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I~. A S I O N  Of  T H I S P*UE 14 5 .,, (‘a’. b lared)

organizations , a famil iar izat ion wi th the wor king level procedures was acquired .
Similar i t ies and differences in procedures , personnel, test equipment , complaint
and equipment supported at installations under different major comands were
noted . A wide range of avionics from old , tub Lype equipment through the
latest solid-state equipment just being introdu~.ed into the inventory wasconsidered in the selection of organiza tions to be visited . Difficulties in
obtaining replacement parts and dissatisfaction with test equipment were found
to be the problems most often voiced by maintenance personnel . To persons from
a laboratory env i ronment , the age of some equipment still in use was shocking
and the necessity for designing avionics to provide reliable service for 15 to
20 years was strongly realized . The need for early consideration of ATE
requirements to insure rapid , cost-effective fault isolation in new avionics
design is emphasized as one conclusion to the study.

I

S CC U N I T  y C L A S S I Y I CA T I O N  01 THIS PAG E fWhen Gala Inhered)

H . .~~~ 
- 

~~~~~~ 

_ _ _  

_



FOREWORD

T h i s  report is an assessment  ot A i r  lor c c  a v i o n i c s  m a i n t e n a n c e
as p r e s e n t l y  implemented  and as it  mig ht  he a f f ec ted  by c h a n ~~e in

p o l i c y  and procedures and by t echnology  d e v e l o p m e n t .  i’he i n t e n t
of the report is  to inform AF Av ion ics  Labora to ry  management  on
curren t practices and identify actions the Laboratory mi ght t ake  t o

solve some of the known avionics maintenanc e problems .

The reader should hear in mind t ha t  the authors are not all -

knowing. While each of us has been involved to some extent i n

electronics maintenance , most of t h e information contained herein

has been gathered from others by interv i ews. This introduces

severa l prob lems which are as follows :

First , is the problem of time . To gather perfect data would

requir~ forever since changes in the system occur continuall y, e.g.,

new systems entering the inventory . To he useful , a report mus t  he

w r i t t e n  even if the data set is incomplete.

Second , imperfections are introduced into the d a t a  t h r o u g h  a l l

the ways humans have of coloring data. Most of this coloring is

unconscious ; some of it is not. Since the interview t e c h n i que w as

the main sourceof information , we are passing on to the r e a d e r

impressions we have of what many others have said.

Thi rd , not all the data one mi ght desire on the s u hj c ~~t is

presented. In some cases , the authors may not h a v e  a sk ed  t h e

appropriate questions , while in others , Lh e desired da t a  was simply

not available. Errors may also have been introduced into t h e  d a t a

due to reliance on memory to avoid the inhibitor y effect of note

taking or tape recording in the presence of the maintenance p e r s o n n e l

being interv i ewed. Very little statistica l data are presente d .
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W i t h a l l  i t s  i m p e r f e c t i o i i ’~. , t h e  au t h o rs b e l i e v e  the s tudy  p resen ts

an a c c u r a t e  and u se fu l p i c t u re of the  a v i o n i c s  ma i n t en an c e  process

and t he  p rob 1 ems ssoc i at e d  w i t h  i t

The authors  thank  a l l  t he  peop le  who p ro v ided  t h e  i n f o rm a t i o n

c o n t a i n e d  h e r e i n .  W i t h o u t  the  f a c t s  and opinions they so frankl y

provided , this study could not have been completed . The authors

take full responsibility for any errors w h i c h  may have slipped

into the report , and for the conclusions and recommendations

presented.
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1 . I NTROI If t :  I I  ON

A. Why the Study Was__Conducted

In the last few years , iv  ion  i cs cost  s h a v e  rece i ved inc rca ‘~ i ng

h i  r h — level attention. The reason for th is a t t e n t  ion is that

avionics costs are  large and hav e been r i  s i n g  f a s t e r  than .i  N r i f t

costs in g e n e r a l .  Ai m-craft being a cq u i r e d  today  have ipproxi m a te l v

half their t o t a l  v a l u e  t i e d  up i n  a v i o n i c s .

It  is  not  s u r p ri  s i n g  t h a t  a v i o n i c s  ma i n tenance  c o s t s  h a v e a l s o

be en  r i s i n g  w i t h  respect t o  ot h e r  a i r c r a f t  n m a i n t e n a n c e  c o s t s .  I t

was  c o n s e r va t i v e l y  est m a ted  t h a t  in  f i s c a l  107 .2 he  .\ i  r I u r c c  spen t

S l . 3  b i l l i o n  for  av i o n i c s  m a i n t e n a n c e  a l on e * . The reasons  for the

r a p i d  r i s e  of a v i o n i c s  maintenance costs are : (1) an e xp o n e n t i a l

i n c r e a s e  in  a v i o n i c s  c o mp l e x i t y  w i t h  r espec t  t o  t i m e  and ( 2 )  the

i n f l a t i o n  of peop le  co s t s  i n  t h i s  l abo r  i n t e n s i v e  f i e l d .

The hi gh-level attention given to reducing nc ionics cos t s

pronp ted contractors and government  emp loyees a l i k e  to  devise and

prop osc  for f u n d i n g  many  i deas wh i ch were  a l l e g e d  to r e d u c e  i v  I o f l i  cS

I i  f e — c y c  i e c o s t s  . M a n y  of t h e s e  I)r opos~m l s  were dependent  on r e d u c i n g

iv  i on i c ma i n t e n  , ( ( 1 C  costs as the  m a j o r  pa r t  of t h e  savings g e n e r a t e d

‘File D i r e c t o r , E l e c t r o n i c  T e c h n o l o g y  I ) i v i s i o n , r eques t ed  t h i s

s t u dy  t o  be conduc ted  so t ha t  he , o t h e r  Laboratory managers . and

h . ah o r a  I cr y  e n g i n e e r ’ s  c o u l d  make  more i n f o r m e d  dcc i s ions  on l)r oposa Is

whose  xp re s scd  a i m  was a v i o n i c s  m a i n t e n a n c e  cos t  r educ t  ion .

Nd ~~ 011 , ;.~ r~ R . , R o b e r t  M . G a y ,  and C h a r l e s  R o b er t  R o l l  , Jr.

~Tu ij ower  Co s t  R e d u ct  i O n  i n  El ect ron i cs M a i n t e n a n c e :
I r am ewl )  i-k and  Rec ommenda t i o im s  . Rand  R ep o r t  R I 153 - \ R I ’ ,\
Rand  C o r p .  , San ta  M oni  Ca , C a l l  for mn ia , J u l y l~Y’ I

I



B. ‘~t vd~ O l l m e c t  i c e s

I .  I c  F i n d  H u t  low A v i o n i c s  ~1u i l i t c n a n c c  I s  A c c o m p l  i s I ~~’d I n

Iod:m ~~’s \i r Force . Iii is o b j c c t  i v e  w ; i ’ ~ p r i m a r y . The study w i l l

h a v e  b e en  we  r t  h w } i  i Ic i f I 5101 r a t  o rv  w’ r s )n n e  1 b e t  t c r  m d c  rs t and  t i c

m m -  o n - c e  iv  I cnN cs ma I r i  e n a n c e  p roces s  w i  t i m  i t s  p m-oh 1 ems m i d  s t  ren~~i l i ~~~

I i~c l a d e d  i n  t h i  s o h m  cc i cc w e r e :

An u n d e r s t a n d i n g  U t  t h e  f : m u l  t d e t e c t  i o n  p r O c e s s . W ho

dci  t 5 iv  i o n  cs m a l  f i m n c t  i o n s ?  111cc a r e  t i m e  ma l f m m n c t  i o n s  d e t e c t e d ?

ichen a r c  t h e y  det  cc t e d ?  lV h;i t p r oh  I ems are  ssoc i a t  ed w I th  t h e

p r o c e s s ’?

I ) . \n  u n d m ’ r s t i m m d i n g  of t h e  f a u l t  i s o l a t  i on  p r o c e s s .  Who ~~Y i  —

t h e  f a m .ml  t so l  i t  ( I l l . W h e r e  i s  i t  ; i c cv ap  I i s hed?  W h a t  dat  a i

i c ; i i I : m h l e  1 a s s i s t  t h e  I c( ’~~~? W h a t  s o r t s  o f ’ e q u i p m e n t  a s s i s t  i n

l a i d  t i so  l a t  i o n . ’ h o w  et I ect  i ye i s  t h i s  equi p m e n t ?  W h a t  c h a n g es  a r e

o c c u r r i n g  amid a n t  i c i p : l t ( ’ d  in  t h e  f a u l t  i s o l a t i o n  p rocess ’?

c . An un i l l m’ s t : i n d i n g  of w o r k  and  docu m e n t a t i o n  f l o w s  w i t h i n

t i m  a v i o n i c s  ma i n t c n ; m r : ~ I,’ sv’;tcn, . Who accomp l i s hed  w h a t  t a s k s ?  When

does a p i e c e  of a v i o n i c s  get  h a n d e d  o f f  to another level of ma i n t e n —

ance? WIm a t  d im ta  I s t r :i  m i s  i c  rred a t  t h e  \ ‘ a r i ous h a n d o t ’f p o i n t s ?

Flo w is t h e  d a t a  t r a n s f e r  a c c o m p l i s h e d ?  I l ow e f ’ f ect i v e  is t he  d a t a

t r a n s  f i r ?  b h a  t ar e  t h e  prol) 1 emils Is i th  WOrk  and  ( I ( I c t i f l l e n t a  t i o n  f l o w s ?

Wh at  changes  a re  o c c u r r i n g  and a ct  i c i p a t e d ’ :’

2 .  I c  Ar ia  I v :e the  H i t a  C o l l e c t e d .  I mc, 1 uded i n  this object ive

we r e :

a . A s s e s  sment  of ’ hu i 1 t — i n  t e s t  equ i pmen t (B LU )  and  a t i t o m m m a  t i c

t e st  e q m i  i p m mme nt  I A l  I .  I w i  t h  I’ ’ spe c t  to  t h e  C q U i  p mrm en t  i n  the i n v e n t  cry

and t h e p e op l e  u s i n g  i t .
— . 

h .  A s s e s s m e n t  of t h e  v a r i o u s  l o g i s t i c s  suppor t  concep t s  i i i  USC

and p r o 1n I u l ’ d  t I m  d e t e r m i n e  t i m e  p r o b l e m s  and  p o t en t  i a l  s o f ’ eac h

c . I t e t e r m i m i n a t  i o n  o f 1) m - 0h len  a re a s  a m e n a b l e  t o  technological

s o l ut  ion  b y t h e  l a b o r a t o r y  or  t h e  E l e c t r o n i c  ‘l ’ e chno l ogv D i v i s i o n .

2



.1 . I i )  i teco f l mmlmm. n 1I P r o g n ’ a m m m s  l c d / I l l  t . l i ; i i i g , ’ :  t i  I i e c r e u ’-e the Costs

and  I m p r o v e  .~1’’ . f f t c t i v c n c s~m ‘ I t  \~~ i o n  vs  ‘bu n t  e m m a m m c e  . I mmc l md ’ . d i n

t h i s  o b j e c t  iye mse r5 r e c o m u m c m m d a t  i o n s  f o r :

a . It t b  I I I i L ~ a m i d s h o r t  t cm -rn  p r op  m a r m m s  :111 ( 1 t Eu r : 1: - s c i t  ed

p~iy o f  I s  b w h i c h  t h e  : u l i o r : m t  oN c h I l d  ease ma h i t  e r m a n c e  prob l ems

t i m  ci m i i i  ( ( ‘ C h i l l )  I ( l l ’ V  or ei~u I pmiicr l t  d ev e l  ( ) p l i i i ’ n  1 5

b . St  r a t  eg i es fo r  opt  i m i  z i up . mean t i m e  lc , ’t  ic, en f ; m i I im’ c a i i i

mea n t i m e  to  r e p a i r  w h i l e  min imi:in g I i f e — c v c l e  c o s t S  and  n w x i n i m z i n g

cqu i p m m m e n t  ova  i lab  i I i  t v

C.  l i m i t a t i o n s

‘1 10 of t h e  t a c t i c ’s wh i ch cons tra m e d  t h e  ‘~t udy and d e t e r m m : i  m c d

i t s  c h a r a c t e r  h e a r  m e n t i o n i n g .

I. F i rs t , the s t u dy  team member s  w e r e  not e x p e r t s  ii i  t i m e  m a i n —

t c n~inc e  f i e l d .  E~m c h had  1 m u  t ed  ex p e r i e n c e  m~ t im 1101) im a i m m t e n a n m c e .

\ O I i e  of t h e  t e a m  members , h o w e v e r , m o d  ~~‘r k c d  is a t e c h n i c i a n  or i

‘ • . l ip e N  i s o r  in  A i r  l ’ oi’vc ’ a v i o n i c s  i i i : i m n t e n a n c c .  W I i i  I c  t h i s  w a s  i n d e e d

a l i m i t a t i o n  I s i n c e  it re qu  i red a f a m i  I ma m i  ::I t i n n  p er  I i d )  , i t  h a d  i t s

:i d v i i m t ; i g m ,’ . ‘i’he authors h o i w ’  t I i ~ P 1’ e c ’ r t ; m n 1 , 1 1 1  i t  t i m e  I ’Oc e sS  is i l l  he

more u n d e r s t a n d a b l e  t o  t h o s e  ou tsid e t I l l  m n a i n t i m m m n c e  f i e l d  h c ’v , i i i s e

w e  t r i e d  to t : i k e  n o t h i n g  f o r  g m - m u t e d  i n  f i n d i n g  oi, ’t  h ow t I m e  m a i n t e n a n c e

sy s t e l f l  w o r k s .

2 . Second , comp I Ii rig and redi m ,  i ng s t a t  i s  t j cal  d m i to wa s n i t  one

of the I b h ) t C c l  v i’s o f ’ the utm i il v . It Eu ’ e : i m ime  a pp a r e n t  t h a t  much m m t ’ t h ,

m l : i t ; i  w h i c h  m~i~m iid be u s e f u l ( m a m m \ ’  i t  t h e  i’ m i ~~~~t ‘ , w i i m ’ L h o u r s  , Ia liim - ~’

n u t  i s  , r rm e :I  m m t i m i me b e t  m~ I c c  t a  i I ur e  a mid nmieami t i me t o re p ;m i r )  we 1- c eu icr

r m a c c e s s  i b !  e , w i de l  y s c a t  t e red , or h i  as i’d b y t I m e  m m m a n : I g e : ; I ’  l i t  and

r e p o r t i n g  ‘ s t e m . The a u t h o r s  had  l i t t l e  or no e xp e r i e n c e  m m

i ’ : t mat m m  ‘ I ’ l l  d a t  :1 l i on  av a  i l a b  I c  d a t a  . M i m m y  ill the s t . i t  1st i c m l

spec t s m i t ’ avi mm m i h’s ma i n n  t i ‘ m m m c c  h a v e  f i e e m m  ~‘I 1 \  e i i ’ d  p i eceimi e ; I  I i n  o t h e r

s t u d i e s . An i n t e g i ’ : it ed  s t a t i ’ t  L : i l  p i c t i i r c  mi gh t  be an . ip p r o p r i ; i t i ’

s m m h j c I I I )  r 1 fo 1111w —1111  et tlm r t



II . IlOfs ’ ’I’IIL SI l lI lY WAS Eu).\lIJ ( : 11d m

A .  R a c k g  r ’ i n r m d

\ t  t h e  out  set of  tin is p 1- 0 g m - ann  it was r e a l  i :ed that a h a c k —

groum i d p h ;m se  w o u l d  he r e q u i r e d  for  time Av ion i cs Ma i nt emma li ce ‘le arn

to su r v c v  t he  o v u m  l ab  I e I i  t e r a t u r e  amid become fam i I i ; i  m- w i t im u m y i on i vs

ma i ntem ianic e procedures am -id t ernm i r io 1 o ,g~’ . A s c  a rch  of t h e  D el  ( ‘ m l  -e

Docum entuit i o n  Center and the  Defense  Log I St CS  Studies I n i f o r m a t i o n

I \ C I m  : m r i p e  revea led a I a  rge amoun t  of i n  Ic rmn a t ion r e l a t e d  t o  n m a i n  t a i n  —

ah i  1 mtv , rd i ai)i 1it~’ , and l i f e  c y c l e ’  cos t  m o d e l s / t e c h n i q u e s .  ‘ F i m i s

d;i t a  w a s  ob ta  i ned and to the mum x i  mum e x t  e m i t  pos 5 i h l  e I ud i ed b y t i c

t e a m  memb ers  p r i o r  to v i s i t s  to o p e r a t  i o n ; m l  c o r n m m m ; m n d s  . D u r i n g  t h i s

p h a s e  the t eam members  a l s o  f am i l i a r i  :ed t h m e : : i s e l y e s  mci  t h  t h e  A i r  Force

m a i n t e n a n c e  m a n a g e m e n t  p h i  l o sophy  as cont  m e d  i n  Al  M (~
(
~~— 1.  I : i n a l  l y

m e e t i n g s  wi re h e l d  w i t h  l o c a l  p e r s o n n e l  t a n r m i 1 i ; m r  w i t h  t h e  A i r  F o r c e

nia I n m t e ’n a n c e  s y s t e m  and f a m i  I j a r  Ic ith p m - u t )  l em s be l u g  cn c o u n m t  em- ed i n

be f i e l d .  The ohj  ect l i e s  of t he se  meet  i np .s is ’ r i  no t  m i n i  I ‘‘ to

H i t h e r  back g r o u n d  m a t e r i a l  on a v i o n i c s  min i n t e n m ; i n e e , h u t  a l s o  to

ob tai n critical r e v i e w s  of t h e  s t u d  p 1 1 g m - am p l a n , e ’ s t : m b l  i sbn p r i o r i t y

a r ea s  t i m  i n v e s t  i g a t e , and  to  o b t a i n  o p i f l i o n s / s m i l p ’. ‘S t  i i h l m s  for  methods

t i m  i m m p n ’ ov e t i m e  rm n a i ntenancc s v c t  em.  M eet  i ngs were I:e I d w i t im personnel

f rom the  Al IT IJ efen s e  Svst ems and l.og 1s t  I vs Schoo l :mnd a r e ’ p r e s e m m t ; m

ive ( C a p t  ‘I ’homas I) av i s) frommi the F — I S  SP() . Amm Al’  CC w o r k s h o p  c o n cer n  i up .

changes i nn parts stockin g 1)01 i ci i’ s was attended . l’hcsc meet  i n g s

p r l ) v i . l e d  i n v a l m i : P I l e  d a t a  e sp e c i a l l y on new t r e n d s  i n  a v i o n i c s  m a i n —

— ( c c i  rice mis i ng aut omi i~m t i c test equ i pin ent and t h e  pi’otm l ens as soc i a t ed

w i t h  t h i s  concept .

I n  summary , t im i s  back ground d e v e l o p m e n t  phase  d e t e r m i n e d  t h a t  no

equ I v:i lent effort cxi u t  i d  with i n  the  A i r  Force , e ’s tab  I i  shed t h a t  the

p r o g r u i m i m  i ’i i l d  p r o v i d e  w o r t h w l m i I c  i nputs to t h e  A v i o n i c s  L a b o r a t o r y  fo r

i ; i i  1 i ng ~iv ion i c’s ma i ntcnancc pro l i  lens , and p rov ided  the  st tidy t e amn i

w i t  ii t l me n i c c e s s u m  r b a c k g round  t o  e f l e e t  i v e  1 y conduct the program.
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B . 1) rgui  i i i  i t  I I f l S  \ ‘ i si ted

I I I  o b t u m i n  u m n  i l v e r u m  1 1  v i e w  of , i v i l i m i  cs ium ~i i i m t e n ; m n c e  p r u i e d m i r e s

an d  pm -oh I c ms  i t  I sa ’  dec i lcd t o  v i s i t  Av ion cs Ma inm t e ’n am ice Squadrons

\\t~~; : m s s o I .’ i I i t e d  w i t h  a l l  t h e  A i r  i” m rcc ’ s L O \ l i S  f l y i n g  C omn mmand s .

F u r t h e r m o r e , it w a s  n e c e ’ s s : m m ’v  to  s e l e c t  b a s e  - s m m  t l i m m t  d a t u m  c o u l d  he

o i m t ; i i n i e d  cmi t h e  m a j o r  weapon systems in t b , ’ A i r  Fo rce  i n v e n t o r y .

To coiuil )lete the avionics n i a i n t e n a n c e  p i c t u r e , t r i p s  w e r e  s c h e d u l e d

t I )  i’ u m r i o u S  dep o t s  r e s p o m m s i h l e  for p r o v i d i n g  a v i o n i c s  mi m i n i t e n a n m c e

support to time oI )erat iormal units . It was  also decided that it

w o u l d  be b e n e f i c i a l  to o b t a i n  i n f o r m a t i o n  f rom a N a v y  A v i o n i c s

M um i n t e n a n c e  I - u m c  i l l  t y  w i t h  t he  oh j  ect  ive  lie i ng to gather comnp~m r ahl  e

da ta  on m a i n t e n a n c e  p rocedures  employed  and prob l ens e n c o u n t e r e d .

‘ l a h l c  i l l  lists the operationa l bases visited , r e s p o n s i b l e  commands ,

an d ic cu ipof l  Systems supported by time AMS .

C. In tervi ew Techniques

One of the prima ry data gathering net hoels of’ tim is studs’ wa s  to

get firsthand know l edge of avionics maintenance I)roblems by inter-

i’ i ew’ i ng shop c h i e f s  and  t e c h n i c  i ons w i t h i n - i  t h e  v a r i o u s  .AMS . h o w e v e r ,

t h e  d i s a d v a n t a g e  of i n m t c r v  I ewing personnel wi thin the nmi ii t a m - v  eni’ iron—

mont , a t  any level , i s  to  get t hem to  °open up ’’ and express  t h e  i r

opi nions without f e a r  of reprisal. In an a t t e m p t  to e liminate this

proi i l eni it was n e c e s s a ry  to u i v  iod the a p p c i m r a m m c e  of being i n S p e c t o rs

Tb i s  Wins  a c c o m p l i s h e d  b y i n f o r m i n g  each p erso n - i  i n t e r v i e w e d  of t he

o b j e c t  mvi ’ s  of t h e  s t u d y  and  our f u nct  ion with in the A i r  Force pri or

to  a s k i n g  detailed questions. To furtlmer encourage ti-ic personnel to

i - x p n - t s s  th e i r  f e e l  ings candidl y , it w a s  dec ided t o ci im n in ate the use
of t ape  recorders  ~mn el l i m i t  no te  t ak  i n g  d u r i n g  t i n e  in t e r v  i e’w s . I’I i i S

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

reelu i re- cl t h e  Av ion n vs M a n  n t e n an c c  T e a m  t cm rec um 1 1 tim e information

oh t~m i ned t a hit er t l ine mid introduced one scm rcc of e r r o r  to the
I

, 
st udy.

I 

‘ 
Dune to  t i c ’  l imited time frame/budget assi gned to the study, i t

was mie c~’ss:m ry 11 ) I i mnu i t time ’ t I me spent i n  each a rca where  i n f o r m a t i o n
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Base Command Suppor t

K i n c h e l o c  A I II , ~1 l S,’\f B-52 , KC- 135

( r i s s o m m  A I R , I N  SA(~ K C — 1 3 5 , C C — l 3 3

I~ 1 at t sh u r g  A I R , NY SAC FB— 1 1 1

ilome ste;id Al ” ! 1 , 1: 1 ‘FA C

Luk e  . \F R \~ I’\f F~~ 5 F— IC

I . u i m m m I c - v  \ l R , \A ‘l AC F—is

MAC C-130

AE)C F— i 06

I l o y l c i’ A I R , 1)1 MAC C — 5 ~\ , C— i ) I

R ev-se  AFB , 1 ~ ATC ‘1— 37 , T- 38

N A P  N o r t h  I s  I m m m d , CA Navy  \ SW Sys tems

W u i r n e r  R o b i n s  A P R , GA AFL C A v i o n i c s  Depot

McCIeI lam - i A I R , CA AFLC I- — I l l  (I)epot)

,
~~~~ G u i d a n c e  ‘ I M- terology

( : en i t c r  A i l , C I n e r t i a l  N~m v i  gat ion

L~ ~~~~~ 
‘ Sy s t e m s  ( I N S )

P r e c i s i o n  M e a s u r i n g
C m l i i i  pment  P M F )

I ’ ,\i~I ,I I
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was den  i i’e’d . H o w e v e r , at  s ee ’e m - ;i 1 I I I  (hi- \~t i l l  t i ’ :  ‘ i l l  I I ’S

u n i t  em -v i eus e’ ui b o t h  first and second ‘~im i f t  pe’ r ’ n i m n ,  I i l l  inn i t t  eulp t

t Ii ma x i  ni i , i -  t he I n fo rma t ion oh t a i ned

M eet  I ngs w e r e  ile I d h~’ t h e  \v  cmi i v s  Mu m m ‘ l l m : i l R  c I ‘ mlii p m - i  m r  t m

m in k h ip . t i m e  I i  i’st  s c h e d u l e d  t n  I~ 
t 1)  eli’ t c r111 1 ne c : m  t I ‘ r l -s i n  wh I cli

spe c I l i e  q l n e ’ s t  i o n s  cool  ci he a s k e d .  ‘l b-i c f i  n t  t s m  t i I m~ w e r e ’  used

n o t  o n l y  to  o b t a i n  i n f o m ’mn a t i o n  for  t i m e ’  s t u d y , l i t  ml 5 1 1  t i m  1 1 1 1 1 1  e

t he  areas  t i i  he exp lored . Spec i f i  c e l i n e s t  i ons  a sked  d u i r  i ru g t h e ’

j u t e  r v i  ews v a r i e d  and depended upon mi: i n~’ t ’ac t o rs  such :m s t h e  w c : m l m o n

s y s t e m  suppor ted , i n f o r m a l i t y  of t h e  i n t e r v i ew c o n d i  t 11 1m m — , time’

need to explore a certain area further , a n d  t i m e  t empe l a m e n t  of the ’

p erson -i  b e i n g  i n t e r v i ewed.  The f o l l o w i n g  l i s t  c o n t a i n s  t i m e -  genera l

categories in which information was obta ined:

( 1)  A ge of t he  sys tem

(2) P a r t s  a v a i l a b i l i t y

(3) Main tenance structure

a. Workflow

h . Documen ntion

c . Time ~ cost uiccOuntifl g

(4) A i r c r a f t  s c h e d u l i n g

(5) Level of on-b ase repair

I t I M annin g

(7) ‘I’ raining and personnlel qualit y

(8) Troubleshooting procedures

a . lIot Mocku p s

h .  A u t o m a t i c  t e s t  e q u n i p m e n l t

c . M a n n a  I test stat ions

d.  B u i l t - i n - t e s t

11) ) Fli ghtl inc \b i

( 1 ( 1 )  l) epot Suppor t

(Ii) Inspee ; t ion -i s

( 1 2 )  P r c f i i ght procedures

(1 3) Preventive maintenance

7



( I  I ) I,e’i’e I m l  Slme ’ c i n Ii t i 1) 11

(15 ) I niv I r l m n n u l m e -nm t a I i f  I m ’ ~ t s

I ( I l’echn i c:i I o rile’ rs

I l’’ b \ m i i l m m i c s  umc cc ss i b i I i t v

( 1 I’~ ) h im-h  r i i ’  I i  ng p rocedures

( 19) M um j u t  l-m m: m nc c e f : i t  a 11 i - i c  1 f ee- mlh u i c k

(2))) P rob 1cm svs t ennis

1 21 1 I m j u i  pnen t cit’s i gn prob 1 emims

(22) \m r cim ia t i c t est eelui pmnen t per t ’ornianmce

a . Sm I ts  i r e ’

h . I I:m rdw.i re

I ) , ‘1’ ri jm l i e g m l r t ’  -

\ f t e - i’ the’ completion of’ each t r i p ,  d e t a i l e d  t r i p r epor t s  w e r e ’

written :mnm d submitte d to ‘uhe ’ Avionics Maintenance Team uumanui genient

t m m r  t i l l ’  I r r e - v i e - S . ‘hi-se t r i p r epor t s represent  the  f o u n d a t i o n  on

w h i c h  t h i s  t e c h n i c i l  report  i s  w r i t t e n .  The t r i p r epo r t s  have  been

appended I n  ‘‘ sa n i t I zcd ve n~s i o n ” so t h e  reader can ohta  in a h e t t e ’r

f ” m } for ti me ’ nni~m in t enan ce e n v i r o n m e n t . We have endeavored to remove

d:mt ;m which m igi mt i)e considered d’eroga tory . I’crsonnel were assured

t h a t  ou r  v i s i t s  were  f o r  infornm~ition gathering only and were riot to

be conside red inspections. n~ would he a v i o l a t i o n  of t h e i r  t m - i n s t

and open nme ’s s  to  a t t e m p t  to use t h e s e  reports  as a b a s i s  for punitive

a t  ion. ‘I’his is especially true since tile authors are not qualified

as inspect ors .

8



I l l .  \1 A I N I h  N \\(’I (llt( A N I \’lTh )NAI , Pllttt ( ’’ It!Iti:S

\ t  t h i s  l ) o i n m t , i t  i s  ~mp ~) rc)~) r i a t e  to  b r i e - f l y  d i s c u s s  org m n —

i ,’ : i t  t o n a l  sti’uctur’es and the’ vu mr i~m tn s w u i v ~ i n  wh i ch t ) i e - ~~ c structur e- s

ire- im p lemen ted.

- Base I eve 1 Ma i n t e n a n c c

H gu m-c 1 shows the f u n c t  iona 1 o r c i m u m i :u i t  i on  u n d e r  t he  I)ep intv

Com n~nrm der f m m  M u m m t  e m m a n c e  I 11CM) - The 11CM repem rt s t o  t he  Wi im p .

:ollllna m m dc i - ,

~ i gore 2 illustrates ti-ic iv ioni cs m mmii i n t e n m : m n c e  squadron  o r g u i l i  -

i :u n t ion used when the weu i l ) o n l  s\ ’ s t  e ’ i m i does n o t tin e’ ~:u ito mmi ~mt ic test

eejuillm ent in the shop .  In  th is kind of squ~meIron time-re a r e ’ t w o

po ss i b i l i t ies  fo r o r g an i :ing  such f nm nc t ion a l a rea s u m s  m m i i s s i o n  s y s t e m s

or commun i cat l om us —navigatio ni . hither t u e  techn icians i i i  the -se :ir e’ um s

Ic i l l  wOrk 1)0th Ofl t h e  ft ight line amid in the shop ou r the peop le s i l l

he s p l i t  in t o  t wo  g roups  — t h o s e  work i ng a t  the -  I l l  p . ii t l i n e and t h o s e

workin g in tine shop. ‘I’hcrc exi st squadrons organi :cd bo t h w u m v s  , and

the’ n’e- ,m rc s e l mi u iml r’m l n n  wil ich a r e  o rgan  i zed i n  a mi xt mire- m l tim e’ t iso w : m v s  -

In n se-vi ra l cuise s , t h e  dec is ion of whether or n m c m t  t i m  sp i i t  the

techn i e~ I u m n m s  w as  appa rent  1 y lef t to  the ’ shop ch I e’ Is . I n  t i m e  a b o v e

ca se- s  , there  w a s  nnoi)i Ii t v  between those’ who worked on fl i gim t 1 in - ic and

those ’ who  worke d  on t ime  bench . ‘I’h e people wom’k i ng the lii gu t  l ine

ti -ri de- el to he the less ex per i e -nm e’ed tech mm ie ’ inns. A in’ Force specialty

code’s I AF SCs ) were tim e same w i t h  i n  a u’u i i  ca m n ine  t i ~ina I a rein . We’

r e - I c r  to t h i s  organi z a t i o n a l  st r u c t u r e  as um t w o  t i c r  S t r u c tu r e  ( b u i s c

- ‘ ~‘ and depot compni  se the  two t i e- r s )

1 :1 gore 3 I II ui ,st rum t c-s the a v i o n i c ~s mum l i n t  cHance organ i :at i cml

used w i t h  time ’ F~ 111  , i - B —  I l l  , and i — I S  un i  r cr a f t  . l u - i  the ’se se l u i i m d r o n s

there was ri g id  pa r t  i t  i o n  i r ig of  t e c h n i c  i u mmm s into fli ght l i n e  work  or

1 
_  _  _  _
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shop S m  l m k  I h i  L \ i  Sm - s is e u - i’ d i  i t  c’ - i i i  • i i i ) t h o - — if lI  - u -  m - - m ’ r - is i c  :i 1 - -c

i i i  f t  e i c  n i t  - ‘1 1m m’ I I lit I i nm e me im lo I c’ i s o - m m -  ‘-c i  — t ciii or’ i c -n i t i’d. m m  t i 5

t he- v m s e r c  c o n u c m - r r m e - mi is I t h  n u p . n m a  I t ’ I o w - -c l l e - t m s m ’cn p .11 - m m - f u r  - m ~ such

s \ - s t e m  i n )  cru mat ion c ou l d  i m e ’ I p  t i ~~~~ i d c-c ide ’ w h i c h  I_ RlI t o  u’ e -C \ c  u m n m e l

t a k e h i c k  to I - c  SP I T ’ l ou c h e i P  m~~ and repui m r. lime- nb cj pc- up le

use’re-c LkII i orii ’ ui t c d. F~ - m t  i s , t h e~’ c o u n — i o l e - n - e ’ ml t h e  h a ~m ’ ) l I r u i t e ’ - ’  i t  it y

u m n m d  I c o k e ’ i! on I v I - ‘ m f u n u i l  t s is i t  I ’ i n n  t ime I R E ) . liii-- - e Is e’ u i l m i mmi 5V  5 1  (‘O S

u s e - ,) n i l  m i t  nil ,  k m u ’ - ~ m m m d  h i d  e- - I e n s  i c e  a u n t  om~it Ic i m i el manum 1 I e’st

s t , i  i m a i n  . l\ r d  o r  t i ) t i m  I s S I  roi l 1m m  re as ui I hire— i’ t mi - n’ st ru ict mir e-

I I I P t  I i nme ’ , sP~op , a rid l i e - p o t  I m o m ’ m  t h e  t i m r e e  t ic - n’ ’- )

‘ [ l i e ’  L - 1 \  \ f’~- -c v i s i t e d  had  :m s i m i l a r  st ructure’ , c \ c e ’p t  t h e m e

was no d i v i s i o n  I - i - t w o - m u m I I i  m ’im t li m it- umnd shop p e o p le ’ ‘ he -  C — 5 - \

, i l s o , u u sc- el . m m l I t o i I m , i t  u c  u m n d  m m u a n m i ; m l  t o - s t  s t u i t  l o o n - i s e ’u t e ’ n s i v e ’ i v  b u t t  t h e r e ’

sce’:m i e ’ ~I t o  hi’ l i m o  i i m ) e T 1 s i n  u s i n i ’  t h e  same te c1mni ci an ~ fo r  bo th

t’l : - -l i t  l i n e  m c !  s i m l m ; m  ( s t I n k  -

I l i e  mmmi I i n v  ~~ l v i  I i  m n  I is him I e ~j an nil xt ore v a n  eel Irmuum i base- I t i

b ; ~c .  li ~ - ioih i .m i - s e ’ m u cl u i ~Ie ti m _ i t  hAL use -n  almost no c i v i l  i z m n n  t e ’ c h n n i —

c la n— u . I \( misc’ — ,m ‘- p u - i n k  I l im p. 1) 1 ’ c l v i  I i u m m m - u , :inel MAC and AFC use cmi

ri orde r of ImI ~
, ci v i l i a n  t - chn ic - i , u u m - ’ . ftc civi l i a n s  lend s t u m i ’ i l i t ’

and ~ ‘ ‘ I 1 i l — C ’  I 1! \M”~ o r ,mm ) j : m t  l i - i ’ -’ w h i c h  i s  i m p o r t ; m n t  f u r  co nmp l e\

I m ’ o i i h l e ’ s i i o o t  i n g  t a s k s  ar i d  t n - u i  i m m i ri g nm e ’% sc uumi e ’r s .  Time d i  — u : m i l v ; m n t u i p e ’ of

c i v i l  l i l f l S  in  t i c  ‘a’e’ o m r g u m n m n Z u o t  ions m n - c -:

liii m s - i l i i  ic- s ;m r e- h i gin I v  o’ I sib I e’ coiri t rui 51 eel t i m time I

m l I i t  a i - v coon t - i ’p u i  m l

b. ‘hi ’ ’ i ; e- t be- p ;mid ect r u m  f o r  o\ ’ e - r t  mo e sm ork .

- Fh e ’’: i re m m t 501) i - i t l u  t inc li t-i l to rm ( ‘ u o e i ~~- (m l ’ “ Ii 1 i t .m rv - I i i —  t i C e -

lo ut to t lie Ci  i i I he’ i C 0 e C i’ i~~~u Lu t I u o f l S

— 
d - I l u c y  ‘ uin i n lo t I o i  unmove d t o  where 11 me v um re’ ne’edcd niost as c- - m s  i I c

um s nil  it mu’ mu&’ mi hi’n’ s laii . I Imc nm _ ’ e lm s a d v z m n t : m g e s  a re ’  pore t h e o r c ’ t  i e ’ , m l

thu m m i n- c ;ml , h i u i s m ~i ’ u ’ , for  Is- c- f o u n d  t b - m t  sul lue ’rvi sors ist ’ri ’ u uluu i c s t tl n :mnn i

ui mmo im ’ ; I v p lc ’ umne- (I w I t i n  t h e  t c-e - i m n i  I e u l  I s k i  I I  and  kn ow I t - d i ’ t h e -  ci c i I i in

I cm l i i i  I c  a n u s  h i  e -
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i t  o p .  m u I :a t wit  b i - ‘ c’s - AM’ ~ ’~ m i i  m e t  I I v t i e s  - m o o  m m  i t  ~ib(I ~i 0 I I  1 0 ’

i l  I I m u i p h  ~i sq u a d n ’ r m m s  l ; m m ’ o-  :ms ( o h ) )  peOp l e  S . m s  eflCu l u io t n’cil -

5 :o i ’~ u mmn j :umt m n - c  sm-re e r i c i u m l i t  o ’ r i - I w i m e m o ’  . m e i l u n m i c s  mu m i - - I  diSirl u t w a s  -

- m  I) n’um nn ch and w a s  ur ,mnn m c’eI :it n u b - n  I 0(1 Pc-m i m I t-

II . i - _jj~ot I.ee’t’l ‘t a i n t  m - m i om c c

I - i p u i m e  I s i m o i s s the o m r g z i r m i : u m t i m ) n  u f  t h e  \ i  r l m m n - no ’ I l i - c t r a r m l c s

I i i  v l s i  m o n  i m f  t i m e -  ~~ rne-r-Rohh ins .\ o r l u  I s t i e s  e m i t  e r ,  I he ’ 1) 1  v l s i  m u ’

i s  I he- I - c i m m m m o l o p v  Rep~m i r  ( ‘ c - u t er  f o r  ‘c i i ’  I - m o n c e -  : m v m o r m i c s  • m ‘c. , t i m e -

m v  i o n l e s  depot . Wim I I  e r u t  a l l  u m v  i o n - i  i c s depo t is ’ u i -  i S ac c’ u l n m j  I i  s i n ed

ho -ru- , a fl mii t r h Im  rI i m o n o  o f  t h e  o r g a n i c  ( r m o n m — c o i i t  r i c  I C ’ I )  i~ rh cumf mes

i i i  t r u e - n - — R o b  f l —  ‘ c l . )  - -

The- I’ r o d u u  t o rm N i  0 R h  N ’r t u  rms the ’ depot  ma i n I e u m  -mci- c  m o i m  t h e

: m v i on  i c’s ( ‘( l i i i  pn u e’ m l t sen -i t i n b t h e  base  I i’ve- i cu ’pill i za 1 i o n s  - l’h e

e’ um n t  m a j  or i t  c ot t ho  d i  v i S i o n  ‘ 5 peopl e -  ui m e -  ; m s s  i gned t~ m t i m  i h n u m  n eh

5~~nC C i t  1lio ( ’ s t i me ’  work f i o r  i s i m i c h  t h e  d i v i s i o n  e x i s t s .  ‘ft c c t i u r

bm ’ ; i u m c h c s  p r o v i d e ’  s u i r u h i ( u 1 - t

l i e -  m~ u i , i l  i t c  i l i a m i c i m  i s  t i - i c or g a n i : a t  i on  of i r m ’ — p o s  t i n ’ s  iduich

c h e c k s  l i i i -  wo rk  i t t  the-  t e ch n  i c i  u m u m s

I’h ’ l n i g u n o e ’ e ’ r :  I ’ I : i u m n m i n g  B i - anch  ae’comp l I s i m i ,-s t h e ’ p l ; m n n  i c e , f o r

depot s u p p o r t  0 ) 1  u me -is a v i o n i c s  w i t h - i  r e ’spect t i m  m a n n  m o p  , t c’- -u t e s h i u i j ) —

men i t - t l o i m r s m: i e ’e’ , and u i t i  lit i c - c s .  ‘ I b i s  b r an c h  a l s o  I_ ’ l i O l l i i c  t S thi ’

work  m u on -cmi  reme-rm t su r e m y s upon idm I ch t h e  I : oh n ’ r a t  - in ’  e n  I cmi i  a ted

( t h e  n u m  t e - -  p a i d  by th e -  I te -m mo M a n a g e r s  (‘m o m d- b b o o t  w o n ~ t o r i  t h e  i i -  i tens)

The Sc h e d u l i ng !  h u m v e - n m t o n ’ v  Con n t  n - c l  R r : m n m c h m  s c l m t ’ d u i l e - ’ ;  t i m e  :iv cur l cs

through the  rc pi m i i ’  L i e ’ u I i  t i en frouru beg i n n  i u m g to  end.  l b  I to b r a n c h

a I so  u n p a c k s , b i n s , moves , r e p a c k s  and r - ch i i p s  t h e  :i e i o n i c - :  e m i t i l p ni ieu mt

i t e m s .

