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This program was conducted by Hamilton Standard, Division of 

TJnited Ai rc ra f t  Corporation, Windsor Locks, Connecticut 06096. The 

e f f o r t  was performed under NASA Headquarters Contract No, MASW-1972, 

Control No. 10-7752. 

during the  period 2 September 1969 through 31 March 1970. 

The program summarized here in  w a s  conducted 
I 

The p r i n c i p a l  i nves t iga to r  was Mr. Douglas C. Howard, Advanced 

Engineering, who was a s s i s t e d  by M r .  John Greene, Cesign Engineering. 

The con t r ac t  t echnica l  monitor was P?re W i l l i a m  L. Smith, NASA Head- 

quar te rs  * 

The bas ic  objec t ives  of the  o r i g i n a l  IR.SS was the  development 

and de l ive ry  of a system which would have t h e  following c a p a b i l i t i e s :  

(1) 2.5 1pm flow f o r  a m i n i m u m  of 30 minutes; ( 2 )  l i g h t  weight, low 

volume high pressure 02 system; and ( 3 )  nose ca the te r  02 del ivery  

system f o r  crew opera t iona l  non-interference. 

The p o t e n t i a l  NASA appl ica t ions  of t he  IRSS included the  following: 

(1) respiratory/preseurization support  t o  bends treatment c e l l s  f o r  

incapaci ta ted as t ronauts  ; ( 2 )  u t i l i z a t i o n  i n  non-anthropomorphic space 

s u i t  systems i n  conjunction w i t h  s e l ec t ive  C02 membranes i n  emergency 

use; and ( 3 )  u t i l i z a t i o n  i n  non-pressurized l i g h t  a i r c r a f t  operat ions 

where supplementary is  requiredo During the  course of t h e  s tudy  it 

became c l e a r  t h a t  t h e  IRSS could be u t i l i z e d  f o r  supplementary 

r e sp i r a to ry  support  t o  ambulatory p a t i e n t s  w i t h  emphysema, asthma, 

and o ther  r e sp i r a to ry  t r a c t  ailment,s e T h i s  contractor  r epor t  explores 

t h i s  l a t t e r  app l i ca t ion  e 
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ABSTRACT 

Various forms of r e sp i r a to ry  and c i r cu la to ry  disease produce 

chronic hypoxia a t  metabolic r a t e s  above res t ing .  

therapy w i l l  a l l e v i a t e  t h i s  condition f o r  time periods up t o  two o r  

th ree  hours, depending on the seve r i ty  of the ailment and the l e v e l  of 

metabolic expenditure assumed. 

(1) t o  def ine  a t l f i r s t - cu t f l  systen: of low weight and volume s a t i s f y i n g  

a s p e c i f i c  l e v e l  of metabolic support; ( 2 )  f a b r i c a t e  three u n i t s  as 

defined by the  f i r s t  object ive;  and (3 )  define an improved system 

based on user  evaluat ion of the del ivered u n i t s  and de ta i led  engineering 

s tudies .  

of 210 cubic inches each. One such u n i t  w i l l  provide 0.5 t o  2.5 l i t e r s  

per  minute of 100% oxygen t o  the  nasal passages f o r  durat ions of 2.5 t o  

0.5 hours, respect ively.  The operat ion of these u n i t s  t o  da t e  has been 

e n t i r e l y  sa t i s f ac to ry .  Studies  i n  support of the t h i r d  objec t ive  ind ica t e  

t h a t  optimized sys t e r  Weipht and volume goals of 5 1bs and 165 cubic 

inches are not  unreasonable. Additionally,  a f l u i d i c s  c i r c u i t  would pro- 

vide a demand capab i l i t y  permit t inp f l o w s  of 1 t o  2 l i t e r s  per minute 

fo r  time periods up t o  fou r  hours. 

Short-term oxygen 

The ob jec t ives  of t h i s  program were: 

Three u n i t s  were b u i l t  having weights of 7.7 l b s  and volumes 

, 

ii 



SVHSER 5661 

INTRODUCTION 

There are physiological  changes which occur i n  the  human system 

which r e s u l t  i n  a pathological  condi t ion known as chronic hypoxia. 

