . . 

.' : ~ n l e s s  otherd ise s p e c i f i e d  i n  t he  purchase. order, i n e  suppi i e r  t o  i LC indusir ies,  
. Inc., i s  responsible f o r  the performance o f  a l l  inspect ionrequirements as 

. . . s p e c i f i e d  herein.  . . 
. . .  . . .  
! 

. . . . . . ,i : j 
. . .  . . . .  . . 

.. - . . 
. . . . , .. ,. 

. . . . . . 
,. . . . 

. . . . 
. .  , . 

. . .  
- DViG NO, . . . . . .  ' 

SHEET * 
. . . .  . . .  . . .  . . . . .  . . . . .  . '.. . . 
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I Ths exan lna t i on  z ; d  i -hs  t e s t s  cc,:npris ir~g qua1 i i - y  conformance i n s p e c t i o n  a r e  
l e f t  t o  vandor cho icz .  

- . . -  . . - -~ ---- 
~ . 

-. ~ 

~. .. . . 
~.~ 

~. - .. - .. - 

~~ . 4.2.1 , ILC Indus i . r i cs ,  Inc., res$rves -the rigi1.i. t o  i nspec t  any - o r  a l  l o f  +he 
. . ~ ~~. - requ i r e r i m i s  o f  -i-n i s zpcc i  f i ca - t i  on. 

, .., ~~ ~ ~~~ . . ~ . ~ ~ --- - -  - - . -- .~ 
-~ ~ ~~~ ~ .. .- ~ 

. .~ ~. . .. ~ 

. .. 
~ ~ . . ~ ~  ~ .. . . ~ ~ . .  . - . -  ~ 

5.0 - PREP,ARAT IOU FOZ DELI VE;?Y 
_____._, ., . . . . . - .._ - -  

~ .~~ . ~ 

- 

.. . - ~ ~~ ~. .- ~ . .  
. . .. -. 
. .. . . .. . .. 

. . 

5.1 The f i n i s h e d  n . z f e r i a l  shal  l be rnarkcd and packass3 f o r  shipment i n  
eccordsnr-s k; i th good car,::;:?!-cia1 pr -sc t ice  t o  p reven t  dzn?xp d u r i n g  exposure -LO 
normal t r c ~ n s p o r t a - t  ioa  envi  ronm-i~ is .  



TEST RESULTS 



FARP,I C, NO:.lEX/PRD-49, 5.25 O Z / Y D ~  

I LC Test  Number 06-1.-23 1 1-02 

... ~... RESULT-S REQU I REMEIdTS CHAWCTERI ST I CS . .~ 
. ~- ~ . - 

. . 
- . . .  5.6 Max. 

5.24 . .: . .  . - . . .  ... . -Weight (oz/yd2) .. ~ .. ~. 
.. . . .  ~ . . ~  ~ . .~  ! . -~ ~. .~ 

. . . . . . . . . . . .  -~-.. ..... . . .  ~- . . . .  . . 
. . . . . . . .  . . . . . . . . . .  . -Tensi le Strength (ibs. ) .. ~ - -  .... - - - -. -. - .~ -. . . . . . . .  

... . . .. . ..-...... 
~ 

....... ... ~. -. ~. 
... . . .. -..&ab~.Jeethod ..~ :: .800.. ". . . - - .- - -. ...... . . . . . . .  . . ---- =. =-- - --.- ~ ~ - - 885 .-..-l.. ..-&- .- -;~ . 

Warp  
803 - 800 Min. 

F i  I I 

Ravel S t r i p  Method 
Warp 
F i  I I 

Tear Strength ( I b 5 . )  
Tongue Tear 

Warp - F i l l  

E longat ion  ($1 
Warp 
F i  I I 

630 Min. 
630 Min. 

50 Min. 
50 Min. 

5 Max. 
5 Max. 



1/411, 1 /2" TAPES AIiD WEBBINGS 

I LC TEST NUMBER 06- 1-23 1 1-02 

.. . ~ ~~ ~. ~. .~. ~ ~ -~ -~ ~~~ ~. , ~ ~ .  . ~ 

. ~ 

~~ - ~ ~ .. . . 
~ -~ .- - . . . . . . - - S,,ort F l o a t  - .  ~ - -  - ~p~ ~. ~ ~ . ~ ~~~ 

~ 

~ . - - .  - - 820 
-. . .. .- -. . 

- _ _ _ .  wiWSi-KfffcrS- L 
. . : ~ ~  - ~ ~~ . ~ 

~ ~ - . - ~. ~~ .-- ...~ ~ . ~- .~. .~ - ~. ~ 

~. . ~ 

. . .  . .~ " - 1  /4" Tape, Long F l o a t  
1,027 17.5 

w i t h  S t u f f e r s  

1/2" Tape, Long F l o a t  
w i t h  S t u f f e r s  

1 /4" Tape, Long F l o a t  
No S t u f f e r s  

I/T1 Tape, Sho r t  F l o a l  
Wi th  S t u f f e r s  

1/2" Tape, Long F l o a t  
W i th  S t u f f e r s  

1/2" Tape, S h o r t  Flea: 
No S t u f f e r s  



200, 4 0 0  D[II~ I CR, PKD-49 SEV: I NG 1 HKEHD 

I LC TEST NUit'iDER 06- 1-256-0 1 

, 2 0 0  DENIER 4 0 0  DEN1 ER 
CHARACTERISTICS SEW 1 NG THREAD SEW I NG TIIREAD 

. . 
~ ~ . -  ~ 

. . . - . Breaking Strength C l b s . )  30 .6  60.6 ~ . ~ ~ 

. . 

- .~ .~ ~- -~ . . . . 
-- -. .. . . .. . ~ . . .- . .~~ .. . 

Elongation ($ )  : 6.7 ~- -:--- ' -  
7 . 3  . 

- ., . ~ ~ 

_____ - -  _ _ . . .  - .  
-- . ~~ . . - - . . . . - -. . . . . -  . .. ~ 

~~. , . .  ~. . 



ITEM KO. SEN+ TYPE 

.- 
- . 3 c g F  

~ .~ 
-.-- ~ . .. 

- 
~ . . - l  4- 

1 

2 , Same 

S I Z E  OF 
SEAM S I Z E  TI.ILZEAD -- -- EDGELOCR 

Tear i n  Fabr ic  

Fabr i c  

Fabr i c  

. -  - 
Fabric-  - 

Fabr i c  

S t i t c h  

Fa.bric 

Fabr i c  

4 Same 3 18 200 D 1 /6 222.5 S t i t c h  

12 --Es- 1 12 200 D 114 197.5 S t i t c h  

1 /4  200 D 1 14 232.5 S t i t c h  

. . 

l1 s S -  1 12 200 D 1 14 327.5 S t i t c h  

-SF 1 I 4  
200 D: 1 I 8  202.5 .~ S t i t c h  

7 .- 

S t i t c h  
5 

14 112 200 D 1 18 407.5 S t i t c h  

112 
400 D J o i n  - 1 / 4  417.5 Top S t i t c h  
qnn n m-- 
L"" Y I",# Fabric et Join 

112 400 D J o i n  118 430 Top S t i t c h  
200 D Top I Fab r i c  a t  J o i n  . , 

'! ; 

9 - & 114 400 D 1 14 32 5 Fabr i c  

112 400 D 114 360 Fabr i c  8 -& 
400 D 114 500 17 112 Fabr i c  



ATTACHMENT B 

SYNOPSIS O F  MATERIALS AND PROCESSES TESTING 



ATTACJ1Mr;NT E 
SYNOPSIS OF IflSIli'ERlALS AND PROCESSES TESTING 

1. Visor Materials Development - Creep Testing 
Flexible PVC candidate visor material were evaluated for 

. . 
creep characteristics under selected loads at both RT and 

. .. . . .  .- . - . . . . . . . . .  
. . . . . . . . . .  ......... 

100°F. 
.. ~ 

~ ~ . ~~ 
. .  

- 5  

............ I ~. .~ 
........ 

. . . . . . . . . .  . . .  2. ~ e a d  Load creep Test y .  060: Lucol~ite Flexible PVC ...... . .. - ~ 

. . . . . . .  . . . . . .  . . .  
. . 