‘F ine A u t o m a t e d  I iq u i pm enn t  P n n g i  m i e - e ’ m ’ m n m p  B ranc h  us o o ’bs on S ot  t i s n u r i ’

f o r  t i n e  ele ’pot z i u i t o u i i ; m t  I c  t e s t e r s , boo t h the u i n m l v c - n ’ s : i I  C I u ’ Ot’ S am id

tIme systenmu spe c i f i c  a u t o m a t e d  t e s t e r s .

15



. Ji _ 1-
- - 1-

01 - )  - -A ’ ,t :  C)

‘- I  ~~~ c-o n -ii ci
‘ci ‘1 - — l 0 I. 1 i- ’i 4

I I i i o ’ r I m u  
_ :‘ c m

0 , ‘ I  i :~ .,-1 - lJ’ - I -1 3 - z  ‘ - a  m .
-
- 

- 
~l ‘

~
4 ) ‘ ‘ , L~ ) ‘ I  - A ’  A- ’ T 0

‘ 1  ‘ m )  — - 1 4 ’

~~~~ ‘r ~~~~~ A L i— , ~-‘

~~~~ 
__

L i

’ 

~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _D1~ T T T T T T T

Il ‘ - :1 -
I I

l-~~~ ~~~~~~‘ ‘ 1 
-

, f d  - _ ‘ ‘ )  I 1.. Cml
- I )  - — J m  0 ) . ,  ‘. ‘ 

T 

‘~~~ - ,-l ‘A~
~~C ‘~ I. - - ‘ ‘ - 4 ’  ‘i ,- I -

I) ‘ Ii r u  - I “ u i- ~.4 4 . 1 ‘, It) I~4 j It, - 0 (‘0 ‘ ( I A

- ‘- ~~~-



- O\ l N\  I I  ~ OF A l \ \  b ( I N I C P  \ t - \ l N I i  N A N  I i - R m o : I hS

I l i e ’ am: i on-i l c - -u mini  n n i l  o m m , m  m m c c -  p m ’O eTcs ’  c o n s  i St  S of  eli- I ~~ i t i I o n  , t o i i  it

i c m ) I I m t  m o m u , u m n m e l  c o r r e c t  i l i u m  o t  r l u u m l f ’m i n u e t  uri s ud u i c h  o c c u r  i n  ac  i m o m m i c s

s v s t e n m m s  . I c  .mce -ou um l l i m b  t h i s  - I hoei ’- ni u i ei: ; m i t  l o e ’ r n i m u m r u i - I  um m e  i n s  h u e d

t o )  liv I, m m i i’s rrua t n t  u M ,  n e c -  s i ~i uu e I  m m m l i  m - ( \~l ’~ ) a I I 0 c c - n ’  t h e  wm o n - I d  a rid

( t )  I m m h m n j e ’ u i l  I- e - ) m i I -  c e m m t t - r - - ( ‘NR C ) l i m c u i t c d  at - ce - c e-m m I ‘ c i i ’ i , u m i j s t  I C

Ce n t  c r C  b . \ L C ) . I h e  u m n z m n u n e n -  i n  w h i c h  the- nrma i n i ten um nce pr ocess is l u

1°c ~i m m m i ge- d i s  c — n t u i b l  I she’d in  ‘cl  \ ! n m m n u , m  1 o —  I . A l l  h o u g im t i m e -  c - m i t  0 r I

i i  I - m  r’~~e’ i l i u m m i u m  u~ ’s ac ion  I Cs rn zm i rite-ti n u - ice i i i  pe -mrc ’ r ; u  I m e - i c  y ’ e l u i  nec is i I in
-
‘ ‘- 1 t b -  1 , c ui C u  1 i o n s  i m m irm a i m i t  c ’ m m u u n C e  p r u u c e m l u r c - s  we ’ r e- r o t  -d r m m o m m g  t i m -

si’\’ e u ’ n i  I on ’ - p u i f l  I :r i t  i o n m s  wh I ch we- n-c ’ V u s  i t  e’d . ‘I h c n e -  v u i r i  nit I uri s n rc’

r i  r m mz mr l i v  i n  t i m e  nu l a n mm e C h i m  w im j e’h t l ie i-o ork i s  e l i s t  r i b oute-e l is I t  h u m  t I m e

n iv  i o r m i c s  no n u n t c - n n a n c e  squael x’ons u m n d  1 n m t b i i  t e ’chn i (lime’s uns e- d I t

i d en t i Iv and  i so!  n o t e ’  f a u m  I t  s i n  t h e  ee h u i pmc ’nt - ‘I h e - av io ru  i e ’s u i m . m  i n —

te’nance p rt oe’ess iS  um s equen t  h a l  p r o c e s s  i n  w h i c h  a nui a l f ’m m n c t  i o n  i s

d c - t i - c t  ed , r p m  mi c - t i  , I sol n i t  i~m i - a n d c m l  r n e ’c t t ml  i n um I s  on t i m rce t l i _ u’

- m r ,m m) j~ n u1 l oinal st r l ictur c ,

‘c , ( Ou m~ i- l ois i n  t h e  A v i i u n m i c s  ‘ 1 am 1 -~- r m n u n c e -  l’ r m i c c s s

l i m e  usl Irk f l o w  i n n  t i m e ’  a v i m m i u i c s  i l i u m  o n n t c m m n u m m c e ’  process m r m m p n e - n s t - - - u

f r o m  u l e  I ee-t  i on  O f :m u m u i i f u n c t  i o m o  of ’ t h e  u m i r c u ; m  f t  a v i o n i c -s t h u’ m m m l u : i

i s o I ; i t i m u n  i o f  I b m -  t u m u l t  c a u s i n g  t i m e -  io ~n i l  t u m i c t i o f l  t o m  r ’ e m p i a e ’ u l l u - f l I  O n’

- r e p a i r -  t o t  de’ f’e ’ct  i c e -  c onujmori e ’n t s .  1 - n i m i l t i s o l u i t  i o n n  i s  e ’m mcr a l ly

u m e -co nti p I i shed i n um p m’ og m’ e-s s  i m e -  nui a b i l e  r s t - u  m t  i n ip . not t h t -  -c m- I c u l l  l e o . e i

and ~mrog r ’e s s  i r i g  t h u - m a i g im t i - i c ’  1 l i m o  r e p l a c e - n i h  I c  unm i I ( l , k t h )  le ’ve ’ l . the ’

shop r e i m i a c e a b l e  e m i t  (Sk i l l l i - c o - I , and c u t  i m i t a t e -i c ’ 1’’ th e h i t  and

p ie - c t -  l i - c - - e l  . B i - c u i m i s e -  o f  n i  n o  u , i  t~t t i  r ’ i u u i r o u i n e l  t I mi i ’ o ’ m o n m ’ c t r i  l i n t  s m m m c l

i m m i i t - :  on t i m e  l e v e l s  m m f ’ u i m u m i n t e i m u i n e ’ e w h i c h  c a n  he- ace’ om mm pl  i s hed  w i  t h i n

an 0 i ’ Ll n I , n u m  t I m o n m n m  1 tin it - I V  iou i o n  i- pu i p u n eui  t I to n o- ’ - II u i ’ e’d t m  opc m m t  i cii

through m- e-p lace m n i ’um t of’ defec t ivc- m m m i  Is ru it i m e- n t hmuir m b e  I i ’ o t i b l o - ’ P m t m o t  i n g

a m nm l fumne ’ t lo o m 1 t l o t -  p i e - c e -  l i - c e - I and  i- i - t u r n  l u m p .  t h e  s zmi m mc ’ coop I e ’ mum e n t

o f  m l i i i S t o ’  t i n t -  ; m i  r i  u’ um f t  - l i  ic -  n -e ’p l n ic c- m h I c -  tin it s ire In i g in c o st  I t o
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I

u~ b i n  \ e ’rV I m m mi i l e ’ cI i i u u m r m l - m - u ’ — md - g u m  r i - s  - Re~-u w-c e- of t h u  s , I,I (I ls l i m o - -n t

b c - i t  -
~ t ‘o re ’d I 0 n i t  l i m p .  c o o n m i l  i t  i m o n  t i m  r u m m u p l i  i - u - p  1 n i ce - n rc - n - i l  o f  Si P  I I I

- m l  n i c e - m i t  I e’ c i i i  t s n i t  ha Sc’ t o - c c  1 rn I i i  - m ’ t h un  n m u m  y e ’  a n i u t n u i m e r  of

np ;  u i - - n  t i e d  m i i u  i n  no t i une’ c o n s u n i n g  ‘ i u ’ p m o t  u ’ u ’ i m n u  hr cvc’ l e ’ , I f ’ a good

s m o p p l c - l O t  SIUJs i s cm uu i n m t n m  mmccl  u i t  b a s e  I t - y e - I , t h e - r e  i s  ni ii i g h r u --

bni bi Ii t v  t i e  it lutist I Rh i faults ca u m be c t o r r e - c c t t - d  i t  b r i n e -  l i m e - I I i m m t o c i g h

n ’ c ’ l o l n m c i . ul ie m t  i t  h N l ) s  - t i m e ’ J e t  t e l  0 C t ’  bR Ils re -m uocov i ’d fr om m iu LOOn minor be

i-e pum u n
_ I _ m i nut louise- Ic- c - i-I , n- - tu i ’ n c ’ tI I t o  no dep ot  f i r  m- ep a i r , t o n  di  - - c i - u o r m i o - l

I i n  c :m— -c-s um b t - n - u I l I e -  SI1I J is an e’ \i l e im el :i ’ m I c -  i t o - m o  1 - I n - i  t i - i l s r e - p a l  r hy

- si c t- m d i i  ion i i  s m a l l  t -r mini it ~~,-m nd rep I 0 , - c- r i t e - n t  n i t  l i m o -  mi n i  i t

l c\’cl . h o )  n i l  1 erum l ot is mum n i e l e  t o  1 0n1 ’ - e r \ ’ e- t i m e  i n m t c p . r i  f v  of t h e  c o n i p o s i —

h o n - i  ~o t  1 I i -  i v  i cm I c’s - c y s t  i n n  . ‘Fhm :o t I s , toe’ n - i  a 1 n unni mb c ’ r re ’co rds no u - c’

pe ’mmerni I I V 11 , 0 i nt um m ccl of the corimpOs it ionì of ui syst c - ni not the I kil le ’m c i

c i t  se- I cionm i k m  - ‘ zr I lie bOl l  l e v e l

I m p . i u i ’ i - n  ~ , e , u m n m d  ‘ sho w d o t -  w o r k  f i t m o ,  I o n ’  u m c i o n m i c’s tu mn m intenance-

n i t  t i n e - c  H I ph t I lire - i n  t ei ’ r r mm t i  m i t  m - shop , r i n d  J o  j m~ 11 1 i - m e l  S r e -  pect  i v e  I -

I - \ l . i  I t o  inc  I on I )e te ’c’ t l Oil 0 0 1 1  \ i n c n u i  I

I n  o l d e i -  n i t  n - cn ’: r l  , m m u ; o h t ’m i n c t  t ies o f ’ nbc i m l r m l i ’s e l h oli i o m -m e om t u o n ’e

detected t l m m ’uou i y , l i m oi l s c -n ’ c u o t i m o r n s of’ ; mb m m l , o m - ll tu ol i n d i o - ; o t  i o n n s b y  I i -  p ilot

or cr c -is i I l l  r m - ~ r . N c ’cso.- r m i r c n - n o f t  s m i c h  as  I l l - C—~ -\ , I - I l l , umnel I -15

l u a v e -  b u i l t — i n  l i - - c t  ( F - I ’ l l eqe1 l~l ui ) e -um t  m o l m l c h u  m l - I m C - i l l e ’ i nc lii u o t i onms m t
ma 1 fumict h u m - -c t o o  ~~~1 o j t  I t - ~~m . - m i t  I i u u - — n e ’  i n i p u i t  s . ihe’  Ma 1 furnct b o b  ‘cnn! 1 c s 1s-

t ’  1 eie ’t b u m  , n m n n d  R : - e m i  i r ig i ‘-1 ‘ cl A p .  sv t e r n  i n m t h e  C — ~ -\ um i n
_
i - n ’ .i f • t 1 s no

m o l t  i p l e - x o ’ e i  r e - c o o r e b i nng —c - -d emo i s h m i C h  i ’ i o o r i l t t o m ’ --c app r ’ u m s - i m a t c ’ l y h i l t )

- S t u i t  i ons l b  r o m o i ’ l m - m~l I I i -  a I c o s t  I - ‘ 1 \ l o A R  n i on i  t m t i ’ n  n o t  m on lv tim e

o o ~ u~ m o t  i io n of nv u u m i u  I cs ; v -  - t em nm s l o t  u I ni 1 s u m  o t  m I - n  - i I n ’~ rat t t i  i n c  I i u n u ~ , i  s

u s c - I  I and  p m - c i d e-to , i  imma ro o t i i ’ t a pe i ’ t d ) i ’ I t  i m p  o o t  - c  - ‘ e ’nuo s pc i- I o O t  i . .b fl m C

d u n  ng t h e  I -r et ire ‘ - o i l  I c  - h o -  u i n d e n - - - t  u i r n d  t i n e’ B — I ( c - l it  r ‘ 1  I rm o n it c c l

I c — s t  °bc - -- ; Ic ’uim i s  s i m i l n i n- i n n  i- t i n  p 1 .  l i i i  I - l~ , , o u r , r , o r i  h u t s  ,i  - t n i t m I - m

t o o  r o e -  I ish i c l i  l O iS  I C  0 el i- -c 1 l o t  p i l o  I ni u ne l  g m - u  m u n e i c  i is h i t  in u rid i e ’ , t t  1 , 1  n’ - of ’

n i v i - o m u l t - - svS l o -Imu’ -c n mnml f ui n i e ’t b o o m — -c , ‘ l h c ’  I — I I I  i j r - ~~ ’ - i t  1 i I ” o o l i . i - ~ l o l l
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m m i i l m - m t  I n - , t o )  o~ i n~I i cat i u rn - t t I n e  st  n i t  m e- c o o  t~ t i m e -  m e - i o n m  en  ~m t  c- m ien

~~i c O s  t l i I , i ’ i C o ’ I l  i t , o l  f m u m u , t m m -  ‘ ‘ I  “ - u 1 m u n o i d , s ” O N ’  p e - mu c- m uil Iv v u !  i d

c’ o ) i m l t i , i h u 1 t ~~ r ~~i ’~’I r o n  -c c , o - -~ i o m o m , i l  e - u u i u u l t - m 0 0 0 s  i e - l o u o r t s  b y  student p l l t l l s

w h o  a i’ m- o i n m  I - i  - - i I i _ m o  Os liii t h e  ‘ t i r e ’ u - n o t  l o o n  od ’ time— i-t hu I p ie -nut - I n  i— r i s e ’ s

m , l m e - r e ’ ; m  ci c ’ i ~ - - r e i o c o m t  o- J m u d  I m u m o e t  h o n  t u c c o i r - , i i i  u m m n  n m nm ’m ’ n m t l  io ni c- j um p .

l o u  u It - i i i  t o  n t  0 - 11 0 1  m l oi m m c - umt t h e  C m i -s  0 - m b  o u u i i s k - ,  i n  i u — n u n  11 \ C O t -  u o b u o o  n- not e ’ ol
i o c ’ ’ h e~ B I i h a  0 e ni t i 0 0 1 1  - \la I I o n i c  t io n s i nd I i- ni l e - i l  bc R I  I , inois’ ec’e’t , no n - i-

Ic’ -~~~ h i - t o i i i  Ir enori’ ob o omu mt ed liv c i ’ i s  r i - l m u m r t  s i i-icc’ t ruins ienm t or

m t  ‘ r ~ , l i  t t i l l mm~m l t inict u o rm s uiu n m ~ l o i n s  m i u m i u t m l  i ce - il by  ti -ic ’ e-r eu c bu t  an- c-

m o i m t  0 c - m t  o i l  h o c  t l i e  1 n i t  ch I up .  t cp e  I nd I c ’S t t o  ~~~; cmi i ) I oveel i n  B I T .  R et ’e’ r —

r i n g  o m t h e- o l - - ~ clu n o - - i n o ~ i in  1-i gure 1 , tine ‘‘Iletected?’’ decision

h I  - - d  tia c’ t o o m  t i i  1 I e Sce’tuu to he’ po i nit I ens ; h moisc ’ycu~ , i t  w nms in - i c I ucled

m u  s f ~~~~ I l o o t  ic l o o n i e s  ion tn t e’ nn lne’e is p erl e- i - n m 1 lv occoun i lm i i - sh e’d om m l v on

i i i  u s rd - l o u  l o l l  b o u i s t S  i n  m e ’ d p O n S c  t i )  r- e’porte-d nna l fum m ctio ims

P r  - e - n - ~ i C c ’  lii i i  I i ’ c m u n i r o e o ’  0 0 1 0  n o v i  1 1 0 1  i’S e’t~U I  pnni cnt i s  u n t m r u l  l y  1 i m i  t ed  t o m

‘~ti e im , i k i s , i ’ ~ o,’ h , i i o o ’ I I O o J  m l i ’ 5 ’ -c i c m n n t  5 a n d  doucs riot i inc lode ’ rep l a c e n u e ’ n t

