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TECHNICAL MEMORANDUM X-64552 

REMOTE VISUAL INSPECTION SYSTEM 

SUMMARY 

The purpose of this project was to develop a visual inspection 
sys tem and techniques f o r  inspecting a r e a s  not access ib le  f o r  d i rec t  
viewing, such a s  the inside of valves and l ines  installed on a flight 
vehicle. The p a r a m e t e r s  within which this s y s t e m  was developed 
included : 

0 P o  r t abi lit y 

0 High image  resolution 

0 Permanen t  image  r e t  enti on 

0 . Operator  ease  of operation 

The phases of r e s e a r c h  included m i r r o r  sys t ems ,  rigid borescopes ,  
flexible f ibe r scopes ,  closed circui t  television, and light supplies.  

The project produced a n  operational television-fiberscope inspection 
sys t em which i s  available with an  opera tor  fo r  'Ion-call" service.  
sys t em i s  mounted i n  modular  sections on a s tandard laboratory c a r t ,  
weighs only 220 pounds, operates on 110 volts,  and can  be moved in  a 
c a r  o r  light t ruck  by one o r  two people. 

The 



SECTION I. INTRODUCTION 

The purpose of this  project was to develop a visual  inspection 
sys tem and techniques f o r  inspecting areas not access ib le  f o r  d i r ec t  
viewing, such  as the ins ide  of valves and lines installed on  a flight 
vehicle. The p a r a m e t e r s  within which this sys tem was developed 
included : 

0 Portabi l i ty  - -  System was  to be compact and flexible enough 
to permi t  ea sy  t ransportat ion by one o r  two people i n  a 
common vehicle such  as a pickup t r u c k  o r  l a r g e  car. 

0 High image  resolution - -  System resolution (was to be equal 
to the present  inspection devices o r  about 40 paired l ines 
pe r  millimeter. 

0 Permanen t  image  retention - - Permanen t  image  retention 
was to b e  ei ther  photographic fi lm o r  video tape. 

0 Operator  ease of operat ion - -  System was to be capable of 
entering c lose  places on  space  vehicles and still be  efficiently 
operated f o r  long periods of t ime without undue physical 
s t r a i n  on the opera tor .  

2 



SECTION 11. DISCUSSION 

The different phases of the investigation included m i r r o r  s ys t ems ,  
rigid borescopes  , the newer flexible f iberscopes , closed circui t  television, 
and light supplies.  

M i r r o r  sys t ems  range f r o m  a s imple ,  hand-held m i r r o r  (used i n  
a lmost  a l l  a r e a s  of inspection) to a 3-fOOt long, 1/2-inch d i ame te r  tube 
made with a s e r i e s  of m i r r o r s  o r  p r i s m s  which can t r ansmi t  the image 
through a limited curve.  

Borescopes have been  used in inspection for  many yea r s .  They 
can be obtained a s  "off-the-shelf" models  ( see  f igure 1) o r  a s  ve ry  
sophisticated special  purpose models  made to per form a specific task.  
Borescopes a r e  precis ion optical  ins t ruments  used fo r  a wide var ie ty  of 
internal  sur face  inspection problems.  
through holes as  sma l l  a s  .020 inch o r  to inspect l a r g e r  surfaces  s u c h a s  
heat exchanger  tubes,  4 inches i n  d iameter  and 60 feet  long. 
sys t ems  provide for  oblique, right angle,  o r  re t rospect ive visual f ields.  
(See f igure 2. ) Their lens  sys t ems  a r e  usually nonreflective coated to 
provide maximum light t r ansmiss ion  and bril l iant,  d i s tor t ion- f ree  images .  
The br ightest  images  a r e  obtained with borescopes  of la rge  d iameter  and 
short  length. A s  the length i s  increased ,  the i m a g e  br i l l iance dec reases  
due to light loss .  
approximately 1 inch in  d iameter  a t  a 1 -inch d is tance  f rom the objective 
lens .  
d iameter  for  a given magnification. 