This condi t ion exists when the  c e l l u l a r  oxypen tension o r  concentration 

i s  reduced below t h a t  required t o  maintain normal metabolic a c t i v i t y ,  

There a re  four  bas ic  types of hypoxia: 

Vent i la tory - whenever there  i s  a reduction i n  a lveolar  

oxygen p a r t i a l  pressure o r  t he re  i s  an obstruct ion t o  

oxygen t r a n s f e r  through the a lveolar  w a l l ,  v en t i l a to ry  

hypoxia exists. 

,a Hemic - Hemic hypoxia i s  t h e  r e s u l t  of an  i n a b i l i t y  of 

the  hemoglobin t o  accept oxygen o r  a reduction i n  

hemoplobin concentration. 

Circulatory - t h i s  type of hypoxia r e s u l t s  from l o w  

blood flow, loss of blood volume, o r  obs t ruc t ion  of 

t he  vascular  system. 

U Histotoxic  - t h e  i n a b i l i t y  of t he  t i s s u e s  t o  accept 

o r  use t h e  oxygen i s  ca l led  h i s to tox ic  hypoxia. 

Increased oxygen p a r t i a l  pressure i n  t h e  resp i ra tory  gas mixture 

w i l l  r e l i eve  ven t i l a to ry  hypoxia and some forms of c i rcu la tory  hypoxia. 

T h i s  repor t  documents the  e f f o r t s  of a progran! t o  develop a small, por table ,  

inconspicuous oxygen de l ivery  systen f o r  sho r t  tern’ use. 

L 
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SUMMARY 

A six month propam was conducted a t  Hamilton Standard t o  develop 

the  Independent Respiratory Support System (IRSS). 

end items consis ted of a func t iona l  f e a s i b i l i t y  u n i t ,  

t o  NASA Headquarters , Washington C .C. 

Each of th ree  de l ivery  

These were del ivered 

Preliminary concept s tud ie s  were conducted t o  determine system 

c o n f i p r a t i o n ,  suspension, operation, and mode of oxypen del ivery.  A 

weight and volume mockup w i t h  dummy cont ro ls  was then evaluated. The 

ul t imate  r e s u l t  was d e f i n i t i o n  of a system t h a t  w i l l  de l ive r  orrygen a t  

var iable  f low rates from 0.5 t o  2.5 l i t e r s  per  minute f o r  per iods of time 

from 150 t o  30 minutes, respect ively.  

inconspicuous tubinp systeT t h a t  i s  in tegra ted  w i t h  eyeplass f rades .  

System d r y  weieht and volume were 7.7 l b s  and 210 cubic inches. 

t i c n a l l y ,  system optimization s t u d i e s  were conducted which revealed 

t h a t  s i p n i f i c a n t  improvements could be made. 

the oxygen b o t t l e  m a t e r i d  f o r  weipht savinps, c r ea t inp  a demand rather 

than flush-flow system, and minor component redesipn f o r  volume reductions. 

Celivery i s  eccomplished v i a  an 

Addi- 

These incl-uded changing 

2 



CONCLUSIONS 

A low weieht inconspicuous personal oxygen de l ivery  system can be 

prac t icably  fabr ica ted  and operated as a metabolic supplement 

l e  

2, Operational problems a re  pr imari ly  human engineering r a t h e r  than system 

funct ion or ien ted  e 

3.  A system which would satisfy the  majori ty  of population need would 

provide 1-2 l i t e r s  per minute f o r  f o u r  hours. 

h e  System improvements can be made which w i l l  r e s u l t  i n  a subs t an t i a l ly  

weight and volume optimized u n i t .  
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RE COMMEND AT IONS - 
1, More use d a t a  on u n i t s  now i n  the  f i e l d  should be obtained. 

2, The improvements described, i n  t h e  System Optimization Study should 

be implemented, 

3. A desiqn study t o  penerate a four-hour system should be i n i t i a t e d .  

4 



D ISCIJSSION 

Configuration Study 

A system c o n f i p r a t i o n  study was conducted t o  def ine the parameters 

l i s t e d  i n  Table I. The ground rules d i c t a t e6  t h a t  t he  study consider 

only systems t h a t  would de l ive r  oxygen a t  a maximum of 2,s l i t e r s  per  

minute foF 30 minutes minimum. Furthermore, t he  systen! must b e  capable 

of recharre  from a commercial 2000 ps ip  source. 