---;060n ~ucolite was evaluated forcreep characteristics at 
-.r.y--L-L ..:. . - 

various levels of loadinq from 5 to 4 6  1.b. @ 82OF. 46 lb. 
loading was equivalent to 16 PSI internal helmet proof 
pressure. 

3. Restraint Fabric to Aluminum Plate - Stitching Evaluation 
Nylon restraint material was attached to aluminum plate 
using various stitching techniques and evaluated for 
seam strength. 

4. Perflex "En Bladder Material - Hydrolytic Stability Testing 
Perflex "E" was cycled through water immersion and drying 
periods. Samples were tested for retention of physical 
properties after specified interval of exposure. 

5 .  Perflex "E" Versus ~ e o ~ r e n e  - Oxygen Bomb Ageing 
physical properties were evaluated after specified intervals 
of exposure to determine shelf life of Perflex " E "  relative 
to Neoprene. 

6 .  Perflex "E" - Compatibility with Lubricants 
Ageing tests were conducted to determine the effect of Krytox 
grease and G-300 silicone lubricants on Perflex "E" and 
qualify these materials as bladder lubricants to lessen bending 
torque in joints. 

7. Perflex "En - Bladder Material - Urine Exposure Tests 
Ageing tests were conducted to determine the effects of:human 
urine on the properties of the bladder material. 

8. Perflex "E" - Bladder Material - Perspiration Exposure Tests 
Ageing tests were conducted to-determine the effects of 

\, 2 perspiration on tiie properties ~f t h e  bl&c?er materizl. 
. - 



9.  Helmet Visor t o  Eladder - Heat Seal ing  Eval.uation 

Heat sea led  seams of candidate  v i s o r  ma te r i a l s  t o  t h e  Pe r f l ex  
"E" Bladder mate r ia l  were evalnated f o r  t e n s i l e  and pee l  
c h a r a c t e r i s t i c s .  

. ~ 1 0 .  Perf lex  "Em Bonding t o  S t a i n l e s s  S t e e l  
. ~ ~ . -  - - . . .. ~ . . . . 

- 
- .  ~ . .-- Adhesion paramekers and sur face  t rea tment  f o r  SS were evaluated  . ~ ~. 

. ~~ f o r  bonding t h e  b!-adder t o  j o i n t s .  . . . .  . - 1 ~ 

. ~. . . . . ~ 

. ~ . ~~~ ~~ . 
-~ . ... 11. Helmet"iSdr ..to P,estraint Fabric . ~ .~ .. .. . ~ - ~  ~ ~ ~ . . ~ 

~.~ 
.~ ... . . 

St i t ch ing  techniques were evaiuated  f o r  a t tachment  of t h e  
PRD-49 res t ra in-k  f a b r i c  t o  t h e  s o f t  v i so r .  

12. Physical Proper ty  Evaluation of Dipped Pe r f l ex  'E" f o r  
Glove  Bladders 

T e n s i l e  and t e a r  p rope r t i e s  were determined on Pe r f l ex  "En 
d i p  p l a t e  samples. 

13. Res t ra in t  Fabr ic  t o  Aluminum S t i t c h i n g  Evaluation 

Breaking S t reng th  was determined on s t i t c h e d  seams of PRD-49 
t o  aluminum p l a t e .  

14. Helmet Visor tc Eladder ~ o n d i k ~  Evaluat ion 

AF 770 Urethane adhesive with and wi thout  Hylene M-50 primer was 
evaluated f o r  bonding t h e  Pe r f l ex  "En  bladder  m a t e r i a l  t o  t h e  
s o f t  helmet v i s o r  (Lucoli te) . '  

15. PRD-49 Webbing t o  S t a i n l e s s  S t e e l  S t i t c h i n g  Evaluat ion 

200 and 400 den i e r  PRD-49 th read  was evaluated  f o r  s t i t c h i n g  
17-4 PH SS t o  1/2 PRD-49 webbing. 

16. PRD-49 Thread Tens i l e  Tes t s  

Breaking s t r e n g t h  of PRD-49 200 and 400 den i e r  th read  was 
evaluated.  

. 17. PRD-49 Webbing Attachment t o  S l o t t e d  S t a i n l e s s  S t e e l  - 

PRD-49 1 /4"  webbing, looped through s l o t t e d  SS and s t i t c h e d ,  
was evaluated f o r  breaking s t r eng th .  

% .  18. Perf lex  "E" t o  Pe r f l ex  "E' Bonding Evaluat ion 

N-136 Neoprene adhesive was evaluated  with and without  Eylene 
M-SO primer f o r  bonding t h e  Pe r f l ex  "E" bladder  m a t e r i a l  t o  
i t s e l f .  The use  of N-136 i n  l i e u  of AF 770 ure thane  permi ts  
peel ing  open t h e  seams using to luene  without  damaging t h e  
bladder.  



1 9 .  Bladder M a t e r i a l  - Temperature and Humidity Ageing 

Ageing t e s t s  a r e  s t i l l  i n  p r o g r e s s  on P e r f l e x  "E" f i l m  a t  
100°F and 1 0 0 %  RH. DuPont Company d a t a  h a s  i n d i c a t e d  t h a t  
100% humidity degrades  p o l y e s t e r  b a s e  po lyu re thane  more 
rapid1.y t h a n  inunersion i n  wa te r .  In a d d i t i o n ,  e l e v a t e d  

.- ~ ~ ~ . . .  . - . . ~ . t empera tures  a c c e l e r a t e  t h e  d e g r a d a t i o n  caused by humidi ty  
- . - - -~ ~ .- ~~ ~ . . ~ ~ ~.~ . ~ 

~. . ~~~ ~~ . - ~ 

exposure.  . . ~ ~ ~~~ . ~~ ~ ~ .~ ~ ~ ~ 

.. --. -. .. .- . . . . .. -. . .  ~ 

~. to--. ~~ .- -~ 
-. - .. - .. 
. .. A f t e r  5 months con t inuous  expos'ure o f  t h e  P e r f l e x  4 "  .. ~ 

.-. ~ ~. .~ ~ 

- - - - 1 0 0 0 P _  and 100% R H , .  no s i g n i f i c a n t  change i n  t e n s i l e  and t e a r  -~ . .  - - -  ~. . ~ - -- --... - . .  ~. .~ ~ 

' . ' p r o p e r t i e s  has been e v i d e n t .  
~ - 



Oflit: P r o j e c t  Engineer ing  
plator j.alc Group 

Daft: January 4 ,  1973 

- .  

me t o s t  r e p o r t ,  w-PC-001, r e p r e s e r . ; ~  pre l in i .nary  s e a r c h  
and of  cand idn te  m a t e r i a l s  f o r  u s e  a s  a v i s o r .  

cc: J. Rayfie.ld 
p. Schneider  
J. Schc ib le  J. McFiul lei1 
A. Gross 

. G .  ~ l e x e n d r o f f  
R. Hahn 



TI 121.: : Visor Devel.opinent - Creep T e s t i n g  

TASK: X25-852-XOO 
... 

D A l T  : January  3 ,  1973 . . . 
. . .  ~ 

~. 
~- . -  

, . . . . - - - ' 
. , ~. 

.~ ~ ~ .. .. ~ ~~. - - 
- .. - . EST NO: ~r-PC,-00s ~. ~ . ~ ~ . .  . .. ~ - .  . ~ . . . ~ . ~  . . .  . 

. . . ~ ~  . - ~ ~ 

. .- ~ -~ .. - . ~ 

~. .~~ . . . . ~  ~ 

~ ~~~ ~ - 
~. 

-. ~~ ABSTPuZCT: - v a r i o u s  m a t e r i a l s  were ekami.ned f o r  -us& a s  n f l e x i l l e  v i s o r  - .  
- .  

~ ~~ 

.. 
- i n . . t h e  >elmet of the  s h u t t l e  s u i t . .  Repe t i t ious  proof p r e s s u r e  ..~. - 

- . . . . ~- - ~ ~. ~- t e s t i n g  of t h e  s u i t  a t  16 1'SI appears  t o  e s t a b l i s h  t h e  most 
d i f f i c u l t  requirclnient. P r e l i n ~ i n a r y  long term t c s  t loading of 
t h e  cand ida te  rnate.r.i:als .was accomplished wi th  a  dead-load 
a p p a r a t u s ,  2nd p r e s s u r i z a t i o n  of vacuun~ formed hemispheres. A 
gu ide  l i n e  of no creep  (permanent deformation) exper i ence  a f t e r  
f i v e  (5) hours  a t  1 0 0 ° ~  and 16 PSIG loading,  was s e t  as a r e s u l t  
of t h e  Phase "A" r e p o r t  of t h e  S h u t t l e  S u i t  Program. 

