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SECTION 1 

INTRODUCTION 

Gonera l  A v i a t i o n  s e r v e s  an impor tan t  r o l e  i n  t r a n s p o r t a t i o n  and 

i n  t h e  N a t i o n ' s  economy, But o p e r a t i n g  p r o c e d u r e s  a r e  compli- 
c a t e d ,  r e g u l a t i o n s  a r e  r e s t r i c t i v e ,  and t h e  demands of  t h e  
N a t i o n a l  A i r  T r a f f i c  C o n t r o l  CATC) sys tem a r e  i n c r e a s i n g ,  A l l  o f  
t h e s e  f a c t o r s  c o n t r i b u t e  t o  an i n c r e ~ s i n g  dependence on a v i o n i c s  

and t o  a  c o r r e s p o n d i n g  i n c r e a s e  i n  t h e i r  c o s t  and complex i ty ,  
Fur thermore ,  such  d i v e r s e  c o n s i d e r a t i o n s  a s  s a f e t y ,  r i s i n g  f u e l  

c o s t s ,  and t h e  d e s i r e  t o  improve s i n g l e  p i l o t  IFR o p e r a t i o n  w i l l  
s t i m u l a t e  t h e  demand f o r  even more a v i o n i c s ,  

To d a t e ,  t h e  a v i o n i c s  i n d u s t r y  has  been a b l e  t o ' m e e t  t h e  i n c r e a s -  

ing  requixeruepts  f o r  a v i o n i c s  a t  a f f o r d a b l e  p r i c e s  by a g g r e s s i v e l y  

a p p l y i n g  new t e c h n o l o g i e s .  The a p p l i c a t i o n  of nep t e c , h o l o g y  has 

been a long  t r a d i t i o n a l  l i n e s ,  however, w i t h  i n t e g r a t i o n  o c c u r r i n g  

on ly  i n  a  few s p e c i f i c  a r e a s  such a s  navigation/communication s y s -  

tems and i n t e g r a t e d  f l i g h t  d i r e c t o r / a u t o p i l o t  d e s i g n s .  Using 

t h i s  approach ,  t h e  a d d i t i o n  of  more s o p h i s t i c a t e d  c a p a b i l i t i e s  -- 
such a s  a  performance computer ,  a  p i l o t  a l e r t  sys tem,  o r  a  ground- 
p rox imi ty  warning s y s t e m  -- is expens ive  and cumbersome because  

of t h e  need f o r  s e p a r a t e  compute r s ,  s e p a r a t e  d i s p l a y s  and c o n t r o l s ,  
and s i g n a l s  from a i r c r a f t  s e n s o r s  t h a t  e i t h e r  do n o t  have an ap- 

p r o p r i a t e  o u t p u t ,  o r  a r e  no t  e a s i l y  a c c e s s i b l e .    ow ever, a s  a  

r e s u l c  of r e c e n t  developments  i n  m i c r o p r o c e s s o r s ,  b u s i n g ,  d i s p l a y s ,  
and s o f t w a r e  t e c h n o l o g y ,  i t  may be p o s s i b l e  t o  c o n f i g u r e  an i n t e -  

g r a t e d  a v i o n i c s  sys tem t h a t  is b e t t e r  s u i t e d  f o r  acccmmodating 

t h e s e  f u t u r e  r e q u i r e m e n t s .  



I n  1975,  a  r e s e a r c h  and development program wds i n i t i a t e d  w i t h i n  
4 

t h e  N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  t o  d e t e r m i n e  
t h e  f e a s i b i l i t y  of  deve lop ing  an i n t e g r a t e d  a v i o n i c s  sys tem s u i t -  .. 
a b l e  f o r  g e n e r a l  a v i a t i o n  i n  t h e  mid-1980s and beyond. The ob- 
j e c t i v e  was t o  p r o v i d e  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  d e s i g n  s f  
r e l i a b l e  i n t e g r a t e d  a v i o n i c s .  T h i s  a v i o n i c s  was t o  p r o v i d e  ex- 
panded f u n c t i o n a l  c a p a b i l i t y  t h a t  would s i g n i f i c a n t l y  enhaace  t h e  
u t i l i t y  and s a f e t y  of g e n e r a l  a v i a t i o n  a t  a  c o s t  commensurate 
w i t h  t h e  g e n e r a l  a v i a t i o n  marke t ,  

The program has  emphasized t h e  u s e  o f  a  d a t a  b u s ,  m i c r o p r o c e s s o r s ,  
e l e c t r o n i c  d i s p l a y s  and d a t a  e n t r y  d e v i c e s ,  and improved f u n c t i o n  
c a p a b i l i t i e s .  A s  a  f i n a l  s t e p ,  a  Demonst ra t ion  Advanced Avionics  
System (DAAS) c a p a b l e  of  e v a l u a t i n g  t h e  most c r i t i c a l  and promis- 
i n g  e lements  of an i n t e g r a t e d  sys tem w i l l  b e  d e s i g n e d ,  b u i l t ,  and 
f l i g h t  t e s t e d  i n  a  twin-engine  g e n e r a l  a v i a t i o n  a i r c r a f t .  