- ‘f~ C o 0 l i i ~ O ( O ~ic - i i  1 
~~~~~~~~~~~ 

t o  - m  t n m s t n’opim i c t’n m i l u r e  . \ loc a l l  v j u l  t I u m t e d

i-s e ep’ i m u  - ti m i ~ l i t )  l i i  i s m o  e f f e c t  ni t  l a n g l c y  A l - I t , i r g i  i i i  n m -

i s b o e i e ’  die _ o o i , t , o e t  r e - —  ist no t i c e of re l nmvs mise ci in n l - mn L ’ nun’-he’rs m m  tIme S

cm lol  ‘l\ - I t i m c -  c- i t ?  i n t l  - - c - s t e m  1 0 1 0  i — l I m b u m h  r i - r a f t  i s  me ’ a— nui r e ’el p e r i o d —

u c ’n i  I I v nm r o o f  - m  nc ’  i c -  l u t e  h n i v  t ng g ic -n o te r t h a  mm u r me o o i m m  i o n  t a c t  nes i ‘— t , oro c c

I S i’e’p l n m ~ e d -

2 . ~I , m I t o  mu l ct ion Re- [moor t i up .

‘line ’ V-lb t o - i m i i i ’ ian relies heav  I l v  upon t mc ’ ‘ c i -  1 0 ) Fornm S Ii )

I ma i r i l  e n - m i m i -c- oh or’eler’ I wlm I ch I mc lmm’c pni r e ’e l  t o  m ’ c -p o m ’t  a n m  I f ’nr ne ’ t 1 0 0 m m  -

I n  t h e ’  c n m s m -  of time- C— PA n m i  n - i’ m - r i f t , t i m e -  A l I t )  F o ni n i  -~ 10 nm nd time ’ ~‘tF I’ ( )

h ’ m o n i u m  7h1 I i i  m e  e m i t  d Inc i ’ i-~o ou i o ~v log) o ut ’ pc -ni- i-ni t ed by t I n e  Gr ’oun nc l

‘ m m o c ’e ssiuig be’ — t i - m u m  I C I ° S )  coimu pt it o r ’ wime ’n ti -ic- ‘cI\IIAI- ~ tr ipe is read i b O t o o  f l ue’

sv’m t c-rim - I n n  t l i e’ e’um se’ t o t  nil r’e’ n - nm it  wim ich cm riot in n im’ c- a nma I futni e ’t i o n

r c -e ’ - o r o h i n n g  s e - s t c ’ m n i , l i m o -  ‘ci i i )  I mm nim n ~‘ N I  is ui i ’ cmo uim p l isheol j m o ’lnt ly  by  the

c o o - u s  n i e n n i h u ’ r s  a m i d  ncprc  t ’ i O i , m t  ives t o t  t i m e  \~t lh  t h in ’  i im p um eleb i’ u efi up .

at’tei r e’oruop l e - t  i ’ o n m  of - m - ,e o u l i e ’ , ‘ l im e ’  d e h i n i c ’ f i n m g  a f t e r  a s o i l  t e  i n

2?

- —



hanoi I ‘d m m v u m  n i  m i m i - n  o su o c’s t in  r o t m g l i o u i t  t ime -  - ‘ c m r 1 i i  t e e ’  - h i o u n o -  - cl e’b r j e t

i rigs a i i ’ i - ni t hoe m l o o m - i r m a  I , I ’ l i e - n - -n a r e  i n t ‘ m u -  u~m 1 , amod  o -~ i m m d i  cno  I i-il b y

t h e -  el~ t t c’d 1 t int- in I- i g imr ’ e ~ . t h e  eleb r e’f I up .  u S ‘- c o e t c -  t l i n e - s  onr o i t t  c-d -

\ t  t c -n dz m n c c ’  n it de hn ie - fi rigs car Ic- n ; i n  suomc cn o -m en - time a i mc n~o f t

i’t ommumn t aue lcr p.1 cc’s uidv niro c - c toot ice by radio co t ’ time unil t in - c  af im mu ul lim e—

tor e , r i nd  t im i s i n f o  r ’ n n i u o  t 0m m i s  ro u t i d by Job fon t no I t o o  t i t

so t h a t  t h e y  can  m a e - i’ a p p r o p r i a t e  ( e’c’h n i e - n m l  r e p r m - - - n t ’ i o t u i t m o n  not

deb r’ he -f l rugs. I n  o t h e r  c a n e s  pc - c nm nm ne ’ r - it ass i g i m n u e n t  n- n i n e -  mn m e l e  f o r

‘cAtS reprise’ rot n i t  i c’es a t  deb r u c - f l  ngs . In case t o t  t m o  m u  m m mo i r e m u t  ions

i s lu c- re ’  t h ere may he 2 1) 1) sor t  ic ’s per day - t j une n o n d  m a n p o - i s e- r I i  mu tn i  —

t i o n s  lin e- c lode dcbri efings rind the 1)1 lot f i l l s  mus t n o  o l e ’ i u r  i e f i  i ig

form f rom wi -i l cl- i Job Cor - i t ro l g e n e r a t e s  -~ I O n  u— I t b o u t  discuss loin m l

the prob 1cm w i tim an -VhS re l) r ’c’senta t lee ’ . l o c h  r i  e f i  np - c  are  u u i m u a  1 1

h e l d  near  ti - i c f l i gh t  I lime but in some cnose S t i m o -  d c b r i c ’ f i r u p  i s  h e l d

even c i  o’;c- r to t ime a j n cr a f t  - A t  Dover  ,\1n 13 
- the ’  C - PA e i _ c-u ’ -c eleb m u  c f

t h e  f l i gh t  to t h e  AMS represen ta t i ves  in  nm van  w h i c h  i s  d r i v e n  out

to  t h e  a i r c r a f t . At  P i a t t n b u r g h A iR , the F R —  i l l  crc-us- n e-n m u ni ins in

the a I rc rn ft for  the cle’hn I e f i  ng so t h n m t  fri  i i  ure ’ se  i n t i m t  0 ~n m I - m  can  lie

demons t ra ted b e fore the e q u i p m e n t i s  tu rnmed  o f f ,  I t i s  o t  ‘ n e - m t

h e l p  to t i m e  AMS t e c h -n i  c i n n  i f  imc c a r m n l c t u a  1 1 > - tO os e-m y c’ t i m -  - mini 1 fu n c  —

t ion r a t h m c n ’  t h a n  having to i’e-i y on t h e  p 1 loo t  ‘ n d i  sc r i Ft iou -i ot ’ t h e

prob l ems - IP r ou n eI  dup l i e - nit ion ot’ the- prob 1 i’m is ecu’ ) 0 ; i p I o  r t  o m i t

s i n c e  i f  t i m e-c nua l f’u n c t  ion  cni nmnlo t i)e dupl i e ’ n m t c- oh h m e ’ f o r c  r u m u i l m t e - n n i n c c

act ion i s t ni k eim - the ’ t e ch n  i e’ i an  h u m s  no w a y  of c on f i  ni rm u r i p  t ine’

c f i i  cacy  of time-  ic t i o n  t a k e n , ‘cs meri t  i omied hefon ’e  , B IF i roi l c o  t u ’ r m -

f’ r e o i u i e -n t  ly  cannot  he d u p l  1 c n m t c d  on the  gnound  arid t Im c ’s e  o r e  u s unm 11 ~
- ‘ I h ot written UI) Ofl AI ~ iii I n o r r n  340 u n l e s s  the-c -  r e c u r  d m m u ’ i n g  g r ’ o u t r u d

1) 100 ’ m i t  i on  a I t e n  ti l e- It ii i nd i e nm t o  rs have hcen ne se- t

3. h a i t I  t m o m  l n m t  b u n  a t  F I i  g lmt l i n e

I~ 1 ig h t l i n e  ma m t  i - n u n i  mice -  c- o r m S  i to ts Nd nina n i l  v of ’ I sol n i t iorn of’

a f u m u l  t t o o  a pa n- ti cui l an  LRU which can th c ’mm be n ’eriuov ee l t o  t i m e  h u n t c r —

i u i c d i n i l t ’  shop l i o n  further test lug to i s o l u i t e  t I n t  I n t u I t  t o o  t i me-  SR [J

Ic-vol. Ac tua l r ep a i r  of ’ t u m u l t  n i t  t in e I I  i g i nt t i n - i c  i s  uin mc ’ort n rn uo nm - co ’ept
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t ’t o r ’  e nt ic e’s us - inc - i - c- n o u l o i n o m - a c I h u s t i m u e - n u t  su i e ’h n un nm so i nt e’ l c’h i’Onn t n’ t m l

a d i u — 0 t u n i e n t  or t tg lmt e-r n i uug o f ’ I m o  ece e’ommn nc - c- t o n - --- , c- ti’ ,, is i l l  t i u u m t

i n  r e- qmd n’ c-d - ‘1 t i m t u u i g h some n m c ’ i o r  I c’s cq it i pmroc :nmt is rn oe lu l,ur ’ in

o Oil ” - t  ruct ion -i , n i  rcr nuf t t u tr n—nm no um u -od t in n i - I r o n - t n - nm I n u t s , c~~i m t o ~- m u r e

t o o is c - n i t  her m d  I rm nmc ce ss lb i I m t c ’  o t t  modem len w hile the’ l,RU I- s us t n  l i e - il

j un t h -  nil r e m - null genera lI e ’ p ret ’ I ui de t i n e n - e pnm i n -  of t i m e -  L R I J s  a t  t h e ’
f l i gh t  1 in c -

‘Fim e - t’i rn-c t ste- p in  f l i ght 11  ume f n m u  I t  i s u o l a  t i on  i s  t o  n i t  I e t i u pt

I o clum p I i  e nu  t e- t h e  ma 1 f’u rm c t ion . I f  t ime ’ u m u ; m 1 f u m n c ’ t 1 0) 11 c- ni iifl() I be

dup i  i c u m t e d , the ’  t e - c i m n i c i a r m  m o u n t  choose- ( n o )  to  u r i t e  n o c a n n o t

d u m p  1 u i- n i l e ’ o ( ‘N I ) )  m’ c ’port or -i t hue ’ A l - h O  m o m 1 0  3- 111 , ( h ) make nomm u c-  pc-r i  une ’ —

tory’ ado us tm c ’nt  , ou  b e  I remove t i m e ’  m o - s t  1 0 ke I c -  l ,Rll  f ’on f u i r t i n e r

I e n t  i l l  idm m eh nnnmy I cnmd to  tim e isolation of an i nt e n-ni i ti - - u - i t  prob ic -rn .

Since um b o w  C\I )  m i  t e  o n ot’te’n a menus um re’ of tIm e pe’ m ’ f o r n u n m r m c e -  of t ime

su i u t nmdr oio , th e- te’cinmm t e l  an may he inf l uence ’ d to avoid no  C N i )  report

b y’ m n mk i n g  nm p e ’ n f u n c t m m n y -  a d i  m inc t un ie n t  f o r  t h e  record . I f  t u e  mn - i l  t’e m n m c —

on r ect i r s  us-h -n m t h e  e qe m i pnni cnt  i s  lo pe ’ m n o t e d  , r ind  t i - ic  pnoh 1 i’m c a n n o t

he - cmo m ’fe - c t i ’ d h~’ a c c e s s i b l e  a d j  u s t l u i e n t s  , t ime suspect  LR [J i s  then
re ’nmovcd f r-on t ine  n i l  re r a f t

I n - i  more e o u i u p l e x  n m v i o n h  en  sy s tc ’ i mo n - n  composed of s e - v e - m u i l l ,R tJs

w o r k  l u g  t o g e t i m e r ’ , t h e r e  i s  s o n i c t i n n u e s  d i  ffie iml t c’ in dctem ’nnu i nming which

LRtJ is d efective- . I n  time F R -ill nm i rcraft , tim e Bl i indienition s do

not a l w a y s  i d e n t i f y a s i n g u l n u r LRU h u t  o f t e n  o n l y  n n m r r o w  t h e  p o s s i b l e

deli- ct uve LRIJs down to two or tim re-c. Because of tIme u n c e r t a i n t y

nms to w i m i elm LRU sh iou  1 d be remove d f rom t ine  ni I rcrni ft , t h e  380th 7c ’cI S

n m t  Pin ittshur g in -‘c h it b r a s  a f’l i g h t  l i n e  var - i  w i t i m  nu f u l l  c o m p i o ~’ m m i - m o t  of

LRU s and tin is van , c a l l e d  the “Bi g A pp i c’ ’ - is  d n i  yen out to the

t u b _ I l l  n m i rc raft so that f a u l t  i S O l n i f  i on  to )  the IRU level cn n  be

a c c o m p l  i s im ed  by ti - ia 1 and  error  ex c h an g i nm 1~ of L R Us  i n  t bm e ai r c r n u f t

w i t h  t h o se -  i n  t ine  ‘‘Bi g A p p l e ’’ . ‘Ihe F — I S  n i l  re- r a f t  has  b o t h  m B I T

s t a t u s  pane l  to i n d i c a t e -  nmvionics ma l functions n i t  t h e  s y s t e m m u  l e v e I

rind BIT I ndic n itor s on time I rmd I vidua l LR(Js w i tb - i li - i time syste m s
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I l i e ’ B I I ’  i r i c h i c ; m t  o i i ’ ’i oum I nd i c - i c h m u u o  I I _ R U n  n- , i u t o o i l d  n m c  o h  cI t i m e -  n u m b i ‘ m u m i t m s

I r m ci m c - it lo T us e-x pe ri c - iu e c’el is ~t ii t i - i c -  l l t ~ i l l  ; h o o ~~c - y i -  r , I i - d o n b e  I m u - -c

- i - i  c ’oi t i - i n t l  t ime ’  B I ’ I ’  0 no el ic - nut ions uom ’o - ‘mobil e - I i mc’s m muuo i ’ i m u m ’ not c- i s i t  ho

m ’ o - p ui m’ el t t o  t I n t ’  pcc i l i e ’ 110 m d  li nuit e ’ x c b m u i m n p . e  of n o n — i n i e l i e - n m t e - d L RI J s

O 5 ‘- o n u o e ’t l mi ie ~~ in c-cc-n s, o u n  to c I c-ni r R I  1’ m ind i c u m  t ech  5V’i t i - o i l fuo m o l t  -c -

l i i i -  t i — i n i l  rind c u - r o i l ’  su b st  i t  ot t  i m on  of ’ I , R t I s  I t o  IS o m u  I t i t o o l  no t i

t i n e  1, 1111 I ec- e - l  i n  I rm el i c u m  te’cl by ’  t i n e ’ dot  t e c h  loop oi t i m e -  11 oi l s i - i  i f

i n  F - mpur c’ - o - ~t l u t - i m  t I m e -  t’n m u i t  i m n m s  been c’I m n m i m m n i t e - ch boy’  - c m u h n t i t u i t  i on

of 1 1111- -c - t h e  LR II us -h i eh  h i n t s  h o _ - cnn m’ c’nooc’c’d from time’ n i  ncnni t~t i n  then
S e-mi t t o  I n c  mo e m - i l _ c - l u  nm t e  shop for  repro i i ’ . Ih e  t n m L u  1 t I no!  nit ion b y ’

i t  out ion nmpp roa cim is reported t o  he i c t o r k i  up .  icc’ 11  wi tim the’

‘ R i  p. \ p p l  o °’ n i t  I ° l u o t t  -u h u r g h AI ~R , h u t  t im i s  faeo l t I s t m l n i t i o n  t e ’ e h m n i qu c’

no l s o o  p m  c c - n - c  nmu u obm I d o u t l e l s  I n c h  c n i t  i o n s  if tim ei ’i- h ap p e n s  to he n n o m e  t i m n m n

o n e -  ~ie  t c o t  lv i ’  FlUb I n t h e  s y s t e m .  I n  s i  nip i c r  s y s t  co lo n  w iu e ’me ’  t he

I c c l iii m c ’ in mm m bias c oo r ufi oic m oi -e in h mnm c - ing tin e approprinmte LRIJ , t ime  FlU b

is sent t o  l i o n -  u r n t e - r m c d i n u t e  shop fo r  r e p a i r  r i n d  t h e  s y n t e u n o  i n

re - m - c t u m -c’d tim p o e-i - not i m p .  c on d i t  l on o  c - i  t I m e - n t h r ’o n i g im u m s e  01’ a nc- p lnu cenr ocn t

LRI J , i f ’ i c - ui i 1 n o )  h e , or  i f  t o m i ’ u i —  a i- o o o m n o e l  t i m u ’  c lo ut tn - n m i n t  5 p c - m i m i  t

tim ro u tp hm nho mp i’c’pni i r of ’ time me ’niu mmve - th F I l th  an-id r c ’ i n s t n m i I n o t  l i o n  m o f  t i m e ’

FlU) in th c- ai rc mnm ft

-1 . F aul t I soinition in A)IS Sho1)

‘c i te-u’ tin e 111 gb-i t line ti -clinic i n n  has i n t m ln mte - c l no se -stcnu tuou l  I

t o o  time- I R U  ic - ye - I , an - ‘ ci I I )  I n o run o S P o I l  is lm re p nur e e l rind the det’ee’ t icc

FRi t  is tn ik en t o o  time’ intc -r ’nn e e l in o tm ’ s h o p .  ‘I’imc A l TO In eon _m 5~() cont ains

i rn tto nu ru nm t 1 0 11 1 t m n unu- - oc rihed t’nom t I me ‘c hit ) lio n - rim sl Y wh ic ’im id e-nt it’jc’d t i l e’

o o r ’ i p. i nn  I sy-s t ( ‘ c i  mi nt I leone t ion p l o t s  no r oe - nm e le l i t li - in - intl i nib m ona t 100 nb i ch

mon o ,’ ho ’  niddeel by t ime- I I i n ’ h i t  l i n e’ I e-e ’I m n i c i nm ns wit i n r e - p o n t !  t o o  time ’

\ i ! l h ’ t m o i l i , S iou’ o c t  i o n  taken to j i c u m l i t e  time’ l’nioil t too time’ p rint i cu l nm n I,RII .

I n a t l i m o - c -  t I c’r’ on p ni in  I :nm t ion , thu o’ l’l I gim t I i n-ic te -ei m m n i c  inns rind time’

‘cin) j m t o - o h i o  o c i n u r m s ar e i n  ‘- co l u m n - n o t e -  o r g a n i  ‘ n o t  m o o n m n m l  t m m n i t s  an n e !  Im n ive- l i t t l e ’

or u-m o direct e m o u u t n m e  I - R e’ c’n iut -c e of tb - i t s  sc- I - m m m n m t i t m r u , tine’ ‘cl I i )  i ’ or rm u .) lo t )

is ti n t- pr  i mmmii ny c- b n a n n e  I t i n  roug in ishi  i eh t ine ’  shop tc i ’I nn i c l , m  mo -c  I e’nm mmm n i b o t i t
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I b u t -  fn ui m I t  i n  t i m e  11111 w in i c — i-i t hoc - s no n - c- 
~i t o - t e e ) t o o  re -cpa i n ’  - I t o  a

t m s o o  t i e ’i’ u o r o ° n u n u u : n o t  i t o r m , ‘ o o o t h ~ f ’ I i c ’ imt I liii— n m — oh s l m t o p  l o - c- h u m m c ’ i n i n s  n O u n -

i n  I S o  s nuuu nc’ u n i t  nit - id t b m c ’ m e ’ m s nmuore ’ o~ m j m o m ’) mini t e ’  f ’t m u  tb - ic - rim to )

c fl fl if l i t it i i cu t  te ’  . I m is c-c m - n  - c -ce-r i i n  n i l o s t t i en mm m’ t n On I ‘nit ion , the’ ‘c . m m mm c-

c ’cin n I c ’ I n o n  m m m v  not  nec e ’ - m s n m m ’ i I y benc’in t e ’ m t  a nn  FF 111 oc i m c’i m b ne imn m to

n -~- n mn oc - c- ch I ’m -ot t o nun  no I rc - r a f t  - Ope’rnit I oun  0) 1 -\) lS shop s  i s  O t s i t n i  1 l y - -

t os o l  on’ t h i N - c ’  s h u t , f i v e , si x or se-von ti nmv a w e e k  h u m s  i n  i - c e - c - h u t  l I o n

prcc i si ol n mcas m tt- e’nme -um t e t l o mo l nnuc -n ut l u i l o o n ’ n o t o u ’ v ( ‘‘lid.) a m d  n o e - m ’ o o ’ m j o n i i ’ e ’

pi ’uoe m nc l equ o pmc’nt I A P I S )  - c h o u m i t s  - In no de l i t io m m , time te nd enc y ’ is t’or

the’ o c t  ter n m i i P  nnuo re- exile-ri cm-iced t c c im nm I c I nin ms to he assi gn-ic- el t o o tIne

s h op .  i s o  1 1 c time’ moo me ~i t in  m t o n  t e’chnm i t ,’ i no m m ‘- ni ne ums  s i gn ne - d I t o  tIm e

11 i ph t I l  ne

IVimen m i t I,RtJ is me- i- c-h ved -i l-i t h e -  \ “ 1’S shop ,  it is hemm c’hn ti-ste- cl

c i  t i m e - n or- i a bm c t moo ck t m p  ou’ on a n l mecinm I test net . h tml nuocku p

test trig is gener nm l ly - aecomp l I sl ned on [RUn frono olden no v i onics synt i-it em

oslo  m I c  n e -n c r  L R(J s  u m c-  nno~~’ i i  S - l v  to he ti- -steel on ci tile- n r u m auto-

mat ic m on unuanua l t m ’’-t  sc’t den i gnmeel t t o  test spec’ I t’i e -c c’ t -c of ’ LRI Js

‘c 0 ’  i t  m ock m o b )  i s  nm f o i l  1 s et  o m f  I ROn w hich nine assembled to make  nm

b ench  mnode l  m m  I t i m e  p n u r t  i emi l n m n mv  i o n  I cs s stein . A hot m o c k up  di  lIe’ m~
m o n n i time n i l  n’c ma f ’ f i n n s  tn t 1 1 nit ion 0111 y- i n  t hu  t I t inn -is ren d I I e nieces to i b l  (‘

t cemt poi nit s n omm d Inc I eoelen te nt e o lu  I prime-n -it sutch as si gna l g e ’n c u ’ n m t o n ’ n

t o )  r u mv o d e t h e  in b m o i ts whie b m would he rc’ee-ived in tb -ic nn i nc naft.

‘ft ro uu mg im o m i m  - ce-nc-nit ion of the penf’ormance  of an [RU in a hot  mockup
nm It mmu p w i th k o m t m i s  1 ed ge ’ of tIme- c i mcci i try , the’ shop t e c i n n i  c l a n  c- n u l l

1 u)c’nm 11 :e-c tine- pmob Ic- rn i)y elc’d uuc ’ t I oun

I i - - c t  - c c - I  to , m u m  m l  m c c i  I m m l v  Iii I I  e- n m u m t o u m m n m t  I c  t i - - c t  set  - ‘ reclu I m e -

l i t t l e -  or m o  the- l i m e - I  ive n ’ c-ni - - cm mu i h ung 5y tIme- simO fl tcchn I c~ m m  h u t  i nmt luc’ r

r e l y  upon t h e -  n-c- 1 i ni b  I I ty’  of  t h e ’  P l’ om p n ’ n i u ui is n i t  I c - r u  f o r  t he  c’i ) In i l ) u t t  c-c m’

which count n’o m I mc tIne ’ opc no I I e)n of ’ tIme- t c-st ~~~ - I n  a I i - n t  - m et  t ime ’

[1111 m mu n d c ’r t o - I  i s  t e - s t e ’ oI n ms n u n  i ine l i c- i clmmn i l b ox  ra t  hc - n t u r i n  n i - s  in

m p o e - m n m t  l u g  c- o tn p o uue m nt  ot ’ nun n m c - iom n n ic ’s system as is tb it ’ cane m c ith n m

In t l moc -k up .
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hc’ I b I l l  m c c c ’  I o - o l f t m o i i o  I i - ic— I l~ — - 5 t  I j l O t ’  l i m i t  ni I Ic’ t i t s  UK

n i l  l I m o -  o n o m -i ’mm c - o l m n u te , h i , o j o  I t c c - I . , o (‘ N b  b ( ’ - m i m n o t I l u t I m I  m c ’ n m t c - l n ’ t - j o t o m — t

n m-n n m n n n u m n  o l e - c l  on t h e -  \ i  F l )  - ‘ n ’ : 351 nmum il l i i i -  h ,RI J is rc- tu t n’ri c- tl to

sc- i . icc’ - h’h t’re ‘ u n i v  , m oo s C ’, o n  , be ’ ‘n - i - - s n o t  m e  on I h o ’  - t c - c h r  m e  u n o r m s  t o m

k m - e j o  I t o  ( N o u - o l e ’  lo w ru nt! - i  ~oc’ r f u n c  n o n - v  u m d j  t i n  I nocnt or n o  I i  p ro flue n t

m m m c  h e ’ i o ’ j o o o m ’ t  0 - o h  0 ’ O , c - m o  t i m m o o i p h i  l i t )  ~ 05 It i c - c’ d o t  I i i ’ n m t  l o o m  i o n  the ’  m~n o

I’umn ue t I oum s n o n  , o b o  ‘-e ’ n - c - c- cl . I ni c r0  ‘u i -n  w’ h c -  m e -  , o h i n t 1 t u n I c  I io u - n  i 5 e’ o ° r u  f ’i rmne e l

i n  t h u  i u n l e n i n m e c h m , u t o  - ; b m o i ; m , n - i p t i  o f  t i m o  1,111) i s  ni~’c’omp I i sim ed b y

nepl n uo - e-l nb - mnt of’ o l e - I  c ’ . t oe - c’ SRIIs u~ I t h i n  t i c - L R I J .  ! O i ’t ’e- in t i c e ’  °‘dlli s

i n c  i~ lt ,- n m t i t ’ic ’d c i t b m c ’ n ’ b y- um t e s t  , m - I  or be- no t c ’ c h n i c i - o n o  u t n i n g  h i n c

I n i t m u l o l i ’ s h m o m o t l i m p .  u m b i  l i l y ’  t o  i’c ’ l a t  -,- n v m n u l m t o m s  cmb n c- m ’c’ cd m m m i  nm bo l l

mockup to o spec i f ’i c 51111 fum net ions. Re- pr o  m e h i e n s  o i l  t i - i c  t e s t

proced u re c-m b - i l n yc-c l  i n  the  shop t i  f5o um 1 t i so  I a t o ,- t n t  tIne’ SRU lee-el

t h e  ge nc n - n m 1 p r a c t i c e  i s  to r e p l n m c e  the SRU which h nu -c h o_ - c -m o i chc o i t i t ’icd

as dc I c c  t I ye and ret  c - n t  t i - i c 1 1111 t o o  c o n f i  rm the -  e f ’t’ i ca cy  of rep ! ic I ng

t h e  Sil t ) .  I t ’ , h iou ~i’vcr  , re’I.il n oe -e ’nnment i m l  no n o u n c j m c - c t  SRU d o n - s  n o t  C t t c ’ o t

no Il ,s or I f ’ n - me ) rep i n m e - emen t  SRIJ i s  u o v u o  i 1 o h I c , t I l e 11P m f a l l s  i m t ~ o no

NbITS I \ o o t  R c p n m I m u m  Ic ’  I ’ m i n  S t ru t i o n m  - m l  m I m i - c  and i n  Sc - u i t  t o o  no m l m ’ p o m t

for rep nmir t o m  imele l tint i 1 nece-ssnm t’v pr ints become av nm 1 In ih l e t~ or

nep nm i r  of t h e  [1111 n i t  base  Ic-c - c - i .  P r i o r i  I ’ - i s  p l u i c c e l  u m n i  u cc onnu p l i s h i n g

m t - j ’ n o  h o ’  mof Lillis n o t  l o u i s e  l i - e e l  an d  n i j o j o m m o c - u o  I t i o o m i o  t i - me ’  I t e ’ n n m  \lnon no ger t’or

t I n e  Fi l l )  m ou n t  he o o l o t  no  mmcd m e t  o Ft,’ arm 1,1111 c-a l l  h e -  sh i ppe d T o o  n o ~l c ’ j ’o o t

f o r  rep air. Pending recei p t t o f  th o _- I tenon ‘ c I u i m , o e ’ e ’ n’ s n o p p i o o c n o l t o m

‘- i - n d  i r ig a c l e f t - c- t i  ye 1 1111 t o o  dc-pot , t h e  [RU m o i s t  hi- h e l d  at  b n o s c  e e c  1

i n  an n o o s n i  i t  ing p rint ‘u ( A I V I °  c t n m t u s  m t- ~’n m m olless of t h e  m ’ e o s o n  for  t ime

F i l l !  I c i n g  u m n r e p r m i r n i h l e  n i t  base -  l e v e l . l I d - i t  i v ’ ,’ S l I l l s  r e ’ n m m o m v c c l  t m ’ o o o : o

F i ll s  ro u t - c , de~ m c ’ n u 1 i n g  u p t on  t h e  -c~ o e’e- i t ’i  o ’ 51111 , l o t -  t b n i’ o i o ~ -c o o c , u \  I tc ’mn u s

u ’ o p o m I r a h l e -  n i t  l o u t - c e -  l e -c - e’l , or re pnu l m ab le - onl y ’ at dep ot i e v ~~l .  Oh Io - u’

Sills t- r o ~o ltu ~- ing I r i S e - -c n o n c i  d i  ‘m o n t e ’  d ’ o m i m o l m o o o m c ’ m ’ t s  n i n e  ru0o m~e’ I I Sd °o ’ t c m  be

c i n m s s i  l ie d  n on Imase- nepa l i ’ u i i o l c ’  items wim i Ic - Sills Ir ’ m o m lm n i e lsen ny-stems of

i n i gh t i e-ui- cit e c Om b - t  r m u i t ion  m ’ e I h i m i r i n g  npec i ni l n t o l c l e ’ n i n g  s k i l l s  genen ’

nil Iy n i l - c - d m ’ j m o o t  u ’c- j t n i i n itt-noun -; .
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S . \c’ I o ~~o i  c’n ~) , o j m o t  m o m o n c e ’  n o t  h i ’  : - ‘ o I  I c - c c - i

\ t  d e r - o t  1 e -ve l  t h e  c -o l m lm p mmuc-n u t sc-u’ - mc ci cioc’ e ’m’n, a o— Idi ’

m o p e -  in no n e’ n m mmel fumn uc t Lo o m s r i nd  n i t ’  s i n  - ‘ i i  bum r j o o o m c o - i l o  m m ’  - i s t ’um 1 l o o o s e’el

tom ’ no  II e qu i p m e n t 5 - \1 though tim e- n i c’ i o n  u e - m  l’ c - c h n n  I c n m  I R ep rm i r

L c - n m f c - n ’  ( h i l t ’ I I mc nit i~n o rime— n’— Rob i r i s  , s t o i m o c ’  no e’ Oil o_-s mini in t l ‘- - m i _ i  m i c e  1 mc

nmcc o nn p  I i  - n b c- cl n ot o t t  b oer I oe- not ions i-n I tIm di f t P -  re- r u t i s m o  r k  p m ’o o c e- d u m ’ . - -

l’hc \ i - m t o s ~m n o c e  Gu i c i n i n c e  no ni c l  l ’lc ’t n o o l o p . v  t m - o t t  e m  ( A m eS’ ) m l  ‘s o ’ i s m n ~ \ i r

h o o m ~n -  - t u o t i o n , 0 m b , i s  r- e ’sponsib le for n n n m i n t e n n o n u c c  o l ’ inert ino l

nno m ’ i n n o t  I o n o ni l etluipnocnt nond F — I l l  avior’m i en a r e - iiua i nm tnmin u e ’ cl not

Snu c ’r n i nne r m t 0 \ I  C , - \ l t h m o t m g b  t i - m e r e  i n  no to in g mi ln or o s o t m ~k t
’

i m m m c  w h i c h

in fo 11 d O s  c l  ru no 11 d c- j o oo t mmm i 1 m m te’n n o mi c - c’ , l i m e- in i gl’m l i ghts o t~ nrma i n t e m i , o  n e c ’

I mfl’o eediib’c- s it depot ice - c-I arc shown i n n  Fi p .u mr i ’  3.

i w o o t m - 1 o e ’n of ma i ntc ’ runon o c - e’ n o n -  n i c c o m p l i s h e c l  n o t  elc ’ j o m t t t i c ’ ! .  O l d

equi (0 001c’m ot such noon the’ -\I’N— 5~) n ’r u drn r is con m p lct cl y ’ m’ e-f uio’b I nb c- cl not

l c z mr ne m ’ — Il ob i non -\FC w’bn i I c  u m eoc e’ n ’ ee 1im i p m e n t s  n i n e  m ’ e j o u m  i ne’eh no n n- c- i l i um red .

‘l ime ‘cl i i) Form 55)) which - i nocc onmp an ic-s l RUn i s not m u n c - d 0 1  )o ~0 m o o ’

Rob i nms - ‘c l )) in - i ti-m e crm- ce- ot’ older equi pm ent- c . Cannibal i :nm t u -no t ’,or

Sills and c-v i -u m component pnmrtn at i on o s c - l e v e l  r e s u l  t s i n  l ,Rhi n

‘ e l  ii rm m c ’ cI to d epot he i nmg ‘‘ -c u l t  c u t  m c ’s f’on cli’ Ic- c t  i c e -  S h I l l  -c ’ r i n d  t h e -

pro S I cmii dc’’-cc m’ I he- d on t h e - A l t m  P F or -rn 551) clOds not re- f Ic-ct ti-ic’ n o i ’ I t in  1

St  m t  us tif’ tim e Fil l . ‘ct ~(Pit ) , h o o w c - c ’ e ’r , t h e ’  - ‘ c l - I ) )  I o n  u j  55)) m ’ curm nu inn s i~ i tIm

t ime-  F i l l )  m u d  c’m o m ’ u ’ c’ i- t  lvi ’  ic - l i o n  i n  i n d i c a t o ’ i  o s b o c - n i  t h i o ’  Fill ! I s  m ’c’t ti m e d

T o o  t ime-  b n m s e .  \ i 0 0 0 t  m o m -  v n i r i i t  j oin enc ’ o m m n m t e r e - d in clc’pot opern it ion I ‘

t b o : o i  some ma i u i t c - n u n m u l c -e w o o n ’ k  o n  p er f ’o r ’nmc - el 1 m m - ’  c o m n o t m i n t  ‘ ‘ n - u

Winer o no ml eec- m o f ’ equi  b I o n i c - n o t  i n  re’funb i shed nt ~o m m im i— n’ — i-) mm h i l l s  -‘u i  C

i n n it m :m 1 te’s t I ng I s h e - p r o s  o-n c- eI nine ! t l ie  cq o a  i l - mine-n i l  I mc d i  -m uon ncm h led I o n

re- Ion -h i sh n roe rmt  of s ub n o s s e m b  I I c’s . C o m p o i o e n t s  k uin u os ti t o o  I m n m c ’ c  h o  gii
— -p-

o l oi re- m u m  1 - - m u O n- c- m i - i )  I r ice-el  b y spe -c I n m I 1 st mc tsO O rk I rug ton -i a I)i’em dlu ct ion

1 lu - i c t e ’~ o c - m o p e - b - n o t  m o r n , ~ooioassem I, l Ic’5 rio-c I ’  - t i’ tI u s i n g  c i  t lmc’u ’ p c-ncr -n i l

l 101 n ’b ot ’ct- ti-st e qmmi pmiucn u t or , or - i some eno sen . spe cial ti- - c t S c-I - - no n e ’

n mv nm m I at) 1 e . The- n o -  I’ui n - b j she-el suhums sc- n il-i l i ire ’ t b uemm N - O s  se - m o b 1 eel i rmt  o m

c o m p l e - t  c- FR U s  . N mo n u ttc - ium l u t m -
‘ umm ni de , bou n ce - e r’ , to mn’ n o -c ’, t- oi m h le tIne same

contop I e ’ r n m o- iu t of’ n om b oni ‘m e t ro S 1 i es i n t m  a r m  F i l l .
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\ t  (c ; m m c m  - - l b S I m i s  ‘ c i , C n m r n c l  \m ~ - lm j t is’ u o u I c - n o  run cd t io nm t finn 1 t c - n t

- o n n c l  i i m s p c - c I  o t m n m  i n  no e cono p l ish c’cl uim n m s r u m n p l  l u g  has in no n id l i m i t  1 15 1 -

t e s t  I n ip  i s  pc’ m - t  o o m num e cl t m u o l v  usb i ’ um mi mm - c - u  I u s  t ’, o c ’ t  t o m - c -  m~o - ( m t m  n - I s ( t I l l s )  t’m’ om mu

b u o n e ’ s  i um dl I en u  t c ’ t i n n o t cl c’ I ’ect  I ye ciii I t s  are h o e i n g  dv I I v ’re 1 . Some

o m - o o b o l e n m o s  o r e - n m t t  n ’ i h t m t e - d  t oo  c l n o onage — us im i Ic - 1 m m  t r r o n i s m  t m m d , t he ’ n ’ i - t ’o o o c - ,

I e’s t n i t  m u m  se of h i lls r’ecc’ m c c - c d t ro nm o depot  is S o i l S -  t i mi mes b -mci - c--u ncuu ry t o o

pn’ o - c ’ 1 m o d e -  I nm - c  t u o l  1 n u t  iw o  of t ’n m o m  I t  m - ’ e - d i Oi I pi nt o _-n t  -

hi l Us  i n  t ime -  d epot f o r  rep r o i i ’  m o t h e r  t i o n m u m  comp l e t e -  m ’ c ’ t m m t ’ b i s in—

m m n c~o : t  ni ne- t c ’ — m t c ’ei ro r i d  I n i u m i t  i s o l - o t  1mm I t o  t i m e  Sill l c ’vcn l i s  a c c o n m o p h i n l m c - d

oon mnmn m n u o n o l (In nmtmt o n u nit in t n - c t no _- t n .  ‘c t  -\ ) \ 1C , t c’ehno ic i ammn oi b o em’nmtin g

no om tm 1 0 00 notic Ic-ste- n--c ru m-c n ’otnmted rumong te n t n t u u t i t m n n s  nond tb oe ’ el e - c non

i’oonmi o m p c - r a t  lori s i n o N i o n to m l n -m i m i  :e horedoun no r - id  f r u i s t  m o t i o n  a - m s o —

ci at c’cl Os 0 tIm open -at  ion of nmm o t t m m runt t ic t i’n c t  c’qei l prim e- nit - \ t  (°~n o n’ne’r—

l b S  i n - i n  \ I t  - t e c h n i c  inmn s are sem i donmm r o t a t e d  b e - c n o u i n c -  of t I m e  m o u l t  t o m e

- ‘I t i m t e n t  i - n - c  norod c’c~um 1pnm e u ’m t s e r v i c e d .  b e - n t  c - d i co i proment  u sed i n  t h e

P r o d u c t  i o u - i  U rno noch Section -is of the A l  thor-ne I. li-ct mono i en m i  v i s ion i t

h nonn c’r— Roii Inns A b s .  i n c  1 mmdc c n nuu mlt i purpose , eonuputen corOt r ’oI lee1 t c’n t

set - ‘ . s p e c i f i c  l~Rll ti-st ne-tn , ho t nu mockups , r i nd  g en me m ’nm 1 purpose

I i i  - T  m ’ mmoi o ’ - m o l -
~ Such non oscilloscope s , n i p n m n m ) genc’m’ i tmom -c , rind nm et l tin m oe lo . -

t i n  i n  cli ee - m ’ n - - i t V  of ’ e ’ q r t i j m i n c r m t  amid  t h e  h i gh spec L ol i :nit io n ot ’ time-

t c - c h n i c o , m n m - ’ m  i m m o ,’c lu d c d  r o t n o t i o n  of n m n s i g n m m c - n t s .  \ t  Al P’S’ t i - ic  w o r k

i s I mm m i t t - d l  t o o  in - i c ’ r ti no I m m n m v i gn m t l o o n  n m n i l  g u i  eln m imcc cqtm i poe-nt .

I n  t i m e  ease  o f  t in e a v i o n ’i i e - s  l i - u t~u c 1: _ I l l  ni i r c r n m f t , d e p o t — I c - y e - i

norm i nt u-nm - once in einic luc . ‘I ’he- t o r I  g I u - i nt l b~— 1 1 1  s~~st  m mii c-nin e - i-pt 0m m’ to

( m a n e -  soph I m t  0 en t i - ti  r o u t  o noi uo t i c  t c -n t  cqu I pmm ic mmt  n u t  h n m ‘m e’ l e v e l  w hm i cl-i

i s o u i i ld  l m c ’ mu m u i  t nivioni co s umia I nt l c - r o o n i ’e is I t h moo m t re’l iancc upon no depo t -

It is n i’ c l c ’n i r m ne-d  t h r ’ o o o i o -ii cx imerienc e t b o n m t  t h i s  c o o n o c ’ e’ i o t  uc uon  i m n n a t i s —

fnmc ’ o t r y  w h e n  n r n i m m m ned b y  em l i - - t o  - l p c -nso in im c -l n m nc l nm 1 t e n - u n i t e  r upp ro no ches

o I u ~ I n _ I I  I n i v i o u n  t i - c  :0m m I m i t  o o i m n C e  we-ne m u  I i n i t e e l . ‘ct C an i r mon - ‘ c l - U ,

t i n e ’  l tm _ 1 1 1 1 )  nic ’  0 0 0 n m i e ’s n u ma i n m t o ’ m u u m u m c i ’  o m n o s  c o n n t m n o c - t o - ol to Cc-ncmni l I )v nnmm uu me -s

he p r o  mmm c— c - o m i t  n’ n m c - t  l o u ’  ~m mi th a ’ I - — t i l l ) , fo r  no t u ’ i n m l t o  de t e r m i n e  i t’ t h e
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b u N t ’ , o m o t m o o u i n i i  o n  t c ’s t  i ’ o ( i m i  p . u e m m >, n o b o l m o - o m e b e o m o o l i b  hoe -  m m m d c -  t o  work

m thu c i o 1 ‘ m o o  l m i o e - m ’, o t ~0 re -c , l i m o mc o s mt l u m p .  p l m n m n e - d  omi t nm ume l C i n r m o n  \ }~ f

m~ , i ’ — 0 0 0 ) t  0 0 0  m m i i , )  1 m m  t ime -  I a mnu i I i n o o — i : n i l  i n m u  t i 0 0 0 r  n - l i m e - In pm - c - _ c- d ee! t l m Hc

m i - i ”  ‘ u t  - ‘-~~~ t m o o  il tooni h o t I e t e s t  e ’qtO I pnonc - m o t  ush i  I cl i  m n i d c i i  t I n u 1 to )

tbm ~m t  o m n c - ci no t h o - c -  I c - C e ’! h u m ; b o e ’o - m o  m u m s t n i l l ee! - i t  S n o e o , o i u o e - o m t o  ‘I C  oshem ’i ’

i t  o n  co ~ om : i’ n m r c ’cI ‘ m y  c l v i  l i u o o m  t e - i- I m n i c i n m n n  l i m e  o r n g  p r e - n o t e r  i- . \ b o t - r i e n c i -

b o o m l i i o o t o t  t o o l  I ~- t c-i I O e t ’ n - c m o n o m e l  I i i  t b - m e ’  ‘c~l s - c  - ‘l ’Ime t c c b m m m i c  I n o n o n  n o t

‘ i ron-  m i t e )  \ m . C  t r t ’ m l O m i ’ o i t  I c ’  c’ n m m o  f a u l t  j n cul at c- t o o  t i n e  SRU l e v i — I on i

1, 111k i -nb i ch  h o 0 C c  h c ’ c oi m c c c i  c c c i  f r o m  h n a s e c o, ; ( oo to s c- v c- m , so mu mme fn oo il ts

c n m  m m c m l  b o ~ ’ 0 o i j u m  t c -el On t h o m ’ n u t  o n uno t  m c tc ’ -m t c ’d h u  I lone- nt r’c-p nm i’d l o i n s  of ’

t I m e  i ’ s h o e-n e -m in e - cot ’ t ime -  m o p e - r n m t c o m ’ . S l i t  rm t h e ’ t u i e m i t  c n m t o n o t  be isoln oted ,

t h e  , l c t e ’ c O i \ t . ’ b I b )  i s  t n o k c ’ m o  l o u  n b c -  A v m t m m i i v s  I n t m - p m o t c d  S u p p o r t

b o n n  l i t n  ~ \ (  -o h  I m s ( m i c b u  l i m o s  d - o m n m p i t  t o -  u m m o t  n000 e bdi l os  o f  t h i n  sec- e m i l  1n _ 1  11

,m v u o o i u i c s  s e o u r v , l I n e n  A h ~~b is ‘ ( ‘ c n’ ; o t c m d p r m n o a m i l v  b y eon t r n m c t o r

\ i t o nc- t ic r - c oe ’mn o im m oc ” h ninmd is not imtend le ch t o o  Sc ’ no me- ~i u o  i r  n b m o p ,

(t out is e m m c u t l t  o c m o ( . I v  u i - c c - e l  t o o  f i m i l t  i’ ; o lnttt- to tIme’ Sill] l i -c - c- i t h r o u g h

cc~ 0 - 0 0 0 0  i ’ t o !  ~ k L l s  O s l o  I le ’ o h n c - m c  i m m g  m o e  i ’ m - n i l  1 s s teu m o b mc ’ x ’ t o r n n i r m r m e -c in  t he

h o o t  n n u o c k o m i o , 0 e , i o e’ O ’ , O l  b y  t h e  t v j o e s  of I m u l t s  so i s o l n i t c d  ore  i n t e n - —

n m o l t t c ’ n t  t a m  I o m u ’ e -- -c wl o i c ’h t e m o c i  t i m l e  0 0 0 t s ’ - c c ’ cl by  \ h l .

B . \ e  i o o u o I ~ ‘- 1 - o o o i t m _a u n i u m m i e -  l ’ c’r ’siot o mo e ’ l

-1 i l l  t - i  r —  , en i v  I m~c- n ’ ’ o cv , m i t ’  re m - c c’ n e c ’ t e c h n i c  j a m - i s  ( A l t  i I , on- ’

0 0 0  t r u l e , t - m u  b o c m ~~- u ric- I u n  c omno p lim e c- il tc) niccc )omm p 1 i sh av ion ics uioa o m i t  enrmi mcc’ -

‘i t  l m , i ~- t -  l e o _ n h , t ime -  - ‘ c°- t’ ~ mc none- omo- i b m o m 0 0 0 0 u o t c ’ I v  r m m i l  i t m n \ ’  pe i’ n - t o r o n v l  t o r p u o n n -

i n : n o t i o > n m  , o s i m m  Iv  o t  i c - p o t t  i c e - c - I , t h ~ - e a s t  n o r i j o r i t e  of o - c s i gnoed pc - n —

- m o n u i o o _ ’ l m i — em L n m v m  I i n o u m m - c . l i i i  t o n i ’  o u t ’ c i V i l  m u m  i t o  n i v i o ° m i o e -S i i m n i i n t c n a i i c e

- 1 u o , o d r o o n i - m  v a i j e -  - f m o o m i o  l m n o s c ’ t m o  b o o n e -  - 01 the ’ si - i c - m o b  bn t se s  V i s i t e d 1 .

rrn c i v i l  0 - e n - - I s O  m c  cub - c ’ m o _ e d  i i i  n i e - i o u o u e s  ouo ~o o n t e m o n o n c c  - c o l o i , o d r o u m n n o t

S t r a n c - g i e  -\ o i o t o i m m i o m o o l  b S \ C ) b u m - c t - - -, wbu i I c ’ m t  ‘- i i  l i t a m ’e’ ‘ c u r l  lit Ct mu m n m mu nuro d

( ‘ - l ’ c m - i i u c l  -‘c i i’ I o i i m o i l m g  Cu mmmo n i a nnd  ( A h I l  ( ‘ i —- c e -n , no nn i mnom — i t o ’ n ’ t - j ° n t - — - e n n t - m

to e , - u t  c i  1 i o n  s m - r c  o i o - - c c ’rve -d m s n n ’ k t i u g  n i l o n g  o c i t l o  e n i i s t c ’ cI p en - —

c ooiiu m c ’l _ Sm uu m , . - - o t  tine— c i v i l i n u n u s  o t ’ u -  c i V i l  n t - m e t e d  p e ’ u — - o inm ne ’ l , w h i l e

o t hu c- o 0 l i ’  i on c e n ’ , o I ec ’hi m i n  i m u o n I -‘o i l  1 . b l u e  l o u i n c  i pa l mi me— n- i t of
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Im n iv  I i0 - - 0 0 0 0 0 -  i~ I c ’  1 1  I n m n— c i i i  t b - i c- \\ S- - o ’cl 0 0 0 ( m - m  1 mc t bnni  I I h o t - ’ , o r - ’ r i c o

n i m b l e - c t  t o  n e - a n n  g r i m e - n o t  u o m o c l , t i m e - r e l i n e - , c u m i n  p n o o v t c l e  c ‘ m m m l  0 1 0 1 1 1  t y

inch mt-rite- u- e \ (Oc m t  iSe’ to time’ ou ’gnu um I ‘not m o o n  - Sti r i r i m ’  t oo- °~ j o - I  ‘sn u b

o s n m n ’ , u n r n m i u i t c n n m n m c ’e t e ’ c I m n i c ’ i r o n i c - c  n o u l d  o o t ’ t o ’ i O  come’ to omm \‘-1’ ~ t m o o o m o

tec ’i m nnic n n l se’hiuott l one! n o o n ’ S  i n  t I m e -  -\ ‘clS t o n - o o n m l v  no c’e umn I o u - t o r e  b c ’ i n g

tm n m mo s f err ecl to ) Sb. \. Since’ mt li-no-m t o )m mt - \ c ’ u oi ~ Ori 0 mm u m- ~si~~O m: n om - ; u t  is

roe-ce- - s n i my to ht m l 1 el up - .\jme’ rt I so - - I Ii em e o p 1 I on e i-m s s o  c 0- par’ i coil no r I 
~

c’Ss enO t m no! d e m o imp . th is penn cod c i t  me lu o t Ic- c- ly - I i ’ nt 0 5 5 1  p n ofl~ - o m t s t ’o o m

i i :  n i ’s T c - chnie i n m rmn - Ihc- i 000 pt o mtuoomc e- of Se-c- p m np  e~~~’o ’ m i  c-moe -ed

i i  i o ) n l c n  I l i u m  i rntei m nm nc c’ t e ehnieino m ms is n e ’ i ’ot ,~o i i  :cd in “ lA m a im - . i t m - i ’ l m r m i e ’ i n l n s

os si proc- i to P - A,-\ no i n c  m m  ft ho noc e a uc 0°c-c mum 1 n mill o -\ oim I N - i r . ‘c i r b o o  m m o -

n oe- c irm i it Code ( A l - S C  I w h m i  elm u m s - , m i m c - -u t ime-mum of borm g term ‘oss i p m m o o m c - n m n  s

° ci t l n c- r C— NA home hniscoc o u’ cnn -out e bases . li - i ge- n -me - rum I , tb oe emse

t m f  Corn!) lime- t b iii l it n u n’m - ’ nnn id ci c - ill an imersonn c I not Sane- lev i -h roppeam’’c

t o o  imav c- dcfm m nite m u - n t ;  boowever , seinoe rc - n eo ot l u me m ol by t ime c n l i s t e - ~i

p e m n i o n u i n e l  i s  moss  l b  le s i m mc c - i- ic ’ i i m m  techn ic i rnns mount Sc- Im n o id l oon

nor - m y o v c -r t  ionic w h i l e  t he  cr m h i m - c t ed pe r sonne l  n e - c e - i c c -  moo i nven t  uric ~~~
Add i t  r o n m a l  l y ,  c i v i l  m norms genera l lv n’c ce- ivc hI gher jmay for t h e  I r

work  t l m n m m o  , I t m  t h e ’  in mi 1 I tum my countc- i ’j on o u’ t  n

I - i ) o i u i  1 i fi cn nm t icons of ‘cv Ionic n ‘clu e i note-uma n ce b ° e- r n o m m i m e - 1

A c’ io u n ins nun i r o t e - n o n u n c e  t e c i n n i c i n u i m s  ru m-c gen mc ’n’ no l i v  c on e-i  r i l e’ n’c-d

- m he n o b m i v i -  rove- m ope- eni o steel pemn ommunc- I - ‘I’inosc m ci tb - i ti -m e-c go’ e - nu test

ni b m l i t y ni nmd mo-- I c- -upc- m l  einee - t o,’rmcl t o o  he- nm-c s pmncd to bench ~~o m  i -k i n

tim e- \‘clS shop, wim i I c  the’ less e ’ x p e - m i c ’ n c e - t b r u n t ’ m o o re ’ I t h o - l y  t o ’  ( me

non si gned t o o  w ork on t oe- fI 1 gb - it I i ine

Do vo- r - -d - re- n c b i tono m u ( - s 0c c-re- r e c e i v e d  n o t  c o o ’  ous ba-c e- s n - p um m eling time

qua 1 i ty of ’ rece n t p. mn o c h o m u o t c-s f rom ti -ic- t o’cb no I cr 0 1 sc’Inoo Is . I t luri d

bm’ e ’u m a ru t t e’ I pa ted tIn not t I -me- 1 0m m  l i t  v of ’ I r I-n i’ d’ e’ c-mu I u St c-i- s 0-, 0 0 0 0 1  ~l d no l n

wit ln the woe! t o t ’ tim e dr nm ft - bit t ni ~ o~i i  n c - n t ! ) ’  t h i n  fu m e - t o n ’  bo os be’c - mm

o m i  l o t  S t h e  t i gin I j oml o o o m - o u-k e- t Se -c - c-i - n o I -\‘cN slm op ch i c t  ‘; s t a t c ’ d

t h um t u’ -c -wi t 1> ’ no  i n  vc- d t o  - o l mun ic i mm m m - n r o n , - c’~~t i- n m sILO rp ; ( m o w  -c c n , so m une

no! so oso- n’ c- i’n- I I icon I ou t tIne- ti- nil in i up . Inc limp . p .1 ce-in iii t h e ’  t c-cl - inn o d u o  I

s o _ m o n 1 s . I me- wide r’nm m n ge o f  ti-c - hi iou 1 mo pe ’ inn co o u n ’ c n o t  n o v  m oim o en
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eth u t l o c t  0 n’ t - s e i mts no pn-oS l c-mu o in m m o o v m e l o r ig n m p p m ’ o m l m n i n m t e -  t m - no m u  mug iii l~~

I c - c h u m  i cu t  I -ci ’b m mi o 1 s - ‘l Ime’ c t - n c  C) Ic! ( 1 N o —  N i t  ~‘ e- nm u I  c d l i i  p n no c -umt  s t  0 ! I i t O  t i

mum 5- N ‘ , km - I 3N s , c t c - , 1 Im m’t mh ) ! cm t ’om m t li e- mm c mi t c-cio n m e I n m  5 0 u n e o -

t I m In c th ono m I c’t c’ e’qtm i p m rm c’not 1 —m pnosse’ l o o ’ ,  ci’ in t ho e ’ tc’c’b nm I c :m I c ’ i l o o o o m  I - ,

Os h o c ’ mi - n m  5 the nod’s  (‘cliii p nme mn t um c l n no m u I m a t  m o n o  t hoe- I - 
— I N I roo t t

I nmc l uc !ee l  i n  t h m e-c t r ;m i n i imp prognroms . lime ’ cuo r ce r de -e- ’ e - l t m l m n u e - n o l  d- o o i m n - .,

fo o m  h - — I N  eel-in Ic ’I ni us I s Snm se’el o rm time- I —  i l l  n e c  i on  i en  s m - m b  oo s’bm i i’bO

0 n c ’ eli I t t - m i - n t  t ’ n’ o o moo t l m t m s o -  of ti-me 1n _ 15 .

As m c  m u l e -s  n m - s t e - m o o n  hrm e’e- heconoco 0 0 0 t ’ i ’ i’ sop im 1 st i c n O t  c c l  nm nnd et mn mu l m l (-\

m n  inotc ’um n uii i-e hu m s nS I ftc - oh f m onn m mel lance’ 0mm d i - c d oc -t  ly e-  r e ’ n m s o o u m i r m g  too the’

tin e- of ’ , 0 0 u t  t o n u m n o t  Ic’ te nt C(IU o pnmnent , I nm u- ho i - b  c’nmSC ti- ic- I e cim n i cinun beconics

no rm Op e ’ m n u t m m r  t ’oo llo moc i rm g s p e c i f i c  i m m s t r c m e t i o o u u - c  rm umcl  i n  m i n t  cc~o c ’ e t e d  to

n u F o l olv d e dm oe ’ t i v e  r e n u s o r m i n g .  I n - i  the - cnose of’ ti -m e I - - - 15 , the- I , - n b u n i e n o !

u n d e r-c d e s c r i b e  orm b y  how to  op e u - n m  te tint- test eqimi pnoent rind d i m  imot

m rmc l m o c l e -  d i n m p i ’ n o o o m -  of time mo n t uundcr tc ’st . Exper ic-nu cc ’tI tec imnici , on n

c- ,\b o r d- ss d i sn nt tis l nic t. io o m u isi t im be i ng te’nt sent o p e r a t o o m n  u nst c- ,od o t t
’

ems lug tine- i n knots’ lu _- d p i  t o t  cli no g m m one p~~ h lennos Im t rou hi  1 e — c b m m m m m t  lim p . t Im m ’ m oo p i u

th e’ ci m o o  0 t m y . Sc- c e- m o  1 i’e - (o o o rt s mc u_- r’’ a 1 scm mi-c i- i ved no ho u mt t e c l m m  i ci no ne-c

S e i n e - , f m c o n t m n o t e  I by r u u ton nno t i n  t o - ’ m t equ i~m rmme-u m t onm nvnte mmo s ooli m e m t uri n

the I- - 15. 01 ebe ’ r , num b mc- c- s h o d-no c -m on t- i t ec immm in i ans \ s i ’ O ’ c’ m o r e ’  v c o c u m  I i i i

t b i - nr ehisi i S o ’ o o t ’ - ‘oI l. none! a nuu mm ub en of -- c m i i i- techimicinuns nore r c ’ t i m m n g

ear l> - nm l b h u t o o o i b u  - ‘ o I l - is re -mt tin e onl y rc - n mso mn t ’oo u ’ tim i s t m—end . I’ime

nets’e r I c -H on i ci nuns seem muo-h 0 0 0 0  mc recept I ye- of nut o m m o o n o  t in t ce--m t e’qmi I p—

no- tot Sin ce tIme- v b onoce’ riot developc ’d C.\ (me m’ l sc - inn t rouhm i e -n bo o n t I noon nond ,

I b o o  n o  - fo n o  - , do not f’cc 1 t bout t time’ 0 r ~
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I : o n _  t ’o o n ’ t h m o - m ’  i n o t o o ’ n o u n o t  i u o n m  0 0 0 0  k I lt , tin e’ m ’ i -u oc bc’ r is n o - b  o ’ r u ’ m ’ c j  t o o  tue

b o b  l o s  0 O ) ~ 5 0 0 0 0  i ’ c O ’ ’ -c

- - 
I - I). l i t  l o i n - m o o  0 0 0 m b  ~- 1.u l o o m  I - ~o’bono e - r , ‘‘ I t , u m r . o m m t v  h ° neocoo re’ omm e oo t -

\ ( n m - - c -  i l l s t o o  m y ’’ , I’ ro ee’ eol I n p n  - 1 ¶ )  75 - \nmnmomn o I l i e-Il no b I! o ty non -m d \ 1 ,n or - i t - o i nn-

n o ) ,  i I  I t y  S> ’u o m j o oo’ -, 0 000 : 0 , l’ n o - io I l o o t (001 , b C  l , o  o r o o . o mc  1 ‘) 7~ -

P - lb - I O u  I n o b  ‘ no  om ~i no o l B. 1 -  t I e’re n- , l lne ’ t Js o ’ m o t ’ lt , o I n t r o  I Ic’s l o o n

l ie - b ‘ - n o - - c ’ -  \ c-  0 0 0 0 0 0  c’s I° r o n - u m o - o i n o - n t  , i t - \ I O f  lI t - 73 2 P - j u n o -c 1 0 0 2 3  -

5-/



5. C - I t - <no i p h i l , ‘‘l t , o m m  ml t o -n - no- -c no I . o  fc- ( ye  I c-c Co s t  ‘- l n o n m u o  t’ ’ - r m m o ~’ n o i

b o o o o b ” , I \ o ( 0 ) \  ‘ 7 1 , l c c n - b m i n n o ’ t s o u o , I t o ’ , ( l e t o o i m e ’ r  11 ) 71,

- I l , \ i  l)i o’ , ’cte - u ’no I c’ ‘o f ’ I’ moo c ’mo r e-m un o -m , I  l ’ uo l 0 cy , l o o t  e ’ n ’ i m m o  ( S o o ~ b e - ! i i o c - -c

R e - I  o : o ’ ’ o l o b o -  l m m o j o n ’ o o c - e ’ u o c - m o t ~t o : m - : o o o t \  ( R l l c , , - lu!> !;17’ d .

S - I I  - S - i -O u o I n o i o : o n , C u m  o l o ’ ! t  ne - S t o o m A
M l i e - u t  iro n r o b  0 0 0 0 ’ ! , o  n o t  m e n

tO ‘s O Y  l o o n - c e L !e’ctm on ic ‘ s \ -,t c ’omm n , f \ I O L  I b i -~~ ( o  - 32 , ~- I . o n J :  h)Tto ,
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•c’.~E 5 ’ Irip Rt ~: o c - r t  n - n  T r i p s  1 - 0  Y i n - t o - b e AFB , ~tI  -
, ‘ b u r n - h  197 ~ -i o n . ,  o n r i s s c o m  Afl. , IN 

- - ______ — -

T r n o v ’ - I e r s :  No m i ’  m P . In . 5~~~’ , ’ n s, , ~- t r .  ~ ! . R .  St. - c O on , and M r .  . P .  I amb

Olj I ,- - rive n To g,uther d a ta  b r  the Avionics M;o jnte-nance Stud ’ ,- .

Dat -n - and Flam e -s VlsI ted : 2 1- 24 I t-b 7’, , K i n s - I , t ’ j s ’o ’ A F B , i t t
2 6— 27  I 0P ’ /n- m :r is sann AFB , IN

n o r ’,’ , j i i t -i - s o ions s ,‘o - r , - ob in n i - c -  j~~m rv i c - v t - n 4 4 0  Avionics M a i n t e n a n c e  Sq u a d r s s m o  , 4 4 5  Bts’
( SAC)  , ‘t ;m ~ 0~~ E. 0 t o , -— - t  n - o u t  , o - -q m o ;m c t r s. i o imd r
Kinc h e l- ’t -

305 so c  ion ics b -t o o l~ n , 0 -n - ,- Suuadron 305 ,-\i r
i t t - f u e l i n g  it’l r t~ ( n - A o l , t- ’ , o j  0 , .
5’~ o o - c u r t r o m  Cnnd r — ° - r  Issom

A l r c r ; o t o ‘- O , o n r m t , o o n , - d : B—5 2 11 ( I  nun s -t oo-l ee)

K0 ’ — 1 3 5  ( K i n c h e l o o o ’  and nj ’c os o - c nu )
I - o — 1 3 5 ( O r j s s o o m ~

D is c o im -o s 0 0 0 m m

1. A t ’ o -  of t i o c -  S y- n I c-m om , b ’t o o st KC—1 35 and B—52 avionics Is over 20 o ’ e n o r n  o l d .  I- :lectro-
mechanical -a m s  aro - wearing out in such o s - S O  o n us ;  o~ , inert i ,ol navigo : i o n  equi p010o-nt
and m e c h a n n ~~U 1y 50 t o u r e d  u n t o ’ r n o . u - -, . I s o -  e l e c t r o n i c s  t ec l uno logy  is a i n r o ’ s t  e - x , ’ t o o s l velv
vacuum t uhc- w i  t b  o o n m i y a few o o i s p o ’ ; ocle ’ - cO 0 , 0 / t n  t o ; o v i ng d i s c  r o b  c- sol Id st not , - o o ’ nor) ’ noiot ’ru t ‘ t O
co lon , ’ - r io ’ ICs used (wo ’ remember only “moo’ 1, 101 u s in g  D I P S ) .  ts~ except t O o t -  I - i — I  b ’o

Post ‘s n o o k  ( :( omm noa n , l  and I o ’ o m t r o o l  Sy s t e m  o- I e - o - I r o o n l c s , w h i c h  was more modern . Several
d c ’  o s n j c f a n s  in - o - v o - r , o l  shops commnented tha t m o o -  of t io to more fr,-o l oo o - n o l  o ’;o olo - o- c s of cool ’ --

,- ; t  em t o o  l o o r o -  i s  old , br it t i t ’  w i r i n g .  W i t h  minor -5 0 ,- j o n  ions I n o - t o ’  b Ill ’ s vii i c i m
had mm’, o , r o -  modern o o - ’ - O o n o ’ o l o ’ g ’ , were- viewed w i t h  g r o - o t  f , u v o o r  by t ime -  t o ’ u l n u o l c i a n s .

2. ‘ i r is Avajiab ul it ’,- . An o m lgb ot I o n e x p e c t e d  w i t l m  a fai r l y  o u d sy st o -no , p a r t s
av allahi ll t - - is ci p r c m h l e m  w i t h  ,o-cs -r ;ol of b O o,- o o o o l - s v n - c t  , - r uo ; . Some of t h e  su h sv s t  c-no n
wer e ‘l ’s I ~ o ut- b using f o i l r I y standard and ,;t i l l  ~o I r ’oot I f u  1 vacuum t o o l o , ’s , b o m t  , o t  tiers
used special n i o l o o ’ s  o r  s ubsys tem u n i qu e ’  0 ‘ onmo j ” o ro, -o m t ‘ , , On suclo subsystems parts costs
h av e  been ri c ing r u )  i o I l y i n  F , -  ent vt -or ’ ; . The travelers expec l t o o  chec- k w i t h  AFT (’
on the extensiveness of t b o o ’  r o ’ p r o ’ o - o o r o - m o - r o u  p roh h ’n o . The B—52 has more ‘- c o o - n ’; p r o o b  I t - nm - c
than t lo t - K C— 1 t o , l o t -  ing o] der o a t  bo ,’uv I ng more ‘ d o - - t n  m u m t o ’s. So n ’- ,- o -ano-o - s were reportet l
of havi ng l o s  o - o ’nd to s al  v , o ~’~- an [ P 0 ’  I o o ’ o - ; o o o  so-  ot  back of one conn pto n ent  or SRI’ . Ti-il s

~~ 1768



i n u O ’j ’ o m o ot ‘c’e , Orose t b  t i o~- w n my m m  v b o i c I m  I lot - S n i l o [ O I V  n - V _ s t e n o ;  u I - c t - r o t e - s .  I-o’ lmcn t I
o j o m i t  v’, o o-o Sc- at  I i )  n ; , u l v a p o -  t l  Ib ooco d l o o n  t n ~ ‘ - o n e  po nt - r a i l ’ -’ - I r i p p e d  ansI r 1 - p i a c - o ’d
w i t h  I a i l e e 1  p i n  S .

o ’ ; o o o c ,  C o - m o - ,  t n  i 0 0 0 j - I O ’ . ’ c -o I .

a - [w c o ‘I j , . r St  o m o ,  to o Fe - . O e m  t i o  o r g - c o n  I r o t  i o o m u n  w e -  r e  e n  - r o , - - c  l i t  -d in an - - - - -
~ , - o , :  I a I lv

2— t i c - c o  ma l o o n  c - o m , 0 0 0 c - c’ - t reo , - t u n  . \‘-c o - - 1 i t t  i t ’  t oni  , u  i cc r a f t  ma i o o t  o - o m n 0 1 0 0 - e’ w oos a~ r ’rn—

p l o ’ d ; t - o l  s t j o n - n  t O  ‘t i  O e ’ F , 0 0 ’,’ii l 0 0 11 0 1  t ’ e ’ l ’ I , o o  , -nn -  a t  o l  I H U s , somo -  i n s t r o i m ”  u n t  ad~~u s t n - c - : n t s ,
m a c i  c,, ’m ’u t m ’ o c - o  b o on  n e - m o b  m odju s101 n eomt s n - s om e - li as h o ’r e - s i g h t  in g  an t  c o o n - - o n . T ! o o -  1 3 ! ’ - n - - n - ’

r ,-ro -. ‘,s-d l v  t c - ,000n s ( l i e - o l e - n a !  i v  t v o — n n , o n i ) I n o s o  t i n , -  n - : om ’ n e -  s loop I s  witic t o t h e - v  we-rn-
no I - - u t  r~ ’ u o l s l o - s H o - - c - t i n g  0 0 0 0 1  n - t -~ - : i r .  A t  K i n c ’l o e - l o t e -  t i n t ’  ‘_ ‘ a r i r ou n  sho’j s gen~ - r a i l v

l i t  tI t- j r 0 - - i ’ I c -  i n t o.’ t i - - c o-ce- wino d i d  t I e -  r emove and r e - p l a c e  ‘ - o n  t t o ~- l i - c h t  i O n i c -
(~~‘ o ’ n ’ o u _ _ u i  1 ’ - ’ r c ’ o j o m i r i o , g  l e s s  s k i  1 1 )  cond t io , n n , e w i u c o - i so lmm te- d and r, t-Iaced f a i  l o P

C OOL j - o ’ Oi c ’ n t S  0 - c t ’  SI / t n- t s i t h i i n  l i m e ’  I_ RI ’ s. A t  Cr i s s o n  t i n t -  om m o on mo ing c,’ ; o n ~ n o t  i n s t  ,- r ,-d
so j Ilic- j oact t o ,  , s i o l i t  - u t  t i n t -  t o - c hn i cj a r os in t h i s  ‘ - c - ’ ’- , sO’ 0 - i o n - ic ’ worked h o ’ t n .

on t I ;  ~~
- 0 1 I n - b u t  I l o o t -  cou ch i to t i c ’ sl o o p -

I - . ‘H i I ,0 00n ; loo ’n - He - hoc - Po ol i m i p .  b a i l  n u m h o - r  m o e b o e s l n o l i n p ,  woos  ‘ n -c o - P  o - n - ; o i u - c i v o n - l v .
I t  u~’ri ~- , o ,’ i t  t O o t t h is n o t e - t i e - c’ g o - m o e - r a i n - ; ’ no l o t  ~~b c a n n a b al i z a t i o n o  o o s t i o n s
w h o i e - h  r o u t  o n: o ;n - e ’ t b i : u u i  d o n n h l , -c i n r’e’ nno o sv e and r e - j o 1 , 1 0 c c- c t int ! - b ecause  - - 0  t I , -  extr a
d m ’ o - u n t ’ o o t  t i o u m n u i  r , - 1 .  I n - ’ O  ~ - q u e -~st  i o o o i o - c i  f e l t  t o : o t  tail o ouno o t - ,- r  so:hedul i ng
w o o- ;  the- oni ’,’ vu ’,’ 0 0  n - - - ;  0 - cs’ , ‘-‘ 0 -r , i t o  i n c - c - p t i n t ’  g e n er a l  q u a l i ty  of  t h e -  a i r c r a f t
mi s s o g o u t  1 - o t  - o u m  000: ‘ ‘ 0 t h  in bt -c _~ - 1 of n~- aO i n c - s n - , i t  woos  a s o - - e - n ’ t e - d  t I o ~i t o s l o  , - o n ’  t O

pr os t O c t  ii O e w  n- ’ -~- - ’ m uircr .tt t wo u l d  l i v  t h e  o : : , o j  -n  o t y  o f  t h e  hoct rs  i n  t m , ! .
no ,  , c - - n u ~~’ m o d  “ b o , o n i n - i m  ‘ n o n , - , - n - - , ” w o u l d  jorol I f t - r a t n - .  l I n e - - c , -  ‘;‘inio ons we -ne’

b an - c- I - c o n  j r  t v  i touos e n- : l ’t ’ r i o  T o c o -  I a o s oi ii -ori d s w h i c h  d idn  ‘ t use t a i l  nun nm b o -r
sc - o s l o , 0 i n o ~

C .  0 ) ~ m - - io i ’ -~~- b : c ’ j ’ ; o i r _  t o b o l n i , o n s  r , ’l’ ; o r a  irm g m a o  a t  e n a n m c t ’  o t  LRl’ s no t  o o u t h o n : i n n e ’cl
on- - i c , - ., ~~~ jr v a ri e d on -- o ust- by c - o s , -  o a s i S .  In s r 0 0 1 0 e ’  e-c~sen t loe ’ O p i f l i c ’ no
vu- ; t i - s t  5 o n — h o i s t -  r o - i s o o f  r was  i o o o - t s  i h i e  w i t b o  t h e - c  e q u i p m e n t  an u p e o p l e  on hand.
In  cothc ’r cases t h e  U l - c i n l i 0 0 0 m  w o n  t l u at e’ ith m€ ’ r v -j i b; more- I n e - o P l e  or more- (-o~u ipm e i 1t
n o  p m  ir co ou ld bi’t,te’ r !~~~- accomplis hed ut b u m - c e -  l~ -e’~ l . In still other ,- :one’ s It
was o t - l t  t h , o t  t i m e  & - c ’ 0 u i j s n m t - n o t / m a n n i n g  adcb it ion rc- o ;u ired w m ’ r o l d  he t s ’s g r c - o t . a t
b a se  l eve l to  no o l o -  on- - i s : o n ; t -  r e - p a i r  cost  - e l  o c t  I V t - .

d . Hot ‘b ’ s c’k — n i ; s - -c . b l o t no oo ’c - l- —un I o n w e n o -c use ’’! t h r 0 0 1 p i o o o o i t  t i m e ’ shops. l i n t - c  cm ni l \’
, 000 0 ’ , OO! :; bo’mi ro - - - k — o o 0” n ,o ’ ,- o m  w oo s ( h o -  ‘rio ’ b e i n g  I n s t  lied f o o r  t I n t ’  U V S ( w l o i c h  w a s n ’ t
‘, o - t  i n s t - o i l e d  on K i n e - b i t - l o c ’ s a i r - r a f t ) .  Ver y  few - o l b o e - c r  mock—ups had roi d i—

p m e ’ o o t , i r \  au t ’  ‘ o t t - t i  p o r t s .  ~b o ’ o - t C - c o- n o ’ rae -ks or h o - n t -h e- s w i I I n  ‘ - t a n d _ -mrc ! o ’t  _ s p t ’ c l . m i
nnOc’ ;uSU o o - o ’ , o ’ o o t t o u r , - ml t oni b u i l t  10 1 0 on b oo _ se- t e’ w’o- ; i l o o n o-e-,’s te m SIOt c i f i c , o t  ie °n . ‘[‘boo

o f  s t i r o o m o l u s  s i r 0 0 0 l ; o t i o ’ o i  v- o n ,  u n s o p h i u t  b a t e d .  N o ’ p r ’’vis icon s were- made-c for
introduc i ng n j o I k o - ’ -c on t i o o - ~~~- o s --- ’ o - n oor d ;o tco lines s i m u l - o t  l o o p  s w i t c l m i n g  on the

o o i r c r a f t .  The m o o - o n - c o o t  t i m i n g  t o  th i s w boiu ’ho w a s  a v a i l a b l e -  w o o ; t i n , -  ~l AI r I - c / i m on the-
B —5 2s  v i ,  1cm was a molt i.channel nt -u rider for tO t-y e -m i of t i n e -  sy s t e m s .  T e c h n i c  b a n s
co u ld cl nr-cn k t u b ;  b o i s t o o r v  I , o r  I h i , -  t l i g h t  t o  m o e - c e -  i t m a l f u n c t i o n s  o o ce ’ur i’ e’d at
t O . . -  t i ou, - of l i n e  s p i k e - s .  l n o t t - c r c o o I ion bo o - n w o - o - o m  systems was not well si m ul oit , ’I —

I o o ~i i t i n i n - ,  by u-o i onic b ,in s ’ c - c ’ r i , o , - c ’ o I t - n  . f l o e - t o ’ n o ]  - m oo was no ene ’ i n n ’ n n o o ’ n m t : t l  s i m i t l a t i m o n .

b - I  l o F t  I i r m o -  ‘— 0 - 0 .  ‘ l i m o - n o -  j o-i n c~ b I i~ i bo I  l i n e -  avionics A I d - ’ f or  tb u e’ H — I  35 or
13—52. T c c b o n i t ’ i - o o o o - c  w i ll c a rr - c,- n n o u ltimett -un - or osc il l os coopie s or o ’ IlmCl gener:o i
purpose’ t est t ”ju I p rn oe -n I w i t h  t ime -n m who-n o o e c , - n , S , 0  r v , bun l i m o - n , - i s no e’qu i p memm t
In p l o  t- .

0 , 1 0



1. I’Io ,om ;n -d l uo :cj-c-e - t icons. c - c t  I ,  , u  I r- roo f t unclc’ i 1 : ’ ’  l I m o - c - c d nou n j o o f  c - n c o n e  e ’ in-opt-c t i o ~ n o .

b o o i s c -d , ‘ nu t b m ~- number  of I i y o u o g  l i -omits . I x ’  o - j s t  f r o r d c - S i c - r u n t  c h a n , o o o o - :, mo n O a

b c-v e ’ l t ’ C t F O ’OOO t ’ s Loom i c n o l orm n - j-cc ’t  I o ) 0 0 0 , 0 0 0 - c  i O V 1 0 0 0 0 0 C S  m ,oiu o t~ un ono , e im ;~~ o 0- r o o o r n m m t - d  i o n
t 1 ; ~ ‘ coon r e ’ 0 ) 0  t I ;  o n e -  i n o ; p c’c I i omi ’t

Support. Peo b i t ’v S o l o m o n-; to J i b  Ot’ r l o c a l l y  - i s  t o  ~~~~ mon - ho me - ’ , -~os
the shop ’ c h i e f  1 , - t o o  t o  t h e  I t em  P o o ;  m o o r  in  A l - l I ’ . b c  s’~nc1 ’ e’ O O S e’S t O ; o  0 ,  ‘~o ,~ i
go s , s cb r a p p o r t  a m m o 1  in o t l o e o - , o m m o s t  no r ; u l o l , s r t .  T h e n  e- woos soon- , o p i n i o m n  t b , o t
l i o n  o~ m i ~ o l i t v  ot l o o t  0 ;  depo t o r g o n i c  and - 1 0  O o r - c t  o c ou t  m m 5  t o ; , m I w o r k  p o t - t i ’ ’  y was
dc- on I in ing , but  t h i s  v- ;os bc no us - an n -  oman i mo u s  . ‘ l i m e  n o -  o s s - o- e- nil 50) r,-m - ‘n t S
t j ; , o t tomoen cn .-t c ~ts have force- i el i mn n i r , , t  ic on - 0  S000i , - qua l i t -  c o om u t n - - n i i n s p e c t  i ons
u t  d n -’~ o ’ o t  l e v e l .  To- ;u n oo onemh , -c m n  m t  end t o  f o l  I sow ’ UI’ ‘‘fO t l m i S I t - c -~~. 

-

5, N ; m n n i n g .  c - o n e - r a l l y e -op le’ coom jolco o n o s i  , 0 0 . , 0 0 i t  ni , - t  b o ; j v jn e- enougim jo e - m o-
t o  du o t ; , e -  j o b .  ‘[‘l o i s  s i t o o c -o t  ion v- con n i t  u j n l f , ’ o  o n ; ;  l o on - n e  r , ~0 osO’Oc ’ shops had
rec e ’ n ’ , ’ e - o man n in g m e - r d - o n e - - c  . ( - e - o o e r , u l l y  t h o u g h , t l m e o  ~- I s  y e -  ° c o o ;  m a n n i n g  c u t : -
win bin t b o c ’  squadrons and more- none -c l o r e ’  j e c t e d  f o r  n O n -  co ’nociom -~ o- ’io n’unem. In
s1-c - e-ral in-ct ,00m ces we found n -noior b- c Ol O n r e - t i r i ng  c o t  or sheo m l y , o b  t e - r  t I ;,-

n e - c o n  o° m t .  l’ i o j  c - c  t n - d  re- I’  i co n - not s did  m o  - t fill pr oj c ’ ’ t e d  l o s s e s .
The peop le q u es t i on t -d sa id  t I e r -  h mo l he - c - m u no ‘ c- n o - ,- I s o f l i t -  d to-re - n- ;, - in f l v i n ’om -
hours but that tIne re mig i ;t have b -c -en an inc us -a -ce- . Th in - ; , c omb j r t t - o b  w i t h  t O , ,
a gi n g  w e ’ c o j o o - c r ;  s svs t5 -n nos t io n -n oise - I C’ ,- ,,, ;mdd eoh up to a p r o ’  , ‘c  t , - ,~! in c r e ; o st -  in  w o r k  I o o - c md
In  ‘o nion - cast -s e o b m , m n g e ’ s  had Ir e -en i n st i t u t  s-e l t o  c o o t  m a n n i n g  i - c - ’ o o o  1r 5 - m 0 - n I  s
hu t  t h e -  man n i n g  load been reduced b e f s ’ n u  t b m e  m i t  f , o t e d  o:!o,000 00 e -s c o u l d  b e a r
f r , j t .  b - t ee-it  technicians were  5 — l e v e l  i n c o m i n g .  3 — l e v e l  t e -c i o n i c i ,’ons seem
t o -  g e - i  t o  a i n o - o l  up in s i o o o n t  , o r s i e - r . 1 1 , - n o -  were n-c- mo e - rall y about t v ,  7 — I t - v e l
p o - o ’~s l e  I . - a - d r o o p ,  but thin - varied . There wa_ s usuall y a two —shift - o f  c - c n n - m t i ’ ’n
in f m - c’ , 0 7 3 0 — 1 1 ,  30 and 1600—24 0 0.

~o . I n s j - & - , - t  i o n s .  ,‘- t  I r i s - c o rn I l i e ’  ,~o~IS j o e . e - j r l e  wo re -n ’ t b o t h e r e d  a b o u t  i n sp e c t i o n s
at til. ‘[‘he l as t  ( ) RI  left t ! ; t ’ o n ;  wj t l u  a r n or oo  I - x e - c - l i  , - o n t  ra t in n - rat her tha n t O . , -
usua l s o  i - c t  a cto rv . o\t U i n c h i e - I o - e  b e - c l i n g s  ;-; e ’ n s ’ mi xed .  R e c e i v i n g  s o r t i e —
u i - n  r 1 y ce-l oe -r - oc-n t c r i t i c i s m  was t i m , -  ~1c, I n t t ’n a n c t -  i -c t  , o oodard i z o u u , ion and [v - co l o c, ut i o’n o
T o - c o n : ;  (I ’I S E T ) .  T b o c- b-ISET , mnoco nv - c h o p ’  chiefs and t o - ’  I onic ians  f , - l t  was  ‘n o n ,-

c alm c-m ed wi th o s te -moo t, ie : o- t l o , m n o  c ie - t c o , o i  uo mni i n o t e - u o n 0 0 0 c e ’  j o r o b - l e m s .  ‘[‘ho- i c’ wen e-
se-c o ral r c : j o c , r t  s of .‘qu I prime-nt wloich 5!SET h o t el w r i t t  c -n i  up  for sup e rfici a l
r e ,m so r l  and not f o r  I a l l  ing  to  p e r l  n - u r n .  R e p l a c e m e n t  of t F o c - o - u - i t , - m m o s  Os ’ , l t t

- -~ t Iv amid u 0110t-c ,-o c scorv as 0 ar as t h e  j o e - s ‘pi e -  i n  the -  n - ; l i e o l o m o  n- c-re-c concerned.
‘f h c - c r t -  was muc h  m o o r , -  o ’ v I o b ,  n ice  of t I m , -  o t o - c o o c o l r 0 1 1 m u m i n g  battle- w h i ch  u s u a l  i v
,- x o - , t - - , O - t - t v n - e n  0 1 ; , ’ b o o n -  t r o o p s  and t h e  i n - c j ’ t - c  t rot . ‘ [ l o i n -  m oist , w i n o  re - f 1, - t ed