S W R Y  : None of t h e  m a t e r i a l s  t e s t e d  could meet t h e  guide l i n e  r e q u i r e -  
ment o i  no c r e c p  when t e s t e d  a t  1 0 0 ° ~ ;  however Hedwin s h e e t  had 
f a v o r a b l e  r e s u l t s  when t e s t e d  a t  room temperature.  

TEST ARTICLES: F l e x i b l e  PVC ( p l a s t i c i z e d  po lyv iny l  c h l o r i d e )  

a) .040" R e g a l i t e  by Tenneco 

b) .060" R e g d l i t e  by Tenneco 

c )  .0401' Hedwin by Tenneco 

.. . . ~ 

TEST DOCUMENT: R & E T e s t  ~ e p o r t  Np. 2293-04 

. . R & E T e s t  Report No. 2355-05 
. . 

R & E T e s t  Report  No. 3003-17 

TEST PRO- 
CEDUXE : Pre l imina ry  e v a l u a t i o n  o f  s e v e r a l  d i f f e r e n t  m a t e r i a l s  when 

vacuum formed i n t o  hemispher ica l  bubbles and p r e s s u r e  t e s t e d  
.-., . . 

. . 
l e f t  b u t  two p o s s i b l e  cand ida tes ,  RegaXite and Hedwin s h e e t ,  

. bo th  manufactured by Tenneco. These m a t e r i a l s  were ?hen dead 
loaded w i t h  46 l b s / i n  ( equ iva len t  t o  16 PSIG) a t  1 0 0 ' ~  for 5 
hours.  Ne i the r  m a t e r i a l  proved s a t i s f a c t o r y ;  however, t h e  

- . s t i f f e r  (h ighe r  modulus) Hedwin s h e e t  was t e s t e d  i n  g r e 3 t e r  
d e t a i l  t o  p o s s i b l y  a t t a t n  a t h e o r e t i c a l  thiclcness a t  which 

. . i t  would be accep tab le .  

RESULTS : See Creep T e s t i n g  Table -. 
, -,.. CONCLUSIONS: Hedwin i n  any accep tab le  t t h k n e s s  (250 m i l s  o r  l e s s )  i s  h i g h l y  

s u s c e p t i b l e  t o  permanenr: set when iesieZ a t  :DD°F. . -'-' 1 1 1 ~ -  - U I ~ ~ C ~  -----'-' A=& 

e x h i b i t e d  no c r e e p  when t e s t e d  a t  room temperature and 20 l b s / i n  

. . 
( equ iva len t  p r e s s u r e  = 7.5 PSIG); b u t  the  h igher  tempera ture  r e -  

. .  . quirement  i s  extremely l i m i t i n g .  Continued s e a r c h  i s  under way 
f o r  a n  a c c e p t a b l e  m a t e r i a l ,  bu t  p rospec t s  look dim. A hard v i s o r  
seems t o  be the  o n l y . a l t e r n a t i v e ,  un les s  a  waiver of t h e  1 0 0 ° r  
t e s t i n g  parameter.  i s  obtained.  i 

. . , . . . 



*1 Percent sample exhib i t s  permanent s e t  or elongation approximately two (2)  
weeks af ter  tes t ing .  

. . *2 Dead load mechanisnt believed t o  have bottomed out, thus true reading 
suspected to  be higher. 

*3 Sample slipped from retaining gripes.  - 



DEAD LOAD CREEP TEST 

.060tt Lucol i te  - 1" wide samples 
Creep ( inches)  @82OF 

. . ~ . .  (1" gage, length) . . 
~ .. . . . . .  . . . . . . . .  ... .  .. ..... - - ......... ... ........................ .. ... . . . .  

. . . . . . .  - . . . . . . .  . . . . . . . . . . . . .  . . .  . .  ~- . ~ 

: L o a d '  . . 
.-.-.-. ... .... -- . . .  - .. .... ... . . .  . ~ . . . . .  . . .  

. . . . . . .  ...... . . . . .  ~~. 
After 5 l i b .  - 2 0  l b .  20 .lL.- - 3 0  l b  46 -- i b .  ...... - - - - . .  .......... . . . . . . -  . .  .. . - A  .......-...-. ............ . - ~~ . 

--- ~. 
-- 1 minute 0 1/32 3/32 3/16 3/16 

30 minutes 1/64 

1 hour 1/32 3/32 5/32 11/32 3 /8 

2 hours 1/32 3/32 3/16 3 /8 15/32 

3 hours 1/32 3/32 7 132 3 /8 

4 hours 1/32 3/32 7/32 318 112 

5 hours 1/30 

A£ t e r  24 
hours 0 
Recovery 
Period 

I NOTE: 46 l b  equivalent t o  16 PSI internal  pressure i n  spherical helmet 
(115  i n  diameter). 



Date: 13 N o v e l ~ l b e ~  1972 - - 
7- 

~. 
. . Tcst #: M-ST-001 . . ~ .  . .- -~ . ~ . - ~  . ~~ 

~ . . . - . . . . ~ ~. ~. ~ 1 . ~ ~ 

.. . . . . . - . . ~~~~ - ~. .. . ~ ~ .. ~ ~~ ~ ~ . . . ~ ~~ . .  .- 
. . . . ,~ 
.- - . .~ . . ------ A1,straci: Nylon restraint m a t e r i a l  xvas a t t ached  to a luminum p l a t e  us ingvar io i l s  . .. 

- ~ 

- - -  . -* . . 
sti tch pa t t e rns  to z~l!.ow tes t ing  and eva lua t io l~  fo r  ~ o s s i b l e  bear ing  .. at tachment .  

- - Summary:  Using two (2) rows  of ten  s t i t ches  pe r  inch, l / 8 "  a p a r t ,  with 200 denier  

P R D - 4 9  t h r e a d ,  7 oz. nylon r e s t r a i n t ,  the f a b r i c f a i l e d  a t  appxoxitnately 
580 lbs ,  with no noticeable damage to the piate o r  s t i t ches .  

T e s t  Articles:  - .  . ~ 

< 

a) Nylon t h r e a d  s i z e  "F" 
b) PRD-49 t h r e a d  200 den ie r  . 
c )  7 oz. nylon r e s t r a i n t  f ab r i c ,  blue 
d) Y32" m e d i u m  t c ~ n p e r e d  (T3-T4) a luminum plate 



T c s t  :I~cr:r;~cn:: R &; E T e s t  Rc:c~ucst ,'!Oh-I, 2315-01 --- 
T c s f  Procedure:  -- - ;.?.. .. .. . ,. 

. . The a1umii;uiu plate  was  p re -d r i l l ed  on a11 upright mil l ing machine  
. - .. . ~ 

. - ~  ~. .- ~ .. t o  the r zqu i red  s t i tch  pat tern.  Tlle f ab r i c  was  then foldpcl and p r e -  .- 
. -. . ~ - -  ~~ ~ 

~ . .  sti tched lo oblaiil p roper  edge s t rength .  Thc a l u m i n u m ~ p l a t e  w a s  ~ ~ . ~ ' ~ ~  .. 
- - . - -- . . - . 

. . . . then a t tached  \v i lh  a lll\Vl53 Singer  sewing machine,  needle  s i z e  2 0 .  - - . .~~.. . . - . . 
-  he-illustrations-sko\,:nin-~i,?~~re--l d e p i ~ t s a r n ~ l e ~ c o n f i g u r a t i o n ~ ~ ~  .~ . 

-=- .- .. . ..: 
- . . .. . ~~ All s a m p l e s  vicre tes ted  on the I n s t r o n  test ing machine,  jaw t r a v e l  . 
-. . 

.5" p e r  minute ,  I" g r ips .  