Oxygen Bo t t l e s  

The t o t a l  volume of stored oxyven i s  f ixed by the recharpe pressure 

of 2000 psip,  the maximum flow r a t e  of  2.5 l i t e r s  per  minute, and the 

minimum flow time of 30 minutes, A l l  ca lcu la t ions  were based on a b o t t l e  

pressure of 1800 psig s ince  t h i s  value represents  t ha t  used by commercial 

b o t t l e  manufacturers e 

w02 = Vflow P O T  2 flow 

1 f t 3  
lb (30 Plinutes) - = 2.5 l i t e r s  

Minute ft3 28.3 Liters 

5 0.22 l b s  

vo2 W02 R T 

p02 

1800 lbf  

in2 

3 = 35.5 in3 = 583 cm 

To t h i s  volume must be added the  u l lage  volume of s i x  cubic cent i -  

meters s ince  the pressure regula t ion  i s  not accurate below 200 psig:.  

the  t o t a l  oxygen s torage volume i s  590 cm3, 

Thus, 

Comrrercial b o t t l e s  d e s i p a t e d  

as meetinp U,S. Department of Transportation T i t l e  h9 requirements f o r  a 



TABLE 1 -- 

IRSS CONFIGIJRATION STUDY PARIIIE.IETERS 

Number of oxypen bott,les 

Package conf i p r a t i o n  

Suspension 

Controls and displays 

O f f  -the-shelf components 

Oxygen del ivery  
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3E-1800 oxygen s torape vesse l  can be obtained i n  volumes of 600, 300, 

150, 75, and 10 cm3. 

number of oxygen b o t t l e s  on system weipht and thickness.  The two b o t t l e  

c o n f i p r a t i o n  was se lec ted  from t h i s  da ta .  

System Uef i n i t i o n  

Figures  1 and 2 show the e f f e c t  of  varying the 

Af te r  def in inp  the  number of oxycen b o t t l e s ,  a systpni d e f i n i t i o n  

study w a s  conducted. The objec t ive  was t o  def ine t h e  ex terna l  c o n f i p r a t i o n  

suspension system, con t ro l s  and d isp lays ,  co lor  schene, off-the-shelf  com- 

ponents, and mode of oxygen del ivery.  

F i p r e s  3 throuph 7 show the  concepts which represent  maximum pro- 

b a b i l i t y  of t r a n s l a t i o n  i n t o  usable  hardware. The o ther  concepts s tudied 

would have required extensive developnent work t o  achieve s a f e  workinp 

hardware. The concept shown i n  F i w r e  3 w a s  selected f o r  the IRSS f e a s i b i l i t y  

u n i t s .  The p r inc ipa l  reason f o r  t h i s  choice i s  due t o  the  suspension system. 

The s t r a p  suspension i s  capable of many d i f f e r e n t  arrangements, i s  simple 

t o  operate ,  has a very l o w  weight, i s  inconspicuous, and i s  s implest  t o  

f a b r i c a t e ,  The concepts shown i n  Figures  3 ,  h9 and 5; are near ly  equal 

with respec t  t o  conf i p r a t i o n ,  con t ro l s  , color ,  and componentx e 

The concepts shown i n  Figures 6 and 7 were discarced due t o  the 

hieh system weight, i n a b i l i t y  t o  wear t h e  systen: inconspicuously, and 

reduced safe ty  due t o  the  high pressure l i n e  used t o  connect the  two 

tanks.  Acaditionally, t he  Figure 7 concept cannot be worn i n  the  s i t t i n g  

pos i t ion  due t o  t k L e  tanks r i d i n g  up the  ches t  t o  shoulder l eve l .  

7 



Figures  8, 9 ,  and 10 show the  three  oxygen del ivery systems con- 

sidered. These a l l  adhere t o  t h e  mound r u l e  of oxygen de l ivery  t o  

the  nasa l  passages so as not t o  i n t e r f e r e  with the u s e r ' s  speech, 

Figure 8 was se lec ted  f o r  t he  IRSS f e a s i b i l i t y  un i t s .  

most inconspicuous method of de l ivery  without in te r fe r inn  w i t h  t h e  

u s e r ' s  b rea th inp  as the  concept shown i n  Figure 10 does. The system 

shown i n  Figure 9 does not  i n t e r f e r e  w i t h  user  breathing, however, it 

i s  qu i t e  conspicuous 

I t  provides the 

Component Select ion 

FiFure 11 i s  a system schematic based on a two oxyFen b o t t l e  con- 

f igu ra t ion ,  

e 

The components l i s t e d  as off-the-shelf  a re  described below: 