-
~~~ in t h e  “oi v o’ r o po - ” at t l t ud c- s c o l  t t u o ’  people in time’ tv - - c- s q u a d n o o n u n .  l i n e -c ‘top i c ’

u t  ( F issom so-o n t O mmi c iu o -, , ’ r ,- ob oe-n o on d r t - i - o x t - c I  when t oe-c ’ t a l k e d  0 - c ’ u s .  I t
-o:o t -o I a much  io app  I , - no p 1 c m  i - e .

7. ‘I rco  Ining and b ’ t ’rsonne l 00 0 t nu b i t ,,’. The r , -  v- o r , -  n ix - m I  ro ’p or t  s aho o r o n  t i r e
qual it - , o r t  to- o - hn it c mi t r c o i n o n i p  rc- n ’ o - j c - , - s l  t o y  t b , - Incom i ng I t ’o b o n i c i , o n m - o ,
S o - rn , - shop ‘ h o  ie fs tb o c ought it was cIn o l i n i n g ,  w h i l e  ni t  b o o - u  - - t i oo u g i o t  :no ~ n
l- , v i d e n t b v  ‘coon’ s - ‘ a - I  I — ; o ; o t ’ t - o b  training i to now h o e i n g  used in t -c O n se’ F moool and
t h i s  has ad v antoog e s  and d i s a d v an l - o g e s .  0~ ’nerally t h e -  t eel ing v-coos t l o , o t
f o r  a f o ~ i r — y e - c o r  f i r o o t — t e - r m n o  ‘ n b  i n t o - ,- o o n i v  ab out  , ‘fl t - c t o ’  t w o  good c- ,- ,,ns of
work c-c on i~~- had f rom h i m .  S i x  c-c e - n o r  e u u l  bo - , t o o; o- oot - , cor e p u&- o-o - umt lv  b ’ o -i rn g t r i o - c l
and vt r o - i - o ’ iv o- d v a r y i n g  r t- p oo r t s of tim ,- i ’ t  i c - c t  i v e n o o ’ o o ’ o  , . o  t i o i s  n - c t  t o e - o h . I t o t - r e



w,o- c c o m e - n o t  con_ se- nom -l u s t h o n u t  t i o c -  c -b i n o ninat ion n o t  0 0 . , dr aft has n i t
do-i - rc’;u - - c c i i  tim e’ quail ’ c’ of tint- nov im ‘n irs ma in t e-n n u n ’ o t t-clon i C icons corn i :ng
in  to these ’ two o-m qu n o clr ons . C s ’ n ’ ;o- c oi’ ,us c o l t ; , ’  wc mno tin -i t ; uv i o - c n u i c s  i r, ’ oo i le
cirt ’ genernill v hil ’!oe - o- th.’in -c over - o p t- qualit y .

8. h - f f ~ ’o ’t o n  ~- f o - ; o s e o n ; o l C h c o n g -s ‘u i S y u ; t e - n - ’; . Tho r , ’ was a c i ’ n n t ’ n o n m o s  t o - - -.
d u r i n g  t O m e  s p n - i ng  and f a l l  is v hen t h e -  b o c - a v i o - n t  woo n l— 10 c m , ! - - ’ oc, - ” o r - ‘ ! h e - c-ce
core  t imes  of f l o ic t u , o t  in g  t e m p e - r a t o i r e s .  ~‘bnen  t i m e  cold (or  imot ) w o - c o t h e r
comes to  s t ;u v , t h e  sy s t e m s  s e t t l e  down and r u n m  b t - t t o - n .

9. In! ormat  I o ’ n m W o r k  and 1) o c u m € ’n t o o t  i r o n  F low . Exo , j t  on mc , n e’ s - s ’ m o o s  i o o n n

e q u ip m e n t  m a l f u n c t i o n s  are d i s c o ve r e d  b o y  t I e’ c u j r c r o - c - - d u r i n g  f l i p b , t
Squawks  are w r i t t e n  up on t h e  c o r e - v ’ s d o l o r  i c - f  l u m p  t o r n - . .  I t  is u s u a l  l o o m  l i t -
c: oomr ,00nd pos t  to re ce ive  an o o b r e - v i a t e d  m a l  f i o n c t  i t - c n  code , r e l a y  i t to lob -
control which not if i c o n  the  s q u a d r o n  who i n - h  m o o t i f  it’ S t b , ’ s h o p .  i i m e  o - n i m o i j o
t h e n  sends a r e p r t - n -o e - o’o t  ativ e to t h e -  debriefin g . I f  t h e - r e ’ is m o o ’- ’ do o ,uh t

a b o u t  the write—up, the shop representative questions t O ; .  c rc - v  m e m b e r s
until he feels he has s u f f i c i e n t  i n f o r m a t i o n to  go to  t h e  a i r c r a f t  and
i s o o l u o t e  t h e  LRI . The maintenance team t he -ni [ ‘ ‘c-S  t o  the aircraft and
tri es to duplicate time malfunctim ono on the aircraft. If the malfun; - i b m
cannot  be du pbicat e d , time technician can

a. R’r ite up a “cannot dupl ic cote ” on t h e -  work order fo ’nn -oo , A~ TO I° o - c r m’ n
i:, o

b. ~!ake a minor  a d j u s t m e n t  and r e c o rd i t  on the  f o r m .

c. P u l l  t he  moat  likely LR[ and t n i k o - c  i t  back  t o  t h e ’ n - l o o n - f o o r  1 r e - o~’ lo
check.

If th e malfunction can be duplicated , ti me tecbmnicians pull th e appr oopr late
LRC . ~)nce an LRI is removed , it is tagged with an , \FToi i - c o m m  350 , whi ‘in

contains a write — up of the malfunction transcribed from time AFTO F t - c m - 3A 9
and more detail i f  it is available .

y n onhours  expended  and action taken are recorded on time AFTO 3’O and
prov ide  the  i n p u t s  t o o  t he  ~1umi ntenance D at a  C o l l e c t i o n  Sy st e m . The AFT ()
Form 350 s t ays  w i t h  t h e  LI-Il’ if i t  goes t o  depo t . Once at the  shop time - HIt ’
is c lu o ’c - ked out further. If it Is reparable on base , it is repaired if
p a r t s  are a v a i l a b l e .  I f  p a r t s  n t r o - n ’ t available , ti me -v are- ordered , or
the next higher assembly t o o  the f a i l e d  component  Is ordered , or both .
I f  the  unit is omi t r e p a r a b l e  on base , i t is crated and shipped to ci t -pot

10. ,Job Control. ‘b ’he nemc ’t- c-ent er ot the ma inte ’n ,-once oper a tion Is Job
Control. It has one representati ve- c from tb oe ’ avionics maintenance squadron
to disp ;i tch avionics technicians froom time- various avionics shops to
deb rief Ings and on c o ircr nol t maintenanc e- . It was l o o - ; t t e d  in t ime ’  same- c
building as the AMS at iKi nchelo c and in an adjacent build ing at [rissom .
Job C - - c o o l  n- - cl c o in-i , p r i o o r r t m ~ no ’o - coiner ,, It  to be- worke d oil .

0 ,2



11 . ‘l ime A c  c o m m i t  j o l t ’ . . R , ’o ( ’ i s  mn - l o o t ,o n m o e i j f ! , - d - s ’ -c i t  It - c n t i m e  acct ol tnl ing
- - ‘- c n -c t , -n :o  w imic - h ‘ ‘ m oo- c c o f  the  N I ’ (O o - c in A o o c o l v s i s  t b ’  - c o 0 ’ b u t  d dn ’ t , i o - c o o r - o t e i v  m t - f  I c - c t
how t im ,- is a l - - n t  on such t i m i n g s  an -c t . - l e - ; ° l ; o o n o e ’  c o I --r ~ - i t  b o o n e -  and s i t t  i n k - c,
in  O b o e ’ ‘‘ R e d l - c m l l ’ ’  t r ue l  w i o i c h  is  r e - c o d y  t o -  o o o , u k e  l a s t  r u i n m u l  ‘ - ro -j s ; ti ms to
s i r e n - c o t  r , - ,o d v t o  f l c ’ .

12. [t i - - c t  s\ccco unt inmg . .\ l o oom o - ,t w it imo u t ,‘Xn ‘ -m t i n  t i m ’ -  s t - o s l o 1 , ’ in boil ;
s q u . o d r o ’ns n c r , -  ‘ - n- nt r e - j i m - Ic ’ c o s t  con it e - loo ts w i t h  n c ’ pet’ t t o °  ‘ c u r L s  nmn d equipment
c ’ o o o , t S .  l b oc’nc’ i n - c  cm m o n t i m l v  r e - p o r t  w b m i c i m  m af ~e - s  t I m , - - , , c u t s  h i g h ly  v i s i b l e .
~: o ’ 1 o , o ,1 ,,- is v ery  c’’nmn -ocious , b o one-vo n , s I  I L - c  m a n p o w e r  o s - c a t S  imivo- lvo -d in
doing a job m o :o, - way as o p j o o o o ; , - c d  t . ’ nmn ot i ,n -i’ . l-’ i l i o on’ - - a r € -  I m t - o n - I  as a
r,- + - alhe it I inmi tc c l . r c - s ( 0 0 0 r o , - . T i ne-in sal,orv doe-- c ; not c-co rn , s - co ot of ti- c e

squadno omo n ‘ v c ’co n ly  bud get  . ‘l ime c oorn m umnder it Cr1 ssoom no sum iii i n d u s t r i a l
funding n-c oul d m i n t  mio c ml ~e- h i s  job 1- order and hot ’  v - co -u  m o i s t  n m  i t .  P v c - m o - o n e ’

in t he  sq .o;odroans implicit ic depe -mo l o ; on t ime cco : - , t - — b c - m o e - f i t  c o n o , o b - ’sI s  h a v i n g
I s o- t m ; c - c o r n ed s - c o o t  at higher b - c- c l  and tIm r o n - o l i n ;  h e iooc ~ im p l e - o m u t - c n t e - oI by

~‘o ’l i cy . ~lana n- ’ c - o ’ c t - o o t  t colon - n - c p i~ i c e - w i t h i n  t i n o s m - ; ,  n - o ’ n n t r a f n o t s .

13. l ’!cu l o o t  e - o i anc e  D o t  - o Fe, -~l n o o k .  I I r e - c r c -  sc-c-ms t ‘ . he- 11 t t 1 , -  n o  t o o n o  to tin e-

onm ;o i o n t e n a n c e  techmnic ian , sloop, or squadron on I b o c - i r  i n o c ’ n - ; c t r , u t -n t  o~ t m o , -
in filling out tb ,. A l I t ’  I - commo n, 3 1 , 00 ,‘,n c - c b e n e f i t s  roust accr cot h i g b n e r
i t - v t ls.

l- ’o . Housekt’u- p ing. I-,, - foeond t he- shops in what  we wo ’oo ld cs -nsid ,’r Ins~’t ’c t ion
c o n d i t  i o n .  if  t h e - n c -  - o n e -  j u nk dn ; on ’ o - r s ‘o r  miscel l on e ; s . o m - t s ly ing a r o ’u n o !
t h ey  n u n - ct  have bee -n hid d en not l oo n ., -~~~~0V in ine-k ers . The l c i t - ’’’i in g  is as
o n - n t c - n s i v e  as t i o a t  s loou- ,’n; in  the  E q u i ! o i ’ o o - n i o, ‘! i p . - r  l e n - t Ool  s l i d t - s .  A 1 - i  of
o’ ,c u i i b ; o o n i r s  mus t  have been i m o -c -,’ E - ; o t , - o t  , h u t  t i n , -  l ack  of  u n n e c e s s c o r - c- ’ s p c m r  t o - a r t s
n u 0 0 0 t  h ave he lped t im e  s u p p l y  s y n - o t e - n o n  b u d g e t s .  ‘Th i s  ‘‘i , - ; u n ’ ’ ‘ ‘:‘- tO c -n 5 e-t ’ f l s
t -  h -  vs -c r~

- ; :Io - f a i r l y  well. ‘l im o - aunts av ailah ilit ’- - ‘ro ’b ’ Ic -no so-c on-n - o s t o be
o . m O L n - ,~ - e 1  mo re by t ioc -  c o p e  of th e  s oj ! nsv st e -c ro ’ ; t h a n  i - c ’, 0 , - I  0 iciency in tb.
set p p ly  s y s t er o .

15. A1’N— ‘ - y r a d a r .  .~-, t G r i n s c o m  t i n  is w ci s  t O m , radar shop ’s hi [go-st headache.
i t was also r o ’ n m o ; i o h , - r e - d  co dog by td ot ’ shop u o t  K inche bmo e ’ voOnic h also) h a n d l e d
8— 52 r o d - m r s .  They  would h ove- t o ’  b o c o v e  c on - ,’ k ind  of f c m  I r i ’0’ modern  m o - p l a c e m e n t .

i r s . l ° oo — .o i re - r , o f t  A v i o s n o  I Cs A c c e s s i h i  I it ’ ,’ . N o o s t  of t t m i e -  K ( — l 1 5  ‘ S ~iv ioni c-s
1 ; ;  readily a cn - o ’’ ;s lb I e ’ and me r F  m o o ’ , - c J o c m c e ’  i s  q u i t e  adequa r n- . Tloe 8 — 5 2  en
t i n e -  ot  h e r  hand  I s  n o - i l i v  pc oo -k e d  . M o o s t  o o f  t i n e -  8 — 5 2 ’ s a v i o n i c s  i s  rem oved
in s i c h , -  t b ,  cm i r c r a f t  ; o n n d  t h e r e  I t o  p r o - c  io n s li ttle- w’oorl-n spac - . In addition ,
it n i t ’  t a i r l y  h lg ho , -t f ti n , ’  g r o u n d  furtboer com p liecot ing non-cess. The fire
c o n t r o l  rad a r UI) in time tcm i 1 ‘ 0 0 - 0  1 ion is a real, h e - c a r  to p,-r cot and woor l- ‘ii ,

e s p e - L - o l l y  on a - ; m o b s z c ’ r o  w i n d y  n i o ; h o t

17. Observa t ions. We arc’ un i o n ized th - o t s u c h  , on l , ’i , ’oo t systems , 0 rein an ele~’tronics
viewpoint , woork as well as ti ne-c’ d 0 .  h o e -  mainte nance pro ’b ol ems ar . inc - re - n o sing
co n-; t mm o- to cs to-no ; ages. l i m e ’  j ’ u  oh l  c- mm - , am o ’ t m o on - ce- t vp i ca l  o f an o ld  , non—automa t n-mi



s V t  ‘0 ’ . . h e ’ c ’ X b ° c ’ c ’ I  t b , ’ n - b o o m — r n  c o m o t o m c m t e d  s v s t e f l o o c  t o  io c iv e  t i o e ’i r  o)w~ - , , - t
of p r o h 1~ ’ n oin - c . ‘T i m e pe op le .‘ ; o - e ’m o ; boighlv professiona l cond d o -ri j n - c m t , - n l  t s ’ doing
t ime bes t  t O m e -v ,- :mon w ith wi oat t b -v b oc o c ’ t ’  t o ’  work n - i  tin . There 1-, ; , - - ; a fa i n

- n n o I  oO { r u st o -m t ion cv b o l t - n o t  v - b i b  th e  ‘‘ sy s t e m ” b u t  t i u c -r o - were’ q u i t  o
-

c m  I en-c p~ ’ oop h o ’  b o t !; ,jun l o o t  nond s e n i o r  v-h o n-c e-n ’,- down r i g h t  e - n t b o o o -  i - t n t  in -
ahcou t their j o - c b s .  Lc’ o ’r v i oo o ic ’ seemed t o  r e - a l l y  n - c o r e -  abou t  t h e  qua I m v
cs t ’ n- - ’ n <  t u rne d  s - o c t  - mm d to he l u t e - n o - n - t e d  in i no n~ s r o o v i n g  t O n e -  o; ’,’ a t t ’n . O’ &-
we- on - - i n m p o . - s s o ’ sh ,- v e - n i  w hen ‘we- d l s c s s o o n t  e’d the  probah i l i t  o, - t i o c o t  we w o r e
be ’ m o p  t re -co t c- si con visit i up f hr o

-p
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V

0 r 0 c c -  I c - r n - , :  I- co b I’ . OH ( O w e - m o o , , ~i n -  . t’ . ~
‘ . n o t  . ,John

Oh b e n t ’ 0 ~ ‘, -c e- : To) col be-c - i data O n- u ’ h o ’  Avis- c on ic ’s Mo t ; n m -c ‘ . so n ,  c-c t o ;  - V

. ° , m t t -n - o  . o o o s l  l ’ l c m c - . -- - :  11—17 h i m  7(,
31- -t ,\71S , l ; , -oon, n - on , ~. I  AlIT , FL
l, t 0 - el CI ac i~ , 0 - c-n ’ ooo , o o o o l c - u ’

,‘, i r ,  o m f l  h-l c u i n t a i o s - d :

l ) i s - c o c m n o o  io n :

1. . ‘-c~
-c t ’  of o h , - -c c - t e r n .  ‘l’he n — ~0 , is a I i s o ! o t , - r  who ic-it -! , o t o ’s no- c nn n n t ’- o- .o rlc’ lQ6Os. hi uc i ;

e,f ot m o - a v i s s n j , ’- s  is cUs, re - t o ’  s e m l c a n c l u c t o - r o - . c o l  I i c , ’ o o o ’ i n  Lo o n - , ’  c- - o re-  ‘,, - c rn o- IRI s u~o oo m o ’ toot- c e ’s
and c m n -v LR[’ oo b o o o e o  sing S - ~~.

7. ‘a r t s  . u c - c ; m j l a I , i i i t v . As w i t l m  t b o e ’  rest o - ct t b on - ‘ i - o c e ’n - c we- V i s i t, ’ c I , - o n - t n  c o v a i l a b i l i n v
is a jsr - 0 , 1 , . : . S io noc e- the F— t ,E is a f a i  n v  modern ma m l  i o n -  n’ t - o j o - c -oi tn- t o t e - n - ; , n- ’ , r0 - ;oso n
‘n - c- - t be- inadequ st , -  s t ’ s - I - m op s o n prooo’ o or o n-no- mo b of span -o n -n bo - c o m m i - l o t  on b y  low hudm’ , t s .

3. M ci h o o t  o - o  0 0 0 0 , ’ -  0 -c no ‘ ‘ j O  i m p  1 o - c ’~ - s

n o .  in- - co  t i e- r st u - r i o  t n o r , -  Aga in c, - t -  f annetm con e -~ s e - t o t  int l lY to , ’ , t I ’ - r st rem ’ - to re . tic’
t h o m, so “ , 0 0 0  rot ;, ’ O e m  mt b o o n - c , ’  l , ’vc- l , c o - o n r i o l n l n g  b o t t o  f l i g h t  li ne oond b ’cms c ’ s i n s - : - , and
‘ - m c o -  t i - u  m t ‘5  ; - -

- t j o - c o - I .

b . Tcoil ooomr ;H ’r s c l e ’ o t o o l i o n p .  lA P is also ’ usimog t o i l  number scbo e ’du l  m o p .  (°pin ions
, it ’, ci 1 ‘ / 0 0 0  i , - - ‘ ‘ o n  t o t ’  o o ‘ n o - -c 0 t lo t ’  sy o , t o ’ o o ’ .

c. ~~~~~~~~~~~~ r e - F - c u r .  l o ve-r oi l i - c - c - i s l e  in - s - I n , -  of t i m e ’  s t o ops  n -c - - n - , -  n o o t  i n o m - c j - c ’o ’ wi t l o n in
- i  ‘‘1 m o - n o ir  c t u t h o r i z , - o I . ‘fi oev . 1  t, o tt - ’ ,’ n- - c - n , -  do i mnp I-co s t - i; co’ i o i r h  co uld ‘‘no ]’; 1 ’ ’

m o o n o ’ u o o p l  i simed s r o o b o o - o ’ l y  u t  ‘ I  - ; - s -  0

d . Hot , M o o - k — u p ’ . .  i l - c - c o m n s o ’ m - l ~ o m ; o s  n - - o r , -  .o ~~co In ;  t u e  ‘ ‘ 0  sod u ’ , - c t  f o ’ u  t s o l , o t  i t i p I a e tlt s leo
, ‘ n n s o ’ ’,to ’d I l L s . ‘flu .’’,’’ mock — mm ~os s r ’  . o ~’~o i t o  c o  in ‘,‘ o o m m o - c o o j ’ h  st 0 ,, m tt ’ ob t - o j 0 0 1 1 ’ nmi e -I mt  having no)

in y I - n-mlrooo t l co l o- s~o OI- ’ - -~ on,  t im , - i’- c ’ n- .’o- u ’ hit mo oo o ’ m miv ‘ t  f e c t  - ;  o t t o . -  n o - c  0 - m o m _ i o s - c o i n ’ ’ , -  t o n  -

At ,o.. 0 , )
*P~~ 7$



I I  i p t t i n n , ’ A C - F .  l i e - n o t  -- ; 1 oo - c i s ’ o  c u r r y  o ’o mt  on ic -  s i m i l e  t o - - c t ‘ -c no r n _ - c ’  t I n ’  l i n t - c  -

I i ; ,  s - n m  l i t m on  i - c - t o  n - ;  on I ; ion c - o n  I 0 , - c r  i - m i  i l - c  r . o t i mn n -’  I he ’ i- - t o i ’ s - c m o s  5 s - c o o n  no’! 
~b- ’~ 

t o - n o H - n  -s ) r .o c l  n o r

is  ‘ mc t s t .n 1 inn& ,’ inn no n m - c - c  ,o - c los e k . It is  c - s - nn i 500 I o r  c - c 0 0 0 t  m o l  I t’d t i o s  ‘ n o n - h i  oo o au m oj al  tc ’
o , l v c o n c ’ , - o I  o o o r - c s o ’, m h s  H to — I  l i r e - ’ - , o l i ° - o . o t  i n - m o  h r - - c o o - s n  in - , rn - tin::,- - ’ ono- s n o vm n l ’, .

t . i ’ i o a : - ;e -cI  l u m s l o , - m t i o n - i ” , .  ,‘-c gcm h u m , w i t l o t h e ’  cx ,  c - j - t  i s - c o o  , ,1 Fo b -h ‘ s s ° ’ , no a v i o n i c s
- m e m o ’ J o n ; : , ~I i o n  L i m e  j s h . o e e c l  i n sp e c t  i - c o m e - c  ‘ ‘1 t I n e ’  a i r c - m  n t

- . : s , - ; - - c ’ t  Su ; : - - m t .  S O s - c -p o - b n h e o f s  n’ s - oh t - - t ; o l k  n - o t h e r b r - c - r ; o m c - n t l ’ ;  w i t h  0 , - i n  I t o - n ’
I - l c i m o , u g c - r m-o I t o  A l  1. 0 . A g a i n  n-c , - bo ; o , l  r e p o r t - c  a m a c u l l — o f f  in  t I n , -  q u a l  i t - ,’ of s i n - j o t  n - : s n- rk .