A c o n t r a c t  w a s  awarded t o  Honeywell,  I n c . ,  teamed w i t h  King Radio 
C o r p . ,  i n  August 1978 f o r  t h e  d e s i g n  and f a b r i c a t i o n  of  DAAS. 
The s p e c i f i c  o b j e c t i v e s  were ( 1 )  t o  f a b r i c a t e  an i n t e g r a t e d  a v i -  
o n i c s  sys tem based on t h e  i n f o r m a t i o n  o b t a i n e d  i n  t h e  i n v e s t i g a -  
t i o n s  d e s c r i b e d  i n  t h e  f o r e g o i n g  pa ragraph  ( 2 )  t o  i n c o r p o r a t e  i n  
t h i s  s y s t e m  a  set of  f u n c t i o n a l  c a p a b i l i t i e s  t h a t  w i l l  b e  bene- 
f i c i a l  t o  g e n e r a l  a v i a t i o n ,  and ( 3 )  t o  d e s i g n  t h e  d i s p l a y s  and 
c o n t r o l s  s o  t h a t  t h e  p i l o t  can u s e  t h e  sys tem a f t e r  minimum t r a i n -  
i n g .  The sys tem w i l l  be  i n s t a l l e d  i n  t h e  Ames Research  C e n t e r ' s  
Cessna 402B i n  t h e  e a r l y  p a r t  of 1981;  e n g i n e e r i n g  f l i g h t  t e s t i n g  
w i l l  begin  a t  King Radio i o  O l a t h e ,  Kansas,  i n  mid-1981. F l i g h t  
t e s t s  a t  A m e s  Research Cen te r  a r e  expec ted  t o  start i n  l a t e  1981.  
Dur ing t h e  f l i g h t  tests, g u e s t  p i l o t s  from v a r i o u s  segments  of 

t h e  g e n e r a l  a v i a t i o n  community w i l l  be i n v i t e 2  t o  e v a l u a t e  t h e  
DAAS c o n c e p t .  



The DAA3 Program also i n c l u d e s  d e f i n i t i o n  and a n a l y s i s  of  a  pro-  

j e c t  e d  Advanced Avionics  System (PAAS). PAAS e x t r a p o l a t e s  t h e  
& 

DAQS concept  o f  i n t e g r a t e d ,  f a u l t  t o l e r a n t  a v i o n i c s  t o  a  poten-  

t i a l  o p e r a t i o n a l  v e r s i o n  f o r  t h e  mid-1980s. PAAE was a n a l y z e d  t o  

de te rmine  r e l i a b i l i t y ,  c o s t ,  e t c .  , and impact  of t h e  DAAS concept  

i n  comparison t o  c o n v e n t i o n a l  a r c h i t e c t u r e ,  The r e s u l t s  a r e  con- 
t a i n e d  h e r e i n ,  

This  r e p o r t  documents t h e  DAAS Program Phase  I System Des ign ,  and 

i n c l u d e s  t h e  f o l l o w i n g :  

a DEMONSTRATION ADP A S E D  AVIONICS SYSTEM (DAAS ) 

- DAAS Funr t  i o a a l  D e s c r i p t i o n  

- DAAS Hardware D e s c r i p t i o n  

.- DA.AS O p e r a t i o n a l  Evalua-t;ion 

- DAAS F a i l u r e  Modes E f f e c t s  ~ n a i y s i s  

a P r o j e c t  Advanced Avionics  System (PAAS) 

- PAAS D e s c r i p t i o n  

- PAAS R e l i a b i l i t y  A n a l y s i s  

- PAAS Cost  A n a l y s i s  

- PAAS Maintainability A n a l y s i s  

- PAAS Modula r i ty  Ana,lysis . , ~ o n c l u s i o n s  and Recommendat i o n s  

A d d i t i o n a l  d e t a i l e d  d e s i g n  i n f o r m a t i o n  is  c o n t a i n e d  i n  t h e  fo l low-  

i n g  documents : 



e 'Demonstrat ion Advanced Avionics System (DAAG) Func t iona l  

D e s c r i p t i o n , '  15 October 1980, NASA CR-LS2499, by Honeywell 

I n c ,  and King Radio f o r  Ames  Research Ceuter, NASA. 

a 'DAAS-System S p e c i f i c a t i o n  (YG 1 3 1 0 ) , '  20 December 1979,  

Honeywell S p e c i f i c a t i o n  DS 28150-01, 

'DAAS C e n t r a l  Computer Unit (BG1135), '  3 October 1980,  

Honeywell S p e c i f i c a t i o n  DS 28151-01. 