Results:  Seam Configuration Average ( l b s l i n )  - 
a) 5 s t i t c h e s l i n .  p r i m a r y  80  s t i tch  f a i lu re  

row only nylon "F" t h read  . 
b) 5 s t i t ches / in .  p r i m a r y  190 st i tch f a i lu re  

row only P R D - 4 7  th read  

. . c )  8 s t i t ches l in .  p r i m a r y  345 s t i tch f a i lu re  
row only P R D - 4 9  th read  

- - 

. . d) 10 s t i t c h c s j i n .  p r i m a r y  330 st i tch f a i l u r e  
. . . . row only P R D - 4 9  th read  

e) 6 s t i t c h e s l i n .  both . . 
. . . . .  . 350 st i tch f a i lu re  

. . secondary  and  p r i m a r y  
. . . . rows o f f se t  s t i t ches  PRD-49 -. - . 

. . t h read  . . 
.. . .  . - .  . . . . .  

, . .  . .. . . . . 
,. . . . . f) 10 s t i t ches / in .  both 580 fabr ic  f a i lu re  

. . secondary  and  p r i m a r y  . . . . . . . . .  , , . . . . . .. 
' . rows i n  l i ne  s t i t ches  

.. . 
. .  ~. . - . PRD-49 t h read '  

. . .. . . .  . . .  

Observat ions:  
. 

.. 
- .  . . . .  C a r e  should be t aken  to smooth a l l  machin-e holes  to p event  cut t ing - of th read;  however ,  excess iv6  bevelling of holes  tends to weaken 

- .  . . mater ia l .  

.\ 
5-Conclusions: -. 

\ 
. . 

: . .  . . P r e l i m i n a r y  t e s t i n g  r e v e a l s  favorable  r e su l t s  when res t ra , in t  f a b r i c  i s  
: .  ,. . .. . 
! .  : . .  . stitchccl t o  pre-clr i l lcd a luminum plate;  howcver,  f u r t h e r  tes t ing  i s  

recomnlcnded to op t imize  s t i tch  conligurntinn. Satnple " F ' ~  configuration 
- . .  a p p e a r s  to  d i c t a t e  a double in l ine  s t i tch  to minimize s h e a r  s t r e s s  on 

.. . . . stitches, and  f u r t h e r  allow excel len t  s c a m  attachment. As i n  this.  
i .. . . sample,  the s e a m  w a s  s t r o n g e r  than  ( l ~ r :  mate r i a l  i tself .  .i'. 
i : . . . .. 

. . 4 . . , . 
. . - 54 - .. - - .  

i 



DATE : January  12,  1973 
.. ~ . . . . . .  

. . .  ~. . . TITLE : . . . . . . - , - - .  . . . . . .  . . . . . . . . .  A -~ ...... ~ ~.~ P e r f l e x  "E" l ~ ~ d r o l ~ t i c a l  . .~ ~ t a b i l i t ~ ~ e s t i n ~  . * . . ~  ~~ 

. . . . . . . . . . . . . . . .  . . . . . . . . . . .  . - ..~~.. - .. . . ~~ . . .  ~. ~ ~ 

~ ~ 

.. . . PUP\PC)SE .... : .......... Cycle P c r f l c x  "C" m n t e r i a l  through wet and d r y  environments.. . ....... 
- -~ ....... . . . . . . . . . . . . . . . . .  s i m i l a t i n g  1 . 7 1 ~  :l!:rate.r Immersion F a c i l i t y )  t e s t i n g .  ...-......... ................. 

........ ....... ....... 
....... . . . .  ......... .. ......... . . -~ >~ .- .- -. . _~ ...:.. a.7.: 

PROCEDKiE: - S t i t c h  p e r f l e x  "E" (3  >iIL) t o  nylon r e s t r a i n t  (3  02.) a s  de- 
. . . . .  -. ..... 

s c r i b e d  below: 

R o l l  sample p i e c e  l o o s e l y  and immerse i n  beaker o f  room temperature 
t a p  water f o r  f o u r  ( 4 )  hours .  ACter irnmei-sion remove from soakine  
and a i r  d r y  (use f a n  i f  necessa ry )  f o r  20  hours.  Immerse a g a i n  i n  
w a t e r  and cont inue  on 24 hour c y c l e s .  Lcave samples immersed i n  
wa te r  f o r  weekends and ho l idays .  Record a l l  p e r t i n e n t  t imes. A f t e r  
one (1) week, two (2) weeks ,  and one (1) month of c y c l i n g ,  c u t  t l ~ r e e  
(3) t e n s i l e  and t h r e e  (3)  t e a r  samples from the  specimen r o l l .  Re- 
move r e s t r a i n t  m a t e r i a l  and t e s t  P e r f l e x  "E" . Compare r e s u l t s  v i t h  
t e s t i n g  performed on s i m i l a r  P e r f l e x  "El' m a t e r i a l  which h a s  n o t  been 
cycled .  



. - - -- - . . . - .. Sainple 
~ .~ - . . 

~ -.- .. . .-~. 
.. - - .- - . - 

~ ._. Control _ __ _ . . . 
~- .  . -- .~ 

-.-.--.i'-.Da.y--. _ . ~ .  .. .. . . 
-~ ~~ ~ 14 Day 

Sample 

Tensile-T.1odulus Ultimate Ultimate Elongation 
300% 

~ ~ . . .  ~~~ .~ ~ . .  5 ~ ~ - ~~ . ~- 
. . .. - 

~ 

~. . - . '. ! . - ~ ~ 

. - .  ~ ~... . 
1832 5 8 7 6  ~. 

.~ ~ 
~ ~ Li85 . ._  . . _ ~ 

. ~. .. ~ ~. - -  ~ 

~ ~ . .  . . .~ - 
. ~ -~ ~ 

. -  
1920- lj(j44 ------467r-:1-..7--- 

~ . - ~ ~  . - .  = - ~ 
.~ .. ~ 

' ~ 1959 ' . 4878 442 

30 Day 

7 Day 

14 Day 

1748 5433 483 395 

. . 
30 Day 

Hours Net 

90  

213 

Hours Dry 

81 

125 



T I  T?,E : Agiti; Evztlu;?tio:i, P e r f l c x  "L" v s  Neopreue 

TEST 30: 11-AG-002 
- ~ . . 

~ ~ 

-. . -. 
- .  : . .  ABSTR4CT: Sarrples \rere t e s t e d  a t  v a r i o u s  s t e e e s  of oxygen bomb aging,  
-- ..... - . 
.- - .~ - t o  d c t e r ~ i n e  an approx ina tc  s h e l f  l i f e  f o r  Perl'l-ex "E" 

- .... 
...... . .  . .  - . . . . . . .  r e l a t i v e  t o  ?:ooi;reiie. P e r f l e x  "E" i s  the  prime c a n d i d a t e  fot 

-. . .... ...... ~~. .~ b l . addeyc ,a~ t$ r in l  i n  t h e  Skctt_l_e_-.Suit.Progrzn w i t h  a - p r e l i m i n a r y .  .... - 
... .~:~. . . .  . . . . .  .- . q u i d e l h e  of a n  e i e h t  (6) year  s h e l f  l i f e .  - . . 

~ .. ~ . - . .  
- -. - - - - . . -. . 

SLT.YiARY: The P e r f l e x  "E" ma:erj.al e s h i b i t c d  b e t t e r  over  a l l  p h y s i c a l  
p r o p c r t i e s  thai; t he  Neoprene both before  and a f t e r  Oxygen 

.. Bomb Aging. See Table  No. 3 .  
: . . 

... . . .. TEST ARTICLES: a) P e r f l e x  "z '~ ,  10 YIL, STl7P067, Polyes ter ,  Base Union Carbide.  
. - . .  

. .. b) Neoprene conpound, ST65HG78, Goodyear. 

. . ' ' 'EST DCCLVE?:T: R  E* E T e s t  Request  No. 2326-10 
. . 