They can  be used to inspect sur faces  

Their  optical 

In mos t  borescopes,  the observed visual a r e a  is 

The s ize  of the visual  field usually var ies  d i rec t ly  with the borescope 

The borescope  has th ree  basic  lens sys t ems ,  the objective, 
middle, and ocular .  
p r i s m s  and lenses  mounted close together.  
de te rmines  the angle of view, s i z e  of visual field, and the amount of light 
gathered by the sys tem.  The middle lenses  conserve the light entering 
the sys t em and conduct i t  through the tube to the e y e  with a minimum of 
light loss .  
on the quality of the image  obtained, that one company uses achromatic  
middle lenses ,  i. e.  , each lens is composed of two elements having the 
proper  curvature  and indices of refract ion.  
the sharpness  and t rue  color  of the image .  
borescope,  the image  requi res  r e v e r s a l  and /o r  invers ion  a t  the ocular .  
This is accomplished with a p r i s m  in  smal l  d i ame te r  borescopes and 
erecting lenses  i n  l a r g e r  sys tems.  

The objective lens sys t em consis ts  of a group of 
(See f igure 3 .  ) Design 

The design of the middle lenses  has  such a n  important  influence 

This s y s t e m  helps to p re se rve  
Depending on the design of the 
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A s  a resu l t  of the l a rge  number of different designs and configurations 
produced over the yea r s  by the var ious borescope  manufacturers ,  common 
pract ice  i s  to present  the inspection problem to one o r  m o r e  borescope  com-  
panies to design and build the p rec i se  borescope  required.  

Although borescopes  a r e  a valuable inspection tool, they are  
While they can  be used to inspect around a c o r n e r ,  the i r  l imited.  

rigid s t ruc ture  l imits  the i r  abil i ty to go around a bend. 
of their  objective end with i t s  required light source  also l imits the s ize  
of hole the unit can pass  through. 

The configuration 

The  bending l imitations of borescopes  are largely overcome by 
recent developments i n  image  t ransmit t ing coherent f iberoptic bundles. 
These fiberoptic bundles,  commonly called f iberscopes ( s e e  figure 4) ,  
have basical ly  the  s a m e  ocular  and objective lens  s y s t e m s  a s  rigid 
borescopes.  Thus,  with the s a m e  lens sys t ems  , the  s a m e  design c r i t e r i a  
and optical  operating p a r a m e t e r s  apply to both f iberscopes and rigid 
borescopes.  However,  the fiberscope suffers  a slightly g rea t e r  loss  of 
light and resolution i n  the f iber  bundle which is used in  place of the 
middle lense  sys tem of the rigid borescope.  
bundles are  made  of high quality optical g l a s s  with a high refract ive index, 
each f iber  being coated with a low index optical  glass .  The light entering 
one end of an  individual f iber  is f i r s t  refracted by the end sur face  and then 
reflected a t  a s e r i e s  of points along the wall  of the fiber,  the reflected 
angle being g rea t e r  than the c r i t i ca l  angle of the g lass .  
light e m e r g e s  a t  the o ther  end a t  a n  angle of the  s a m e  o r d e r  a s  the 
entrance angle. (See f igure 5. ) Since the f iber  is coated with a low 
index of refract ion optical  g l a s s ,  the  Loss of l igh t  is  due  mainly to 
absorption and mos t  of the light enter ing one end e m e r g e s  a t  the o ther .  
To produce an image,  each f iber  (over  2 5 0 , 0 0 0  f ibers  i n  a 1/4-inch square 
bundle) mus t  be in  the exact corresponding position at  each end of 
the bundle. 
t ransmit ted f rom one end to the o ther .  

The bet ter  quality fiber 

Finally, the 

Thus, they f o r m  a n  optical  plane and a n  image  will be 

Some f iberscopes have had a breakage  problem. I n  a standard 

One design f o r m s  the individual 
f iberscope,  each f ibe r  t r ansmi t s  a portion of the image  and i f  a fiber 
i s  broken, i t  appears  as a da rk  spot. 
f ibers  into sma l l  squa re  bundles which a r e  then grouped to fo rm a l a rge r  
bundle. This technique resu l t s  i n  a mos iac  pa t te rn  of the image  carrying 
f ibe r s .  This type of bundle, i f  formed in  a curve  and then rotated f r o m  
one end, will resu l t  i n  a l a rge  percentage of broken  f ibe r s  a f te r  a very 
short  use period. (See f igure 6.  ) Another design leaves the individual 
f ibers  loose in  a flexible meta l  o r  plastic shield.  This design permi ts  
smal l  radius  bends of the bundles and the sheath permi ts  the rotation of 
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Figure  4. Fiberscope 