'EHSI ( E l e c t r o n i c  Hor i zon t a l  S i t u a t i o n  I n d i c a t o r )  JG12D4AAI1 

1 3  December 1979, H o n e n e l l  S p e c i f i c a t i o n  D538153-01, 

e 'IDCC ( I n t e g r a t e d  Display and Con t ro l  C e n t e r ) ,  DAAS 

HG1052AAJf 13  December 1979,  Honeywell S p e c i f i c a t i o n  

DS2S154-01, 

'NASA-Honeywell DAAS Radio Adapter U n i t  P/N 066-1083-00,' 

1 4  September 1979,  Kinq Radio Corp. S p e c i f i c a t i o n  001-5018-00. 

a ' Sof tware  Development S p e c i f i c a t i o n  For Y61210 NASA DAAS 

Avionics Sys t em, '  Honeywell S p e c i f i c a t i o n  DS28152-01. 



SECTION 2 

DE&iONSTB:!?ION ADVANCED AVIaNICS SYSTEM (.DABS) 

DAAS is  t h e  demonst raeor  system i n t e n d e d  t o  p h y s i c a l l y  demons t ra te  

t h e  c h a r a c t e r i s t i c s  of a  f a u l t  t c l c r a n t  i n t e g r a t e d  a v i o n i c s  s y s -  

tem i n  a  Cessna 403B a i r c r a f t ,  Fol lowing is  d e s c r i p t i o n  of t h e  

demons t ra to r  sys tem i n c l u d i n g  f u n c t i o n a l  d e s c r i p t i o n ,  hardware 

d e s c r i p t i o n ,  documentat ion of  t h e  DABS o p e r a t i o n a l  e v a l u a t i o n  

conducted oo t h e  DAAS s i r n u l e t o r ,  and documenta t ion  of t h e  f a l l u r e  

modes and e f f e c t s  a n a l y s i s  conducted t o  v e r i f y  DAAS f l i g h t  s a f e t y ,  

2.1 DAAS FUNCTIONAL DESCRIPTION 

The DABS is  an i n t e g r a t e d  sys tem.  I t  per forms a  b road  range  o f  

g e n e r a l  a v i a t i o n  a v i o n i c s  f u n c t i o n s  u s i n g  one computer sys tem,  

and s h a r e d  c o n t r o l s  and d i s p l a y s ,  Fol lowing is b r i e f  d e s c r i p t i o n  

of  t h e  DAAS f u n c t i o n s ,  c o n t r o l s  and d i s p l a y s ,  and DABS a r c h i t e c -  

t u r e ,  

3,l. 1 DABS F u n c t i o n s  

a Autopi loz  - The a u t o p i l o t  is a  d i g i t a l  v e r s i o n  of t h e  King 

KFC300 modi f i ed  f o r  c o m p a t i b i l i t y  w i t h  D A M .  The b a s i c  au to -  

p i l o t  modes a r e  : 

- Yaw Damper 

- HDG SEL (Heading S e l e c t )  

- ALT, ALT ARM ( A l t i t u d e  t io ld ,  A l t i t u d e  Arm) 



- NAV,  VNAV Coupled Cont ro l  

- Approach Coupled C o n t r o l  
f. 