5. b - b c o o m o o i omg . - . i t h  tb ,  n - x e - e p t  i on  c o t  t ime’  i - ! t ’ ;m p oon’ ;  H o s t  r i  S c ’ s t o - n ’  sl n o j o n - o ’ c o ’ o - ; e - s !
o u e - o ~u ;o t  o - l y n , c o o o m i e c h . T I;, - In- h ’s- , was  i n  do - c -p  t r - c - c n ob l e -  . ‘In ’ s ’  t o e -n  i - n  LO On n- - c - n e

t i r i np  i r m  r b ,  o - o m m n o o n ; , - r  c i u met  t b o e - o , -  0,- c o - r e -  n i c ’ ones’ “se ni or Lr O n. t oo n i r o _- s i u l e d  i n .  h o ’s
man o n o n g  - c o  c-no; ;; t ’  I- c c ’  o r o - c u l  p r -h i - — - c ic - m o o s n o ‘l AP  o ’ x s o ’ j o t  l o o n tv - - b a ses  w h e r , ’ _, s i t h  . 0  n i o - q o ~o n t ’
m a n n  i n : ’, t i o t ’oy h oc- c p r oc ’e -d t h a t  h i S  en ,m n t o ’  m a i n t a i n o - s I  - ‘ i m o o - c- t h e - r e  i s  v s - r n - ’  l i t  t 1’ -
o r o s s — t r . , i f l j : o e ’ io e - t v’t - o - o n ’ ; i : , - c m s - c , m’s , - en’! t o  t i n , -  p r o o i - l m - m  i s  in s i g b m t .  l ’h i c  shop i s
b e ing  - - c - c - n h ,  s . t o  d , - c m t h .  ‘ T I m e r , -  n-as t n - : o o — s h i f t  ooj s e ’ r - s t i - c m  -. -c i l  h ‘-r i o i t t s  m I c ’x i b l e  c o o n d
g o_ -a red t o  t i m e -  f l y  i t ’i o ~ sch eeiu I c .

~‘ . Iutc ~-c-ect  j o -cnn . O ° l o i n i o ’ n o  m c , - , c -n ;~~- o n - s v , m O  t i m a t  I -TI -I l ‘I b h - l o o i - . t  e- n m; o n s ’ c- n t a n d - c o r d i , - , t i s n o
,on ol l-, v , o l - c c o t  ion i t - t o o )  l o t s  ‘ s i t  l i v e - s i  ; ts  u s e f u t m n c ’- o no.  i i  e - c ’ i d e n t l v  s o-n - vs- mi a re - co b
p u r lo on : n- wim e- mo i ns tit ri t eo d h,o , -k ion  0 ! ; ; ’  c - c u m I n - ’  t f l ’ ’; . Stoops c r i e d  w i d n - i v  and
u - - t o-man ly I r o n  - c o n - c t -  t o  b n o s t - . I ,o- s- , lm, ,w’ o - ’,’ t ’m , l I n e -  o p i n i o n  w o o - c  -x ~ r e - n-c- -c - n - s i
t h e  - ‘ 5 0 . 1  t o o - s  on ; : t e n , ,  0 0 0 0 m c l o  skill i n  t i , -  seni ’’n blO o m n mm t h o -  teams . ‘l l o c ’se - s k i l l s
c o u ld h - c t  ‘ - r be’ it soc d i n  t i me f i , - l d .

7.  ‘t ’ r . m i n i n g  conch ‘ ‘ c’ r ’- c t o n n e - i, ‘ ‘ i o u  j o y .  1 - m omm y ’ o - o m j o l c o  n o t ” , v-o r , -  v e o i ; - o - , l a h o o u t  t I n t  s ; u , i l i t c ’
o t  t o - -c i o n i c - a l  s o - b o o - c l  m r , o i n i m o ; - — o - i n g exio i h i t o - o i  hn - ’ nc- c d-n r e - i  r s o i t s .  . \ l m o m r o s t  U n a n i r 0 0 5 0 0 c  1 - 0 : 0 - s
t h e  op i n i o n  to ’,’ slo b -  cu b -I  to I h o a t  P e r - s o o n - m o - I  ( 1 e 0 0 0 l i t v  woms d e c l i n I n g .  h’, h e - i n n !  0 1 , - c o t
—,, c- c r , t l  o — t - n i - - o -  ‘ d o n s  ;,- , - r , - r e - t i r i n g  c - c u r l  h r  t b - t o o  t I n e - v  n - n h - I t  i o av c -  t oa d v n s s r k i n g  c o n d i ’  i s - c o o s
I - ,  - mn m o r , -  f a v o r c o b - l o - . 0< e o - r u i t s  ‘ -c r , -  e- c ’ i s b c - m n t  l v  not  b e i n g  o ;x t en s i v e l y t m c o i n e d  o ’m i n - h ’
c - t l u i j o t - n o - n t .  w i t h  w l m i  c -h  o h ,  y wcould  w o r k  tone ! n o t  r o o t - i c’ i ng  c o o n  mu c im im m t i e -c I o o m n , t , , n - n e - m o t  a l s
t o !  t - } e ’ c t r , s : o i c s  c ms  l ost  h s , ’ e - o o  t ime ’  c - con - cc ’ n r o - c ’ i o m o s l \  . Shop ch i c - I n--c c m g c m i n  s a i d  m I n t  t i m e ’
O ‘‘v c- p I e- d i d n ’ t gt’ t m n - t o o - h  t i 0 0 0 o - o n  t o - m is  so lo ’ s o - c l  0- i t h  O e ’ S t  e ’ o l u i j ’ n o o e - m o t  o n o o o ’h c o — c  m - oe’ o ’ j s e’s
c ond m o o l t o n o : , - t - c  n’ s. T r a i n i o o ~-c. t i m ,- t o  ‘v, [ o s - c nn ;  t b , -  I — I c - v e t  to -c ti n e- 5 — l o v e - I  wan m l
i t - co  I r m o s n o t t os .

h-i I on-c - t n- , - o t t - c - - o - . - n n ; c o  I 0 i m - c o m m ~ -c o-s on Syst t o - :, . Sot ,, ,- Lot-re in u,’ s-c ’ i n o t  - r—- conn om n ,- r
p r c t o l i t - m o t  n u t  IL , , : . ,  . b o - c j d , t he -r e - 5,-n - ,- no c o - ; s o o - i ; O t o - c t  t b  I c o t  t o .  ‘Fht ’ n - c -  1,-c on  n o o - i n . o o o p o  t o t - t v - . c o m
t o o -  ‘‘ r c i i n y ’’ n ond ’’ o l r - - ’’ nc, ’co o, - c - c oon. , hoo ov’ e’ v , - r .  l° c o r t i o ’ o o u r i c ’  no ted  s-co n t t o e  m . o s l  m o o p u - - c l ’ I - c m -i
in t i n ’ -  r a in y  - o - , o ’ -c s - c o o  H o e’ lr , o o n k so-sot o- , t ooo- c i o’ ,- in - o i l s H o  sno t o ’ m ’  r u n  - ‘ m l  nun d d r i p  , o n t o

the n u o l i s o s  w b o i  c-h n - mi t s o o o , I o - r  t b , - hooch se - out. ‘ Ib i s  s 0 0 0 - - ; , ’ : , I n - e ’ oj U e - Oo t m c - c n ’c ’n soo l u ’ ’  te ’ ‘co i l
o t o t  h - o s  , ut and o , ’ , o s o o v , - t i n , -  r o o d i o o .

d .  i c o in ten ancc  r u t - u  I - c o - - h o o k .  ‘- c e - t - c-c - l t t t l e ’ , ml . ‘ ‘ - ‘
, 

tof t o o t ’ d a t a  inpu t  t o ’  I i s , ’

I - c ,- the s i o o o ~o ’m ._ - c - o ’ s , - - b i d  k t o o  l o t - l i - c  t b ,’ pc-op l o -  l o t  o h ’ -  sIm opn -~. ,\~
-c - i n o n , t b , -  d c i t c t  nm n u s t  lo t -

- u - . o - d  i t  h l p , ioe r o - o - h o o - l o o n :  i n  A P I



I l l . h o ’ a p ’ ’ m m s  n o o m o t t ’ o i l  S y s t e m -  (h t S ) .  s i n - A[’o~— l h b  r c u s l c o n  co n e l i t s  eo sn- oto o’ h - o t t - r I  pt’ s ’  o - ’ c S m f l p

c ’ - ~ ou i ; o u m o e - u o t t o e  t b ,  h m u ; i ; e n - ; t  i - c r o o t s h  c-tn : ,so o lssv o ;to-o o n . i n n -  nnon o r n n  m m . - pr -I-d o- on n _ s n  r o t  n - m m  o nO to
i n  par t 5. ,“- o o o ’t i m e ’ n ’ p i e - o  e , o O  t ime p rob l em w i t h  In n S re ’c ’ olv , ’n  a m o o u n c t  - c m l i h n c u n_ i n s t o .
The 307 t , ’ st  se t, c o n - c - mi  0 , - c r  cci i i h r c o t i o o m o  is cool c ’ , o m ; s  t I  t b i n o u g , h p • n - c ’ -. - ; ’ s - c  I - c - :  t n  c o m n o l  r o ’ q u i r o - s
r ’ o .o tomo c o l cI , - t i o u l  t o ’  t ’ ’ ’ r o ’ c ’ s - O  no  m o e-s .  t h e - p m - c - c s - c - s n  t o o l- , - - ,  ooc ’ ,’o 2 ( 1 n i c o m n b o o o u r s .  l I o n ’ 0 ‘,‘i n g
o-o ch e du l  o - - - s - roo t i n - so - - ,  n t ’ o n u i r & - s - c  t i m a t oH r c r a f t  hc- i , o m t t , ’ m o , ’ , l up  ;ond 0 lawn t o o _ f ,  s o ’ , ’  t h e -
c alhb - c r ,’or ion i s  comp lo - n  o . l im s t i , c ’r  c c m n - n c - n o  I_ R I’ s - o r , - p u l l e - e t  o ut  o f  cm p a r t  j a i l ’ , -
c a l i b r a t e d  c o i n - s - n - c o o t  , o m n d  j n n - - c e ’ n t c ’ e I  i n t o c  an , o i r c r , o I  t wh ic h m o u n t  fl y - c scion ( t o i l  noo onl- , -r

cs  boo ’ o l o ; i i o n g ) .  Th i s  m ;, - ,o c t m e s  t b oe ’  c a l i i  r o t  ion n s ,- r l n - c r n n o o ’ o I  s i n c e  t b o , ’ n - o ’  i s  - o s n o ; i d o - ~~- m i ; i o ’
c o o t ,  r a c t  h o n - n  o_ o t LRI ’ s . ‘l’he n e - s o i l  t is m a n y  o ’ c ’ , - r t  in ’ - ,- im e our-c and n - m o n ’ - ‘ n o - - H -  nds -op’ n t

i n  w o r k i ng  on t h o e  iSO ’S. ‘ I h o e r , -  n- n o-c-no t o - c  i s t -  no cou t - - t c o u n s h i n g  or e ’ c o n c i l y  I i x e d  ; ‘ rs - cbn i con ;-
w i th  t i n e -  loP S i ts e l f  c - X e - c l o t  t ls.oI iO - i ’ ITBF is t o o  to ’s ’  t o - c r  i t - c  o n - n  b n t o - o n , o n n s - o-  f - - c r , - ,’
and t h . n H oe- n - a l i t- - n o t  l oon t o o l - t o n  so i s o : , ’, .

I I .  lion - ARC— i to , t ’b l F  Rad i os . I n , ’  F — 4  I l o o t  i s  n b - s l o t  I ’ ’  r , -~ n - i c - c- I S I s  r a d i o .
Op in i co n - i o-c’ c m s  ,‘x j s r e : o-o t o o ’ s i  Ho ot  i t  would  be mu c  I ;  I - c t  n - c - n -  tO P U t  t c,, o 5 r ad i t ’s  i o n  tl,c-
c u  i r o n- , ; I  t r o m t b m , ’r t h a n  ‘‘ toe-  r ood io un met  to , ’ , c a nt  nol b o x e s .  I t  was felt n h a t  d e - c r r o - a s o -
c a b l i n g : o m n , I  m a n n o t o - n o , - 005 -c , - p r o b l e m s  v ’e,ul ei  h o m o c ’  I o n  the ’  cost  of  0 O n o  c’ x t r . o  r : o o l i e o . Time
r a d i e o  w i l l  a p p a r e n t  l v  f i t  w h e r e  t he  c o n t r , s l  boxes  o r e ’  n m - -c . ., w h i c h  w i l l  , - l i n n n ; m , . s l c -
r e m o v i n g  t i m , ’ h a c k  n - ; o - - u t  t o r t - p lac e  t i n e  r o l l  a .

12 . A c c e s s i b i l i t y  of ,\v i o n ic - s .  h i t h  t i m e  e x c e l - c t  i t o  of t h e ’  rood j o - c and some LRI ’ s mon
t h e  WCS m o o - c t  of t t o o -  L I- It’ s a n t -  r e a d i l y  n co’ e s s ih l e ’ . l o o o c o m n - o  i n  I t o - c -  ‘ h o l e -  of t h e
c o i r s  r - o f t  sn - c i n g  up and  t h e  boxes can  he pu l le d  f a i r l y  e ’ r o s h l ’ .

11.  - I - c ’ce ’ r v c o t  i onms .  T i m i s  s y st em  e x h i b i t s  j o r o s b ’  I t - r o s s t y p i c a l  0 0  a m o d n - o  -‘m t e l v  n m m n o - c o i  --- ‘ -- c t c- n o; .
C a o - l i i o p  and conne d 0 - r n  c o m e -  b e e -o min g  cm l o m i - c b - c l o ’ n o .  P o i n t s  re- I ) °, cos ’ ,’ nn o - m m  t - c r 0 - c l - I  c-un ’ s c o n - - c ’ 0- c- c - o t t - L u g
to o _ o r - c -  - o C u L e _o .  Tho ci i  m c s o n - - s - o n t  pm’ - b I ,’o :o nm of t i m e -  WCS n e o n - m o o s  s’,’o nc ~s L oo,ns.o tic of met i-op s’,’n t , ’p o ,-o

i , - o i s o o o c ; o l  d a t c o  i s  r e - l c m t  i v t ’ l v 0 0 0 0 t t c m n - n -  cond is m n - c - c o  m ’ c o o o s i n g  ; -r o h l e ’ o - n n - . 0 0 00 t o m , , ,, t in en - l o c o n o t ,
t i m e -  d ip  i t c m l  p o o r t s  of t i m e ’  sn - - st  t o’; s t - r e ’  no t  I n - c e ’  I rou m o p r o b l e m s . I f  t l o t ’ ~ ( 5  ‘ ‘n oslo l u - n - ’  c~m o o
be oill c v i  .o t , - I  by manni  mo p t - q u  h pnto ent  f i x e s  or oc’qu I In -ne -nt rep i  o s ’ c n ’ .o -on t , t I n e ’  pr -ct I c-n - n ”, ,

o t  t i c  31st AT-IS w o u l d  I on -  much  s m a l l e r  t i t a n  t l o ,’ c ’ c o r n -  no on- .
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‘l o- ,u c- o ’ i t - o s :  I-Hj 1° . h-I . 0 ’S- i t - los , T I m . I -I. .’ : . T o t .  John , tro t To’ . I ’ . I ) .  I ,mm ’ o i- c

o Ii , ‘ i ye l e o  - - o c ’ r - ~ , - ,  In-or t i m e ’  n’nv i ,‘no i s  to I - Iou i u m t  , - o; , onm , c- St u d c

L i - s t e ’ ”  co u ld  l ’ l oj c e ’ s  \‘ j S i t c ’ - t  : 25—30 I-i -on 71, , l ,a n g lc ’ - c. oC R , \‘ -c\
30 bl o t  — I ,\pr ( - , I)oc’,- m ‘- T O , , A

1 2  -c\ ; or H , I ’ i c o t t s b ’ m o o ’ g  ‘- T  ‘5 ,

O r g o o m i n - c o t  i r o n s  c o r e - n - c d  fin Hot ho o t ,  n’,’i c 

1st f - I t S , l o t  T , u o  0 i c ’ o t l  Fi g h t e r  lo’in n -’, (lAP), I t Cal Caputc , tI snI O r.o el r , Langle n-’

~- ‘s th F i g b i t , ’ r  l m n t e - m s o - i - i s - c u ’ ( A l I t ’) , i t  Cool Ilunto l , Sq (n - s Ir , l oon g l o - ’:

1501 ‘lac ti c - o i l A i r i i t  0 Squadno~n ( I d o l ) ,  I,co nog h t — v

- i f , t b ,  s\N S , - •  - :0  t i m  I - I h l i t , n ’v ~\ I nl i t  n lo-c ing ( I - l A P )  , T’Icu 1 . C. Snn i t i m , S q (‘rn-dr • l ( m o c ’ c’n
350 1th ‘-cl - ’o- -c , 150 00 I t  I l - on - oh - c Ih i ng ( b’l s’o ( ’ ) , P1 ,ott nbur ,~, T- t , i j l ° : r ’  s l n o - n , Sq - n’od r

‘ h o  0- coo t I - l o i n ; !  c i  ned : 1-’— 1 5 (L a n g l c ’v )
t-’—l(Ilo ( t a ng  I t ’ s ’ )
C—1 30 (Langley)
( :— Sn\ ( I s - c - v t - n - )

1 11—111 (h °l , o I 0 ‘ o l s o n - g O

0 i s o _ o s ” ;  ion

1. A~ ,o - s  ‘ 0 m I . ’ , n . 1 o ; n s . h t ’ c o ; o o o t o ‘ , - : - u e m s  cove- r e - c l  on th u s i- ri p n - s o - ,’. , l oon I nc olot

h” —l ° - c °- mo nO C — i  I s O  t o o  m i s t -  l a ir ly mit-n’ g i l—l i t ,,ncl (l— °i,\ n o  t b ,  b o ’ , u m i n i  ne - n --’ F — I S .  i n n - - c

-n - - - span r s - c c o~’, I o l y  20 y o- , o r t - c o f  t t - o - b m o o o o i o o p v .  ‘the- F — l o l l ,  h o - u s  mo s t  l v  t n o i - , - ” o  ex -e pn I eom

a I t - n ’ mod i f  ied Ih5[s. The ‘ ,, oo:s , - is t r o o e  I or I t o , ’  C— 1 3 0 .  ‘l imo- P—5/j and F b i — l i  I use
I - c m h  d i n - c o r o b -  s t o l i d  s t , o t o -  o - o o o m o ; 0 0 0 0 0 0 - m o t s  and i o:t o-g o .01 1 -el circuit- ; , wbm i IC - t I c , ’ 1 — 1 5  is
st,, r t I ng t o ’  use some I corge ’ se -ale- l.S 1 . We think ttm , o n planners n- I tot-i ,- t e c i ono l  n-,gv
shoot id l o ,  ,os’,or o ’ t i - n o  c o h t , - n - t b o o- ir ol e - signs toe- l’ j o , , o l  j , o - o l , t i n e - j r  produc ts w I l l  q u itt ’
I i k e - I  v need sp o r o ’  ‘ s r I  o l o o n  000 0 n o -  t i m o on 20 v , - c o  r n - s . Tid s I mpl  i t - s  an emphasis  ton  000 ,0 1fl—
lint- , widely avn-o I l o b - c  I ’ -  s n o r t s  w i t  l o an ,‘‘,‘ ,- to u’ o - p r o o c o o u  , - o n , ’ o o t  of n - c ; o c u r o ’s .

T o r t  - ; ‘o- c.’s o I m o b  h i l t ’ ,’ . i ’ o - o o ; o h t ’  in e’ coo ’bo m a o o m t o ’ o o , o o r - c  0 ’  ‘mJ ’ , o no L o t  o ,- c o o  we b .c’,
s o ,  b a r  in - c , ’-’ o s , ’  o n n;’ j c u b o o , ’ s l s - c I  i - c , o u ’ u  s ava l l o t s  i t  It c’ . 0 0 0 0 , -  w o u l d  c -x ; o o ’ o ’t  th i s  t o - c  t o t ’  :0 p r o - c l- c I c -non
v i t h  h o t l u  v i n y  old or vo n- c’ new “s c-stems I - n o t  n , s - I  w i t h  o o o o ; o ; - c oo s e d l v  o m n , , t o m r , - o ’ , , o i n - m I boo , -
ny sn o - o ’ o ’ c , o n  boo m 0 i , i n s o o : ~ b e i n g  t _ o I o o , o l .  t - : c - c i o b t - o o t  l v  o o t I o o ’r t in b nngo-o o r e  m o o t  equal  and t i m , ’
Air I ‘‘ ri - c- s r ‘ mono, i o t o ’ , ; on -o I t - : o o m  on n -m p c o re’o-o 0000 i ’ - c ’~~’ ’ i t o  l -  m o os I ‘‘t in-mt w i t  b u t t o o - m r  o p t -ru—

h o - m i n i  is re- o s l o  r o t  0 ’ ’ , .

,os~AF ~~ ,, 1768 00 ,-i



l- ’ 0 O n L~~~n L o m n e e - 0 ’m ’ u i c e - [ ° t s_ I ’ n~jj , c-c e ’d .

a. Soom l - o n ’ o ’ I  T o -c ’ , 1 to — I I , , -  F — I  5 mind CII— I I I bn ;o c ’co co - 1 , - b  i n  i te t I ,  o c - - c  - I c - ’ ,’ e ’ I r o t i no - , n - oc - c n - , n-
“ ct r ;o , - t ’ n ’ , (0 l i o t b o t  l i t , , - , sho t - c l ’ , ‘ i - c ’ s - s - I ) .  1 1,  o :— it n h ic i s t i n t l - i l l -  so I ’ ~ - c -  t i , - r  - - t o ’ i o : t - : m o - ,
c , ’ u o i l - i t n j oo tn n t p o r t  l i m o , - and sb —b . ‘l’h — I-’— l l r O s  and (‘—S,\ ma i n to n co oo e - o-  , oU’ , omn l c—. . m m  b oo s  1-

- 0  too : s t n o o ’ o - . I n  s-c n , - o n o o l o  o~o c-tot c - t OO ’ ;  t boo ‘- cum o ne- sc-co p h o -  won ~‘ c- n b ‘ -- ~ 1 I s  s - m o  t i s o -  o I b l o t  t I n  o - , uome l
t i n e -  o ; l oo o ;’ n sd in cot  h t - r s  it s’, os ; o ;p l i t  s - c oo t bc time i-n - ,’ , -  i c-c- c - I s .

is . 1 - o i l  . o onnt - , - r  Sc nit e ’do ;l o o o o - . In coil can - oc ’ s  i - - c o o l  o o o o r , t s , - r  s c - l o o T - c L  m m ; ’, scm s m ’ - e - o b .
o o m’ b o o i ’ - c o t s n-: o - n - t -  o p o i t o  i - c o l t - c c - e l  abs o cn t  H o c -  e f f i c a c y ’  t o O  t b —  c- - n o ,  o p t  c o n  i t  i m m n j s u c t e d  ~u v i -  i - c  t o .
I t o  n t  con -i so ’ , i - t o o - I I l — i l l  b oao b  co ve -rc ’ io i g b n c a n o n ; o I - c a l i o z ; o t i o t o  n -- c- i to - .

en . I O n — h o  m m,-  P epco  00-

0 1 )  I’— l S .  0 ° ti t i n , ’ h- — I S  r e - I - a i r  5 , 0 0 - i  l i r i t ~~- , l  t ’ -  r c - t o o o - c °.’ a l  -I n - n  r c - p 1  - ‘ ‘ ‘ n’ -  o : . t  n - i
t i l l ’ s n-u n - t o - I I  i g i o t i b t o t ’  cm t ’md r o ’osno’c’ c ol cm nc l rt ’j o l co o -o ’ o ’t;t to O ’ m o d u l o s  ( i - - p i e- a l l y  i r i n t e d
c o n s , o i t  h o n - I s )  in  t ine  stoop.  - r o ’ n - , ’n ct lv l i t t l e , II ’ cmn c’ , rn - i -I codc n o - n o t  - c f  c - c ’o o o j ’ s - c n , - n o - c
- -on  b - - c - o n - o s  jo-i cnc ’o ’ o -tnm i s li o ol- e ’oI . 5 , - n o : , ’  r c o - c d u l c - s c o n - ,  o’l co ss l~ le’oI nun I T — n - s - n - — —

~ - c v , h o o t  l T , ’ ’: ar-
‘ o n - c - n - - o i l y  “ c - f o g  s c o c ’ c- s t  and ‘c , ’ oi t t o o  d c - I - c - I  - S t i n - n o -  ( O n e -  s b n o - c~- t on- - c t stat ions time 1 t l no - ir
assoc - i . o t c ’ d  s o ’I  twcmn, - core- only p o or — i so ll c ’ up and running , utm c on v I i -l i ’ s , o r c -  s t i l l  h e i n o ’t
n-sc Ot t o n  t he  c- - o o l r a c t , - c r  O e’r rc - ; ’ , o i r .

( 2 )  I-’B— ill , C— P . ’ , ( 1—130 . lu o e ach  c a s t -  ho e - re- c  n-ni ‘; L R I ’  ro ’;o loc ’J I 0 0 1 s t  r e -p I a  o ‘ 0 ’ ’
is , r I s - c n - n —, , - o I  - -a t ime fit p i t  I coot’ . 0 r io i - boo’ CII— lii and C— ‘H noo n-; t n - of  0 So sb m i - i - c  o n - cm i o n - i - c - o s ,  on
c’’n n- oi- - Is -I r o’pl , o o ’t- rn o-too ‘I fo oeol tc - modules , oo1 tIn - c -o ,o~-~o sonic-c O o t b l o ’ ot ~, - - n o o ’ n o t  p n - t ’-
- o r , -  m o - I - l o o m  c c j  (~‘en o- ro dl’ -,’ b- c c - .o~’ne o ’mooen t with ‘ic-j o o s t ) .  In t i n e ’  s’ ; m n ; c -  0 0 oe m o ’ — I l P  c o o n - I
“ — 1 00 -c - n - H , ’ o n s i - c .’ , - p i e - i c’ poort re-m ’ °, .n . n - r ,-to t is cu cce s n o n 1 o i I - c i t - s I .  

0

d. h1~- t mockups. ilcot o ’mc oc kups c o r o -  used o ’ X s  l u s iv c ’l v  b o o t h e -  ‘ — 1 00-c s o s - I  ‘ — 1  310 .
A gain i -bo on s iuon-u,oI , o ’, i o o u o  - -l- t ; o iume ’ d is ro o st i utocntao-’: aoos ° do-len om c ’t c m , ’ , - o o m o o t f o r  t n - c o m b - h - s
j o i s t s — c - e d  b y e - t o c ’ i n - c ’ 0 0 0 0 0 e - s o t , m !  n i - r e - s o c - o n  c o o ~- I  v o i t c o g o -  s p i k _ - s .  A 0 , -n - , ‘ 1 t 5 ’ , to ‘ 0 0  ‘ I  c s O  j 0 5 0 s
in i - l i e -  m - — SA s-’.-s t , ‘no . c o o n ; , ’ ,  t o o  to I- , - I 0 0 0 0 0 0 ’  Li ‘ “ s .

& t i c - ,orm d T’’,o nioa l ‘ I c - - I  S t o o l  coon - m n-c . ‘lbs ,  F—IS , I ’ l l — I l l  and  C— ~ ’s\ a l l  c o o-

uno i ,- n t 0 0 0 o ’  ot ’ co o t  - c - o n,, t i c  u n d  n’ o , m o o o c , , l  t o ’ - c O  ‘ c l o t j 0 0 0 0 n ; . ‘ l ’ bo c ’  u o ic onuc t l t t - .m - m l  i c-oti s allo t ,-- an
I I I - ’  t o  bo o- t o m ,  pped  t b n r o ’ o o o - im i - t o O t s ,  c ind h ave - - n o ; , -  ‘ t o o ; ,  i c i n g  c , o ; ’ ; o b - c i 1 i t n - ’  t , or  t to n -o h I o -—
n ,i_ i oot I nn , ’ . V ol to O _os and ‘ , s - : on ,-t m o o n , ’ - , n- o n - t I  - ‘ n - r n ’ , ma y be o” s ’ o m j t ’ ’ m ’ c - o I  c o t  t , - o c t  p - c  h o o t s - . The
F—i S marmu al t o t  ‘s l o t  ions c mo r ro -i ot l v  c , 0 0 0 0 0 o ’ t  h a n d l e’ c o i l  l i s t ’  h i l t ’ s On - o n- s-oh m h e - h o  t h e - v
n- n t m e -  - I e - ’ igned . Si  mu 1 , o t  I ions o -c I i np e u t - - 0 0 , 0 0 0 0  re l , m o~ - - c  I LRI,’s is limited too l no e n v i r o n —

col s i 0 0 0 0 1 i - o t  icon is I - r  - - ‘ m o m .

(1) ic _ I 5 ‘s o i l s  - c n m . m  t ic -  T ’ - - c - c t  S t - m t  i , , m o s .  Only , o  I en’ of i - h o c -  h i l l ’ s se ’ I s , ’ , l o o  h e ’d t o O  run
on t b o o -  0 0 - i l  ‘ n o b  O C  t o  ‘ - I  s o t - - I  b o s o n - ; -c oo,  a c t o o c u  t I c ’  h o -  n oon. l, ,O t o - n o n e -  b o o o g n o  t o e -  s i - i l l  t o t ing,

‘, ; - ‘ m  i-c t I ‘ ‘ o n ’ . In s s - o ’ - c o ’  c - c o o - co o t o - o c t  t o n -  o -rcooo o ’o ’n - c may I - o c t  t o - c o - c  c I t ’ s - c , ’ . I no e ’ i o  , o l  t ’  ,‘ i - I  s O  o ’ o ’

‘ t o o t  0 00’ c o t , - ’ :  t o - - c t  - - - 0 ~ mit 0 0 0 0 0 0 - c  0 s - n o t  a i i m - - its o ’wum mini C o 0 0 0 n ; 0 0 0 t  ‘r . Tine c’ c ’ ono I 0 00 t e - r s o c _ i  t i o m o u g io
its p r o o g o o 000 st - r  l a l l y and s t o o l s n ;  ,ot t i o t ’  f i o  - c t  f - o o u l t .  ‘ tnt ii this b cou l t in c o n - t e s t e d ,
it w i l l  not p o o  any I i n - m O o - n - .  t i mo , - t - i - boo- I o~~ln y to o d o olc- is r o - I o i , 0 0 ’ o - c b , t ime t o - s-s t b ’ c ’t ’, i t o s

‘ 0 0 1 0 0  in from t i -  st; mrt . I I  i on -I o r  f a u l t  i s  O ct  o n - i - c - ’ I  in t h e ’ I RI ’ , t i m e -  roc o c h o i t o , - 0 , : . ,  o n
s t o p s .  T i n t s  ‘ r o o o ’ , - n o - , - ‘ 0 0 0  0 0 0 0 0 0 ’ ’ ;  unt i l all o h ,  t , - o ’ t o - d  I t o o l  O s  s c m — ’ , I t o ’ , - , ;  o - , - c r o c’ I o , I .

b t , s t b o  , 0 0 0 t o - c o c - c o t  Ic: con d m o n o m i a l 0 o - ’ . t  s l a t  h o - c m o s  c - n - u ’ , -  o t o - o , i~ - t n o ’ o l t o o  c - o t t - c l -  95Sf ‘ I  j m ’ I ’  ‘ - i c -
I - t r o u t ’ , ( c o r k i n g  I n o on i L ’ ’ - j ’o a r t  t o - l i c o l o l l  i t  h t -  ) . O p i n i o n  ‘coo 1 m m  b - o n - -  i t  t l n , o t ‘ ‘ m o o ,’
I T , .’ t ougn co rn - ’ ‘- r ot , SOS’ t ot - t o - i u a l  I , i l h r t o ’ .’s w i l l  he- n- u’ , ’  r o e - c o o  lv  0 0 0 !  l o o t .  ‘ Ii;,’ t o o -b o om ic - c o t
0 1 - c i t - O S  (‘hm )~ ) b - o I l  bn ; b st - cb t h o m - c - far t o  11 O l o  t o - -c - htm l , - hans in p t - c - - m t - - c  o i l  bo o ’ s ’ t o o  ‘ ‘ o n - r u ’ ,-

0~ 0



t i ’ ’  0 s t ; m t i - ’ o o s - c , ‘o i l  i - b o o  ‘ 1 0 0 5 u t - c  t o o - c t  I c o - l b b o o l in 0 c t o , t i t n - o I - r o i l - t o  too t - c l - c  t o - i t o - - c t  b - c ’, ‘ :  on
, o o i t , - o ” c o t i c  t o n o - t , - n - - - , h o  b o o  I t o ’ ’  ‘‘ t t ’ , m b o o c - , I  to- - c a n t o -v ’ . u p p n - s ’ c o ’  1 .  ‘i l c o n  t o - . ’ -  n o i C i , ’on i t  - o o o
I e’x i t o h  1 I t c’ i n n -  h i  on- m o t t o ’ , m o - i -  i i - c oo to i i - h o  i - l o t -  t o ’ - t ‘- n o ’- i i  - i t  . 

- I ’ , -  t o - - i - c o n  i c i - t o o — ’ 0 - - 0  c - c o o l ,  0 , -

s ta t  i c - o n  o r  c-c 0 i ‘,‘ j d,’e- t s o n  i - s o - o n  I I , o ’ ’ on ~‘hoc ’ c o l e ’  n o  t o -  m o n ,  - t o  - - t - t o o t  i -r i ‘n nob  t — ‘ - - ‘con o~’ boo  - o ’ n ,  b o o n - o  0 on-
t ‘ non  t o - s o  00 1 - i t  i c o n  m mmd t~ n- - c o i l  - I o - n h o o , o  t 0 . : I , , ’  r n - c - c o ;  - n  ¶ C o O f l O ’ o ’ ;  - t I on 0 h at  - - ‘ s “ - I ic - s no not
b l o c k  , o o o o i  b o o o o p  e l i - o g n - .  on’o ” - core - t o o t i n o c ’ l u d e - o I  I t ~ i - I , ,  T iO,n - n ‘u i l  I l o o n  t o  - o n c e’ m ono  i n  t n  - c o o t  i t - —

n t o o - c o ’ t o o m ’ ,~ . 1 - i - c  - ‘ ‘ ‘ -c - n , t o ce ’ t o n - c t  ‘0 ,- mt b o on  ‘s b - c o - n -  m o o r s  on - , ’ n o t  i - r , o i n c ,l T o o  t m _ o n  _ i \ ’ n - O -”~’ S

v ie - n ’ 1’ m ’ itO t s o  on-s d i l  O ’ o n n - o - o o t l. b ’ ° b ’ n jn t onn - , o o’i - . O h- , - ’ ,’ cr, t rot i n o ,- o I ion t b ’  l i-S s n o n i ’ i l  t o
t , - m o n , -; t o - n -  0 n - o ’ s o l ’ l ,  -- ci, - , - t i o n - p  o n - s t O O p  t o e -  t e s t  t o  b o o n s .  : 0 ’ s - mo m m oon s s- u n - , ’ o lnh, l ’ t m y ’  n - i L ,
i - h o  is s it 0 0 - 0  t 1- - c o o  co ad sn - o i l  I d  i - n - o n  0 , r  ‘~c ’ S o  0 ’ - ’ t b e ’n -  - I c’s ’ l o i n - i o n  i ctim S m oor t i o ’ c m h s - c r  I c o o  i o n - -p 1 , - I  ‘ ‘ o i l
i - t o o :  r ; i o ’re-cs- cc,c- c - s n - o n . ,  us  - o o o n - , o ; i  i- oh s  I ,  l o o m  t o - c , - a m ’ i ’ n - n o c o o - h  1-c - l u n g  o ; s e - o h . ‘I O n , - ’ - ’ n- o il I d  onooo c ’ b o
p o e  , n -  te n - ho ive  ~‘o hot n-so ’ s h o o p  in  i - i n to c m m ’ , - c o .