F i l l  F i t t i n p  - t h i s  i s  an oxypen clean charping 

valve manufactured by Sco t t  Aviation, Company. It 

contains  a p a r t i c l e  f i l t e r  and check valve t o  

prevent back f low durinp the  charging operat ion 

' High Pressure Relief - This device i s  a 2400 ps ig  

blow-out d i sc ,  It a l s o  contains  a f u s i b l e  element 

t h a t  w i l l  r e l i e v e  b o t t l e  pressure a t  temperatures 

i n  excess of 160°F, It i s  an i n t e g r a  p a r t  of the 

pressure r eyu la to r  and supplied by Sco t t  Aviation 

Company, 

e Pressure Regulator - This i s  a s inq le  s tage  p rese t  

pressure regula t ion  device. It  w i l l  accept i n l e t  pres- 

sures  from 200 t o  2000 ps i?  and de l ive r  apcroximately 

50 psip: a t  the low pressure p o r t ,  It i s  manufactured 

by Scot t  Aviation Company. 

i n t e g r a l  with t h e  r epu la t c r ,  

An oxypen shut-off valve is 

8 
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e Pressure Gage - The pressure page ind ica t e s  the pressure 

i n  the oxygen s torage tanks. 

increments t o  2000 psig,  The mechanism w i l l  a c tua l ly  

withstand hO0C psig,  however, t h i s  i s  not indicated on 

the  gage face.  

case pressure i n  the event o f a  bourdon tube f a i l u r e  o r  

l e a k .  The PaFe i s  supplied by Scot t  Aviation Company. 

Low Pressurc Rel ief  - This spr ing  loaded 1CO ps ip  r e l i e f  valve 

p ro tec t s  a l l  components downstream of the  pressure 

regulator .  It i s  supplied by the  Circle  Sea l  Valve 

Company. 

Flow Control - Flow i s  cont ro l led  by a Whitey Valve 

Company micro-repulatinc valve.  This valve w i l l  supply 

0,s t o  2.5 l i t e rs  pe r  minute flow with a 180O r o t a t i o n  

and approximately 50 ps ig  a t  the i n l e t .  

It i s  graduated i n  500 p s i g  

The back of t h e  case i s  vented t o  r e l i eve  

e 

Fabr ica t ion  and Test 

Since the  system i s  t o  be used with 100% oxygen, a l l  off-the-shelf  

components were received as c e r t i f i e d  f o r  100% oxygen service.  

f i t t i n p ,  brackets ,  and components were cleaned f o r  commercial 

oxygen use as a m i n b ~ ~ m .  

a l l  high pressure  components t o  ensure s t r u c t u r a l  i n t e g r i t y .  

A l l  o the r  

Additiona.!A,Zyelo dye penetrant  checks were made on 

Assembly of each u n i t  was ca r r i ed  out  i n  an a rea  of s u f f i c i e n t  

c l ean l ines s  t o  allow unhampered manipulation of all components without 

fear of contamination, After assembly of the  hiph pressure sec t ions  

of the  system, a proof preseure of 2700 psiFr was imposed f o r  f i f t e e n  

minutes. Thereaf ter ,  a de ta i led  v i s u a l  inspect ion f o r  evidence of 

9 
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deformation was performed. Following proof pressure,  a pressure l eak  

tes t  w a s  performed, 

helium and checking a l l  j o i n t s  with a spec ia l  bubble so lu t ion  ca l l ed  

"SNOOP". The f a i l u r e  c r i t e r i a  was one v i s i b l e  bubble i n  one minute, If 

t h i s  occurred, the f i t t i n g  was reworked u n t i l  the  bubbling disappeared, 

This consisted of p ressur iza t ion  t o  1800 ps ig  with 

F ina l  assembly includinp t h e  low pressure sec t ions  was  accomplished 

af ter  proof pressure and leakape tes t inE.  The completed u n i t  was then 

inspected and presyurized t o  1300 ps ip  with oxyeen and allowed t o  remain 

so  f o r  six t o  twelve hours, Evidence of  pressure decay a s  denoted by 

t h e  pressure gage was cause t o  repeat  t he  helium leakage t e s t  u n t i l  the  

observed pressure decay was undetectable e 

Thereafter,  a flow r a t e  t es t  was performed t o  ve r i fy  flows of 

0.5, 1.5, and 2,s l i t e r s  pe r  minute a s  indicated by the  flow cont ro l .  