CLADDING 

\ \  

- LIMITING MERIDONAL RAY 

Figure  5. Light Pa th  Through E a c h  F i b e r  i n  F iberscopes  

F igure  6. F iberscope ' s  Broken F i b e r s  
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a curved bundle without adve r se  effects.  One company, experiencing 
fiber breakage,  has  added a p r i s m  i n  the objective which d i spe r ses  the 
image  so  the color  information f r o m  each point i n  the image  i s  spread  
over  a series of. f i be r s .  
p r i s m  i n  the ocular .  
is not a black void i n  the image  but a slightly darkened s t r eak ,  i n  which 
different wavelengths have  been removed.  
multiplexing scheme ,  resolution is increased .  T e n  mic ron  fiber 
elements have an inherent  resolving capability of 50 l ines per  mi l l imeter .  
By multiplexing bi ts  of information through a number of f ibers ,  this 
resolution can  theoretically be doubled. In actual  pract ice ,  the gain is 
about 60 percent .  

The image  i s  then reconstructed by another 
Thus,  i f  a par t icular  f iber  is broken, the effect 

Since this i s  i n  effect a 

The  development of these f iber  bundles for  industr ia l  use 
presents  many problems.  
transmitt ing bundles mus t  have good optical  performance,  good resolution, 
color  rendition, and contrast .  
repeated use i n  visually inaccessible  a r e a s  and adapt themselves  to the 
i r r e g u l a r  contours.  

The borescopes  incorporating optical  image  

They must  be rugged enough to stand 

Another method of indirect ly  viewing a r e a s  is a closed circui t  
television sys tem.  The c a m e r a s  c a n  be as s m a l l  a s  1 1 / 2  inches i n  
d i ame te r  and can  be fed through hundreds of feet  of pipe such as  4-inch 
gas mains  and other  l a r g e r  cavi t ies .  These sys t ems  can contain video 
tape capabili t ies f o r  a continuing picture  of the objective under observation. 
The television sys tem can  be obtained with high resolution c a m e r a s  and 
monitors which give r e su l t s  comparable  to the bes t  rigid borescope. 

When a n  in te rna l  inspection device such as the borescope  is used,  
illumination is a m a j o r  i tem.  At the present  t ime,  incandescent lamps 
a r e  used a t  the objective end of rigid borescopes  and a t  the ocular  o r  
objective end of the flexible fiberoptic borescopes.  When the incandescent 
lamp is  used a t  the ocular  end, i t  i s  e i ther  i n  a separa te ,  r emote  unit 
and connected by a n  optical  f iber  bundle: o r  i t  i s  mounted d i rec t ly  on the 
ocular  section of the borescope.  In e i ther  c a s e ,  the light is t ransmi t ted  
along the borescope  by a f iber  bundle. 
section is l lhalo" shaped around the image  section. 

In one case ,  the light t ransmit t ing 

While the optical f iber t ransmiss ion  sys t em looses  s o m e  light, 

Light f rom high intensity projection bulbs c a n  be t ransmit ted via 
i t  de l ivers  Itcold" light to  the objective and hence, i s  safe  in a n  explosive 
a r e a .  
f iber bundles to give sufficient illumination f o r  photographic o r  television 
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recording of the ocular  image. 
var ie ty  of photographic and television equipment can  be  used. 
accura te ,  permanent  record  c a n  be easily obtained on a n  en t i r e  sys t em,  
and individual points m a y  be  closely scrutinized at a l a t e r  da te .  
intensity and polarization become a factor i n  highly reflective in t e r io r s  
such as s t a in l e s s  s t ee l ,  a luminum, and fine sur face  machine work. 