( )  H I — i l l  ‘ n c t s s o ’ n o l t j c  _o- - r  S 0 , i t i o u n - s .  A l t  m l , - ‘ i t - - I Ic t o n  s t - m m i - c o n -n -to

i - t o, t O O — I l l  ,S’o ’ S tc ’ f l  o r e -  e o o n t m ’ -c ’i h e e l  Cv i c ’ o o o t n - c o l ‘ ‘n-’ ‘ t o o’ . (‘o n s , - ’ n noo ’ on t lv , ‘ -c ° o n  t !o - , 0
co oo c i 00 000- r “o - n - a s i no ’ o c ,” c o il o f  i - t o e -  t o - o c t  - 1 s t  i o ’n s  c o r e -  ‘ ‘ n o b  , o I ’ i - c o o s  m o o s - c - c  - I b o i s - ” , c ’ , ’r ’ s-c t o  i- cc,

hom p~ o- ocin g, l o ss n n o - m ~c o e - n t t v  n - o  c e o n n - i - l ’o’ . , - o s - c t0’,on C O T  t i n - ’  l s , o r o I ° ,- n , o r , - I n n - c  b c o ’ n  omo ’ o ’n- ;ode’d. ‘T ° o r ,-
in 0 - n - n o n  I r o n - m i - c m  f 1  o - o i b i l i t v  i n ,  t e s t e r  0 5 5 ’ o n n - , o t c o ’ t ; n i t n - c ’ on I l - o n  t o n - ’ h n i c ’  b , o o n  d , - c e ’ c o n ’ t ci L s : n u v s
to o’ ’ ,’ I start i - t o ,  O s  0 c r  m t  t O o o -  t o - g i n n i n g  e n - I  time t o - - c t  “ e ’ s I o o , ’ o i c ’ P .  W i l t ’  tin - c  i - toO o p t  ion
00 c-h o - c o ,oc ln g en - m i - n - ’,’ i o n t c o  I t s  t e s t  o - , , ’ o s , o i e - t O e ’e- , bi- ’n--c’c ’’ :c’o ’ , t b oc° m o - -c ‘ o n  j o -ia n o ‘m o n - no t Ins I s T ’ s t

n - li - h Ho,- (‘ o o m 0 0 0 - c o o t o n r .  on t t - o : h d c m t , o  i on -  , o c ’ c o i h ; o b l ,  i n  t e - n - n’:n - -~ 
m o b ’  1 l ’ O ’ So ’ b s o n O ’ O c t t  i c - s  i o n - - I

sl - o t - o I l o s s ’  w i — b i n  t ons 1,00 1’s. i’ e’ o nt o i - , o t i c o n o i s , ’ n - , o t  s o n - -, s t  i i i  0, 0  m o s ’t l oct v e ’ a n-cyst ,’,” v i c - t o ’—

p o i n t  bo on - c o ver  ,-‘oncl con - , -  l o c k e - c l  in n -  n - c o  t r o t i on - g o ’ ,’mo ’bo 1, 1- T I ’ tn; ci s e - p a n -mi - c- 0 - n t  u i - V .  “t
l ’ l - c i t t - - l s ’ o n - - c , t i n , ’  C I T — i l l  o ° r p ; t n i c o - c o t i o n  loan  ot r o - l r i o - e - r , o l  n mo n - st eve-n o - - c ’ n- ’. b o i n a t i o n n -  l o o n -  c~, , l c i /
I - c - c r  soak l o n g  l i d s .  l i n t ’ s; n - c o s t  b o o n  o o - o ’ - o - o ’ , ’s i I n - - c - i nn t h e  r o  I r i c e - r o t o r  or  o v e n  I s ,  0 ton - , t ” ’  t ,
h o - c c — , -  c o-u ’ . 5 n- c e ’ ; - c o r , o t o ’  foC I  Fftc -onch  , b c - c o l s  s i L o  t he  i - _ o n - ct ‘- c O o l  i on  n - s o o t ,  ‘ t o - - s

( 3 )  C— S  ‘ - , ‘, c t - - c o ’ s . o t j c  T o  sot - l o t i o n s .  ‘ l b ,  t o ’ - ’t  s - c O , o t i o ’ o o ” n  i t - c r  i o o o n n ~~~ij l , l O o l s b o l o n o

I i o n al  E q u i p o r e n t  ( t i - c S b  ) , o o oc l t i n e’ Tl colfun - c ’ti co n ,\nc mlc’,-oi s 5 , ’ ?  - l i o n  , 0 0 i c l  , ‘ o - o ’ r t  0 0 ,-I
I l’Sn-,l o fsl ’ ) -n ’ 1, -no n - c - m o -  b - i -h  e - , ,n t r o l l e d  by o . o s o o n p o o t , n - c  ~-d o 1 o ’ i n  p00 cc- ( 1 ’ , ’ t o ’ ,  S : n o i o ’ i a n s  b i t t  s o -
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t o - - c t  ‘ , t , s t  ‘ - t n - s  I s ’  n- .’~- I n t o - o n  t i n e -  5 ,510 , 11 and 11 5 1 - . 0 o n t o - n - s .  ‘ l i i e v  0 , - i t  I i , , - n - c T - c l  0 , - o n - n - Ol t
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I . Ioo  h i t — I n  ‘ ho- sn t ,otmd ‘ t o - c u o i t o o r i n g  b ’ l o b u i l n n o , - o o t .  ‘ Iso ’ F—I ’ ’ , ( ‘ - - °‘, ‘m to n - I P 0 0 — 1 1 ,1 . i l l
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ci i ro ’ u ’ u f t  - ‘ I I , , -  I - -  l O O P  en -m r i , - ; co n o o o n - - i l  h o s ~’, n o t p b o i c ’ rc c o o r , b e ’n  f o o t ’ floe - nc m d a r s o - o’pn- ’ . T h i n - ;
i s  n o s ed i s o - m b  o s  a way  of - c - - r i n g  I n t o o n - - t o t , , and con c o n  so l o b  t o o  t r t o o o b o l - c t - -c o - c t  n p

m a l f u n c t j o n o , .
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- Pt so o r n r n , ’cl i c o t n -  l y  e o ; - c o - c m o  t i r e - r o t  n - - t u r n  ‘ b o o n - l o s ; ’ t u e  c o o n - j o - c o n - i on- ‘ to-O r t o n I  int o ’ s i n - b  i - lot
e - n -~- 00 n - l o o n  s ’ o o c i - ’ p i i - .  ‘II, o - e -5 - c e - o , m i -  00 0 0  5 0 0 5  s i n - m i I - m o  t s -  I ‘;e’ ‘‘ b - l cd  b c m l l ’° t n - u - i - - ‘ o s - c o - c l
‘0 0  - s o n -  SAt to -n- -ce ’s on’ i~n - b  t, c ’ct  o ’  u ’ cs v I n - m o n - c l n- - ‘I b o o ’ ’ b-I c -cl C c i I I tn - oo e’io b o s o n  i - c - c l o n i c  i c m o n - s n-on-
b o o n - c l  t o - c - o n ,  I , - u o o c i ) t , , ,r sh o o t - c s  ‘ ‘ ‘ n o t ’  t o  c b o m n - b c i ; o o m  1 - c o n -  c t y n , ’ o o i e - s)  t b m n - -  1, 0-li ’ s c u r , -  n o ’ - l  n- -c , ’ :s on o - l I o n
c: ; o r r o o ’ o t  0 , 0 0  i - h o e -  0 , - s t  b i c o l l  I m t o o ’i - s .  b y - c o  n - c t  t on ’  t h o ’ 1h i ~’, , ‘o p l . b t ,- c s - o n - c - p t  i s  o n s ’ n v  ont O m o ’t  b ’no
i n  t o - n - n - o s  t of 000, -e t l o n -~- t - c b ’ ~ ’r i t  l oo m I u t o r i  i ” e ’me ’nt  - c , ,  l I o n - w o v e -n -  i l  im i o l i e  -m t b n . n - n  t i - on I t o — I  I t

o I o n ’  n r o n - u i cn  s n- s t  ,- o o , n - c  ,‘o n - e c o me- - o h  1’ - ’ In - i ll I o n - o s l o  I - c

- . -
~~ - - - c c j ~~ . - r  0 - I ’ boc  I li— I I I , ‘ ‘ - p i t ’  s o  I d  1 1 . 0 0  0 ,- s ‘1 0000 l o b 000 r t b o c o o l  b - , ’ e ’ n o  “x i ’ ,- 1 l o - o : 0  -

( ‘ t i n e - n -  I ’’ -; o ’ w e - r o n  l o o n - s o ’ o ; i - i o o u , ; I o i s ; t b e - , i n - m t t I , o ’ r o n  0- i - m o n  050 ’ r & ’ , ,l  e- o”on-p l c o i o  I n - s  I - ,
Hu e- j o o ’ n - o ’ : c o c o - , l  .or ’,s c o v , o i l a b o I h  l i - c -  c o o n - l I o n -  i n t o ’ ,  on -c o o  o o ’ e o n - ’ ’ I o’ -c ’ c o l t ’ , c I t - l o t - c t  ‘ o ’ o ’ b’ - c l t ” o’ ’ ’-

U ii  ic ’ s s on - T  ‘ 0  0 1 0 0 0 0 0 ’  t o t  0 o ; o  n o t  o o o o n - ’  I c o t  m i t  - c ’ - t i s  on h o n - - c’ -

-c . S h o m o n I n ~ — I b o o ’  o o o o l ’ ,’ 0 ‘moo ;’ 1, 0  j t o t s  t o o ’  - ‘ m oo t ‘ - n - c d  o o b o o o ’ : 1  m o n , o u ’ on i n g  s - c  - 0 : 0 , - n Y ’ ’ ‘d t ° - t ’  g o ; ’
° ‘ o ’ t c - ’ o, ’ o ’ o o  o u o o i c o r t e , ’ o ’ t s o , o t ’ b o o s - -c o o o n - c b  ‘ d o - n o  i - c - c r  St( ’ o o i n  t b -  - 1 1 — I l l  o n - n - ) y 0 0 0 i x c o t  i t - m n . Is o ’ h.i’,’o-

‘ ‘ 0 0 ’  - c o o t ’  n - - ’ t o  o n - l o r o ’ b o ’ ,’ o’, I - - l o o n - , ’ . b v i o h e n i - l v  t t s o n  ‘‘ m i - c h e h i e ’ ’’ 0 5 , 0 0 0 0  I n -  u o , - 0  , ‘o o t  c r t ’ c m t  l o s t ’

b o s o n - u  i n - I ,  0 u i - o u t ’ ’  1 0 0  ‘ ‘ 1 . 1 .  o’ : ’ - n-d o e - o s  0 s e- So ‘ - - t n t  cc-o n -  o n -  t i ’ O l s n o t  i n - - c  - I’ t o n ”. t ’ol t h n  ; - c e - c ’ p  i o n
w ar ’,— b o o ) ’  i o u  l b s ,  I — I S , ‘ — 1 1 1 , so ro o l b - l b — I l l  h av e’- ,°m I ’ SO s u u m b o i o i o ’ ( t o  t b o o ’ ” m o,’ I b o o ’ , -  t~’,’ , O m ’ o ’cn s
s n - n - t o ” - , .  ‘I bo o  i d o l s  b e -  in i - l o o n  C — S , \  i 0 0 0 0 ’ O , o o o c  c o n - o n  0 u o - c Z , ’ o n-  I , ’ t b o ; o t  O, ’ o n , , O - c ’ ’ ’ o  n - V  ‘ t o O ’ s b e - c c i o o s o n

‘ b l b s  0 1 1 n i - ; s o o ’  n o e l ,  o h  r o l e - r o t  l o o t ; .

0 ‘I n - c o i n s n o ~ u f l c l ) ’ o n n - - o , - c u m o o t - b o o o o h i t v . ‘ - ‘o n - c - r o b  i v  s c h o o l’ c l i i  c O n  5, - m o ’  b o,iiot’ \’  n ’ i t b o  t i n , ’
0 1 00 - 01 it n- ‘b o t ’ , o b , l o  c o m i n g  t o ’  t h e i r  o o r p , t n l  ‘i d o l  b 01 ’ . ‘ I 0 n o - ’~ s o s  u n - t n -  d o - c l i nc  in  I to , ’
p o o h  i t y  o h  t b o o ’  0 i n - - n  t o - l o o n - i ’ — ; In  o o v i o - c u n - i e ’ s .  ‘ 1 1 , 0 ’ , ’ s-c , ’ ! ’ , ’ m i x t ’ c b  0 , 0 , 0 i n - m o o — c  0 , ’ t bo&
I - c - I o n  I c _ o h  0 u . 0  i n  i t o j ’ , p o c’,’n 0 b o o ’  o n , - ; - - t t t o o  ‘bo ~. h o  ‘ u-s t - c - c , i , Pa b o o ’ , co g 1~~- h o c - c s  t m  o m O  ‘ I
i o r o o b ’ I e ’ o r o o o . h u m ’ , b o r o s o o u ’ 00000  i s  o l e - n i l - n o ’  - I  m o - c  e n  - sn -  t u , o  o m i  o h  n - me -ru h n - - c o  e ’ t b o e ’ t ’  e - l c  -c i - r on - u I, c-

‘ c o t t I j o - l o I n I o o I  - t i r e -  h — I S  ton ’ i - c - c o o  i t o s  o o , ; o j m m t  t o o _ u n  i - i - sc’ 0 , -or , .  ‘ - o O 0 s , ’ ‘ 1 m I s t ’ s , ’  ‘ 0 0 5 0 ’  I c ’



d o ’  on - o n bo o n -v t ’ b o ; n - , ’ l -c ’, cnm ’ o ’ o o n n - o,b o’c ion- c m v i o n b o ’oO m oo i n- c I o ’ts ol n e ’e and no t-oh n - c’ s- ri - c - o m a n h o - m n -  aco” o n - n - s l b r o o~
t o ’ n — i - S  ‘‘ o l d  t 0 , -n- c .’’ 1 1 , - o n , t o o t , i - b ut - co (‘ on- 0 , - o n -  P’ - - - c - l o p - m n - so on - i - (‘ n - o n-n -c ’ n - l o b e - b r  tb re - i _ _ I  S
t o - -c , b i n - m e - b o n n  On’ ,’ O o ’ n I  c-cO con f o o t ’  codc ’ c m i n - c ’ o ’ o” c o o l  °o h o n -~~- I o n-n 1°— i l l  o o o n ’ i s o n i o :— o sc s i- e n s .

l’ , l t o ,’ , t , o -c ’ o t . n n s , n - n ,’o i  0 .  c . ’ ’ , ‘ t o e ’  i - - c m - t n - i , ’  n o t  i ’ i c o t l  ‘ . b o .on -~’ ;mon - d ‘ ‘ ‘ -c - - c m ’ n - o n - -  n - t o n - d
i c o u  0 c ’,os c ’, t i O n - co o n c O  c on - .uon - c n e’ t o o ‘ ‘In - h e-noo n- wino -n the 0 . - a n i o n s  o :bi o ’n - g ed _

c o O - n - r n - c o t i s - c o n -  F l o s s .  ‘i - t o o ’  o n l y  n o t a b l e -  c x -  o n t n - t O - c ’ r o  to t i n e -  i o n - f ’ - m ” n , t i e n  [los’
1 ’ n - c ’ V  0 , - u n - I c  r o - ; s r o r t o ’ c l  on - cons i - t n , ’  C— S A ’ s \ ls ’., I n - -c’o b ’ _C i° S c - c , o n m h i o n - , o t  s o - o n - . The [h o ’ s  goes - ‘ore - -
thing like - tin - is

Debrief p rue -k

‘h ‘ ‘ 0 0 1  m cm l t c o p e ’  co in - el bo andwr i t t  ‘‘n-u t onm” , so

- C o onOn - po o i - er to -mn’; i noo l

s O ” h ah n -moo s  P i t ’ ’  - n - I C
l oo t -n- B . o s - c- ’Al- h O ton - 0 , , ’ ~n-

I-n - i ori o 0 c’. o t  i o .’n 0
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s °om onc in i-lots Ok l ,ol, - ’ n n n , o  n t ’  AI ,C ddta bank tIme d s i , s  is avo n- i io’ohl e  back d o -woo n - n  s t s o ’- c r

1 , - c ’]  in c -u un - u rr’I o c n - coO I ‘ ‘ n o n . m i - s  w h i c h  can he ro ’o i o o e ’ ’ t o  s ’ . 1, 1:1 ’ s - ‘c oi n - he t r , o ,  ked bn -v
m r , u l  f l 0100 , i , - c ’ n - , A j o  r a t-  d i n e - m e - p a n e - c ’  logs can ho- a u t o m a t i c a l l y  n n - o ” O n i c e d . T O o l s

wa s t I - c ’ -  o o n j v  c l ’ s - - co I o o s ;n s -n -c L o on - ob serc ’ o ’ o t  to e l - st - c ’ . ‘I’hat  i,s It s ’ - i° o’°°l° Ic in ti , o

son -n - ’ t i m e -  r e - su b  - - e on  sup;’  i c i n g  i n f o rma l ion an,] t - c o ’ o n - o ’ f i  ted In -noo n - Hoe- inform ation

s u p p l i e d .  In  11, in - o o ; - c i n i - o i  t t m oc  e q u b l sn oo n -’ on - t r e q u i r ed  1, - n- “nh ’ s o d  I n - s t oo l l a t l o - c i n- i n
‘nv  k i n d  ‘ so mi j ru ’ r ,t t t m o o ; , ’  j t h s ’ , ’ o  h o o ’ ,t v ’ s’ nor b u l k y .  I t  s o - t o ’ s f c i m ~~d ,-r io n ” ,’c’sti ,’ cot i on- .

I I . In - s :j’ ,o t i ,un,s . N o o t m o ’ of t b o , ’ c , n , con i ‘ - i  i - i o n s  v is o n  ‘ - c t  , on - i - n i ’ , r I;’ once -n” - , ’’ I t o ’  c ’
‘ ‘ o n - t n cuono:o-i’ oic’eI w i t h ;  ~°Ia i n n I e n o o o o i o  , ‘ n h a n d , o n - o l i n - n o b  i o ’n  m n - c l  I on ’ :o ’ ’ , , , I  t ort  O o - .000° c I h m n - o , t i ngs .

I I .  b° n - o b b ,~o o S , - ’ t - c ~ ’ ’ - ‘I i , ,  1 — 1 0 5 5  sn , ,o ’’ Ic- ;n-~~,~~O, I o ’n - n -~ c m l  01 - 4 5 0 ’ , o t t o - c l  c- - u - t n - o h
e l  c-C t n - s o o n  co s i s o  ot ho -cool , u ’ t o e -~ bin - i on c- - c oo t o no-no o i nd- i on0 n-s - 0  ‘ 0 0 - n -  e on ’ i c - c o o s  t r i p  t o - c  i voids 11
n-P It . ‘i - b o o ’  (‘0 — 4 1  D i g I t a l  l’ o’ , , o ’ o ’ s--c en- r  tor i  i - t o o -  b — I S  r a d n n r  i n - m t . O p t s  o i l  i t - I o n . ‘ ‘00 t ’ n o ’

( — I  3 0 ) o ~, 0 t o o ’  Al P— i S O  o’ c o c b , o o’ o i l  I n s t  -i’ was ,o m o  c’hlcn,. m oon t i , ’  I- b — I l l  t loe ’ c o n v e r t e r
- cs t - c , m u s s ’  on- I i i  of m a i n t t - r n a n e - e .  b e ’  C — S A  I n o - r i -  b , u I  c o i n - e l  h o o o p p O o . o  P c oon’ i . I  l o o n  I’l q r o i o ’ r o . o ’ o o r

:0 /,10,5 1< S v - , (  - c -  . t b , ’  r , o o l a o  , o h t j o : o , - o , , ’n - , m on - c t i - l i e  I - c s  ‘,p on - ’ ’ - - t o ” m l  1 car_one ° s , - .i- cta e :b,,’s.

ml ,~ -c - o- ooo s i_h ot o m - o o t j t o m o o t I , ’ n ~‘ n ,n e q m o i i ’o O r r t ’ ; ; t  0 ’ t b o e  o n - ) - c, ,U n - 0  00 .0 0 i o ° n oo l 1 , - c o - I i t _ u s ;  p r - c - I - l e n s .
I - 0 0  o , ’ 5 0 S o t  O ’ O ’ ’ ,  t o o ’ ’  - hots O s - coo: s-i in t O o t ’  S o ’ l  t O - c ’ . - c u o- - c - n - I s o h s  co - n - c n - - c on- tm n - c i ,’i . n - i’ 0 0~ ime

0 0  di ‘‘(‘non-b I t o - I . n-n t ot limo’ c ob - o ° ’ , ’ on . I i , , ’  0 ”  ‘I n -Ic’ work n 0 0 0 ’  i - i , ’ /01 ‘0 ‘ o n- tin - c t - 0 10’ s
d I d ot ’ t too I irk I I  wo o oo co i - c I p pm ‘In - I ‘ -o n - . d o  ‘on,- ’, o n- • ‘ . o ’ o i - o - c p i ’ o ’ o l  in I bi t ’ P0 — I 0 5 r o o , I . t  r s n - I o n - p
c o t I ’ l ; o t m l’ooo rg anti t 0 ’ , t bo , ’ , i , ’ I  ii - woos -c i  i - e r r  l i e -  -cc’ - 1 , - urn- . ‘ i - t o e - I t ’  ‘ 5 0 t h —fl  5 0 ’ . t i s O t

0 1 , o b o i g ~’, - ’ o t p r s o h o l i n - i no W I  i-I’m i - h , -  ‘ n I , — -. ’)  i r s  t l m ; o O i - h o t ’  c o o n - t o - o n - no n -  m ’ s  s - d r  in ,: ‘ - c o o t .  0 c c - c l

n -m o-r n we-n - , ’ . 0  ‘ - b O o - o n ,  ni c o i l  o u r - r o t h —  o o t o o - c b t t ’ d  t o  c i c u t , ’ ’ .

l _ ’ . b ’ h o u 1 ~~ ,~~~ i s o - c l -  o - ~~ o o n ’od C o b b  In  - With t i e -  
~~~~~~~~~~~~ 

l o o t ,  o r t I m e ’  I — h ,  u i  I t o - , ai r—
o nrco b i- m oo ‘ s olo ‘ ‘ l  n o ~ s - o h ’  b o y , ’  - c l o m p .  c o r n - i oo - o ’u or , mind /o n -i ’ ,‘ , o t ’ l i on - u ’, ‘r n - t o  b - r n-’ . In no ca—n t ’
n-’i ’ O , -  t h e ’  i - u s obo lci o o o-o o,’ o oo m ” o ,’ob b y  S-~\l ’ b—  tv p -’ c ’ n - f l T l o ’ on t ’ ’ t ’ c - O . In  o’o ’id n - t o t  lo on - o i l - b - c o n  c a b l e
, ‘ o ’ t s  i - or n O t  It’ , 0000 j o l I o p o o r o - r o t h o -  is- , to ot m o e ’ , ’ , ’  o , s . o u  i I on - 0 - 0  t o  S o n - t o u t  Ion tI - c omm 0 ‘ ‘guI or
s i n -  -

-J



I I ,  m ” n — , o i n - c  m o l t  . ‘-c , o n ’ i , - o o i  ‘ ‘-i s’oc c r _ s n - i l  m h i t \ . O t t o - c o o l l y  t l o  1,10 0’ s - on , n o ’ a e l i l y
, O c ’ o ’ c’5S ft I c - s ‘n I h o c ’ a i O ’ c n - c u h  t n - se  , s o  s - r i  i - l o i n  tr i hn - . ‘I h o e  I -h I—t i 1 b o n d  n - o n c e- p t c o l n - !

w i - b  c d l i l u g  i o n - b  c o o n - t o - n o n . ,  o h ; o e - o ’ n - so ’ O , t  . b l oc-  ( ‘ — S m \  l o a n -  n - c - c e - n - a l  ‘ l o t  - ‘ s o - o n - P  i o n - , - un ti -n -

b e - o r I lot itAt ’ic’ml ’ wb s b e - ho c e - n ,’ loon ii i - c o  o o - . o - c  h o .  Ii o u t s ’ ’  h o od m n - o n - o n  Id -I l n - t n l o i s  d i d  too I,

bo o r V e i - boo ,’ S o u m :ne - 0 -c t d o  i n - p  i-n c’s t o o ,  as I I n c  c - c t I m e ’ n I It ’ s b o u t  n--can ho I t inc h  I r o o t  t l oc ’
h o o t  ( , 5 O  . ‘Ibi s On - c-cr _ -sn - it i- c-c l o o ’ t s o ’ V  0 i 1 ~ ’ r - c e V c r , u  I c o t t : - , n- L b I l ’ s to  ro t’, - c , , it.

1, - ’, .  o O b n - s , o n o v c’, t o o o m s . Pe- i n - i c e ’ sc -i- un - ~t 1m n oo ’- c n - n t a l l  e - o ’ o c e -  c-c i ’ ,’ c o h ’ - l c  000 ns t n - , o n - ’ o - n” o n n t  n t r t i s ’ t r n r e - s
o t t  t b - ’  - c o n - s on c o i n - s t  I’ ] i~ : b o t  l io n - ,, - i t -c ’ - 1 i u n - c ’ lu e I  i o n - p  or :, ’ n o n ; i z ; u t i o s o o - c~ col n o n r - c -  i- ’s c ; “ c ’ s s p l o ,’ i n
n-~~’t o - on - bmo ; oo < n-- o n - r t n  h on - J o  f i  i g h t i  i o n - c- un - - cl h e - m n - e - I n -  a f im!  in  o - c t b n c - r c - s a r t  sp l i t  i n t r o  h_ on-c -c

p r o - m o b s .  P l i - b o  t I m e ’  d x c  e l - c t  b o on - of i-h ,’- Hono’ ’s ’n-s c ’ll, 1505 t e n t  n i - o t t O - c n n -  r i o  t i n -n - C — S o ’-

c - u i ]  tt son / 0 1 1 0  n - e - i n - n o v ,  o i o ’ O ’ O O  b o , ~ - c €  ‘i ’ o o h l c ’ r o , s .  I n  ‘c oon , !  s o o n - c ’S t° ot’ co i n; 1 ‘no on -n t  S I s c ’ (

S n - o n  cc- i- t o n - t o  t i p h o t .  In ‘ ‘i - l i t - r n  t b o c ’ r o ’ di re s o o f t n - ’ , o r c ’ bugs .  T o t  s t i l l  o t b , - c  n - s 0 ° - c e -

l i i i  - t o n - c l  t h e -  n-ho op t o n t  ‘- - t o o t  io n d t s i o ’ i a g r t ’c ’ . m ’ o o l v  t b -  1505 t iu s boo r 1 - c - o s  tin - c

(n b c  i’ s In -n - to o I l-c t o - c  n - I t n o n d  u s e  n - c o i n - c ’  j u d grrm o,’n t .  ~ o ’ c h n -  o r d e - r o  on i - h o e  P11—i ,] I - sn iP i -h ,.-
I — h  5 ar e- ci reo ul ;- c tc n -in - lc - cn . . In  time’ e -- c , n - ,- n - I the - h - — I S  thoe r e core - 1 ° -i - s mn - I’ InIt ISI
O O n l S t  i n n -  c o o n - s i  n o t h i n g  i n - i  t I n e  n - c o o  o , o I  se -h e r o n - s t i e s  coon - st [ l o s - c  d i a g r a m s . Iii I ioen ( ‘ 0 0 5 C c

‘1 ’ t t s t ’  I n - I l — i l l  i - I t o , ’  c’ t o n t r c u c t o o r  o’ t o j c i i  b u i l t  t b , ’  t i - t s t . o t i o m s  d i d n ’ t , n n i t o ’ tb me -

t e e - h o  d a t a .  ‘b’ he FB~~il  1 c oo n - cl  t b , , ’ (‘ —5 A ‘ s l o t o t m id boy n on - :  I o c m v c ’  t I m e ’  h o o p , ’- n - n - ’ r y e ’ o J  -

f a i r l y  s-e l i  m oot o o i o o ’ o o  Id have ’ e x b o e - r n - c o n c c d  d r o p s  i n  m s i n t e - o n - o o o n - c o n  act  b o o m s ,  A c c or d i n n
to r h o n - -  ‘‘ c- - c ; ”  I c  Ion - t e n - v  b e - n - i ’ d  it  b m , u s o ’o ‘ t ! c ,o p l s c- c m n - cd°,. - - c  t o .  0 0 1  re- n- o f t  cont i nuc’ o — 1 - c n’,’e

Se - ven t’ - oc ’ i o s m n i c s  n m a i n l e - 0 0 0 m o n - e - c -  p m o b b t ’ o . . s .  I° r 0 5 0 I - c ’cts  fo r  i- l ie  1— 1 5  a r t  h r i ; o b o t - c, r ,
I n o u l  it is n- ;till too e a r ly  i - n ’  i - e l i .  St o n e  i” c ’ r ’ O s l e ’  t h m o o o ’ g l o t  i t  a r . , i s t o i l n o n  to’ put
p e o p l e ’ w h o n -  n-’un-rP m o o n -  1, 111’ s i n  d i l l  en€ ’jn- t ; s l c - o c - n o c - I ’ the o o r g 0 0 0 n - i z c o t ion b r o o m  t hr on e ’  n - c b s , ’
h u h  l I o n  I “ O n - ; on t b r e -  I ligh t li nn - ’. . i l s c ’ ’n b ’ c’ c’i d a t a  is  i - c - i -  in t i n - i n  d i v i s i on .
P o n r b m n o ; o n s  t i n e -c syst,-oo n ;, core ’ so c o - n o ; ’ l o ’ x  t h a t  i t  is o n - c e - c’o - - c s a r ’-’ f o r  h I s , -  i - o n i o n :  oc i o m o n -
to c o - c on - p t - t n - i - r a t e ’  c ’1t 5.,on n on a n. - , m - i  s - n o t e - n - O s  \ ‘ i c ’ n - s p s o i f l t  or a n ; m r r i - c o-c-c’ s i o i - , n ’ -c ,’ sn t c- c r
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i - c ’ r day i r ’ , ’ t I - c-:,~o ‘o i t ° s S0— -’’o n -i nn -di n- in - n o . ’ lv r o e- In -- on- i m ’n n - c o n -  t ( t i n - t o t  2fl0 n o i r e - n - n I
-ore ass ne - o n - c - I ) .  This n o s e- mon-c t h e  ~o c ° e ’ o ’ m p c - o - c l - , ’ r , i i , i o o u ’m co h .0 I r,’ o s :  t is 0 ‘sn -n e d in - soon - i
h- c e - -tn-’e,e’o’u tn - - c oo ,ond n - l O t - c ’  t, i 000 tn ’s i n  0 I c o n - n . ‘ I b is t n u r r n c o m ’ , o o m o , t  m l ,  r e - - c c - c o b  i- i o n  ,ot-o ~- ’ 0

30 ro m rt utn ’, n-I , o i n - c r a m  t o o c , , m  i ,o Foil li -v i - c r  ro ,mi nton ’nc one -e’ ‘‘ on - e-noch ’ o t o O n - n o o n - .’n-On cl , ‘ ‘0 C - c - coot ‘- n ’

i - Icc’ ‘1—37 and T— 3R tiO not l i - c o n - ’, b n i o t b m i y  soc ,o ;o hls t i e n o o t c ’ c h  , t c ’ o , ,’i s i  c o -n - s - s o o n ,  • tn -- sn - ,.- - c : , - m o  So ’ s
n - bo on - ron- c l s o b  n -no ]  t o o t  0 0 0  i- noocmoc non met-ct b - co p - n  1,-m s ,-d --n- t I t iv  an’) on- o - e’o o r , o t o n  i v  to ’  n-cm -cl on 0 nO mm
n - lie - I l vi ng n - , s ’ b s , ’ o t s o  b e - .

ifs . Tbonon’ A o - o oron t On e - . As o ot - - 0  Oo o-r ls ,o s- ,e-o-; l i s t ’  t i m e ’  no , “So on - b i on -p n -- Vs t , -o ’n - d o ’ n ~~ 0 ’ , ’ ’ ’

d o c  o n - r c o i - o - l y  o’ , - m  b o o  0 t r a i o i i o n p  o’ o o n e l e o c t c ’ o l  w b o l l , -  p o - m ’ l o - c r t m i i n g  ona i o s b  - n o n e - C .  ‘ I b i s  :‘ ,.‘ .o n- c n -
b t , , m t n - hoe’ manhour st , o t ;o bon - the oos - ~1 s-n c’’-, to - n ’ . i n - , 

~‘~~~
- n s °, t v  n - too - cd b - c - c m’ sc ’o o si t n- ’ i t v o o o ’o , o l v s i s

and o ’ i - 0 n-sn- anal’,’ s,,- o- s where- , o bn - m-oool so m C ’ m o i g n i t  - c o - c t -s m n - c ’  m n - o o t  0’ , -- c : n sire °ch .

ii. (‘ o s- m t Acc o ocom ion ; ’ . s\ t  ‘ ‘ t o  , . o ’ on ut n - tbs o’ o b- coon - c-s o b oe - c- o n I  j’ m c d  to - -c oc n sjc ’I , ons
O n - i , ’  t o  o ’ - o b  ‘ - I cm O n - i  0 ’  t o  - o t U O ’ s ’c” O-; by  l o s e - c t h  o ‘ ‘ m o n o - c on - I , n-n cnn -el ‘0,0 — c-u -v I n - c o n - - c d. boon ’ co n - n s
m ,’ b ,o t o n c l n - - c  n - ! ,  i r  nn - ’o l , o r i o ’ n  ‘ on- id b - c o - m o o - I  i O n  ,o re - 0 , 0  t o  i - I ’d on - o n - i nc-ct c . o ; o m h i l  it ion,; 0 o’r
;‘n - m l m o r n i n g  mn -doom o -O ’o - o o o o  e ‘ s o h ,o o ct ’ h o - c ’  I r o t  too - c t ’ ,,b i ootn - ol t ’~- s’ t

i . .  ‘I., o l o n - o - c’ o c o n - m o- l t . i n , o i o ’ ,- . : b - , - c i .  , , \ i - O , ’ , ’ , n  iso . 0 0  coil o n - tin e - n- bo,o ~~css o X , ” ”, ’t ‘ °o ’Vo’n-
t o o t on is 1 t o  I o n -  m o o ’  u n - - c o - c  h o c  ‘ 0 . 1 5 0  0 ‘ - i-u n - roo t t o  - t son s h o t ’ I ’  e- h i c ’ h ’ -c ‘n- b -n - coo n - c bo cli i - n  ‘t’ c’
I i , , - ‘ 0 ’ I fl - s t cm c on - i t o ’ , t leon , sis t c’uoo .

13 . I’ m ob o le’ mo o ‘‘ ‘c t , - c - c n n , . ‘lO ot’ A SP— I- ’. roooi i oo o-c’omo - o time’ s-n o’ h p n - o ’ l - c -o on - lon e - -c -c oi h s ’o’n- t ,‘o”,.
r in t t o ’  b~c o s t I H mn - n o b  ins i-lot’ I I  III ’ br oth h ue-n ; ‘ o m - _ b ’ n - s I  u;’ t o ’  I OP bo on ’s , i - h o ’

O I l  I It load tin -- - c I’l’ ° e -~
1 It ’ o oo:o IS i , o ’ o o o ’ s to 5 b om s o om ’ s wim lii’ t boo- i n - c . , ’;’ h o ’  - h o ’  I in -g II,, ’ n - cork b m i ob

d o ’ ‘l’ ’ ’ ’ °° I ro~oo I iv c- te) t lmr , ’c- . bo o r  i - ho , - l u ’,’,’ I - - i o n  Po t -stir in n - P 0 1 0 0  i !’mc ’nt 1 , o l n - o- c t ’,o t ,- c o ’ v
(I’ l l I , )  m l , .  t w o s  n-- n - o ct 1 0 1 0 - n ’ , ’ ’ - Of  t o n ’ . O  (o d o r  mc ton t i o m ’  ‘ h A n - A N  i- c o t ‘ - c e - b  .on ol t he’ II- ’I’

h l lgh tli nt ’ t o - - h ‘; e -i - . ‘lI e- ,‘- i r  m , - r ,  e ’ ,‘e co 0 - c - nob by In- is - t  ° e - h  0 , -u’ 1’-c\o ’AN ho - s - h  ‘ -‘ ‘I ‘nd
0 0 0 0 o  - I no on or - It-n - m l  I’ m ’ , ’  so c .  01 0 0 W l i - h rot to i l’ - 0 n - on r 0 0 I 0 0 , , , 

~ i t  i o n - p. 0 S ~0 r ’ , n lo  I e’Oon- -

0 /



14 . ~ n— , \ o r , ’ r , o l  to t~ j~o i ; o m n n o i n - t Ac’ c n c ’ s n m i h L b  
~~~~ 

P o s t l o  o o i r n r n h  t l m o o o l  ;‘ no’ oe - rnn - l h e -
g o o t o cb d e n- c - n - c S  0 I s  0 1 b t’~’ 0 o ’ i - I o n  otv I c o m o  o co - c c~’ I t I ’  tin - c’ n on , - c - l o t , i m ° o o  c - c t  I lo on- ‘siP ’— 3~o m o s t  I no .
in ec oc lo c o n - c ’  t i e ’ r , u ch  In- 5-50—0 lo o n -  u- cl i_ n- r - c ° o ’- o- -c ;.- on -nd n-’ o-

~ ‘ b o o t - n - - . ‘I h o  i s  i s  - - n- t i c-u 1000 ’ I
u n t e - r 05 0 0 n - , o t c ’ since U.n r a d i o  i n -  i - b c e ’ I n - i O n - s o c - - c t  f c o i l o s n i  c - O e -  [ t e - n o  0 - o n -  , - , 0 5 , 0 -  c o i n - s  n it.

15. I e ’ch r i i c a l  o n - n o t e- c m - c c  (‘ills). ‘ l O ot- ‘Ills we-re ’ son - id  i - - c ’ - he di ll  i c r o l t to u - c e -  fe-s r

n - co O n - m o,’ i- n - s i - c ’ - . 01 to- c o - c  i n f o r o n m o t t m o r o  f o r  a t c o n - b - :  woo s in -p ou nd in moot-re’ t b,ciim O n-i t. ’

p l a c e .  i b o c ’ n e -  was u i — n -  no l a c k  en-f 1 0 c m - c d  1- c
~1’I C t, rc -o- -. hi - o o - r , on o o f o r  t r , s n - m b , l c ’ — n ; b - c o s i  i - I o n - p .

I i  . I ro n - i t i e - n s . ‘ l I m e ’ a v i o n i c s  o r b i 0 0 1 j z a t i 0 0 0 s  -‘i r ons mn-,0 5 n - e - re ”sI n - ono ’ cib sb n 0 or
tra o n to o s  , m o  coo ’ ‘ e — ’,- : [ o ! e ’ . T h i s  c ha n g e  n - I  t n  - - c o ’ r m ’ ’- I h ’i ]  i t , ’,- I nn -° oo ’ O ; o e o i ’ n s t  i nn s  0

i s ’ o n - o n - i n - n - i - , n- tine - c - occurr”cl in  t h e -  f a l l  of ] P 7 5  V - c - c r - oil o o i  i - i s , -  t r o t  m o - n -  l i m e - j i l t  h e ’ s
t i n - m n  -has c r e - ;o t c d  ; - c r o blc ’o n - o s , l o o n -  te- in  p a r t i c u l o n o r l ’ ;  t r i o -  n o t  I ’ , o ’ e - S e ’  - - ‘7Im e’on- i b s o-

t o ’ . o in e r s  w c n r e -  und er  o l b s c ”rc (tj onO o s -  m a j n t e ’ o o . t o n - e ’ e- c~- c a n -  t o o - c t  r u n  n i e ’ o n n - m  oh i n n -  t s -  o~;:~~n 
~~

and th~- s h i f t  m e - i s o  i red a d j u s t r n n - e n t n n  - ‘ c e - s n  w o o s  par ’ :  i c u l a r l ’ ’  har d l o f t  0000, m s ro ’e-,
t in -C [ s o o n - c - s  so ’  vis It o ’ st h e- o ,’au o-sc - , b e i n g  an ATC h o t s - c - , i t  has n o  I - - c t  of t r s o i o ’m o - r
O m ov e - n 30) . The shop c h ie f  f e l t  t b e’ ”.’ wer e’ c o n - n o b , -  r m 0 0 0 0 0 0 0 0 e  so  . ‘floe- ’ : had b - c - c - m n -  r 0  - - -c i ving
som e c b o ’ n s e -  i n s p e c t i o n s  d e s i g n e d  t o  b r i o n - ;’ i- I ‘oo ’ o n o  o,’ ; s  i - c s r - e - u i  n - c -c d s i - . s m ’s t - c’n-rds 1’ - c r
P e r i o d i c  ,i n s i o o ’ - s ’ t , ions  c - : o - r - c -  a b ig  b o o n - d o t e - h o e - . The shop i - l i e - b  o n - i n n - n o  -c - ; c o i d  t ’ t - e
conf ipurat ion of t h e  t r c m  i n c - r n -  woo s - c  n o - c t  c lose o ’ o n - s - c s i i - c ° -c t o  the  n - c - c n n -h j , 0 ’ o o n - o i -  i — on-
of the a i r cn -c ’m ft t h e - v  were simulat ’i n ; o .  There- n-,-c . o o s  u n d e r  c o ’ o i - - i - r u c t  i c - c r  c I i  -- c - - c - s - S e

a cco mn -; n - i c’x to house  ‘- ;o” , -c o ’ n c c i  s o p h i s t i c a t e - - i  I l b s -c l o t  s i m u l c ,m i - o r  co u ’kp i t n -  w b m i c i m
w i l l  he “ hi ss-rn’’ o - :ith t i c , -  ioelp of a large t o n - r n - s i n  b -cord s b r n i l o o r i -n t O m e ’  on - ti , ’

c ot n -I I l i p h t  D y n o o t n i c s  L a I n - o r o t t o o r y .  ‘H s o  c o c k p i t s  w i l l  h a v e -  n o t  ion ,sln - n o i l , o t i m s o n -

o i l -c rop, n - ’i tbm the visua l s io n - s m  l o t i o n .  T i n - i s  is tb oe first evidence we- In-ave ‘- -n - -mn
Of t I m e’ Al0 o ’ n n - 1~b n : o ’ - b n  -n-fl I I  i n - l o b  s i m u l a to r s  to so i hn ’ c t [ t o m - n  for a ircr c s l t f l v i n p

on - s un - S. It looks 1 i l - n - c’ an expensive jto c’ o’ n - t o  o - m o t

17. ~l n - ct ” ,’ n - t .~~~ oo n s. s o - n  t ro oin e’ rn - ’ su cbn- c o n  -time’ one’ s f - co n -’ t h e  ‘1— 37 and 1—38
w h i c h  c u rt’ ‘- n - o - ccbs ;o ’ - c-sl in r e - b  n o t  i c e - b y In - igh  q u in t  i t  i o n -  and v im i c b o  0 0 0 c c -  a iarp, c’
number of r e - b o c t i t  i v e  b - xe’s t h o r’ s t an d o o r d  m o d u l e- a p p r o o - c o o  F I o ” , - k s  l i i -  o t  o n - . , t u r o u l

f eel fac e — t o - c — o  c o o ’c’ si c -i rio- I in n - would cut do t- -mn - on t b st ’ ron - mo n - i -e r co l on - n - o t iru i - c ’noo fl s,’e

n m o  t ions requi red . l ’ nf o’n -rt m oon - ate iv  we- have no n - o o o g ~~~o ’  st i , ’rn - 1 , -n - in -~’l e n-n- nt inn- tOols
p roce ’dn -irc ’ which co o n - m i d  no t  str om i on - t se’ c x i - i -  inn- n o n n o 0 0 0 s  in n - .