, ~. . . . . TE& PROCEDWE: The uncurred neoprene s t o c k  was p r e s s  molded f o r  30 min @ 
. . . . .  - .. . _  . 3 0 0 ~ ~ .  Die "C" t e n s i l e  and t e a r  samples were c u t  f r m  both 

. . .  . . t h e  cured neoprene and P e r f l e x  "E". Tes t ing  was performed 
. . . . . . . .  ..... w i t h  m a t e r i a l  3s i s ,  and 96,179, and 348 hours  a f t e r  ag ing  

.@ 1 7 G o ~ ,  '303 P S I  02. A l l  zzed t e n s i l e  saniples were p r e s t r e s s e d  t c  
. - - 

....... ,. ' 100% e l o n e a r i o n  b e f o r e  i n s e r t i o n  i n t o  t h e  bomb. Table  No. 1 . . . . . .  . . . .  - .  g i v e s  a  sumnary of t!>e average  v a l u e s  of t h e  t e s t  r e s u l t s .  
. . . . .  . . ' .  . . .  _ . - .  . . :  . . T a b l e  No. 2 shows t h e  p e r c e n t a g e  change o f  bo th  mater i .a l s  a t  

. . . . . . . .  . . .  v a r i o u s  i n t e r i m s  d u r i n g  aging .  Table  No. 3  compares t h e  i n i t i a l  . . . . . .  . - . . 
3 - - .  - .  ~. 

and f i n a l  p h y s i c a l  p r o p c r t i e s  .of F e r f l e x  "E" as compared t o  
neoprene  i n  a p e r c e n t a g e  v a l u e .  . . . . .  . . . .  . . . . .  - .  . '- - .i_ _ . . - .  . . 

. . . 
. . - .  .: - . . RESU-LTS: . S e e T a b l e  No. 1, 2 ,  a i d  3.. . . 

. . .  . . * < . . ... .- -. . ,  . 
- .  . . .  .... . . .  CONCLUSIONS : . . . .  P e r f l e x  "El1 i s  o b v i o u s l y  ' t h e  b e t t e r  m a t e r i a l .  Table  No. 3 

. . . . .  . . .  . -:.. . .  . . 
: : ..: . - .  . . . .  . . : - .  c l e a r l y  shows t h a t  i t s  p h y s i c a l  p r o p e r t i e s  m a i n t a i n  r e l a t i v e l y  . . - ,-. . * . . . 

. - - .  .. . t h e  same advantage  b e f o r e  and a f t e r  aging. I ts p r o p e r t i e s  . . . . . . .  - -. . . . . . 
. ~ . . . . . . .  . . . . . .  

. a f t e r  ag ing  a r e  s t i l l i b e t t e r  t h a n  t h e  neoprene ' s  b e f o r e  aging.  
. . . . .  . . . .  . . . . . , . .:. . . . I t  i s  g e n e r a l l y  assuned-  t h a t  under "normal" c o n d i t i o n s ,  Neoprene - - .  . :..' . . .. . .: : . . . . h a s  a u s e f u l l  l i f e  of lapproximately twenty (20) y e a r s ;  t h u s  

. - -  . . . . . .  . . . . . . .  .- . .... - .  
P e r f l e x  "E" should  e a i i l y  g i v e  a  u s e f u l  s h e l f  l i f e  of e i g h t  (8) 

- .  . - . _ -  . . y e a r s .  The a d d i t i o n a 1  a d v a n t a g e  o f  be ing  a b l e  t o  h e a t  seal 
. . . . .  ... - .  . . . . .  :. . -  - . P e r f l e x  "E" adds  t o  i ts z c c e p t a b i l i t y .  . .  5 . . . ,  . . 

. .! - : ...: f "  - 
... ... -- :. .- - - - .  . . . . .  I f  oxygen bomb ag ing  i s  r e p r e s e n t a t i v e ' o f  t h e  real wor ld ,  

. . .  . . . . . .  . . 
-? -- . - and t h e  chemical  p r o p e r t i e s  o f  P e r f l e x  "E" are a c c e p t a b l e ,  

. - - . -. - ' :  . . . . 
' . . this material looks  ex t remely  favorable .  . . . . 

-. . . . .  . . -k 
. . .  

. . 
: -. ,\ . -- -. . : . . g, -: 



Ult imate  Ult imate Tear 
I t e n  ~ f o d u l u s  (PSI)  Tens i le  E l o n ~ a t i u n  S trci ls t l l  

300 500 700 (PSI:) (%I ( L b j i n )  
P e r f l e x  "E" 

. - .  . As s ~ c e i v c d  2481 8187 --- 
~ 

L--.. .Aged 36  l irs.  598 1639 . 3828 
.. -. -~ .- . ~ 

Aged 179 t~rs .  . 563 - 1313 - -  3099 
. . .  . Ased 34s tirs. ...... 448 . . .  1176 .... 2908 .... 
- .  . 

. . . . .  . .  . . . . . . . . . . . . .  ...... . . . . . . . . .  .... ............... 
~. 

.... _ - -  
-Neoprene . . . . . . . .  . .  - ............. ~ . .  ~~ - 

. . . 
. .. ...... . . 

As s . e c e i v d  1574 --- . ~ ..-- 1531 291 182 
. Aged 96 hrs .  823 -..- -..- 1143 342 188 

Aged 179 h r s .  581 --- --- 1051 403 18 1 
Aged 348 hrs. 486 --- --- 903 483 195 

. . . . 

TABLE #2 PERCENTAGE CHANGE VS ORIGINAL 
, 

u l t i m a t e  Ul t inlate Tear  
.' .Item Nodulus (PSI) T e n s i l e  E longa t ion  S t r e n g t h  

T e n s i l e  E longa t ion  S t r e n g t h  

. . 
-... -.- .Perflex '%'I 

. . 96 h r s .  -76% -SOX -- -32% +60% ' -9% . . .  . . . . 176 hrs. ' . -77% -84% _ - .  . -33% +7 3% -9% 
. . .  . . . . .  . -: 348  h r s .  . . -82% -86% - - ,  -34% . . , . . .  +78% . . .  -9% 

. . ... . . : . . 
. . 

. . . . .  
. - - Ueoprene . . . . . .  , . . 

. . . . . . .  - .  . . .  ' 1  . - -  
+18% - ... . . +3% . . . 96 hrs. -47% - - .  . -- . , - -25% 

.. -63% -- -- . . .  . . .  179  hrs. -31% +37% , . -1% 
348 hrs. . : . .  . -69% -- - : i 

. . ' 7  
-4 1% . . 

+6 6% . . +7% 
. , l i . . . .  

. ~ 

. . . . . . .  . .  . . =. . ' .  ... . . . . . . .  . . .  .. . . . . . ,  .. . . 
'. . ~ . . . . . .  

;. . ! 
. . .  

. . 
.:- : . . 

. T A B L E  8 3  PERCENTAGE ADVANTAGE O F  PERFLEX VS NEOPREPJE . . 
. . - . .  . . . . .  . . . . . .  

/ . . . . . .  . . . . .  . . . ',* 
.- . . 
. .. . I t e m '  ~. ' . . . Modulus i . i - ultimate .. Ul t ima te  . '  ear 

. . ~. j . . 
. . . . . .  

-. - . I .  . . 300 500 700 !. 1 T e n s i l e  E longa t ion  S t r e n g t h  
- .  ' ; . . . . . . 'I.?. : 

. .  . . .  . . +58% -- . . BeEore Aging -- :. +434% +72% +164% 
. . 

, - .- 
- .- A f t e r  Aging 

. . .  
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' TASK: 521-853. -!;SO 

DATE : January  15, 1973 

E S T  233: N-AG-003 

. . . .  A D S ~ ~ I C ~ :  
. .. ...... -~ - - . -. - - . . .  

P e r f l c x  "E" m a t e r i a l  was coated  and aged wi th  G-300 
. 

..~ .. ....... . . . .  . . S i l i c o n e  prease  and Krytox f l n o r i n a t e d  grease .  The . ~ 

purpose  behind t!lis t e s t i n g  i s  t o  q u a l i f y  t h e s c  . -  - -' - .. . . . . .  . . . . .  .- 
g r e z s e s  a s  b lzdder  l u b r i c a n t s  t o  l e s s e n  t h e  r e q u i r e d  . . . .  