With proper  lens  and adaptors ,  a wide 
An 

Light 

A review of the preceeding sys tems led to  the development of a 
sys tem mating the flexible f iberscope with the closed c i rcu i t  television 
sys t em.  This was done by using the s tandard eye piece o r  ocular  lens 
assembly  to  project the image  of the i tem under inspection. 
genera l  p rac t ice  to  a d d  a n  adapter  lens between the f iberscope o r  borescope 
and the f i lm o r  television c a m e r a s .  The addition of this lens cuts  down 
the available light a t  the f i lm plane o r  on the vidicon tube of a television 
camera .  
A s  a means  of overcoming these  two problems,  the ocular  lens  of the 
f iberscope was modified so i t  projected a 5 / 8  -inch diameter image  at 
a dis tance of 4 inches f rom the  eye piece of the fiberscope. The lens 
modification was accomplished by spacing the final lens assembly  
approximately 5 /  16-inch beyond i t s  original position on the f iberscope.  
This can  be  easi ly  done b y  loosening a s e t  s c r e w  and relocating the eye 
piece (figure 7 a and b) o r  replacing the eye piece with an adaptor lens  (figure 
7b). Utilizing the ocular  l ens  o r  eye piece of t he  f iberscope as a 
projecting lens  required a n  adustable extension tube to  keep external  
light f r o m  reaching the face of the television c a m e r a  vidicon tube.  Also, 
a mounting fixture was designed to hold the television c a m e r a  f i rmly  and 
cor rec t ly  align the eye piece of the f iberscope with the vidicon tube. It 
was necessa ry  to keep this unit as  small as possible,  so i t  could be 
car r ied  into physically r e s t r i c t ed  a r e a s  of space  vehicles.  
Instead of mounting the television camera  on the f iberscope support ,  t he  
vidicon tube and i t s  e lectronic  yoke control a s sembly  w e r e  removed f rom 
the main  c a m e r a  body and mounted direct ly  on the f iberscope ocular  
end support  bracket .  
adapter  cable to the ma in  c a m e r a  body and its controls.  
i n  t u r n  connected to two other  units. The f i r s t  unit was a Model RCV 17 
Conrac TV monitor with a n  inherent  resolution of 500 l ines .  The second 
unit was a video distribution amplif ier  which could feed the video signal to 
another communications building where the image  and audio could be 
permanently recorded o r  sent out over  the George C.  Marshal l  Space 
Flight Center  (MSFC) television distribution sys tem.  

It i s  a 

The adapter  lens a l s o  cuts  down on the total  sys tem resolution. 

(See f igure 8 . )  

The a s sembly  was electr ical ly  connected by an 
The camera was 
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a .  

b .  

- ADJUSTABLE SPACE 
SET SCREW \ 

EYE PIECE 

ADAPTOR LENS 

F igu re  7 .  Lens  Modification 

F igu re  8.  C a m e r a  and F ibe r scope  Assembly 

10. 



The MSFC distribution sys t em reaches  management level off ices ,  
conference rooms ,  and other  selected locations.  If the inspection unit 
i s  not i n  a n  area where  t h e r e  is a hard wi re  connection with the communi- 
cations cen te r ,  then the signal can  be t ransmit ted by microwave l ink.  
There  i s  a l s o  a capability of using the f iberscope and TV c a m e r a  at a 
remote  location such  as Launch Complex 39 and having the defect shown 
at MSFC at the  s a m e  time it i s  seen a t  the r emote  location. 

Even though the c a m e r a  was equipped with a low-light level vidicon 
tube, compatible with the basic  800 -line resolution specification, a good 
light sou rce  was needed. Two commerc ia l  units w e r e  obtained. The 
p r i m a r y  light sou rce  i s  an Amer ican  Cystoscope Makers  Model FCB- 1000 
routine and photographic light supply (figure 9 ) .  The unit consis ts  of 
two l amps .  
150 watts,  focused to  provide a spot of light of maximum intensity on the  
f a c e  of the light c a r r i e r  bundle plugged into the front of the c a s e .  
second is a n  a rc  l amp  designed f o r  photographic purposes .  
generated a t  the input fact of the f iber  bundle is 300 to 500 percent  g r e a t e r  
than that of the incandescent lamp.  
at the end of a 6-foot, 5 millimeter f iber  bundle. This unit is  good f o r  
photographic use because  of i t s  constant 5000° K color  t empera tu re  which 
permi ts  be t t e r  color  f i lm balance.  
F iber  Corporat ion Model Q l  250 (figure L O )  unit which del ivers  up to 
11 ,000  candle power with a color t empera tu re  of 2800OK. This light 
supply has  a n  a s so r tmen t  of noncoherent f iberoptic "light pipes. 
unit is  used to  "side" o r  "back" light the i t em under inspection. 
m o r e  depth of f i e l d  to  t he  image  for  be t t e r  identification. 