B. ,N 0 d’h( and t-~
’ooi ’oim _’r Rob i n s  s’o b , (

1. i - 1-c s :n ’ ., o i - c o j o t i  Ae rospace ( ; u u i o l , o r o o ’. - and “o ’ t r n l o n - e ’ y  0 , - s m  o n - ’  (Ao tt o ’ i
is tl o e d c - b o b  for ‘II ’ i m o o - n t i a l  guidannt ,’ s v s , t - c - m ’ s ’ n  an ’b ‘r’ ’o ’i s n - o n n- -c - - n o n - m o n  bon g
equ i pment (b ’Oi l- ) . I s o m er Rob u o n - s -, A i r  I , t ’c ’: i- - t i c s  (e- nto ’r ( 5 1 , 1 ’)  is t I m e ’  elc ’ O ’ o ° t  I e o n -’

AF a v i o n i m - s - n . I t  i s  p r o bab l e  t l s o - s - ; , -  t o - - s o  p ] o m o - c °s wil l  i - c c - c o n - m o- t loc n -  d c - p o o h  o o i s e - m ’ u t  i ’ - no -
l o o r  t i m e - b r n - c - n - p ’ ”  i- iv cor e - s os 0 001l0 — n - c- c I o l t ’  within oo fe-n-” c’ t - c o rs .  A i r e s m o i c -  tn -ae - ln -
h a n d i t ’ s  e q u i p ment f rom t O o t ’  ( o t I s - c  n se rvices. It w o u l d  In -c cm o ’o is i oo b—o’ , ho st - c o - n ,
to conclude t i n - a t  a l l  a v i n o n i e - m ”, d e ’ i o s - c t  w o r k  i s t O n e -  r m ’ s ; n - e n - n n - i h i  I i t v  en - I bc ’ : o n ’ o n , ’u’ —
l ’ n - o o b i n s  ALC . In coo tu al I t v va r iou s p ieo ’t ’n - s n - I av ioo n i c ’ nm d e p o o t  n-s’ o ’ u ’ I-o o n , -  ‘ t i n - n - b i n - ’
c o t  i - I t o ’  O h i o - c - n  i’o l , ( o , .  ‘ h ’ b u e’r ’ o ’  i n  - o t t - o n -  a ‘ ‘ In - t r a c t - c r - - run mi n i sIe -; . . -t l o o m  t b , -  F—Ill
at I - 0000000 uo M B .  k’e f o u n d  n eo p a r t  i c u l o o r  reason  I s - c r  t i n - i s  s i t u a t i e n - n. ‘ l I m o ’
;‘ r o- ; o o  - u n - t o e ’  r 5 0 0 0 - c on o o  I sic ’ I o t t  I t - n - 0 1 0 - 1 0  5 1  w o r k  , however  • i n  ooe - e - o o mo ’p Ii ton - hi c - o l I t  i t  r o n  o - o

P o o l o i n s  A l , ( _

IS
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o~~s .  R n - t O o  ci c i ’ ’ ’  i - s  b oon -’ , ’ e ’ x t e ’ m s s l ’ -c s c h o n - c - i l  i t  c o o  a nn - cl o s ‘ ‘ - ‘
~~

‘ ~~~~
- t o

, O o ’ e - O  n - - o b o [ i o - n - l n -  t l n - o ’ o  0- n e - ns f ’  c - c t  n t , -  t o i s - o k s .

i t .  S t  ,, \ o : o ” : i ’ t b o e - o ’ o o n  s i n - l i 1 ’ : o t u t o ’o n - o . s h o , ’ d  t o - n o t  n - l o t i o n - n - , f o r  t e ’s- ; O i n p
c t n - e - O’ s o u l  o’ , o - , s s - n - l r t ’ 0 0 5 o n : n t  m o r n - i t o - i . ‘ : b o o s t  m t  O j ton  I o o c b l i t  i o n  n - , - b c o t o -  t o ’  t i n - ’ ’  n o e s I o a n i c o n - l

C o t  l ° ’ ’ i i c ’ t n - t S .  ‘ b l o c - r n -  i s ‘ m o n - c ’  n o 0 0 0 j o o r  s - ; i o o s~s , i s o ’ n - - : o - ”.’ o ’r , w h m o o  on sn - n - lu  0 0 0 0 0 n t l 0 0 0 0  I s i - - c -

0 ‘ 50 c k  c o O n - e l  c o r r ,  m t  b b o o , - , 00’O s-, (n- C O  b e - m I  c ’ l c ’ c t n - o -c o n i c s  b ’ m s : m r d s .  l’ . q u i ~~. n n - s e - o m i- i n-s ac - so i l o n - h i e
t n - o r  c o r o b o i n e e t  e ’ u n - v i r o o m ’o s n s o - o n - t o o l  ( t o n - n - c - c b s - c- r n - c t  nrc and I n - o n - m i , !  o h  y) and t ’ h e ,- o n t m ic ’al  i - n s i - -c

on-on -  t , n- - - c ,  t o , s , o m ’ d s .  ‘l h ’~on’ e l c - c - t r o ,o n i c s  t on ’ s , Ue -rs  . s m ’e- co m p u t o n n -  c o ’ o o t n - o ’ l l e - c b  O n - t n - s i  t r u e - f m
m n -m o n - m e - t 1’ o-oil ’ I c ’  t b o , o o o  tIn - c oot’ o u t - m n - t o o ’ i - c o b  e n - h  n - I  t i n -  t he  [— 111 and l0~ 15 i o o i - e rrs o -d i on - ton

n n o , m i n - c t e - n , o n c o , - o o l o c - r , o t m o o n - o-o . 1 0 1  h - o o , u r o h  e’ m o o n - t o o m ’ m n o o o b  n - n o - o u t i n g s  c soon - i - ,  n - t r i p p e d  and
re’ ,op~ 1 oo ’ _ I . t’on - nn - pn - o on - e - m n - t s n- -a n h e - r e h o b c u o ’ ed s~s ’s’no too i - f oe i - c i t  ann - I  b o i o ’ m ’c’ l e ’v e - l .

iso . ‘f lo e s’o i r j s o ’ r o n - e ’  I~ lc ’t ’ t r o o t n - b o ’ n-o D i v  [- l o o n  of fo ’ :n - n - m s e - r  l i o ’h i n ,n  -‘n-LI p e - r f o t - 0 0 1s
t b ’,eo cOo - n -  o t  001 a in t e-n on -n o of mt-in - ni p s. Tin-Is division in-an- main ’,’ Sco ct ions w h i c h

1 0  c ’ 1 m e t  i o n - n - o i l  i n -  o r i c n n t e - t I  , e . g . ,  ~- b ~ -n t r on i c  w a r f c m r c - , n-0’o,’ap ons c o n t r o l , and
rood n m n m n - v  bp, ,ut in -n. Some of time - eli - s  i - r n - o n - b e - s  can bo o t e s t es  n-n ‘‘ u n i v e  r n - o i l
ic -s t e - r n ,” n - cl ’ i c h i  o r e ’  m o m h n - u t e ’ r  n o - t n - i -  r o l l e d  test s tn s t ions ~‘ h n i ch  ca in - h oe’ r m - ou’n- f i O n - m o r e - s i
h o t’ ‘n-st to c - c oo re ann - n- I l s n i r n - b n - -, -c c o n n  to  h e ’ s - c t  a n-’,’b ,d o- ‘, - n r i e ’ t ’ o’ of I S O ’ s.  i st h ’ o o r I n n - i -  si- m t  i on s
ore ,’ s i n - on e - if ic a t o i - s s t n - i c o t  It : test n-tat lons , e- - b o ile’ St m l  1 ot Ise ’rs - c om s005000 t t - - c  hot rn -c-n - k—ups

H O  n - e ’ o o o , -r a l  b o u r n  ‘ n - c ’  n - o n  I i o n - s i -  r 0 0 0 0 0 c - n i - c n -  i o n  i-ate -h as s igna l o ’ : e~’ r m ’ - r ,’n - t o m s , o - n - s c l t i o o n - o n - t e rs
i nn-f n-sc ii lo ose- n - n e - n -. l I t - r e ’ , t o o ’ s , con f o , o o n s o o l  cOat ion - p s - n n 0000 h e -  s t r i p m n - c ’ d  ,‘n- nd

r o n . o~’ p I  o , - , n ,on i ne ’ - j ’ o b oo s ’ o - n ’ c ’ m m t  mn-f co tn up o i n e n t s  ~, ,n - n ’o o m ’ s ’ o m r  s o t  i - l , o n  h i t  and p ie- ’c- ft c-c e - I.
In  , o l ’ ew C , O sc- n - t b o e i ’r no ’i l  n - un - d h o o m i c h i i - ’- ,’ emit’ i i’ n ’on - n ’ n c’ontn -n-n-si n hoe - S i o r s i l , o i - c ’ o b  wh ’b i c
c - l o s e - t n - ’  i c a l  t e - S t l o n - y  i s  io n - p r — m n - r e - n - c s .  ‘ [ in -c ’ d om in , o o’ o t I cnn  oh t c - n - t i m o o ’, ,  lo o o n - - ’evc r ,
in it o , u  he’on -cin- en - n - vim -c o o n - t oot w i t h  cooling sn -j r  a t t c o r b s - c - s l w I n o - o n -  col li e- _ i f o r  i n  t I s e ’

so b mc n o  b t i n s  - t 001 lit  i n - n - n o .
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rinse’ c o - c o n - t b  coo - t o n - n ’ on- n - Io ot :i and n - no o oo’ st’ nem n - douti o o i n - oo  on- rn-d p n c -v i ou s  o . - n - i ’ o ’ n l e - n -o on s-h o

s i o n i l s o r  n - u o h o n - n -’ o n - t e - r , s n - s. [I L’ i o m ~-, w ith pr o - c ,je’ct - cf f - cm i l ure - rain - cin ot o t and In-ast
€ ‘ X I ’t ’ r  b o o n - n - c ’ w i t h  s i r - i Jar Sc’n-te’tson - o t b o c ’  p l a n -r o e -n  t n t  j o n - n - s i te - - c s worn -leads and mannin g
o’ o -c~ n - i b  i t ’ d .  In  c c n - n j u n n - c t i o n  n - - i  t O o  p e os in - le fr’,sn - s con -i - i n-ieer ’in g  f -co n - ro n -pace, b 0 0 0n - e r
sn-nd cot foe-n - f i n - n - - l i l t -- - n o - q u i n n - -n -n - s co o t s on -re c o d e - u i  c u b  c - s i . Tin-c nom i -  ire ’ a n a l y s i s  on - ‘- ‘n-

I’ - rn - - o n - s f  t o n - l b - c 0  A F L I ’ I or b l o n s s i m n - g .  ton - ; f o -or  o n - n - c °,- ;o ’ cnoul d d e - t e ’ n o n - . i n t o , no c’ s — n - l o o t e r
,n - i ei s c- - o r e- i - o n - c o O in t I n t S  o s r o — c e s s .  -‘n - I l  e - a l c u l a t in - on - s  w e - c r c ’  b’ n - ’ r t  ‘ n - r o e - e l  I v  h a n d .
n O t i C e ’  I I t ’ s - o n - e d  t i m e -  ‘ 0 - m o o  t o - c t °o’ b - c i n g ” p ha s-o c -  he  o n - i n s . In t i n - i s  phase  t in - on  v c o r  in - - c o o-n-

1 0 — 0 0 0  nun - O n - c ’s t o - be- used at tin - c’ oJe 0 -o s t for I ixing the suhsvn -i-o-o” arc- test nut- .
I~o uin - n - o r st-ooidards - - c r ~ est i n - cut c-n - i fo ’o -n o n- in -c o f - m b  a con - I I c - c e - t o - - c l  i0’Ool pnc’vi on - u s - o c’n - n I - c c-n - ien c e .
I s - intl I’ ,’ , t h e  full p r c n - n n - ,- s s  b n - e - c s - c m r s e ’ o s o s j ’ o ’ n o o t  j o i o s c o i  . , “o mi o n t b : c ’r d u ty  m o d  th in - ’  [ n - I c o n - n e - n - s
i n - ,  v ol  j d c o t , j on  n - n - h  r , o , n t o ’ r j s o l  c t ” s t n -  w i d e - h o  lead s t m o  an s o O n - s i - c o t - c ’  0 1’ t b s o ’  n o ,  o t o ’ r i - ’n- l s
s - ;ta n d o o r o ] s .  ‘ ‘ - t o n- i r s - i - s  s O n i c - h  t e n -  n - i o ’c ’ c ’ i o ’ i n -  i - n - c  tools i n  I - c n 5 0 ’ t S cn-nn-n-oon - j - i - ion is
ac°so ii o n - b Ic’ , I- o ut rn - on - t o n s e ’ n - n - - , - o ” - I c - c  he’ O n - O n - O l e ’  ( o f  t I ,  i s  I s o  i - a  I n - n  tn i o n -n - -r i bu n- ’ b - i i lure’
ana l  y in - is non b - c m  r t s  n--c I th r is inn - s - -c - c o n - ’  - o o n ~~ 0 I coon- b r e - o n - - c f  -c

17.  o n i o n  J i b  - n u n - r n - c l .  f u m s o o ’ o - c ’t bos o n -  of 1m m — In n - -mb u - :n - o n ln - n i s n-n-on - a s-~n n - m j ’ l  b o o n - - n -
bo ,osis s- i t : -  n no- -  o n-n - c c - n I c o o u  ( n - i  [‘ [I exi n - j In - i t s . n - ott - c A s n - I ’ ! i  c o i n - t i  , n - o ’ o ’ e-r - ‘ - ‘ b - i on - s
C l o t 1 0 ,  i - h ues - ~ n - o o - -c i tn -on ’ - I  100) inspect ton is p rc n - i o i bitive . l I n e - n - , -  w e - o n- ’ ° O O s  peop le
in i - I s o -  ° 0 t oal i t , ’ I n - n - c o n e - l u  and , o b o o o u t  2450 in the - P r c ° o b o o n -’st  i s-m n -, i l r so r n -e’b ’ , - o h  l - : oo m - i n - e - r

‘ o n - b - i ns. ‘ h o t - n - n - -  s oc’ , b e e n - n -  n ep o o - t .s - c o t a n- c o n - o l e  o f  i - b o o -  h n -n - s c  c c n-~’e ’ V i S i t e - o l
com p i o m  i n i n g  s ol o n - u t  l o o n - - k n - I  qu a l i  t - ;  con t r o l in th e n - I n - - p o s t ’ o ’ t ’ o - o n - I o o n -’ o - c  . o ° b n - ’, ’j o n - n - o n - I c’
n - o n  ° e O j  h e - C o l i c  w i l l  h e- l o r d  - n o  5 0c c - n - I i- c o 1—c-n - - f’ m o b s  n - s b — h  t I n e ’  m o v e - n -  2000 o n - t - c 0 1 5 0 c t i e n -n
pet ‘p 0  t,’ .

IS . h t i m c b o m j ~ . Tin-c cL- b I icon o n f n - ’ C t O ’o o o s  i 0 ’ sn- tn - -c l oni c - ia n - s ot W oo n o m - c  o R o h i n n - n-
go- c 0 b s r o u i o ’ b  0 0  0 nom i n - i o n - n -  - c r o o b - c r , 0 0 ’ o  n - - b o l e - I n -  n-t u ’ o n h c l s e  - ‘ cove -n t o - ,” -  c’ n - . o r n  - m t  on-n h l , o n  n - r e I n - -n

-c -A - -cof t i c - c o b o o o o o r n  p e r  0,- c t - c  on . S U b b o ’t ’ t S  o n - o ’v t ’ o ’ c ’ o b  c u r t - t - c s o l c n - r c ’d t o n -  t u e  a o n - ’ o  01

n i - c o l i z s o t i o s u o . i n - n - l i t  n - i o o o - s n-c r- -c on - ru  n-n-nd o o n n -  t i n - c -  m o O n -  I f l s t C O i t ’ t l u n - u n -  15 g iven .

1 °i . I t o - J o i n - mn , - 
—

‘ m eon-os , h I. wa s , o g t ’ ec ’o f  t b u o o t h oe, - , \ P i o _ 5 n - )  O -I id ,o r mon - oh ti n - c ,\I’ o~— i20

Radar (time- i / - o p o o u o s - ;  e n - n b  t o - I  fn-’ y - , h c ’ l : ’  con t i m e ’  b ° — / o O ’ ) se - no I o n ’ c o b  t i s e -  I ’ i i ’ g o n ’ c t

jor o hit -on - sy’ - t c -n o o n ,  at [ i n t o ,  0 !< u- c i o j nmn -. lien- co l o n - c - o n - I  t i m , -  ,\i’,n-,I ion - t ’ ’o ’c’Sl u n -  t lo c’ “t i lt _ — SOn-
cinch n - c o o -  l 0 0 0 I o s ’ O ’ t s l O n - e ’ e-  t o t  r b -  AI’ o m — 1 2 0  o otn - d t bu c ’ prol,n - 1e - o n - n - o - c o I l s ,  - ‘‘ -c n e - n - b  i - c c  us it

l ien - m e - n - ct ’ ’ i !  , n - on e ’ O - iOOtO ’  0 t o o - o f  no o h - b o o  - I on-ma l o o t o n o m  - s i n - n c -  - c l  t O n ’ ’ ’  e - I s, - n n o t ! ,  m oe--s in o c - c

d i’t ‘o ii . ‘Floe’ A b ’ u— I 20 n - - coo n - to , ’ - c l  t b c -  I’ l u  s t  i-so n - i id s- cl - t o - - - c - f - n -n - v- s t eon -os hu l i t
‘0 l o o n  o o - n o I 0 0 0 t o - r  i n - t h e -  sort’ n i - c - c t  in terms m t  f i b  l u r t  on - .  Some- o n -f ’ t h e -  e n -O ° -c ’O



I n - r o o f  c O OS d O e ,  c o n - c ’  i 0 1 0 l m i o e - t r o o o n  b ’ n - o I 1 i r n -~n- t r e-ob ro c - o s t ’ ’ .’ ;  S u ’ b ’ n - ,  ‘ m i l e - r n ’ - , i n  I 1 - 1 — 5 ;  i o i j n - b o
I o i l  1 s e -r v o’n- jn - l a t t  o n - n o n - ,  i o n -  1, 5 1 — i  , c o o n - o h  I n - o n - C  e - n m n O o n , c o 0 0 0 0 i o ’ n t m s r , j o e - I - c’ s - - r o n- ’ d e ’ n - c i p u n - . I- n-
we- n t ’ ‘ n - l m n - o w n  o X , 5 0 ” O O l n n - ’ o l  I i o n i c 1  0 5 0 i n t r o - , 0 0 0 , ’ s c m t  c o b  c ’ ( i U l i O o O ’ o ’ O I i t n - c l u oj j o o ; ’  ‘1 ’ in - c n - s u n - c l n
n - n - i n -  i d —  in - si d o b v i e )u s l v  I n - c - c - n  l o an - mo o n - -J  o n - t o  i n - i , O o : e  con - id son I _ b o O ’  r o n - c -  w h i c b m  b - - c s o o -  t l o t -

‘i n o m l n - r i n t  u n - f  0 0 b a l i  b e n - - m u  b n c m s s n t n o o ’r . ‘C I s o - - o r - n - I d n - ’ s i s n -u n - s  I o n - c l  n o n - I  - c o - n - - o n -  u n - j t s t  , o o o s l i o n - o ’  5
in  , o i l  c a s e - -s . ‘f l u e -r e  a r e ’ 00 e V , m’ c o l  i n s t a o n - o - e - n  of I n - o n - c r  r o s I n - t o - r n  -n- n o o n - b  c - - c l  s - On -

t in - c o - - c s , sr d s  w i t h  o n - n ’  u i - s n - n - d o l t  n-. Sn - on - o n n c o ”0, ’ c ’ m o n  s h a n n on -n - o on d  ‘,‘ , 1 0 - n - o n i o ’ c o i -  i n n  c i
n - u e -- t , u  0 r un s  i, , 

~
,‘ -c o n - c e - m o n - r e d . b n - - o t e n S i c ° e,’ f o o n c o r d  r c - f u r i n b s h b r n -~’ i s  ne’cm ’ - n O ’ l  b o I s e - ’ 0  o t

5 r n er  I n - - c - l o i n - n -. Add i t  I t o n - o n - i l  y , t i n t ’  c o t - c l  i o n - i - - c, d cs igo ’n- ion - 0 0 0 - c t  mo p t o - c  c o o  r r e n h  - n- ann -I—

~o n u s  n- i on - ce- c i o n -  o n - - s o n ,  C , 0 5 n - e ’ s  a i r  is h l t n - n - n t i  dj r ~~s t i y  on- r n - n  t i n - c  cn - n - Of l J n - s’n n - n n n - t t O . ‘I l o on

h e  s-i - n- ’qui~ °o o’ 5 n o t furnished tin -c - o n - ’~ ’ -c t js ( f U ] i - o  ‘s in - h t 0 n- - , in o - s - o n - n~ - o r i n - o n - r n  t o -  t l o c
t n - n - n -I. o n n q u i  o - c nocn t fur~~i sLe- mi t in -c ‘ i n -  1 i t s o r y  An -s-s l s t a n c e  b ’ i ’ o ’ g r  o n - : c o u n n - n -  r b~~s -- c .  1 0 c c - c
d e l - o h  .i s  on - on - n - s i d e - r i n g  m o d i f v i o n - i n -  i - I s o  i r  b e ’ s - c t  e -q oJ i~n -mo ’ m n - t  t en -  ‘n oo n - i t  up  t o ’ n - i on - ,

n-- en - - n- c o t  c - c,s o o  I in -u r o t  ion . i’ roblem s hive s- c o n - n - c u r i e - c l  in t n- - ‘ I ng ton - p u t  , \ f ’ o O —  1 2 1 , ’

b in - I nn- t n -n -  t l o o n ’  s - n - ’ o o e - r s o i  i’ s o n p o - c n - o’ “~m n - s i l v s i s  oond ‘ J o - n -  S n - s b  o s - H  ( h l ° o’o ’tS) cob o L - h  is so
c o n - 0 1 0 p u t n r  c o n - t r s ’ l l n - n - n - I  t e n - i - c- I . The I l - l i ’ s n-’e’ r e ’  m n - o n - i -  o l e - S  l i - s o n - c - m i  n- - i  l i i  t o - o n r a b i l  u i - v  i on-
m ion -d aon - d ne - on -s i t o  Imave o’nooo ’ c’ t e n -t so l o n - t o - - c  and - c o n - h e- I p a t l u s  b o o r  e l f  b o l e - o n - i -
f i u i t  i s o o l o o t  ion . b o o n -  exam -un-ic , h , l-n - h ’--l t n - - s - ct I io ’ e’ is In -n - h un - c ! ‘- “ n - ni - bi n - n - n - h o n - n - us--c

i n —  n--c o r k i n g  on - rn - t in -c  n - m o  o ’ t v a r e— I n - a r n - i w an e  p ro b  1 , on - - c and thi n - on - s t O n e  ten-s t t m o e -  n- on -on-

I o n - ’ -c - o u t  t o o  c - c — 7  I n- ou r s .  - c o n- 1FF e - c u f c c o i ” ’l l i t - , is bein g on - in - led now In-c’ so n - non - y e - li on - o n -

i - e o n’ , f r e o n - s  i - b o o n ’  dn - ’p o o t. l o u d e r de ’\ ” e - h o o l ’ n s n e s o o t  a r e-  n -o n air c o n - r - c n i,o ot c - - c o - n  o n i - e r  r,ct’d an -mb

a d i g i t o o l  c c u t 0 0 0 0 o , l t  I c  o n - c q u i n - i t  b oon -  mon- cl . ‘ l e n i n - i d e - a l  - i d — a  has hen-- n a p n o 5 0 0 i c - o n -  n-n-- c i t ° o

a dc-cf io n - ftc ’ mi smate -in- b e t w e e n -  t O t ’ f i n - s i n-I ann -h t i l e ’  o l e - b o o s t .  S o m e’ cl -c -cO- o n- i n - - c : n - - m n - - c
poss if f e  in t h e  f I t -id aon -d weren ’ t poss ib n - l  n- - c ot  d e i s o o t  . h i l L s - s are l o o n  i o n s ’  n - s oon - u n - n -I l v
t r a c k e d  in - v s e n i , n - l  o n - s o n - c - i c r , ;ond so n -  t o u r  i t  c in - s c ’n - no t  apo n - e ’00 1- t l n - o n - t a f~~n--.-
n-n - - c : t o r o ’° n-- b U n - i n  e a c h o  LRi ’ t - ’ b - c e -  o t m o n  caus  l o o n -  b O ,  proh 0e ° o nn - s n - . I- fr. h t  . John n -nd
f i r .  b oo n - no b  have de i -~~i 1e’n - I i n - f o r m a t  ion  e - t n - n o ’ n -’ r’ on - i o n - n- A f l t— ’n- °° ; o 0 ’ m b s b  t n - o s ,

20 .  Ot l c c ’n  i ’ m ,s ho L oo n ‘- r e - o s .

a. Sof t- c o o  on .  l oo n- n - l i e  s - c n n - Ic- n os t -‘n- I) i s o - n -n -pi e , 0 0 ’ on n-’o n - r k i o i n - n -  en -n o m i t  o n - - c o t  ic
t n - s o t  n - t , o t  I - c o o  s o f t n - n -- o o r e  . I-c- c’ n - o n - i - I s - c  ro n - f i - l o i s  n - -soo n -  po r t ly  clue’ i - o n -  s - s o n - I  t o r e -  bun - s
and p o o r t l y  n-l i - tn - - i - c o  e f f o r t s  to o i n . i s r s o c o c -  t e s t e r  c ’ f f b c i e o n - e - c -  o ’o r c- b i c e - i -  l y e - m n - n - - n - s .

h .  ‘ b l o c- Ai - n - L - -133  and A k ( , — 5 0 0 0  1.111 1 Rad j t ° n - o . Tin -e n -n- ’ - - c o t s  c o r n -  c c e - I - e o f u l c d
t o ’  he’ n - c’ j ’ b ,’oe -e-d by i - l o o n  A I - n - C — 1 6 4 . ‘Floe dc’ p en- t n- ’x f ’ e - r i c ’ n n - ’ o - t , m l i l t - s - c  n - - i  t h  c x b o t- r i o ’ o n e - o n ’
- i t  t h e  b a s t ° s  b o o  t hat a l l  o n - n t - o n  t i m e - - c e ’  t s n -oi oou ld be re’pion-ced

c .  A l o E / n - S I .  u s e r - ’  i s-; s t u n -  o o b s b 0 0 0 r t u n n - i t y  t o o  t o - n - l O O n - on’ t h e  n - - f - c - -c t m - c o n -on -  c 0 o o ~o n - j n - ’ o i l
A l t i t o i d o n  b ) i n n - ’ n t  I on -n I t o - i  i o ’ n m t s ’ n / i i o r i z o n t o o i S i t o o - s t j o n -  l n d i o ’ c n - t o ’ r  o- ,’ i t ’ h ‘n-n a l l
c,- l c - o ’ h r - ’ o m o c  U n - i t .  I n - n - ’  n - -ill io o ’ivc i - o s  n- n b c - m i: n - - l i - i n -  P A l S  t o o  s - on- c ’ II t b - I n  -bc l e ft s’
d o n e .  In  O l e - t i c - n - a l  i t  w a n  t n - - I t  t i n - c u t  i - b o o  o n 005r on ’ me c l n - ar n - ic :ob o m s s e - o ’ n l o l i c ’ o ” , n-o ’b o i m  0 0  on- c o l d

foe c ’ f j m j o mc ot e ’mh in f c o ’ ; o ’ o  o - c t  ‘ - l e o - t r o t — i c  o c n - - c o n - t n - m h l j e s  b, bs o ’ h o e - t h o r  o f f  t i m e  ,\ i r  F on n - r ce
would bo € .

d .  ‘i ’n - ’’ i o-; . I t ’ n- o ve l in g woove t 0 0 0 o t - o n -  m o e ’  a h i k ln - b o i l  i t 0 - O n - n  d i m ’ ross a
nu n o b e r  of sy st e - 010s - o .

e - .  ( , o o o o t o o ’ o  t o o l  i- on -nd C a h l  in g .  ‘F loe-sc ’  ‘ m o o ’  s c - r e i n - I n -  i o n - I  p r n’ I n - l t ’o’s 0 0 0 ’ e ’ - o o ’ n -

b - cc- n-co - - c- o c t 1 1  inn - ron-c-elve s I h c - x ’in g  c-s i n - — In -  t i on - so’ son 1 111° i s  a t t n - c - i n - e d  n - c t ’  t o o ’ s o n - - s f

an-cl co ou ’u o u e’o ’ toro ; m o o  ,-iv c ’ l n - o o t !  , O l u o ’ O , o t  t v u — r a t  l e n - o n -  and a h u s o -  f’ r t o oo o !In- o - ’ n - ’ o ’ t i c n - n

___________________________ _____ -J



o o o o d  r o t r , o c t  b o o n - . \ i o o n -  ‘ s - -c ‘ t o n - on- I n - I ’ s o , - : 0 ,  ‘o o r o b n e d  loa d t i m e ’ I c o n - i n n -  f o r i n  c o o n - o h  l o b  ‘ o - f e -
n - - c o n - o n ’  n- ’ t o ’r t o s --ne - e l  l n - v I A F I  . i o u  t h o o o -s cs- J I b ’ s w h e n - c -  t l m i s  c 0 0 0 0 0 n - n -’ - r t o o r  s- s - o s  m o - - c c - - c b

t i l e ’ t t o  ‘ lo in -  i c i - on - ‘ - 
‘ c n-

~
o b n- I m n - r n - n-n- on - no I. boom t n - i o n - n e -  n - - n - -  n o -  I o - ‘ ,- ,‘ ‘ -c n - so n - e n-’ t osr foro - c i 1 cnn- n-

, \ l ’ n - L ( ’ t n - u n -  ‘ ; n - , o n  h i c c u i - o r l v  i m s i v i n g  j - c n m - i s l o - n - ss n - n - i n - h  t i n e -  A—7 o u 0 0 0 n - e c i - s ’ n s .

‘
- I . ‘, o r t on- ‘n-y ou I ,h o n - b - I 1 i to’. ‘ ‘- ‘ c on t bo o n - n - i s i s  on- on -’°tonta’ins of di t n-n- i i-u n -ov a I I aPI e-

n - n -on -  - a r t s  o ’ -c ’o c c n - o n n ,~ - c i - i cn -n , i t  i n - s  s t i l l  a i n - b - h o -n - on - t - c -  cn -h t o o i n  o - o n o - c o i p l o  h i t s  coo s -- f

i - n -’ I I x  I ‘on n y - o t t - o n - i n - .  l° o on t  o f t I o c -  0 n - - s  h o - n - n o  is ! s o o m f g e - t , c - c f  c o n - o r - -n - c ’ . [ ‘ I n-~~~ w o o L
- s  s jn - o -o i n - l con - l i t t l e -  sun p o s s ib l e ’  in  a vt,’r ’- l eon- n A i r  I ’ o o r o ’e. o” o o o ’ t  is o-n i n - no - h ’- h o n-s-

i n  -t in - s o t n n n u n - n -’: p i o ’ c o ’ 0 - c a r t s  e - i t f o o - n  O’ , o ’ n - c ’  010 ’ o s ’ c ’ o o u o l , o r m b  f r - c - c r ,  t i n - -  s - n - t o r t  - - o  a r e -  no
S ‘ n - o ’ e r  p 0 ’ s - c o O n - m e - c d  ion - vo b oon - o n - -  . ‘co r n - b o o ’  o r o - c - n -o - , i - Iso ’ n- I r l o r e -c -  o ’f  t en  dn - n - -on - no t

ne - i n - o n - c O o n - n - ’  in n - ut f l e - f o n O’o i- von -l oon - s e’ L o s t o o l - n e -  a d v : o n - o  n o g o -  in- f  e n - ’ o n o n - r r s i o -- - o -n - f n - e - i i i ’.
100 Sen-Ofle - o n e - n -- n - I n - c- i n - I t  I o n - I I n - v — i n  on -f n - p n r c ’n n -  n-- c on - n - i n n - u f f i e - i n - - t o t  o n - n - - c o o  f o o r  i - t ie-

i n - ro n - i  o ’ o ’ I  n - . f  p c - r n - t on - f .  Ion- n - -tin - c-n con- u-ton s n - O n e , ‘ c o r e - n -I s n - f d  in- s - o r e -  d bs - n -~’cs n --c e d 0 0  t n - - t or n - ’
t i m e  p ar t  ‘o (n-fl t h en  or in - i n - a l  equ i  l on e -in - i - S t o o m  i- S t o n  -I on- I I . I —h on - -o n - to o i i u ro ’n - o  d e n -  s - c t - n - n - n - n -
i - f o e -  b n - , I t ’ t s m u - - i-  ‘ on r n - - p r o o t - u r o d .  \‘n - - n c ’ h i t  I t -  l o n - i l c o r e  s’m n o o l v s  i n - - c  is c o n d u c t  e d
t o -  d o n ’ t - c  r~~ i o n - e -  n n - o o n t b n e ’ n  s u f n - s t i t u t e -  b - d i r t s  sn - r u’ a d v i s a b l e  - c - c r  i f  n-o n-sno b 1 r n - non - mI i f i t  , c t i - c ’- oo s
o u r 0 -  in ‘r i l e -u ’

21 .  o ’ usmn - i ’ Oo ”fl hn -

a. Info - r u n - n - at is - c o o . It s o - o n - i o n - - o f  tn - n - us tho n o t it n -c o n - d i f f i c u l t  I’ s - n  i - I nn-
o cn 010n - n - m pe ’r i - m o  g e t  t i n e  io ” o t o s r ro n - o n - io n - u he tn - c -e O n - . Tin -ore  in - s  no lack o n - I  m n - f o - c o ’ m n - s -~n - t 1 o n - .
l ’ r i n - c t  o u t s  n - t h e - n - t o n - n - h  in -ut  i t  i n  on - c - e - e s s a r v  t o n -  p our  n v c ’r  long b u sy  pr  i o n - i - s - c o t s  t n - - c
ex tro on -’t tI n - ’ u so sful b o o t  m o o n - o n -I. ion . I)uite possibl y no do u tc o O n - n - s - n - c -  n’ c 5000 n - t ’ o ’n - n - o-on -t  H -  - t o - n - n

s u e - h i  015 m n - f o ’ o ’ n - n - o c o t  ion -c n - n : t r a l ’ s s h o — n o l c l  b - c-  n- -c on - r n - s i n - I o n r o - n - h. I t  a l s o  n - n - -c on-n-o- -f th at
n - s - c o r n - -  m u s e ’  on -mi n - I n t b-on’ mash: - s -i don - ta  a I r — - n O v  on - von -  l I o n - i d e - . i” n o r  i n - n - n - n - t o n -n- - n- , b O o , - d o t o o
n-in p o o r  tn  - m o  - n o u n - o n - on - s n -  i on -n - w i n - i  e l m ion - ’ on 1m m— er va I ic iat c ’d could f oe-  u - c- ~s 0 n o t  - °n 1 v t -

t n - n- n-s-t n- a d j o i n - n - i - r o o t s  in -c - n t o - , ’I - ’ l e v e ls  t’ cn- r n - I o n - -  c o n - n - i n - n -  p e r i o d  I n - u t  on- i so n - co
t r i n n - ’, n- r I s m i l u n e ’  a n a ly s i s .

In - . I-Inn- bin- eeri on -p . ‘I Ioe ’r n- n - n - -rn - - 2 °~ on -o n-n - , i n-n-o ‘ 0 - b ’  -c ore -co i b u n -  h e ’ i n  t O n e -
En g i n e - e r  i o n - p  S n - - n - d o  c - s c  I s-o- - c t i n - n - n -  n t  i- - n - u n i s o n b I n - s in - i o n - s .  ‘F ho n-’ n - n -c ’ i n - n - m o l e -  n-- ,’Ct ’ o i-n - n-ed r’ r n - i n l ’,-
t o l o i n - t m  l i — n - i l  I t I t - o - o  mt - c d  i t  i c o n - t io n -n -  t o n -  accsso’ oo’’ o - c - c I o ’- t e -  n-en-- c’q Ui fso o’e -o n - t su p in - t - c r t
~ , , t i O O i  t o n - o n b o d y  i s~~ - r n- S e n - s t  to o  I i rod ‘- c oot w l o v  p a r t s  n-o - n - r i -  f a i l  i n n -  000 ’  n-5’ b o - o i- n-s

ii i c - v  1 - c o ton time pn c b - i o n - o s  ot ’ 00  -c ’ b n r o - c t n i e - s o l i - c. b - c e - o r I n -I ’ . i’ r , ’ b s , u i o l y  t i o n - - c  b o o n - I n - n - b and
i-h o indus t r i oo l lm ~nd i o n - i - ’, s-o t r u c o s o o o -  doesn ’ t s u I 1 o o c ~’ b - c - c r  i t .  S o s t n - c ’ l o o o o l y si n - o n - u l o l On -c ’
wor k i n g  t i n - c ’  p r o b l e m : :  ‘ c l o t - t O o t - b ’  in ‘oli n- 0 - c o

c .  I ’ r o o ~~o s — t  n - - r b  i l l z : n - t l en-tn - . I t  n- t n - n - m m - i- c us  t h a t  do b m o o n - sli n -l e- - ,, - s o n - , C o n - b

In - n - s i p  f o ’  n - l i e  i n - i - c c - s - n -  h s o v l m n o g  p r u n - b l t - o -  n - v n - - c t c ’ I ’ i n -  n - m o e - l u  n o n -  t f s o  ,‘n - l ’ m ,O — h  2 10 ( n- , ’ b n f e - h hn i s sin
o-: . n - J ’ o o ’ i o ’ m o c  o -  po op n o t  s o c - v t - n - a l  h a n - n - c - o n -) wc n - m, o l d  i— c s n -me o n - f  d o t - c  c i v i l  i a n - n  -n--c- b o o ’  w cn-o r hn-n
n o o n -  t i m e ’  s v n t o n - o n ,  o t t  ~d o - n o - s t . i n  o - X o  b o o n - p c -  ‘ n o o n - s n- n - I s m i g h t  m o v e - a d O - n - t n - c c,’ to o see
the’ ma bin - h e’ o oo ouo c ’ fren -un -o a o h - p o s t  i n - n -  i o n - h  ol’ v i t- n - n -’ and g e t  s o n - n - s c ’  t i o n - n - r o n - u g h  i ns i i - n - l o t
m n - o t s -  i u n - n - p o ’ n r t o o n l  I n - i l - c o n - c  e n - i 5’ ’ t O O o n  ‘ ‘ I  h I s - t n  on - ’, - t ‘00 5. b l o t ’ ooo , n s o g e ° o n - O t ’ o n - t n - n - o n -  f l Ot
c - O t t , b o u s i a s t  o r  ;ihou t t io n - ’ b i t - c o o  . ‘ h u e  t o p  i n  l o o n -  n - d i n - n- n - boa t t I m e ’  0 - c e - c o n - p h  en i t o t O n e -  I ’ i 0 - I d
were’ on- coo n - c - n-n- \’- . o  n - ’ oom ’ n- - c - c u’ b c - n t - c - c l  sin - ui I n-sn - s,oil n - oino o-oe ’o nsl ‘1 v or i t -m o t o - o f  o’o o m i o c i r t ’ d  t ‘° b e n - s b