-- -- -. -- -. - - -- - . . . - 
*~.;.=. .. ......... . . . . . . . . . . .  

~~~ 

b e n d i n g t o r q u e - i n -  j o i n t s  of t h e  S h u t r l e  S u i t  Program. 
- . . . 

-. : . . . . . . .  
S W i Z K Y  : The h ~ o  l u b r i c a t l t s  appea r  t o  bc acccpcabie t r i t h  no 

. . C d e t r i n e n t a l  e f f e c t s  t o  t h e  Ferflc:;. "E", i n f a c t ,  t h e  

coa ted  spec inens  e x h i b i t e d  s l i g h t l y  b e t t e r  p h y s i c a l  
. . . . . . 

. . . ~ 

. . : c h a r a c t e r i s t i c s  than  t h e  non-coated specimens. 

. .  , TEST ARTTCLES : a )  ' P e r f l e x  "E" , 3 XIL, ST17P067, p o l y e s t e r  b a s e ,  
. . .  . . .  Union Carbide.  

. . 
. . .  b) G-300, s i l i c o i l e  g r e a s e ,  ~ e n e r a l  E l e c t r i c  ST53S256, -. . - .  

. c ) .  Krytox, f l u o r i n a t e d  g r e a s e ,  E. I. EuPont ST53F382. 

TEST DOCLENT:  R & E T e s t  Request  No. 2355-04 
. . 

' TEST PROCEDi'E: Ten s e t s  o f  samples (3  t e n s i l e  & 3 t e a r )  were p repa red .  
. One s e t  t e s t e d  a s  i s ,  and t h e  o t h e r  n i n e  loaded on 

. . 
. . 

hangers  : o r  t h e  bomb. T h r e e  s e t s  ( g r o u p  1 )  w=re coa ted  
: w i t h  G-300, and t h r e e  sets (group 2 )  were coa ted  w i t h  

. . - .  . K r y t o x ,  w i t h  t h e  r e m a i n i n g  t h r e e  s e t s  (group 3 )  pl.ain. 
. . Sample sets were t h e n  oxygen bomb aged a t  1 7 6 ' ~  @ 300 . . . . . .  . . 

P S I 0 2 .  One s e t  from each group was removed and t a s t e d  
. . . after 48 hours ,  96 h o u r s ,  and 7 days. 

. RESULTS: S e e  Table.  ' . . . . . 

Close  o b s e r v a t i o n  o f  t h e  r e s u l t s  show s ix  ( 6 )  coa ted  
v a l u e s  worse t h a a  t h e  uncoated v a l u e s ,  f o u r  (4) t h e  
same, a n d  twen ty - s ix  (26) b e t t e r .  Allowing f o r  s t andard  

. ' t es t  r e s u l t  d e v i a t i o n s ,  any p a r t i c u l a r  v a l u e  can be 
proven t o  be  w i t h i n  t h e  expected  l i m i t s ;  however, t h e  
h i g h  frequency o f  b e t t e r  v a l u e s  appears  t o  prove  t h a t  

. the  c o a t i n g s  a c t u a l l y  improve t h e  aging  c h a r a c t & r i s t i c s  
: - of t h e  P e r f l e x  "E". , . 





. . 
REQKRZ;E!JTS : ~ ~ i d e l i n e  - l$a':inu?~ d u r a t i o n  of exposurc of t h ~  s u i t  

to any b i .o logicnl  o r  o t h e r  accidental c a t a s t r o p h y  i s  
(11) days .  ~ h c  s u i t  t h e r e f o r e  s l ~ o u l d  m a i n t a i n  

.. . .~~~ -~ ,~ ~ . -  ~ ~ . .~ ~~. . structural  i n t e g r i t y  f o r  a t  l e a s t  t h i s  l e n g t h  of t ime ~. . 
. ~~~ . . . ~ . .. ... . ~ ~~. 

a f t e r  e q o s a a r e  t o  any  h a n l l u l  env i ronc~en t  . _ _ _  . -~ ~~ ~, ~- . , ~ - ~ -.. . ~ 
. . . . . . . 

. -~ .. -~~ . ~ ~ ul: si..<. ( 6 )  sanp les  of u r e t h c n e  1 6 "  X 6".  T o t a l l y  ... .- - -.- I">,. .---: .pRc~-u ,,,,, . C - 
~ -. ~ ... . . subaexge fixre ( 5 )  o f  t h e  samples i n  u r i n e  s p e c i n e n t  .. ~ ~. .. 

~ ~ ~ . . ~. . which be h e a t e d  t o  9 3 ' ~  2 ?OF. The remaining  
sample s h a l l .  he t e s t e d  a s  a c o n t r o l  specimen. (Care 
should b e  taken  t o  i n s u r e  t h a t  a l l  s i x  ( 6 )  samples 
a r e  c u t  from t h e  same p i e c e  of yardage and t h a t  t h e  
o r i e n t a t i o n  o f  a l l  t h e  szmplcs i s  t h e  s?nc . )  Remove 

one (1) sample 2 days ,  4 days ,  7 days ,  11 days ,  and 
. .  . 1 month a f t e r  beg inn ing  t e s t .  Sample s h a l l  be thoro%hly  

. . washed i n  a n t i s e p t i c  soap  s o l u t i o n  supp1.ied. The samp1.e 

. .  s h a l l  be wiped d r y  and a l lo i led  t o  a i r  a ninim~nn of 2 
. . . . 
. .  . h o u r s  p r i o r  t o  t e s t i n g .  Tes t ing  of each sample must  be 

' done t h e  same day t h e  sample i s  removed f rom. the  u r i n e  
specimen. 

- P e r f l c x  "E" i s  a " d i r e c t i o n a l  ma te r i a l " ,  t h e r e f o r e ,  a l l  
t e n s i l e  and t e a r  samples ( f i v e  (5) each  f o r  each  saxple)  

. must  be c u t  i n  t h e  s a n e  d i r e c t i o n  - s u g g e s t  s m p l e s  be 
c u t  p a r e l l e l   ti^ w id th  (6" dimension).  . .. 

- .  



Sample Modulus 
300% 

Ultimate 
Tens i le  

Ultimate Tear  
E lo~~g i l t i on  S t .  

. .  . . - . ~ ~ . -  . . -- ~ ~ ~ ~. . . ~ ~ ~- . . . ~ ... 
. . ~ . .. . .. - . -  

...- ~ -- ~ -. . ~ .. . .. ~. 
. . . 4284~ ~- ~ . 7128 . . 

Control 442 
. - .~~~..  - . 

482' 
. . . . . .. . . ~ ~  . - . ~. . - . . . .  . 

~ , . . . 
~ .. -. . . . -~. . 

~ ... - . - . ~ - - .  . . 
~ . . . . -. . . .~ - ~ 

. .  . . .  . - -  - . 
-2 ,,,Day 2963 6607 . -  -------420 -- 

---. ~.~ - . - . ~~ . . .. - . . , - -  
. ~. .--. .- - -  . . I 

. . .~ .. . 4 Dzy 2089 5445 475 389 
? 
! 

7 Day 2806 , 6007 429 44G 

- .  
11 Day 2634 6075 470 396 

30 Day 1710 

Water Ea th  98 2   OF 



FOR Ihii~ERSION OF 

-. - - -. . -. _ . . 
1.0 PURPOSE 

The purpose of t h i s  t e s t  i s  t o  :imnterse samples of Perf lex-E 
and Tuf t ane  410 i n  a  s y n t h e t i c  pe r sp i r a t i . on  s o l u t i o n  f o r  
e v a l u a t i o n ,  of degrada t ion ,  of p h y s i c a l  c h a r a c t e r i s t i c s .  

2.0 TEST ARTICLES 

Four (4)  samples w i l l  be used f o r  t h i s  t c s t .  The fi.rsc two 
(2) samples v 7 i l l  be 6" X 60" p i eces  of  perf  lex-U (10 N i l ) .  
The second (two) samples w i l l  be 8" X 60" p ieces  of Tuf tane  
410. A l l  samples wil.1 be s t i t c h e d  t o  a n  e q u a l  length  of wh i t e  
nomex l i -ner  m a t e r i a l .  

PRl?PAFJ:TTOX OF SYiUllETIC PERSPIRATION 