One of the lamps  i s  a n  incandescent projection l a m p  of 

The  
The intensity 

Four  thousand-foot candles a r e  emitted 

The second light supply is a n  Optical 

This 
This gives 

The p r i m a r y  light supply i s  connected to the f iberscope bv a 
5-foot long, highly flexible, noncoherent fiber bundle. Another bundle 
is built into the f iberscope that c a r r i e s  t he  light to the ve ry  t ip  of the 
f iberscope.  In this  model f iberscope,  t he  light sou rce  i l luminates a n  
a r e a  essent ia l ly  s t ra ight  ahead along the axis of t he  f iberscope.  

The f iberscope i s  a n  Amer ican  Cystoscope Makers  Model 
BFO-3864-DD. This i s  basical ly  a medical device with minor  adaptations 
for  use  i n  the mechanical inspection f i e l d .  
piece and the objective end has a r emote  controlled focal length capability. 
A 6-inch section of the objective end c a n  be  remotely pivoted during use.  
(See f igure 11. ) 

It has  a n  adjustable eye 



Figure  9 .  P r i m a r y  Light Source  

F i g u r e  10. Secondary Light Supply 

F igure  11. Pivotable Objective End of F iberscope  
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The objective lens can be  focused through a range of f rom 1 / 4  to 

The f iberscope can penetrate  into 
1 1 / 4  inches and has a f i e l d  of view of f rom 1 /8  to 1 squa re  inch d i r ec t ly  
proportional to the viewing dis tance.  
a n  object up to  6 f ee t ,  which means  that it c a n  b e  used to inspect a 
12-foot tube i f  both ends are open. 

The  camera and f iberscope can  be placed into some  areas that a 
man ' s  head cannot r e a c h  fo r  solid borescope use.  The en t i r e  sys tem is 
modularized s o  i t  can b e  carried into mos t  areas that a m a n  can  get  
to .  When the sys tem i s  separa ted ,  with the c a m e r a  i n  one area and the 
monitor i n  another ,  a s p a r e  monitor of sma l l  s i z e  (7 to 10 inches)  must 
be with the opera tor  so he  can position the bundle co r rec t ly .  
light supply is  moved m o r e  than 6 feet f r o m  the  f iberscope - vidicon unit, 
excessive light l o s s  will occur .  
focusing points would eliminate a m a j o r  portion of this problem. 

When the 

A'redesign of the f iber  bundle and the 

A f t e r  these  var ious components w e r e  integrated into a working 
sys tem,  it was mounted on a portable c a r t .  (See f igure 12. ) This  
equipment can  be easi ly  t ransported to  a lmos t  any s i te  i n  the country.  
It requi res  only 20 a m p e r e s  at  110 volts f o r  operat ion and weighs 
approximately 220 pounds complete.  

F i g u r e  12. Remote Visual Inspection Sys tem Mounted on a 
Por tab le  C a r t .  

13 



SECTION 111. APPLICATION 

This sys t em c a n  be used i n  many areas of inspection, design, and 
The technology used to design th i s  sys t em could be f a i lu re  analysis .  

applied to  improving existing units i n  the medical profession f o r  use  i n  
space medicine,  i. e. , measuremen t  of organ  movement during launch 
conditions. 

In the inspection field,  many sys t ems  on t h e  space  shuttle can be  
aided by incorporating provisions for  use of th i s  sys tem.  If s m a l l ,  
light -weight tubes were  installed during ini t ia l  construction, the 
inspection of critical a r e a s  fo r  possible refurbishment  would be  much 
f a s t e r .  The  wing attachment a r e a s ,  a r e a s  of maximum heat and fo rce ,  
t h rus t  a r e a s ,  control  sur face  supports ,  and controls will all have to be 
checked, s o m e  i n  space  and all after landing. A smal l  guide tube could 
d i r ec t  the f iberscope to  exactly the right spot to faci l i ta te  inspection of 
these  areas.  A g r e a t  d e a l  of t ime i s  lost  in  some areas because of the 
t ime needed to  prec ise ly  place inspection devices f o r  c r i t i ca l  observation. 
Many valves,  controls ,  and electronic  "black boxes" can be  quickly 
checked f o r  the effects of r e -en t ry  heat. 
damage f r o m  lift-off f o r c e s  and vibrations.  
the f iberscope can br ing a constant, r ea l - t ime  image  f rom a unit i n  cold 
t e s t s ,  on vibration tab les ,  thermal  shock, and many other  types of 
analysis  to an  opera tor  or group of obse rve r s  where  they can  view the 
operation d i r ec t ly  o r  review i t  later with a taped replay. 