The u n i t  was then char@ t o  1800 ps ig  and the capab i l i t y  t o  flow 2.5 l i ters 

per minute f o r  30 minutes minimum ve r i f i ed .  

The f i n a l  tes t  conducted w a s  an oxygen sa tu ra t ion  t e s t ,  A t es t  

m b j e c t  donned the f u l l y  charged u n i t .  With t h e  oxypen d i s t r i b u t i o n  

system i n  place and the  flow s e t  a t  2.5 l i t e r s  per minute, oxypen p a r t i a l  

pressure measurements were made a t  var ious poin ts  on the  subject .  These 

points  included the  corners  of the mouth, shoulders, th roa t ,  and chest 

areas.  Neasurements were made a t  the  clothing l e v e l ,  2 inches and 4 inches 

from the  clothing. The only readinfrs taken t h a t  rep is te red  more than the  

l h g  t o  150 mm Hg tare, were 190 mm I-iF a t  the corners of the mouth. 

t e s t  was repeated once t o  ve r i fy  these r e a d i n p .  

and tapged f o r  shipment, 

The 

The u n i t  was then barged 

10 



System Optimization Study 

Followinp f a b r i c a t i o n  of the f e a s i b i l i t y  un i t s ,  a study was con- 

ducted t o  d e t e m i n e  which system improvements could be prac t icably  

incorporated.  The r e s u l t  of the study was  t h a t  t he re  a r e  three  areas 

where s i p i f i c a n t  changes m a y  be accomplished which w i l l  r e s u l t  i n  

weight and volume reduct ions t o  the  system. These chanees are: 

addi t ion of a f l u i d i c s  c i r c u i t  t o  chanFe the  cur ren t  flush-flow system 

(1) 

t o  a demand type; (2)  chaneinp the  oxygen b o t t l e  mater ia l ;  and (3) 

minor component redesipn. F ina l ly ,  a survey of the  number and types 

of d i s a b i l i t i e s  r equ i r ine  use of t h i s  system w a s  performed, 

F lu id i c s  C i r c u i t  

The cu r ren t  system i s  flush-flow, t h a t  is, once placed i n  operation, 

oxypen cont inues t o  flow u n t i l  the  shut-off valve i s  closed o r  the  

s tored oxyfen depleted. 

as t h a t  shown i n  F i w r e  11, w i l l  convert  the system t o  a demand t n e .  

The pressure d i f f e r e n t i a l  created duriny inha la t ion  t r i g g e r s  t he  

s e n s i t i v i t y  cont ro l  which opens the flow i n  l e g  "a" of t he  fluidic 

cont ro l  module. 

The pos i t i ve  pressure thus  created opens the f l u i d i c  on-off valve allowing 

oxygen t o  flow t o  t h e  u s e r ' s  nasa l  passages. 

place during exhalation. 

The addi t ion  of a f l u i d i c  driven c i r c u i t  such 

This causes the  flow enter ing  d t o  switch from c t o  b e  

The reverse  procedure takes  

Since oxygen i s  used only c.uring inha la t ion ,  flow is required a t  

only those times. 

cycle. 

the nomina2 oxygen s torape  requirement would be 25 t o  30% of t h a t  f o r  a 

f lu sh  flow system, 

Inha la t ion  occurs during 25 t o  30% of the t o t a l  r e sp i r a to ry  

The remainder i s  composed of exhalat ion ana r e s t  per iod,  Therefore, 

11 



There is, however, a bleed flow required t o  run t he  f l u i d i c  c i r c u i t  

which averages one standard cubic foo t  per hour o r  approximately 15 

standard liters f o r  the  30 minutes use cycle. 

t o  t h e  usable  oxygen s torage required,  r e s u l t s  i n  a t o t a l  oxygen require-  

ment of approximately 50% of t h a t  required f o r  the f lu sh  flow system. 

This change w i l l  produce system weight and volume savings of approximately 

one l b .  and 8 cubic inches. 

Oxypen Bot t le  Material  

This bleed, when added 

The oxygen b o t t l e s  used i n  the present  systerc a re  1010 carbon 

s t e e l .  

two and one-half times g rea t e r  s t renpth .  

two benef i t s .  

be achieved due t o  th inner  w a l l s .  

t e r i s t i c s  a r e  improved because of the use of a more corrosion r e s i s t a n t  

material. 