I ’ ° ’ ° ° P  l e - .  n-’e’ St I I  I tin - ink i - l o i s  u n 5 0 0 - ,- h 0 -  b 0 50 n - i _ l o u  I l v  t t o o - h u t  n - t m - c t  s o o n - i c’ o ’u ’ o-o s o l iv so .
n-’.’ s t i l l  t h i n k  t i m e ’ Id e- st  b o o ~ n - o noon - - i - i t  1 0 0 0 1  n - -oInm n - ul d l o o n -  e ’ xp i o o o ’ o ’ o i  I u o ’t ! o c’r .
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c i .  [ 0  0 000 ‘ 0 0 0 , 0 0 1 0 - i  o .  ~-~e- , t s - s l n - o - m b ‘ b e -  b e - O s l o i o n  O n -  , n - , O i  S e - b  - c o d s  I on-s o I i t

ss’ o ’ s o l d n- ’ t n on- t i-n e ’ s e - o s - c -n-  I t o  m c c c ’ i - l o t, l i - t o ’ s  ‘n - somn - c o o ’ onro n- l o o n - n - tb n - -of ot b loc i n - h o  c o n  s - : f o o  re
n - I n - -c o o t m o o f i n - t o n  n - so to n - o o n -  c o - t o o l  t Oo L e n - I  . ‘I O o o n ’ V  oil ’ n - c - - c-cl i t  n - c o o - c o b o l n - n - i Vt - t i’ o - on-m od o ” m ‘on- ’ - ’,’
, crn - e l 0 , I ’ - o n  c - ’ n - n r , m o o o b c  1 b o ’ i n - 5 .  (‘ o o r r - c  n - o n - i c ’  t I e -  IP’n- s i n - c’ ml I ‘ - n -s -n -- n -  h O e  e - o n - o m n - t r ’ /  - c o n - s i  l b , ,
d e p o t  ‘ l o o n - I t -c 0 0  o n - c l u e - u n - I .  0 0 ,’ o n - i ’.’ .-  i - en- t - ~ I k  t n - m t  ~ o 

~~~~~~~ ~ V i O O  I d e - l o b  o n-n -c- . i - l i ’s- ,
i ,  o or i-’ n - ,o oc o z , oh i n- c on - n - , 01 0 e’ n - noo ’ o n - ,~n - n - n - i t ° c o n  -c°o I  I C , n - n - n-’ t b m i o o O  t h i n  on e-c m i e n - l i t  he-  n-- ’ o n - r t b n -

~°U ~~ n - O i  1 0 0 ’
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~ t o  i o t i c r  ~ o i;n- ’, t o  ( I I I a n  Al I I n -  n- c n- -c--c \ I  lb 0 * 7 1  p o n t ,  e-c

n -ctn- e u n - o n -  ‘o h  us
• c*.u A _  V

br ,i’ -c ’ on-l er o-o : I-hoo f I’ . s . on-- , no n - , Or. -n - . R. St. lo b s - on - , , 0 0 n - c i  I - O r .  1 . - c - _ i_ - tn - ’ ’ -

l ° c t t ~ -s  m i d ‘l e e - c ’ s  \ i s i t e ’ d :  2 H — 2 9  A b o r  7 ( - c  I - O c C l e l J , an ,‘,n - h s , ( ‘A
2 9 — 3 ( 4  Abn - r / f s  ‘h o c - c i s  on - b I b , 0 A

b— s -o “ boon -’  76 I s o l o ’  o’O I ’ I ’ 
, AZ ( O n - n-- c-on - n -~ in - 1 c ’ ) .

o - o n - s o i l  h u t  i o n s  n - n o n - y e - n o ’ s  I i o n -  t h e -  j o l t  on ’ n - V i n - - i - , - - - :
S , cn - - r a t omon - on - t en -  s’o b , n- ( c \ h ’ l , ( ’ ) , ~I I - I I  b ° o o o m d  I - I ’ l l  — I ’ m — n - i n -  I L oon -AI-’lb
6 0 ) — b  ,‘el’lS (I c’oO ’ ) , l ,t  (‘ n - m I  h u h  ion -n - s - con - - c n n  t o , Sq 1 - r o tO r , n - n m -c, I s  ‘ o n - B
‘oR,’oI -I S (‘r,n-, ) , l,t  m o n - i  0 - ian - ’ , Sq on n - on - f r , b o i l - ,, - , ‘, l ’ I b

- ‘m i  rc n - , o b  t I - l , o n - s b  m j u n - e d
b - ’ - ? . o -  ( I - c o l on)
- 1 5 ( l o i s , - )

I - i l l  (Ib m” J o n  I n-t n-t b
(‘ — IsA ( ‘ I n - c o n - n -  i s )
t o — I d  (Tr o ivi n)

1 °  in n - ’ on-s o-i O s l o
S bose - on the - d o - I - - c - c t  0 - h - c o n - c u t  bos-on iso bos oo ,l, m ooo e’on - t n- o h iv d m 0 0  o n r o n i o t  n - , 00 n - n  b i s o n  o ’ - ’ o o ’ f l J o n s  n - on o j n o t e - t d n - n - s - C c’

noqoo ~m o 0 n - o s n n - n -’ o p o n ’ r o t  I - -os , e ’n -o e - b o w i l l  s o n  o h o s c u t - o s e ’d  I n  t s-c o ‘ - o r - t o n  s on ’ s L O o n - n .

I n - - j o  r c o n o n - - 0 0 0 0 0  , , b  0 . , ‘oc’ 0 , - o n i o n s  n -m o b s - - c t  o o n - 5 0 0 n - ’ O t - t n - 0 0 0 1 ee- 10- , n : - c  t i - c , , -  0 0 0 s m i o n  h - c~~n- mn - n - o’sn -0 “- c o  n- si —
n o - n o t - - c  ,‘sl , O ’ . n - o o ’ n- s n - c t ’- n - t r - m i - o ’ d  ‘ ‘ n - i  t b o o -  I i on-n- i m i d  d i n - i 5 0 ° , ’ t o t  0 - un -0 -0 ’ t l m e - l- —- 1~ I o n - s n - ! 0 ° so ’
‘n - v i e - c  5 1 0 0 5 0 0 0 i - c - c ° , r , o t o - o i  n - o O b O b 0 0 0 n - b  F a n - - o l i n - ’,’ , wh o m — n I t  l o s  , o i u O I tn -- c o rn oo o ’k oi ;n - o n - S b loc ’  F — i l  I ,— i v j  - - n - i - —n-
s U i t ’ s - , .

I . F— ill 0-Pu o n  - t o ’ o o , o o m o  n- C001 o ’ o n ° ; s  t sin-ti lo o n - ’ h t (d o co in - i - n - t’mI . I t o  t loon ’ h e n - ’  i n - n - n - n I tn -n - It on-- on - on- dcc i d n --c ,!
0 loon ro - wo uld io n - - on -- co - n o - j o b  on -os o so  -c t c - m O o t  o n - o - e -  t o - n -  t l o t ’  - ‘ — I i  I . A on - - n o n e - o n - p  I woo s n- o n -  n- ’ ’ ’ ’ l ° ~ -c ’n - - c j o in -~
0 -0 ’ ’ - s u n - h o  0 e - - t e-o~ oi u -coo n - c-t ot, t b  s o so c  h o - v t ’  1 0 - - 0 ~- c O ’ 5 ’  - C o  t t o e ’  n - c o o ’s S It y t , ‘ 0’ I t o o t  - c ,  0 n-n- o i  n-’ o n -  ‘l o p ’ ’ ‘ -

P -c d . - j o o - t  i t - c o - I  o’o O , i ’ n- os-c o l e ’ n - c l gn-€ ’d .  A l  t o o  o n - , ’  A i r  I - c - r o n - ’ s t , t o  t e d  on- j o e - r o t  i n -o n - t O o ’ F — I t O  i t

hc’on ’oor o n - e- o i p l o a r c - n t  t b o o t h  t I m e -  b o s o n - o c ’  l e o_ c ’  I 0 o ’ s - t  0 0 0 0 0  I j - c O n Oo ’ t n t  o o j o o - o ’ , m O  e n - I  tn-n - -  c - o n - l i o n - b c- t i  - ‘ - - - n - - c l . ’ n - - on - s
i n  - t  soi l I I n - h o  n o t  t o o  0 0 0 , i l i o t - o l o o  O b o e ’  - c - j - - c - t  0 0  i , o u m , o l l v  t o  m l ’ ,’ o o t 1 -  t ’ n- - - c~ t o i t n - - , !.  F i t - s t  , b l o t  t o --c ’

e - s J s o o p m o , on t d i d  n o - b  s o u l  I I o ’ O o ’ O c O  l v  f a o o l t  i n - n - u n - h o b o ’  on - n o _ t i n ’ , -  n - n - - c - co o - s .  ‘ l i m o b e - c ’ , , ’ i  ‘ 0  s t o ’ o o o b a t  l o i n -

n -co n- no- c t o n - p -c-co ol ~ ‘s It o ,s c on - c on - mi l o s t  m nooon - ’kt u po n - (n-- n- In - se - I n  We - t o’ t o o t  n - o n - - t i  t s i b o 1 n - -~ . - c \dn - i  i t  i n - n - o n - n o b In - - ,
O lo on a n - J o - i - c o  o n - o - o ’ x l - c - o ’ i t - o n - c e ’ i t ’ ’ ,’ ’ 1  e n - I  t I n e ’  t o o  l b  - t o o !  t t - t ’ f o o m i e ’ b o o o m o - e  n - e ’ m o o h o o o - oI r e - i _ i t  I n - ’ e - h n - ’  l o on -- h -c
t o t  t i o o ’ 0 0 0 0 c - c o - r .  ‘ n u t  l y  t’ o - I , t t e - o l  t o n -  t n -  m a l o o t  -to ots - c -c - b - c u s - I  l e on - n - -  on- o n - t I n t ’  so - I  t n - - , o o  ,,‘ pu ’ o ’!o L’o’n.
‘ b b s  o ’ - c - c ; - c o -  r o t  i ota 1 I I l i - n - l o t  s r 0 5 0 ’ u n - o u t o o o  (olb o scO b oot  t t o  s t oo l  o ’ o n - ooot  I , . t o ’ s - n - le o ’ n-o-c l t n - mu - i’ on - e n - ,’ ‘ m o n - b  lo

I i o i d e q o o o t o ’ . ‘ - b  I n - i  o n - n - l o o m - c l  t o o  lot , ’ - n - m o o ’ . l ’ s ‘ t o t ’  u t o 0 0 0 4 1-0 on-’c’ m o -  - h o i n - o : 1 ‘0 o\ ‘- ‘ ‘ t  - ‘ I  o~ - - c t

t t’ ’io ’ I i c ’ s - c t  t ’ n - I i O t O ’ 0 0 5 o - t o t  wi n In - s t ool h o , ’o f , o t  ‘-c O o l  -000,o’un- (en - , \ I , c ’  , t n o l  o ss , on -~ n- en-t w i n -  ( I , ’ -
~n- n -- coo o i o ’n - ’c-o

c i v i l loin b ’ s  I n o o l r l , o o o n - .  ( : — l f u ll y s o b  o ’ o ’ t ’ , o t ’ on’d i t o - b  oso ’ - co ’b-s o j- c sn - . mon -- cl ‘ n - o n - t o o t  n - , o 0 1 0 , - .n - ’ ’ n- o’s-s

AF .~~~~~~ 
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n-n- 5 -cc kto n- n - n-n- o,’ ro ’ I om s t 00 1 1 on - I ci 0, Soon -’ o’ - n o- c nn - - o n 5 5 \i ,n-, , o oo cf rn-n o on - n - n - , t f  ! cv  n- - 0 0 -c c I n-; I I I so on- m e - - c - b o o 5 e I non - n - n-
s ou l ‘ . “, O O t o ’ O O o ’ t  b e ’ s )  - t o j -  n - - c  r b ’ t ’ r S o ’ O n t i o n l .  ( ‘4 )  -c

_
n- n - t ’,’ m o , m o n - n i o  , o v i o o o n - i c s  s o n n - n - b n - t ’-r n-- n o n - s

i o n - n - t o o l I o n - n - I  - o n -  S s o e - n - ’- , ’ on n i t o n  ‘ o t i s  -f - c r ‘ b o o n - i o n - o s -, n- - ! - n - ’, s ; i m m j ’ , s o n o o l  o’ s - c s  h i v i n g  0 c -  t O F I ’ s. (A )
c\ e o ° n n -  o’ c j e - t n - ’ n -  o - c o o s  ( C o o n - o t t O  f l’- ’ o s - o o n - , i c s )  ‘‘ or i on - i - ° o ’ j s e - O  ‘‘ i o n - c s  i o n -~~t o o b b o b  a n -  C - o n - n - n - s o o n -  A l ’
t b , -  I i n -  - - - n- F — I  I I h o , c n - , .  ‘ b l o t ’  ‘‘ r s i o o i  don ’ 5 ‘ ‘ ‘ ‘  t ’ ° f m—c no ’n -  i o n  0 e- t n - I l - n ” - , ’ e f o ’n--c-in - - c r - c ’ - ’c- n-n- ‘b - c s - n - ’ ’ n-

n- t lc o . ’m o °~n- e -r - c t I s - i o n - ,  , o n - n - -  n - - c - i o n - o n  s t  rosin - i - n -.

b - / o - c r k  l i o n - ,’ . i’P, c c ’ n i ot 1,1 0 0 e - n - oon - oe -o c in  n - - l o i n - b ’  e - s 0 0 0 ’ t I o n  n i — o , -,n - o - - o s -n - n -- 1, - c e - i . i t  n - s-on n-n- 0 ’
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depot operation is not officiall y a depo t operation. It was organized to work itself
out of business by solvin g what  was t hough t  to  be a set of g r o w i n g  pains. But
t h e r e  is no s i g n  of t h e  p rob lem going away .

e. The b u i l t  in tes t  equ ipment  o f t e n  t e s t s  to t i g h t e r  specs than  t h e  shop
t e s t e r s .  These Ir e a s  are be ing  resolved as t ime goes on but  they  s t i l l  cause
prob lems .

6 . S o f t w a r e  Problems

a. Ope ra t i ona l Fl i g h t  Programs ( OFPs ) .  There are seven OFP s per  a i r c r a f t  —

three eac h f o r  the two general  purpose  compu ter s and one shar ed be tween the two
computers. Most of the original bugs from the 1974 baseline OFP are now fixed .
Current efforts are devoted to (1) improved capabilities wh ich can be achieved
through reprogramming and (2) reprogramming to meet chang ing requ irements. With
the existing onboard equipment tradeoffs must be made on wha t the software is to do
since currently there are only 100 spare words of memory and the computer duty
cycle is about 95%. Thus including one capability means excluding some other
capab ilit y . The dynamic simulators are used to verify software. Eventua l ly the
integrated mockup may be hooked up to the dynamic simulator so that flight profiles
may be simula ted on the full avionics suite. Data for the simulator comes from
instrumented test aircraft. The recorded signals can be fed to the aircraft
computer to see if the program under test processes the data correctly and send out
the proper  response si gnals. They have PRAMPO money to develop a diagnostic
pr ogram which can be loaded on the aircraf t computer on the flightline to isolate
a ma l fun ct ion to one I RU more accura te ly than the BIT presently does.

b. Automatic Test Equipment (ATE) Software. There arc presently 100 ope n
projec ts on software. The average resource requirement for one change is over
91) workhours plus (.2 hour of mainframe computer time. It was agreed that
technic ians  wou ld welcome more easil y human readable output from the ATE computer.
It was not thought that an interactive systc!~ was l ikely to ea se ma in tenance
problems . The average test time per SRU now is 2 hours. Part of the testing
problem deals with the design of the equipment being tested . As it is now, one
test point sometimes monitors as many as 19 components. Pesign for testabilit y is
extremely important. Another part of the testing problem is the lack of an
eff icient automatic test pattern generator (for digital circuitry ). The F—Ill
peop le have three test pattern generators available and none is really satisfactory .
Some problems would be eased if one had a basic test system which was used from
weapon system to weapon system. The problem is tha t the field is not that mature
ar~ rap id change s in so f tware techni ques as well as hardware are in progress. We ar e
still in the beginnings of writing software specs. San Antonio ALC is evidently
wo rking on software specs for ATE.

c. General Software I rol,lems . Once a contractor has sold a software—hardware
package he sometimes loses Interest in maintaining th e software. This is analogous
to problems of obtaining replacements for obsolete parts. Ri ght now General Dynamics
wants to take people off F—lu software maintenance and put them on the F—l6 soft-
ware genera tion. Without some organic capabilities the Air Force would be lost.
Money and people are In short suppl y for F—ill sof tware support. A 50— 50 militar y—
civilian mix is desirable. Right now the majority are civilians. It is easier
to turn electronics engineers into useful programmers than to get programmers to
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turn ut programs useful on electronic systems. This op inion was also expressed
in the r~p i  t e r  A i d e d  Des ign  s t u dy .

7. Comments. The present arrangement for the F—ill at Sacramento appears to he a
lash—up which should he legitimized . The problem with SRU pr ior i t ies is the
h t C g u s t  p rob lem.

B. ~~th and 60th A~IS Visits.

1. A ge s  ot the Systems . Oldest is the F—4C (early ‘60s). Next comes the C—l41
(mid ‘60s). Then comes the C—5A (late 60s), and newest is the F—l5 (early
70 s) .  Older electronics uses some tubes and many discretes. The latest
electron ics uses SSI , MSI and some LSI.

l~~rts Availabilit y . Once again parts availability was considered a major problem.
The A[LC polic Y of requiring Item Manager approval before shipp ing LRUs to depo t
was not lik ed. Cannahalization was frequently the only way to mee t f l y i n g
requi rt ments.

3. ~1aintenance Concepts Employed .

a. Number of Maintenance Tiers. The AMS at Travis (C—5A & C—l41) used the same
peop le for flight line and shop work. The same people wod ed on C— 5~sand C—141s.
A separate shop maintained the C—5A shop automatic test equipment. It was
essentially a two—tier structure (base and depot). The ANS at Luke was split into
two physic a ll y separated pieces , the F—4C piece and the F—iS piece. In each case
the organization was further subdivided into flightline and shop branches , re—
suiting in a three—tier structure. There was no transfer of peop le between fligh t—
l ine and shop.

b. Tail Number Schedul ing. As at each base we have visited , ta l l  number
scheduling was used .

c. On—base Repair

(1) F—iS. Repair is limi ted to removal and replacement of LRUs on the
fl ightline and removal and replacement of shop replaceable units (SRUs), e.g.,
PC boards in the shop .

(2) F—4C , C—l41 , and C—5A . in these systems LRUs are removed and replaced
on the flightlin e . Repair in the shop sometimes only proceeds to replacement of
SkIs , but often goes to the hit and piece rep lacement on the SRU. The level to
wh ich repair proceeds is directed by the Item Manager.

d . Hot Mockups. Al ] F -4C and C—14l avionics and some C—SA avionics are bench
checked on hot mockups. Simulation of electrical inputs to the equipment under
test Is thus complete except for lack of simulation of transients induced by
aircraf t power switching and signals which would be modified by fligh t profiles.
No environmental simulation Is used.

e. Manual Test Stations. The F—l5 uses three manual test stations to handle
several of the LRUs. Luke is further along than Langley in that all the manua l
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t e s t  s t a t i o n s  can now t e s t  each  LR U or w h i c h  t h e y  were d e s i g n e d .  F l e ~~t r  i c a l
s i m u l - i t i o n  of inpu t  s i g n a l s  to  the  L RU under  test is n o t  as c ’mpl. t & as is t h e  c a u
w i t h  a hot  m o c k u p .  However , eac h sect  ion  of t he  I C C  is  systersit i c a i ly  checked
by the  t e s t  sequence .  I f , in s equenc ing  t h rough  t h e  t e st , t h e  t e c h n i c  I a n  reads it
i maltunction he must  take the  c o r re c t i v e  a c t ion  i n d i c a t e d  and ~~i r t  t h e  sequence
f r om s t ep  one . In  a d d i t i o n  to t h i s  d i s a d v a n t a g e  i n t e r m i t te n t  f a u l t s  r f a u l t s
arising from combinations of signals are less likel y to he detected . Test stati ons
malfunction fairl y of ten , hut this appea rs  to h~ a t r a i n i n g  problem.

f .  A u t o m a t i c  Test S t a t i o n s .  These tes t  s t a t i o n s  a r e  used on L t h  th e  h — I S
and the  C — S A . O p e r a t i o n  is s i m i l a r  to the  manua l t e s t  s t a t i on s , b u t  s* cu cn c i n g  i s
under  co np u t e r  c o n t r o l .  As r epo r t ed  at l)over A PR the  t e s t  s t a t i o n  t o r  the i i t i t p i l t
seems to he well  liked because i t  is more f l e x i b l e  t h a n  the  othe r t est  s t a ti o n s
used in bo th  weapon sys tems .  A s i m i l a r  station w i t h  d i f f e r e n t  so ftwa re is planned
to  rep lace the present  C—5A I d e n t i f i c a ti o n  and N~i v i g u t i o n  E q u i p m e n t  test s t a t i o n .
The F— 15 a u t o m a t i c  tes t  s t a t i o n s  at  Luke Wit can p r e s e n t l y  t e s t  19 t the  2R I RU s
f o r  w h i c h  they  were designed . The LRUs w h i c h  c a n n o t  be tested ire handled on a
“work around” basis b y Boeing.  D i s s a t i s f a c t i o n  was p a r t i c u l a r l y  e v i d e n t  iii the AT E
shop at Luke . As at Lang ley  the t r a i n e d  monkey a p p r o a c h  to use ot t e c h n i c~ a i i s
is r e sen t ed .  The peop le f e l t  t h a t  the j u n i o r  t e c h n i c i a n  would ad a p t  to the  new way
of do ing  t h i n g s  qu icke r  than the senior  N COs who were  used t e  t r a d i t i o n a l  t r i n i l l e —
shoo t ing  t echn iques  us ing  the  hot  mockups .

g. B u i l t — i n  Test and M o n i t o r i n g  E q u i p m e n t .  F—i S and C — 5 A  t s h t 1 i~~s cO t  has been
discussed  in  a previous  t r i p  r e p o r t .  The C — 14 1  has no on h o a r d  t e s t  and m o n i t o r i n g
equ i pmen t o the r  t h a n  t h e  In s t r u m e n t s  and f l i g h t  r ec o r d e rs . The F—/o h i s  i Scope
camera  w h i c h  p roduces da t a  u s e f u l  in t r o u b l e s h o o tin g .

h.  F l i g h tl in e  A CE.  The F— 4 C has an au toma ted  radar  c a l i b r a t  ion t e st  set wh i ch
is used in a dock .  A p p r o x i m at e l y  one aircraft radar per day can he c a l i b r a t e d .
The C—5A uses some s p e c i a l  p o r t a b l e  t e s t  sets and some f a u l t  i s o l a t i o n  i s  ac-
compl i shed  on a l l  a i r c r a f t  u s in g  osc~~1]oscopes and m u l t i m e t e r s .  A s i d e  f r o m  radar
c a l i b r a t i o n  of the F—4Cs  and some i n s t r u m e n t  work  very  l i t t l e  on a i r c r a f t  av i o n i c s
m a i n t e n a n c e  is per fo rmed  beyond the  r emoval  and r ep l a~~mmt of 1.RPs.

i. Avionics Preflight. At Travis we encountered a p o l ic~ not  p resent  e l sewhere .
If an a ircraft had been on the ground more t h a n  15 days , i t s  a v i o n i c s  went thirou~ h
a pr eflight Inspection.

j. Debriefing. A t Travis crews were not always debriefed In person . At Luke
one t e chn ic i an  was p re sen t  at d e b r i e f i n g  f o r  h — 4 C s .  For F — 1 5 s  a t  l u k e  one a v i o n i c s
technician from each of the three flighti lne avionics sections was present at
debriefing. Note that there are about 70 F— 4C sorties/day with about 90 aircraft
assigned resulting in 20—40 a i r c r a f t  t u r n i n g  a round  f o r  a second sortie in a day .
The F — I S  f l y i n g  schedu le  is less s t r enuous .

k. Production Oriented Maintenance Organization (POMP). See a tt ached
slipp ing. The POMP is essentiall y an expanded crew chief team. Evid ently the
inten t of the exper imental program is to cut down on maintenance manning. The
avion ics people were leery of the POMO. One senior NCP asked , “What happens when
t hey don ’t have the avionics aces around to back them up ?” I f  enough aces are

tlq



kep t around to back them up,  however , the POMP might be a better way to go.
Certainly the extreme specialization does tend to cut involvement and diffuse
responsibility fo r  ge tt ing a i r c ra f t f l yable.

~~. Depot Support. People at both Travis and Luke had some criticism of depot
handl ing of URs. They said the paperwork required was discouraging when coup led
wi th wh at they considered perfunctory responses. They thought that material
fa ilure and shipping damage was t~~ of ten ci ted as reason for  f a ilure by depo ts.
In their opinions LRUs leaving the depot should be 100% checked to at least the
level checkable in the field . We received the impression that some technicians
and superv i sors give up on URs because they feel it is unproductive effort.

5. Manning. The Travis AMS had no apparent manning problems although apparently
a downgrading of skill level requirements was in progress. As at Dover there were
a fa ir number of civilians in the organization to provide stability. About 20%
were c i-.rilians. There were a few civilians in the F—4C organization at Luke
bu t none in the F—is organization (although tech reps were present). The F—iS
organ ization is probably overmanned for the current schedule , but will be at abou t
the right strength when the full number of aircraft are received . The F-4C
organization is getting low on senior NCOs. There is some evidence of a downward
trend in retirement age for senior people. In addition , the com ing combina t ion
of Instrument and Autopilot shops in the F—4C is resul ti ng in a 507 manning Cut
in Oc tober , but cross—training will not be complete by then .

6. Training and Personnel Quality. Opinions were universal on this trip that the
first termers arriving are smarter and have better attitudes than recruits from the
Vietnam era. There was a complaint about tech school preparation of recruits from
one or two supervisors but generally no major problems . As has been the case in all
the bases visited , supervisors were happy with the Field Training Detachments ’
work . The F—4C organization was trying out a set of slide and cassette training
aids and were happy with them. There were several cross trainees into F—iS avionics
maintenance from other career fields. The supervisor thought they were working
out well. He thought that people from ground electronics career fields were
quicker to learn than those from non—electronic career fields. At present the F-lS
career development courses taken by technicians to upgrade their skill levels are
still mostly based on the F—ill , C—5A and A— 7 test stations rather than on the
F—15 stations. This causes quite a bit of unhappiness.

7. Environmental Effects. At Luke the malfunction rate shoots up during the
summer especially on the Weapons Control System (WCS). The cooling air is not
really adequate on the ground and , if a pilot fires up the radar to check it
out before takeoff , it is likely to malfunction because of overheating. The WCS
also tends to malfunction during cold periods at Luke. The F—15 antennas and
UHF tend to fail in hot weather.

8. Maintenance Documentation. The people at Travis did not seem as enthusiastic
abou t the automated data system as people in their sister wing at Dover. This may
be due to not having a terminal in the shop area and not having a close working
relationship with the computer people who process the data. At Luke MMICS is in
Phase II and the paperwork flow has become a problem . Each AFTO Form 349 must be
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closed  out at m i d n i g h t  whether the corrective action is complete or not. If the
corrective action is not complete a new 349 must he generated . This makes it hard
to track progress of a LRL’ and leaves the possib ility open to errors of both
omiss ion  and commission .

9. Inspections . The opinion of  one NCO at Luke was that local Maintenance
Standardization Evaluation Program teams were OK but the higher headquar ters teams
were a waste. Another problem was getting resolution of different interpretations
of the same directive by different inspectors.

10. Problem Systems.

a. F—4C . The major problem system on the F—4C is the Weapons Control System
(WCS), although the C model does not use the APQ—l20 radar in the WCS. The
cannot duplicate (CND) rate is about 40% for the WCS. The overheating problem has
been mentioned above . Wiring harnesses are high fail items. The calibration problem
is eased at Luke because of an excellent team chief for the calibration dock.
The TACAN set and its test set were also high fail items. Fifty percent of the
inertial navigation assets were in awaiting parts status.

b. F-l5. The highest failure rates occur rod on the inertial measurement
unit , the radar data processor, the radar receiver and the digital computer. Some
of the highest failure rate LRUs cannot presently be tested on the ATE. The testers
themselves are also high fail items. The technical data does not give adequate
notes on checking for tester malfunction when a fault is apparently located . The
software for checking out the automated testers is far from perfect. About
the time the bugs for a given test tape are documented in a Procedural Change Request
(similar to an AFTO Form 22) a new tape comes in with the same mistakes.

c. C—SA . The MADAR (on—board systems test and monitoring system ) is the
biggest problem at Travis as it was at Dover. There are problems with the multi—
mode radar antenna. The CDIPR , a station keeping Ku-band dopp ler unit, Is located
near the Ku—band multimode radar antenna which Is trying to radiate through an
X—band radome . Consequently the CDIPR is a high fail item.

d. C—l4l . There seem to be no major problems with the 141. This may be
by contrast with the C—5A , however.

e. Connectors and Cabling. Throughout the systems connectors and cabling
have been sore spots. This was also true at Travis and Luke .

11. Technical Data. In general tech data is a problem area at Luke and Travis.
Particularly bad so far are the Technical Orders (TOs) for the F—15 which do not
have schematics for the electronics. Some logic trees are starting to appear In
tl~ TO changes for the F—iS , so things are improving a bit , The test equi pment is
supposed tr catch 95% of all problems (although opinon has it that 50% is closer
to the trath). In any case the possible failures not checked by the test equipment
are not covered adequately by the TOs. Since there is precious little experience
base with the F—1 5, this gap is a real problem.

12. F—iS test Equipment vs Hot Mockup. The people at Luke said there is a full
hot mockup of the F—is at Edwards AFB. Figures they have show the following
CMII rates:
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“10% for manual test stations (Luke)
lO%—20% for automatic test stations (Luke)
40% for the hot mockup (Edwards).

Of course the automatic test stations cannot presently handle some of the highest
failure rate LRUs. It seems likely that the hot mockup will eventually resid e
in a depot in an operation similar to the F—ill hot mockup.

13. Troubleshooting Around LRUs and SRUs Available. For the F—iS there is a
tendency to try replacement of an LRU or SRU on hand even if this replacement is
not indicated , but the one on hand could conceivably be causing the problem .
This arises out of: (1) a desire to fix the aircraft. (2) a shortage of LRUs
and SRUs, and (3) present inadequacy of the test stations. This causes a skew of
maintenance data since recorded actions taken could indicate a unit was failing when,
In fact , no such indication is available.

Comments. It was again apparent that the automatic test system—technician problem
must be attacked . Apparently the assumption was made that the all volunteer force
would attract people of lower abilities than the force in being during the Vietnam
era. The attempt was made to design test equipment which could be operated by some-
one who could do little more than read and understand a checklist. This assumption
seriously underestimated the quality of recruits appearing in the force and
placed a great burden on the programmers who wrote the software for the test
equipment. The opinion of the vast majority of supervisors Interviewed is that the
new tecimicians in the force are at least as smart as those of previous years.
They are frustrated at being assigned to the USAF ’s newest first line fighter and
used as trained monkeys. The programmer must write software which catches 95%
of the failures in a system. When engineering changes, insufficient emphasis on
design for testability, and the Inevitable software bugs are factored in it is
no wonder that the system does not operate as it was intended to. More interaction
between man and machine is necessary. The automatic tester for the C-5A autopilot
is an excellent example of what can be done. That MAC is using the same approach to
replace the IDNE tester is support for this point of vIes~. On the brighter side,
people are far happier with the F—iS than they are with the F—4. It ap~~ rs we
are making progress.

The article below appeared in TALLYHO (LAFB Base Newspaper), dated 30 April 1976,
Vol. 2, Nj. 17, page 3, and was entitled “Streamlined Maintenance Program Tested
Here” by A1C Dave Morrissette:

There was a t ir i~ when t he crew telawl k ’ a bob , SC USC one of vi:,’ ow,, con t rol Svso’ms iE(’ Si . eg ress , fuels ,
chief s as the s’:~ i;n ~‘t .’ pc rc ; ible for rn, ’, s “~ t;i rn !biar with if’, ‘v~~”m . ’’ h~’tr :,’JlI(s and ‘d~eet i O’t:,~ ‘“,V~s’,r tu al lv alt 0’’ rnain’(’rs’nce his I’ ,f i v  t v ,’ poo;~I,’ in ~j s,’r;lratc w’,iiI,n,zeev,’rysingk’ iten, we wan t a

— ai rp l , ire ’ needed •~h I that changed AFt’i ~ •\ :r )~orce Spt ’cirf ly  Co k’s ) guy trained in , ’ he ~.dd ed . “We use
w ith (he j i t  ;gc as ‘~v’~l,’nic :,nd ~i r - ’t. ’ i . ”l work ,!1)~ v iP’ I’ 1M (, in Aug ust them where we need ‘hem. ”
craft becam e so complex that IIf.~ u i u n g  ‘ix F i~ s f’ i “10 has si nce When it comes to s a ’ irg time, said
ma,nt ( nan(e Ii.’r~(’iinei .$peclali’ed ex~~,ndeii to ‘i t’ t i t  aircraft. 1~gt John I’ow tq, a P0? , 1) super-
int i. d is t inc t  m a i ’ t , n - ,r .ce c a tu ’ s ’ r ,\cco rd ,ng to S~r~’eant Dig~s , the visor, ‘We just kill ‘em. When ~‘e had

intent ‘ 1  Pt )“~ i )  i,, th reefol d . i”i rst , to a pi-obkin with one of thc egress
Ii,,u ther e rright he a tas when that prov ide a su re sar ied job et.- s’~ tem s one day, ” said Sergennt

may chang e one” ag ac n v lro nm ,-nt. :‘u ri ,:d, in r” uu, r wait ing Downs , ‘ our egress man happened 0
POMP the J’ rrv :uc~ion Oriented and “lag ” tim e fo r ‘ rew chiefs and trworkingas a crew cl,jef,so ht .fjxed

Maintenance Or~ an ’za1ion — is a ~~ t spe cia l ist s , ~,r,d ihi re to reduc e the it on the s not , ”
program dcs :g ned to s tre am l ine overh ead s t ructure i cqu ired to “The best thir~ about POMP is that
aircraft n :,int cri ance b~ tra ,n~ng nianage ai,~ nift ‘ u ~iance we’ e working as a le4m , ” sa i ,i ~et
ci’t ~ ’ chief , ati d specia l ists Into ea~h &‘r~ ca nt h),g~’c said t he :‘OMO Jim Owens , one o~ POMO’s sn,”(

~~rsnn ne l were dr aw n t u ,’nn the meta l specialists “M’ist ci us feel a
“We use a dcspcc:ahiiu’d Copce~,t ,” miahitio ns f ield ‘nd er~’,,ni,ational lot more invo lved situ the ov rr ,,tl

says t h e N”O C, ~P~i,! “ art i n main ,00anc e s quadron s , avi o n ic~ . ope rat ion than we did before we eii~~l.)igj, s , ‘‘ lt st”ad of taili,iit ~ sp t x ialist ~kw’tr oflI~~ , ,“~,rs’s . (-r ,v ,ro nrn (’nta l here
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APPENDI X F
1W ION I CS MA I N’li:NAN ( ‘ I : 51 (101

1. Travcler: ranki in I). Lamb

2. Subject : Repor t  on vi s i t  to the N a v a l  Air Stat ion , North Island ,
San Diego , CA

3. Organi :ations/Support: AMLI) shore-based intermediate shop - Maintained
aVionicS on the S-2 and 5-3 a i r c r a f t  sys tem a l o n g  w i t h  v a r i o u s  A~” ’~
hel loc opt ers

VS-21 fli ght  l i n e  shop - supports  10 5-3 aircraft

VS- il fli ght line shop - supports 31 S-3 trainer aircraft systems

A M I D  shi p-board intermediate Shop (U.S.S. Constellation) - supports a
total of 70 aircraft systems of various nomenclature.

4. ~\ork Flow/Documentation: Both the base and the USS Constellation
ope ra ted  u si n g a two tier maintenance structure , that is , the fli ght
line shops , and the intermediate shops were p h y s i c a l l y  separated and
controlled by different shop supervisors . The shops were further broken
down into separate groups each assigned to a specific responsibility
for avionics main tenance.

Af ter an aircraft has been recovered , the f l i g~it crew is debriefed by
the fli ght line technicians and the maintenance data forms initiated
(the mainte nani,e data form is called VIDS/MAF , a sample copy is
attached) . When the prob l em with the failed equi pmen t has been found
and repaired the VIDS/MAF form is completed by the technician and
reviewed by the shop supervisor then routed to a computer center. At
the  same time , a new VIDS/MAF form is initiated and sent along with the
failed LRLJ to Production Contro l at the in termediate shop. Product ion
control screens the f.RUs to determine which group within the intermediate
shop ha,; the capability to repair the unit. When the responsible shop
is  determined , a copy of the VIDS/MAF is pulled and p laced  on t he
production contro l required work hoard and a copy sent to the computer
center. The LRU is delivered to the awaiting work bins assi gned to the
desi gnated shop where the supervisor pulls another ~ Oj )~~ of the \‘l [)S/MA E
and p laces  it in his production required hoard . When a technician becomes
available he will  pull the VIDS/MAF copy and pick up the unit. When the
LRIJ is repaired , a new VIl)S/MAF form will he completed , reviewed by the
shop superv i sor , and the VIl)S/MAF/LRIJ routed hack to Production contro l .
The LRU is  then placed in  the supply system , work boards updated , and
V If ) S / M A F f o rm sent to the computer center.  If an LRV cannot be repa i red
due to lack of parts again a VIr)S/MA F form is initiated indicating the
required part and both the form and LRU routed to supply. At supply the
date the part  was ordered w i l l  be p laced on the VID S/ MA F form , the LRU
stored , and cop ies of the V 1I) S/ MA F sent to the shop , p r o d u c t i o n  contro l ,
and the computer center .  When the part  i s  received , it is recorded on



the VIDS/MAI: form and  LRtJ/part routed back  to the gi oup for  rep a i r .
The V 1DS/MA F is a relativel y new form and t he  shop superv  i .~ors
in d i ca t ed  i t  h ad i nc r eased t h e i  r pa perwo rk r equ i  r em cnts  due t ii th e
neces s i t y of t r a n s f e r r i n g  information (‘ron one f orm to a n o t h e r ;
howe v er , they h ave  hea rd  rumors t h a t  eventually the  \ll)S/MAF format
would become an automa ted system with a t e r m i n a l  i n  each i n d i v i d u a l
shop . Each shop supe rv i so r  gets a d a i l y  readout  from the  computer
cen te r i n d i c a t i n g  t he  s t a t u s  of t h e i r  shops . App a ren t  l y , the
dail y readouts were usually late and of little value ; hut monthl y
readouts were useful in  performance of thei i’ management  f u n c t i o n .
I t should also be noted that the personnel indic ated the maintenance
manhours filled out on the forms were rough estimate s .

5. Mannin g : The manning at the base intermediate shop consisted of bo th
pe rmanen t ly  assi gned personnel , and technicians assigned to aircraft
carriers in port . Whenever a ship returns to port , no av ion i c s
main tenance is performed on the ship; therefore , both the fli ght line
and intermedia te shops’ personnel are temporarily assigned to the base.
A small crew is left on board the ship to keep up the te st s t a t i on s
and perform genera l housekeeping . This concept can be a prob l em in
a case such as existed with the USS Constellation . This shi p had
just returned from a two-year stay in the shi pyards , thus , personnel
assi gned to the s h i p  have been tra i ned and working at the base shops
for a relatively long period of time . When the IJSS Constellation
goes to sea , the base shops will lose the personnel assigned to the
shi p and could inadvert ently find themselves in a position where they
have no one trained on a particular piece of equi pment . To overcome
this prob l em , extensive cross training exists within the shops.
The base intermediate shop employed a few civilians . Ag a i n  the
supervisor stated that this provided stability to their organization .
All shops used three shifts plus a weekend sh i ft of four days .

6. Parts Availabilit y : Parts availability had just begun to he a pr ob lem
and was direc tly related to lack of money . The senior personne l
indica ted that this was a norma l problem that always occurred toward
the end of the fiscal year. The only exception was the spare LRtJs/SRUs
for the avionics suite on board the S-3 aircraft . This was a new weapon
system and minimum spares were procured causing a high cannaha lization
rate , and , in fact , two aircraft were in the hanger fairly well stri pped
of LRUs . Apparently the Navy is gathering field reliability data to
determine the required spare level to support the systems prior to
commitmen t of a large amount of funds.

7. Intermediate Shops:

a . Special soldering facility : This shop was manned by technicia ns
trained both in electronics and soldering techni ques. Some shops also
had personnel tra ined on so l dering techni ques , thus , when had components
were found , the shop supervisor would determine if the components could
be replaced by his personnel, lie usually based his decision upon the
component density and mounting techni que used on the SRU . However , all
the shops indicated that made extensive use of the equi pment/expertise
that existed within the special so l dering facility.
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b.  \ ‘AS ’ : F i ve VAST ( V e r s a t i l e  A v i o n i c s  System Test) were located
at the base and 3-1/2  sy s tems  had just been installed on the U . S . S .
(:onstellat ion : The VAST concept has existed within the Navy for
approximately 15 years and the systems i n s t a l l e d  on the U . S . S .
Constellation represent the second generation. A VAST system consists
of seve r al LRU referred to as building blocks and functions to dynamically
test/troubleshoot a LRU by simulating i n t e r f a c e  si gnals. The shi pboard
VAST systems arc capable of testing 130 LRUs and usually isolated the
prob l em down to three or less SRIJs. It also had the cap ability of
troubleshooting 103 SRUs again isolating the prob l em down to a group of
three components or less. The VAST concept differs from the Air Forces
automated test stations in various ways. First the VAST station is used
for a fairly wide range of new and old systems as well as tactical and
\SI~ systems . h owever , the VAST personnel stated that performance is
better on the newer sys tem where the VAST concept was incorpo rated into
the system design . Probably the unique d i fference was that within the
VAST shop there  were three levels of maintenance technicians . (1) A
computer operator who could interface the LRU to the VAST system and
troubleshoot in the automatic mode only, (2) A limited maintenance
operator who could use the VAST system in a manua l mode , reprogram to
a certain extent , and perform limited manua l maintenance (use scope ,
meters , etc.) to isolate a problem , and (3) A maintenance technician
responsible for upkeep of the test station . It was estimated that 6O
of the time , VAST , in the automatic mode , would fund the probleit in a
LRU/SRLJ . The VAST shop used the special soldering facilit y for all
component rep lacements .

The bi ggest prob l em with VAST appeared to be the time required to test
an LRU. Base shop personnel indicated that it took on the average 5.6
hours to test/troubleshoot one LRU . The majority of this time was
consumed in setting up the interface and loading the necessary programs .
A more efficient test station design would allow for interfacing more
than one IRU and time sharing the computer. It should be noted that
there was one other automated test station installed on the U.S.S.
Constella tion . This station was spec ifically designed for the APS- 1 20
radar system and isolated prob l ems both in the LRUs ‘md SRUs. Again
the technicians were not limited to using the test station in the auto-
matic mode . Apparently, there is a continuing development effort
wi thin the Navy on the VAST concept and they are also investi g a t i n g
methods to shorten the LRU/SRU test times associated with the present
systems .

c. Comm-Nay Aids : This shop used hot mock-up for troubleshooting
and repa i red all systems , excep t one still under Vendor contract , down
to the component level. Very little higher level support was required
and usually consisted of chassis repair. The shop was having the saute
prob l em with the TACAN test set as existed on the Air Force bases . In
addi t ion , the 1FF power supply (xmtr) was a headache to troubleshoot .
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lii i s pow er’ S r l p I ) l V  c c i i s  i sted of sev er : i  I stacked SR U s  mounted in a

~ma 11 vo l ume such that i t was i mposs lb 1 e to use scopes/meter  for
trout) 1 eslioot i r i g .  To f i tid the fault I’equ i red di sassenib  lv of the power
s up p l y ,  Ri~R of the suspected SRII , reassenib ly and the;i conducting the
sy s t e m t e s t s .  Mos t  l i k e l y  t h i s  prob l em was not noted at t he  A i r
Force bases sin ce the  power s u p p l y  i t s e l f  c o u l d  he c o n s i d e r e d  as a
SRU. This w a s  not :i hi gh f a i l  i t e m and the 1FF system 1)0th in the
Navy and A i r Force appear to be it i gh ly re Ii at) 1 e

d.  R a d a r :  ‘I’ m i s shop had a c r o s s — s e c t  ion of age . Al  I t h e
o l d e r  sy s tems used hot  mockups for t r o u b l e s h o o t i n g .  Manua l test
s t a t i o ns e x i s t e d  for the AP S-ll 6 and the  F L I R  aboard the S-3 a i r c r a f t .
Roth of these s’,’s tcms were also supported by the VAST shop,  howvuer ,
as of yet the software prob l ems have not been solved . Their bi ggest
problem was tha t the tech orders had not been published and they were
us i ng preliminar y manuals which were not comp le te or corrected . l:roln
the limited data , it appears that the scan conver te r  for the  A P S - l l ( )
w i l l  he one of the  h i gh fail i tems .

e. Instrument Shop: The instrument s top had very few complaints
I’his shop differs from the Air Force in that it is manned b y Electricians
ins tead of [lectronic Technicians.

9. li gh t Line Shops VS-21~~ VS-4l : Roth of these shops supported S-3
aircraft wi th the bi ggest prob l em being lack of ~pare~ c a u s i n g  a l a r g e
amoun t of cannaha lization (refer to item 6). The S-3 has an on hoard
com puter  tha t  per forms , among o ther  f u n c t i o n s , an i n - f l i gh t  B I F .
l:u r t h e r , bot h m a i n t e n a n c e  and o p e r a t i o n a l  tapes e x i s t  for r i se b y t h e
f l i ght line technicians. The VS-41 shop indica ted that they had l i t t l e
use for the maintenance tapes and have found the operational tapes
to he more effective . Also , the S-3 system had an in-fligh t recorder
t ha t  would record when a LRU failed and other pertinent data assoc ia ted
with the aircraft . It did not monitor the status of aircraft power when
the failure occurred. A g a i n , the flig h t l i n e  t e c h n i c i a n s  found t h i s to
be of litt l e  value. It appea red both fli ght line shops still depended
upon experience for fault isolation.

10. 5-3  Accessibi lity : The LRUs on the S- 3 are readil y accessible with the
majority of the units mounted in a pressurized compartment behind the

, 
aircrew . All the I.RtJs were slide mounted with permanent connector on
the hack plat e . ‘I’hcy have experien ced some wiring problems hu t o n l y  a
few bent p i n s .

1 1 . h a i l  N u m b e r Scheduling : l i k e  the Air Force tail number schedul ing was
emp loyed. A gain , i t was felt that this increased the cannaha lization
rate.
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