They can  a l so  be checked for  
In the f ie ld  of design ana lys i s ,  

This sys tem provides the capability f o r  m o r e  than one man to s e e  
a defective area a t  the same  time. 
existed i n  that when a borescope is  used succeeding viewers may  not see 
the s a m e  thing. 
by someone who does not use one often and does not know the internal  area 
of the i t e m  under inspection. 
person, he may  not reposit ion it i n  exactly the same position and consequently 
will not s e e  what the f i r s t  inspector  saw; hence, a faulty evaluation r e s u l t s .  
With the television sys tem and i t s  monitor ,  any number of people can  s e e  
the s a m e  defect a t  the same t ime.  

F o r  many y e a r s ,  a problem has 

This  o c c u r s  because of the difficulty i n  orienting a borescope 

When the borescope is  passed to  another 

Now that many space  boos te rs  and subassemblies  are  being s tored 
i n  environmentally controlled areas ,  another type of inspection is  needed. 
These units need to r e m a i n  sealed and yet monitored f o r  contamination of 
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the i r  sys t ems .  
the t ime  of s to rage ,  the sys t ems  could be surveyed during s torage  for  
contamination and cor ros ion .  An a l t e rna te  method would be to i n s e r t  
the f iber  bundle through sealing bayonnet ports  which would a l so  permi t  
inspection without compromising sys tem integrity.  

If f iberoptic bundles were  placed i n  selected s y s t e m s  a t  

The techniques discussed i n  th i s  repor t  can  be used i n  the medical  

The area of diagnostic 
field as  well. While f iberscopes  are  i n  use i n  medicine,  the need exists 
to develop the "real time" capability of video tape.  
investigation and consultation can well use the "group viewing" and long 
distance t r ansmiss ion  of video data between medical  c e n t e r s .  

1 5  



SECTION IV. F U T U R E  DEVELOPMENT 

There  i s  much m o r e  development needed i n  this f i e l d .  F i r s t ,  
there  a r e  many problems with illuminating the a r e a  under investigation. 
The choice of vidicon tube charac te r i s t ics  depends on the d ispers ion  
angle of the i l lumination a t  the ocular lens ,  the acceptance angle of 
the lens, and i t s  light gathering quali t ies.  This means  that the light that 
will work with one fiberscope under some  circumstances will b u r n  out 
and des t roy  the vidicon tube with another f iberscope i n  another situation. 

Poss ib le  solutions involve polarized light, diffusion lenses developed 
for  use with f iberscopes,  and finding a limited number of vidicon tubes 
that will accept the different situations involving f iberscopes,  light 
supplies and inspection situations.  

Another a r e a  that needs investigation i s  the use of ultraviolet light 
with the f iberscope.  
the end of the f iber  bundle i s  found, a g rea t  s tep  forward  i n  weld and 
casting inspection will resu l t .  
penetrants,  any c racks  o r  passages f rom the outside of a casting to the 
inside could be quickly seen.  
Light will not pass  through the g l a s s  of a f iber  bundle. When a method 
to i l luminate the a r e a  being inspected with the f iberscope i s  found, 
the dye will f luoresce  and the resul tant  light will be  visible by no rma l  
means.  

When a method to produce a n  ultraviolet light a t  

Through the use  of fluorescent dye 

The problem l ies  i n  the fac t  that ultraviolet 

Within the space field as well a s  the medica l  field the re  i s  a need 
This for  accura te  color rendition and t ransmiss ion  through f iberopt ics .  

is needed for  cor ros ion  and contamination investigation. 
rendition on a “ rea l  t ime”  basis  would great ly  help the development of 
cer ta in  diagnostic and surg ica l  techniques, i. e .  , su rge ry  on the retina 
of the eye.  

Good color 
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SECTION V. CONCLUSIONS 

The project produced a n  operational television - f iberscope inspection 
sys tem which is available with a n  opera tor  fo r  "on call" s e rv i ce .  