Acid S o l u t i o n  

NACl - LO gm 
L a t i c  Acid USP 85% . - 1 g m  
H i s t i d i n e  Monohydrochloride- - .25 gm 
Disodiun Orthophosphate,  Anhydrous - 1 em 

. ' Dissolvc  t h e  above m a t e r i a l s  i n  d i s t i l l e d  water  and t h e n  add s u f f i c i e n t  
- . d i s t i l l e d  wa te r  t o  make a one l i t e r  s o l u t i o n .  Th i s  s o l u t i o n  s h a l l  have 

. . a pH of 3.5.- ~f t h e  p~ i s  n o t  3.5, s u i t a b l e  ad jus tments  s h a l l  be 
. made w i t h  l a c t i c  a c i d  and disodium orthophosphate o r  monosodium . 

. . or thophosphate ,  o r  a new s o l u t i o n  s h a l l  be prepared. 

3.2 Alka l ine  S o l u t i o n  

NACl . . . . - 10 gm 
Ammonium Carbonate USP - 4 gm I: 
H i s t i d i n e  Monohydrochloride - .25 .gm 
Disodium Orthophospl~ate ,  Anhydrous - 1 gm 



~ j s ~ ~ ] . , ~ ~  tile above mrl ter ials  j.n d i . s t i l l e d  wntc:: and t h e n  add 
sufficient d i s t i l l e d  water  t o  make a  onc l i t e r  s o l u t i o n .  
T h i s  so luLioa  s h a l l  have n  p11 of 8.0.  I f  t h e  pH i s  not  8.0, ~.'>. 
s u i t n b l ~ e  ~ d j ~ s t n ~ e u t s  sIlaJ.1 be made w i t 1 1  disodium ort i lophosphate,  . .  

monosodium orthophospi-late, or  ann110niu.m c a r b o ~ l n t e ,  o r  a  new 
s o l u t i o n  s h a l l  be prepared.  . ~ 

! ... . ~ ~. 
~ .~ ... . . .... 

. 
,>NOTE ~ h ~ ~ e  i n g r e d i e n t s  may have t o  be douhl.ed, t r i p l e d  etc.  -.................. . 

. . . . . .  
............ t o  ,ake.suf,=icie,l t  q u a n t i t y  f o r  complete inunersion. of ......... . . . . . . . . . .  

. . . . . . . . . . .  . 
. . . . . . . . . . . .  .~ .. ~ 

.. - ................................ t h e  t e s t  samples.  
.............. _ -  .......... ... 

.. ~ 

. 
~ ~~~ . . . - .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  ..:> =.... .................. ..... ... . 

4.0 ............ I'ROCEDUllZ 

4.1 - ~ ~ ~ t ~ ~ l .  - cut  t e n  (10) one i.nc11 samples and perform f i v e  (5) 
tensi].e and f i v e  (5) t c a r  t e s t s  a s  a  b a s e l i n e .  

4.2 --- Immersion - Immerse. one. s t r i p ,  .... ,of , , . . . .  P e r f l e x - E  and one s t r i p  o f  
Tuftane 4.10 i n  t h k ' a c i d " $ b ~ u t i o n a n d  one each i n  t h e  a l k a l i n e  
s o l u t i o n .  S o l u t i o n s  should be kep t  c o i ~ s t a t l t  a t  9B0 F.,. Remove 
each sample a t  t h e  fol1ov:ing t i m e s ;  2 h r s ,  8 h r s ,  1 wk. 2 wks, 4 wks 
and cur  a p i e c e  t e n  (10)  inches  long from each sample. Allow t h e  
samples t o  a i r  d r y  and then  c u t  t e n  (1.0) one inch  samples from 
each s t r i p  and perform f i v e  (5) t e n s i l e  and f i v e  (5) t c a r  tests on 
each s e t  of m a t e r i a l s .  

WOTE - A l l  samples must be p u l l e d  on day of  remcval. 

5.0 RESULTS 

A l l  d a t a  c o l l e c t e d  w i l l  be  recorded on t h e  a p p l i c a b l e  R & E test 
d a t a  s h e e t s  and  then  r e tu rned  w i t h  t h e  m a t e r i a l  t o  t h e  t e s t  o r i g i n a t o r  
for f u r t i l e r  e v a l u a t i o n .  



Control  

2 hour 

8 hocr  

1 week 

2 week 

4 week 

2 hour 

8 hour 

1 week 

2 weeks 

4 weeks 

PERSPIRATION EXPOSURE DATA 

PERFLEX "E" 

300% 500% U l t .  U l t .  Tear 
Mod Mod Ten Elong. ( l b l i n )  

( p s i )  ( p s i )  ( p s i )  (% ) 

300% , 500% Tear 
Mod Mod Ten ( 1 )  - .  . - 
( p s i )  ( p s i )  ( p s i ) ,  i: (%) . ! ,  

1460 4400 5000 570 430 1170 3150 440 

ALKALINE SOLUTION ! 

2620 430 1130 3750 5500 6 10 420 1060 

1090 3610 5300 600 400 1000 2540 j s 420 
5 ( j  

980 3300 4800 600 380 1020 2510 420 

1010 3190 4700 600 380 1040 2520 430 

1270 4260 5700 600 430 1120 2940 5500 470 

ACID SOLUTION 

1130 3790 5700 620 420 1020 2 630 420 

1090 3720 5500 6 10 400 1050 2590 420 

1110 3480 5400 610 400 1000 2400 420 

1090 3340 4900 610 390 1040 2560 430 

114C 3550 4900 600 400 1110 2700 , , 440 



I IELWT HEAT S E A L I N G  E V A L U A T I O N  

,040 ~ e g a l i t e / l O  M I I ,  ~er f lex1 .0-10  Rega l i t e  .040t' ~ e d w i n / l O  NIL Peflex/.040" Hedwin 
. . 

1. 240 
~. - -  

. . . . .  1.' 32.5 - . .  
~ 

~. . . . . . . . .  ' . . . .  .. 
. . . .  . . . . . . . . . . . . . . . .  . . . . . . .  -~ 2 ..... 233 .. I; . . .  - . -. .... . . . . . . .  - 2. .10.3 (Sample Edge Nicked) 

..... ...-.. ....... . . . . .  .... . . . . . . . . . . . . . .  - .. - . .  . _ _-.._..i_.__ ----- 
..-& : 

~ 11 . . . .  . -  ......... .. . . . . . .  . - . . .  . .. .-- - . 3 .  - 27.0 3 .  ' 19.3 . 

4. 24.5 , I  

5. 31.8 

, 6. 16.0 (Sample Edge Nicked) 

PEEL STRENGTH (LB/IM) 

.040 Rega l i t e  t o  .040 R e g a l i t e  .040" Hedwin t o  .040 Hedwin 

1. 66.0 1. 63.5 

2. 69.5 2. 61.5 

3. 68.0 3. 61.0 

4 .  75.0 4. 45.0 

5. 68.0 5. 71.0 



S. S. Sand Blasted Ei Primed ~.7/8Y,  Ilylene 1.1-50 i n  T o l u e ~  

. ~- .. . ~ p e e l  ( l b l i n )  . ~ ~ . ~ .~ . : L~~ Shear (PSI) -- -~ .- . ~ 

-~ - ~~ 

. . ~ 
~ . 

~ ~ - -  - ~~ ~. ~ ~ ... 
. ~~. ..~ ~ . -. ~ ~ . ~ -  . - . -  I ~ ...~~ ~ . .~ ~- ~ ~~. 

~...~ ~ . . ~  ~ . .  ~. -. - ~ 1.. 6.6 ~ ~ .~ . -.-~ ~. . .~ . . .  . ~ . .  ~ ~ 
~- ~. - .~ . -  .- . . 5 .7 ._ - i... lt-----~ - _. ~ ~ . . ~  . ~ - .. ~ . .. -. . ~~.~ - .  - - ~ . .  .... ~ 

~ 
~ .... ~ 

.. - - .  
.~ ~ - ~. ~... .. 

6- . - . . . . . - ... ~~ 
~ . -  ~ 

~. . 
---727-rD-.?~---7 - ~~ ~ - -  . 
. - --- . -- .~ .~ ~. 

15% 1Iylene 1.1-50 i n  AF 770 Adhesive 
( S S  Sand Blas t ed )  

Lap Shear ( l b )  
(1" width  samples) 

P e e l  ( l b / i n )  

19.6 

overlap. 

112" 

1/2" 

' 114" 

114" 

1" 

1" 

P e r f l e x  "E" S u b s t r a t e  