Redesign 

This could be replaced by a stainless steel  such as hl30, having '  

Such a subs t i t u t ion  would have 

F i r s t ,  w e i p h t  savinps on the b o t t l e  of 20% o r  more may 

Secondly, s a fe ty  and handling charac- 

A minor redesign e f f o r t  which includes the packaging of the  f l u i d i c s  

components would r e s u l t  i n  addi t iona l  weight and volume savings of approxi- 

mately 10% over those already described e O n l y  those components requi r ing  

chanpe due t o  the repackafre e f f o r t  would be r e d e s i p e d .  This includes 

bracketry, f i t t i n g s ,  and perhaps the  high pressure manifold. 

Poten t ia l  User Survey -.. - 
The bas i c  condi t ion requi r inp  the iise of oxygen as a metabolic 

ad;;unct i s  known a s  hypoxia. 

12 



The two forms of hypoxia most o f t en  requi r ing  supplemental 

oxygen are ven t i l a to ry  and c i rcu la tory .  These are manifested i n  the  

d iseases  described blow. Oxypen therspy i s  indicated f o r  temporary 

relief of exacerbated symptoms and a s  a long term metabolic supplemento 

Fhphysema - A progressive d i sease  of t he  air  ways and 

a l v e o l i  r e s u l t i n p  i n  inadequate gas exchanpe. 

1. 

2, Pulmonary F ib ros i s  - Fornation of f i b ro id  t i s s u e  i n  the  

a i r  ways forning a b a r r i e r  t o  e f f i c i e n t  gas exchange. 

3. Bronchiectasis - P r o p e s s i v e  d i l a t i o n  of the a i r  ways, 

thus decreasing e f f e c t i v e  ven t i l a t ion .  

Chronic Bronchi t is  - Inflammation of the  a i r  ways due 

t o  fore ign  matter o r  o the r  d i sease  condition r e s u l t i n g  

i n  decreased ven t i l a t ion .  

Chronic Asthma - Spasm of the  a i r  ways with temporary 

l o s s  of funct ion.  

Myocardial Disease - Any one of a combination of cardiovascular  

d i seases  which r e s u l t s  i n  inadequate oxyeenation of the  h e a r t  

muscle e 

h. 

5. 

6. 

There a re  near ly  four teen  mil l ion people who s u f f e r  from some form 

of d iseases  one throuph f i v e  and an ade i t i ona l  f o u r  mi l l i on  who have 

hea r t  disease of t h e  type t o  b e n e f i t  from oxypen therapy. 

It should be mentioned t h a t  a lveo la r  oxypen concentrations i n  excess 

of 40% are not  achieveable using only a nasa l  ca the t e r ,  

long term d r y  oxygen therapy ( i n  excess of e i g h t  hours) w i l l  r e s u l t  i n  

necros is  of r e sp i r a to ry  system t i s sue .  With these r e s t r i c t i o n s  i n  mind, 

what s o r t  of bene f i t s  may be a t ta ined?  

Furthermore, 



The average work-play a c t i v i t y  cycle is about four  hours. Further- 

more, t h e  oxygen flow required by those who could r e tu rn  t o  use fu l  

a c t i v i t y  i s  one t o  two liters per  minute, 

would supply a maximum of two l i t e r s  pe r  minute on a demand bas i s  f o r  

up t o  fou r  hours before  requir ing recharge. 

Such a system i s  wel l  within the s ta te-of- the-ar t  today and would 

Therefore, a t y p i c a l  system 

apparently be of b e n e f i t  t o  approximately twenty mi l l ion  people, 
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SVHSER 5661 

F1GURE 3. SELECTED I R S S  FEASEBILBTY UNBT CONCEPT 
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SVHSER 5661 

F G U R E  4. CAMD%DATE CONCEPT NO. 2--IRRS FEASIB1LITY UN 
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FBGURE 5. CANDlDATE C O N C E P T  NO. 3--%WSS FEASIBILITY U N I T  
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FIGURE 8. EYEGLASS 0 2  DELIIVEWY SYSTEM 

22 



SVHSER 5661 

F!GLJRE 9, NOSE CLlP 0 2  DEL1WERY SYSTEM 
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FKGURE 10. NOSE COVER 0 2  DELEVERY SYSTEM 
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