The sys tem consis ts  of :  

0 A Sylvania 800 series c a m e r a  with 800 line resolution. 

0 A Conrac  Model 14 TV monitor  with about 500 l ine resolution. 

0 An Amer ican  Cystoscope Maker ' s  Light Supply Model 1000 
containing a 150 -watt l amp and a 1000-watt m e r c u r y  vapor 
lamp.  

0 A f iberopt ic  light supply with a 150-watt lamp. 

0 Two Amer ican  Cystoscope M a k e r ' s  Model BFO-3864-DD 
fiberscopes,  one has a 1 /8  to  1 square  inch f i e l d  s i z e  and 
1 / 4  to  1 1 /2- iach focus capability and the o ther  has  a 2 
squa re  inch to over  LO squa re  foot field with a focus capability 
f r o m  1 to o v e r  10 inches.  Both f iberscopes a re  72 inches long, 
have r emote  focus of the objective l ens ,  and have remote  
position control of the f inal  6 inches of the tip. 

The sys t em is mounted i n  modular  sections on a'standard laboratory 
c a r t ,  weighs 220 pounds, requi res  20 a m p e r e s  at 110 vol ts ,  and c a n  be 
loaded into a car o r  light t ruck  by one o r  two people. 

The  r emote  visual  inspection sys t em needs fur ther  r e s e a r c h  and 
development i n  the areas of illumination, use  of ultraviolet  light with the 
f iberscope,  and color  rendition and t r ansmiss ion  through fiberoptics ~ 
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TECHNICAL MEMORANDUM X-64552 

APPROVAL 

REMOTE VISUAL INSPECTION SYSTEM 

The information in  th i s  repor t  has been reviewed f o r  secur i ty  
classification. 
Defense o r  Atomic Energy Commission p rograms  has  been made by the 
MSFC Securi ty  Classification Officer. This repor t ,  in i t s  entire'iy, has  
been de termined  to be unclassified.  

Review of any information concerning Department of 

This  document has  a l so  been reviewed and  approved for technical 
accu racy  . 

, 
F. Wells, Chief ~ 

T e s t Res e a r  ch Section 

R. Henri'tze, -Chief& 
Analytical Operat ions Division 

Quality and  Reliability Assu rance  Labora tory  

18 



DISTRIBUTION 

DIR Scientific and Technical Information 
DEP-T  F a c i l i t y  (2  5) 

A& TS-TU -DIR, J. Wiggins P. 0. Box33  
A&TS-PAT, L.  D. Wofford, Jr .  College P a r k ,  Maryland 20740 

Attn: NASA Representat ive (S-AK/RKT) 
n 

AD -S 

A& TS - MS -H 
A&TS-MS-IP (2)  
A& TS-MS-IL (8) 
A&TS-TU (6) 
S&E-ASTN-DIR, K. L.  Heimburg 
S& E -A STN - T, W. Graft  o n  
S&E -ASTN-A, J. S t e r e t t  
S&E-ME-D, F. Weckwarth 
S&E-ME- T, W. Franklin 
S&E-ME-M, W .  Angele 
S&E-R-DIR, Dr.  Johnson 
S&E-R-DIR, G. Miles 
S&E-QUAL-DIR, D .  G r a u  
S&E-QUAL-F, P. Davis 
S&E-QUAL-J,  E. Klauss  
S&E-QUAL-J, E. Mintz 
S&E-QUAL-J,  E.  Buhmann 
S&E-QUAL-S, E. Smith 
S&E-QUAL-S, L. C u r r a n  
S&E-QUAL-S, J. Trader 
S&E-QUAL-S, C .  Norton 
S&E-QUAL-A, L. Logan 
S&E-QUAL-AT, C.  C l a r k  
S&E-QUAL-AA, E. Hendricks (3) 
S&E-QUAL-AF, J. Al len  (3) 
S&E-QUAL-AR, F .  Bat ty  
S&E-QUAL-ART, F. Wells (50)  
PM-DIR, M.  Dyer  
PM-MA-Q, J. Daly 
P M  -MA -QE , W. Her r ingto n 

PM-SL-TQ, J. Chambers  
PM-EP-Q,  A .  Steinberg (2 )  

PD-RV, H. Burns ( 3 )  

PM-PR-M 

P M  -SA T -Q , J. Moody 

19 
MSFC-RSA, Ala 