F a i l e d  - Seam Remained I n t a c t  



~IEL"XT/~.AI~~<XC A'LTACICillNT EVALUATION 

(200 Denier Thread) 
:.. 

Breaking S t r cng th  ( l b / i n )  . ~ . . ~. . 
. ~ ~~ 

. ~~ . .. .~ .. . ~ 
.~ . - . . - _ _ . ~ .~ . . . - 

. . . . .  -~ . 
.~ ~ . . ~  .. . .~ -(Machine S t i t c h e d )  . ~ .  . 
. . . . 

~~ - - .- . -- . . . . .~ 
~ - , ,  _ ,, . .- ... ---- ~ . - - . - ~  

. . . ~ .  . - . - ~ . .~ ~ ~ . . .. .. . . -- .. - . - . . .. .. ~ - 
~. . .~ . .. ~~ . - ~-~ 

~ .- . .  ~ . -  . -  . . ~ .  - -. . .. - 
_C___-..._.,-. _ . .  _ -- - .. 

. . 8 s t i t c h e s l i n c h  . . 10 s t i t c h e s / i n c h  - - . . . . -. . -. 6 stitches* -- 

HAND STITCHED w/DC)U~~LED 200 DENIER PRD TIIREAD 

Brealcing S t r eng th  - 160 l b / i n  

200 l ienier  ~ o u b l e c !  Thread 

Breaking S t r eng th  ( l b f i n )  
(hand s t i t c h e d )  



(For Glove Bladders)  
.. 

T e n s i l e  & Tear y r o p e r t i e s  of Dip P l a t e s  
. .~-  -. ~ 

- ~ 

- ~ . . . -  , .- ~ 
. ~. 

... . . . . .  . . . . . - - . - 
(10 NIL) 

. . ~ ~ 
- .. 

.~ ~~. . . 
~. ~ . ~ ~ . '  . ~ 

~ ! ~ - ~ . 
. . -  .-.. - - ~ ~. .~ . ~ 

~ . ~-~ .~ . . 
.. ~. . 

~~ 
. - Ultimate u l t i m a t e  Tear 

.. 300% 4.00% 5 0 6% 

.. . . . . 100% ' 20077 .. 

od a 
~~- ~.- .  T e n s i l e  Elongat ion  s t r e n g t h  -. ..Mod . ; A ~  M Mod. . . - -  Mod. 

3079 , 4460 610 367 
1. 460 707 1097 17 34 

3805 ' 4439 550 409 
2. 536 732 1265 2244 

3428 : 4527 575 333 
3. 4 6 1  703 1187 2022 

2878 3290 550 353 
4. 448 747 1121 1832 

3040 4040 550 350 
5. 528 .720 1160 1840 

3246 4151 567 362 
Avg. 485 722 1167 1934 



A L ~ ~ I N U M  TO PRD-49 95.25 o z )  STITCHI?TG EVALUATION ,- . ~ 

. . . . . . . . .  -- . ....... ~. . ~ . .  ~ . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . - .  ..... . . . ~ .  
. . . . . . . . . . . . .  . . -. -. 

- -  ~ l ~ m i n u n l  d r i l l e d  - 8 - 9 s t i t c h e s  p e r  i n c h  ~ ~ . . ..... ............... ....... ~. ~ ~ .- ~ 
- . -- 

. -  .. . . . . . . . . . . . . . . . . . . . .  
-.- .- . 

....... ........ .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-. ......... ... _ _ . . . -  . . . . . .  - 

- ( ~ ~ n d .  s t i t c h &  ~ ~ 1 4 0 0  den ie r  IJRD-49 t h r e a d )  - - - -  A=- ..- ~ .......-. .. . . . . . . . . . . . .  ........... . . . . . . . . . . . . . . . . . . . .  
&- : . ~- ............ 
. . - .  
- --- ...... 4" Width Sample 

Breaking S t r eng th  ( l b )  



AF 770 Adhesive 

. ~ ~. ~. . . . . .  
. ~ 

~ .~ ., . . . . . . .  . . . . . . . . . . . . . . . . . .  . ~ .  . ~ ~. ~ .~ 
.... ...... . . -  . .. 

. . 
. 

~ - -~. . -- . ~. .~ ~ - - . 
~. ~ 

- - p e r f l e i  & ~ ~ c o l i t e  Pr ipcd  ~ 1 8 %  Hylene M-50.2nnT&E 
.......... .... - - - -- . . No primer -. 

~ . .- - . . - . - . ~ ~ ~~ -~ ..... ................ Peel .....-.Lap ! ....... 
~ ~. - - 

Peel -- 
............. . . .  

, 
....-. .- ..-.... .. .. . . . . .  . . . . .  

-.L .--- Shes; -(PSI )~.- . ~ .  ( l b y i n )  Shear (PSI) 
( lb / in)  ! . .- - -. 

A l l  Samples - P e r f l e x  "E" F a i l e d  - Seam Held 



200 Denier PRD-L;9 -- Thread 
. ~ . - - . . . . . .. 
- ~~ 

1 .  

~~ . .~ $rode of F a i l u r e  . . .. ~- 
Tens i l e  Load ( l b s )  

-.-.- ~~ . ~ . ,... ~ ~ -. . - . . . -  
-. - . . . . - ~. No . 825 ~ ~ - - .  Failed . . ... -~ -- - 

~ - . . . . . .. . - . ... . . . , . -- ~ . ~ - ~ -  .. . ~ ..,. ~ . , .  . .. . . _ _ _. . . . . - 
2,~. 930-. --- . ~ . . . .. . . Stitching Fail"d - - -  ~ - -  . ... .. -~- L . . 

.. .. .~ .- . .. . .. - 

3.  625 S t i t c h i n g  Fa i l ed  

400 Denier PRD-49 Thread 

No. 1. 945 

2 .  1000 

200 Denier 

25.5 

25.3 

26.3 

24.8 

25.8 - 
25.5 lb. (Avg.) 

THREAD TENSILE TESTS (PRD-49) 

Breaking S t r e n g t h  ( lb s . )  

400 Denier 

60.0 

60.0 

60.5 

62 .O 

. , - 60.0 

60.5 lb (Avg.) 



METAL TO WEBBING EVALUATION 

SS Buckle with 1/4" PRD-49 Webbing . . .  
. . .  . . .  ~ ~ 

. .. .. . -  ~~~ - . - ..-~ . , ~. .~ - - . ~  ~. 
Looped h Stitched . . . . .  ......... . . ~. - .  ~ 

~ .. ........... . . . .  .... ............ ~. . . I . . 
...... _ -- ............. , . . . .  _. . . -  .... 

. . . . .  . . . .  . . . .  . . . . . . . . .  -~ .. . . . . . . . . . . . . . . .  
Strength (1bs ) ~--.---.-.;--,-~~,-~-:T---~~~;~- ' . . . . . . . . . . . . . . . . . . . . . .  - -- . ..... . . . . . . . . . . .  

. . . . . . . . . . .  
(Webbing Failed) I 1. 626 I 

I 

2 .  515 (Webbing Failed) I 

3. 490 (Webbing Failed) 



PERF1 .EX "E" EOiTD TNG EVPiLIJATIOl~ 

N-136 Neoprene Adhesive 

- . .  . . 
. . . .  . . Perf  lex "E" t o  Per f  l e x  (No Primer) 

. . . . .  . . . . . . . .  . . . . . . . . .  . . . . . .  . . 
. .  . . . . . .  . . . . .  - . . 

12.9 
13.4 Avg. 

PERFLEX "E" TO PERFLEX "E" (NHylene-M-50 Primer) 

Pee l  ( l b l i n )  

6.5 

6.3 

6.8 
6.5 Avg. 

Lap Shear (PSI) 

2 5 

29.5 

27.0 
27.2 Avg. 



3.7 SIZZRG 

Though the  Phase "B" proto type  s u i t  assembly w i l l  be indivudual ly  

. . 
s i zed  t o  f i t  a  s p e c i f i c  NASA approved s u b j e c t ,  c u r r e n t  e f f o r r s  inc lude  

. . 
~. .~ ~~. 
--- - ~ development of s u i t  s i z i n g  adjustments  to accommcdate a d d i t i o n a l  s u b j e c t .  

~ ~~ 

- ~ . Design goa l s  i-nclude minimal r e s t r i c t i o n  on norr;:al body lnoven~cnts and minimum . ~ -..- ~. ~ 

~~ ~ .,.-- -- .- --- - ..- .. . -~ .~ .., ~ . ~ .  . . - - -- ... - 
bulk.  The background re sea rch  f o r  t h e  s i z i n g  program requ i red  r e l a t e d  . 

programs t o  a  l a r g e  e x t e n t ,  and i s  repor ted  a s  S h u t t l e  S u i t  S iz ing  Study, a 

copy of which i.s at tached.  