N a v i g a t i o n / F l i g h t  P l a n n i n g  - The n a v i g a t i o n / f l i g h t  plannl'iiri 
f u n c t i o n  computes a i r c r a f t  p o s i t i o n  w i t h  r e s p e c t  t o  an en- 
t e r e d  f l i g h t  p l a n ,  and b l e n d s  dead-reckoning p o s i t i o n  ( a s  
de te rmined  from a i r s p e e d  and head ing)  with p o s i t i o n  e x t r a c t e d  
from a u t o m a t i c a l l y  tuned  VOR/DME r e c e i v e r s .  F u n c t i o n s  are:  

- 10 Waypoints ,  10 NAVAID S t w a g e  

- Kalman F i l t e r  Blending 

- Moving Map Disp lay  

a F l i g h t  Warning/Advisory System - DAAS i n c l u d e s  e x t e n s i v e  
m o n i t o r i n g ,  w i t h  warning c a p a b i l i t y .  For example,  t h e  DAAS 
system m o n i t o r s  dngine performance (MAP, RPM), a i r c r a f t  con- 
f i g u r a t i o n  ( g e a r  p o s i t  i o n ,  f l a p  p o s i t  i o n ,  e t c .  ) w i t h  r e s p e c t  
t o  f l i g h t  c o n d i t i o n ,  and ground p rox imi ty  and informs t h e  
p i l o t  of  u n d e s i r a b l e  s i t u a t i o n s .  Moni tor ing  i n c l u d e s  : 

- Engine  Parameter  Moni tor ing  Warning 

- A i r c r a f t  C o n f i g u r a t i o n  Moni to r ing ,  Warning 

- Airspeed  and S t a l l  Moni to r ing ,  Warning 

- A l t i t u d e  Advisory Funct ion  

- Marker Beacon Advisory Func t ion  

- NAVAXD I d e n t i f i c a t i o n  Moni tor ing  

- A u t o p i l o t l F Z i g h t  D i r e c t o r  Moni tor ing  

- BIT F a u l t  Warning 



GMT Clock Func t ion  - The DhAS uonlputer sorvss a s  a M T  
cloclr . 

e Fuel  T o t a l i z e r  Func t ion  - F u e l  f low i s  i n t e g r a t e d  t o  t o t a l -  

i z e  f u e l  usetd. 

Weight and Balance  Computat ions - Weight and b a l a n c e ,  and 

t a k e o f f  c r u i s e  performance c a l c u l a ~ t i o n s  can  b e  q u i c k l y  and 

c o n v e n i e n t l y  performed u s i n g  DAAS c o n t r o l s  and d i s p l a y s ,  

Performance Computations - The DAAS sys tem w i l l  d e t e r m i n e  

f u e l  and time r e q u i r e d  t o  f l y  s p e c i f i c  segment d i s t x n c e s  

g iven a l t i t u d e ,  t e m p e r a t u r e ,  w l ~ d  d a t a ,  and eng ine  power 

s e t t i n g ,  Performance computa t ion  f u n c t i o n s  a r e :  

- Tnkeof f  Performance 

- C r u i s e  Perzorrnance 

- Fue l /Dis tance /T ime  Computation 

e DABS ( D i s c r e t e  Address Beacon System) ATC Communication, 

Weather Repor t ing  - ATC t e x t  messages ( e ,  g . , CLIMB AND MAIN- 
T A I N  1200 FT) o r  weather  i n f o r m n t i o n  a.t d e s t i n a t i o n  can be 

comrnu,aicated t o  t h e  DAAS p i l o t  v i a  DABS d a t a  l i n l r  and d i s -  

played on t h e  DAAS e l s c t r o n i c  d i s p l a y .  

BIT ( B u i l t - i n  T e s t )  - The DAAS sys tem w i l l  detect ;  and l o c a l -  

i z e  i t s  own f a u l t s  v i a  BIT. P r o v i s i o n s  a e  a l s o  i n c l u d e d  

f o r  t r o u b l e s h o o t i n g  t h e  DAAS hardware t h r o u g h  DAAS c o n t r o l s  

and e l e c t r o n i c  d i s p l a y s .  



a Normal, Emergency C h e c k l i s t s  - Normal and emergency check- 

l i s t s  a r e  s t o r e d  i n  t h e  DAAS computer ,  and a r e  a v a i l a b l e  f o r  

d i s p l a y  a t  t h e  push of a  b u t t o n .  

These f u n c t i o n s  a r e  managed v i a  s h a r e d  c o n t r o l s  and d i s p l a y s ,  and 

performed i n  t h e  common DAAS computer systein. 

2 , 1 . 2  DAAS C o n t r o l s  and D i s p l a y s  

The DAAS Cessna 402B a i r c r a f t  c o n t a i n s  -- 
e C o n t r o l . ~  and d i s p l a y s  n e c e s s a r y  t o  manage DAAS f u n c t i o n s .  

A d d i t i o n a l  i n s t r u m e n t s  n e c e s s a r y  f o r  IFR f l i g h t  o p e r a t  i o n s ,  

a Independent  s a f e t y  p i l o t  i n s t r u m e n t  i n s t a l l a t i o n .  

These c o n t r o l s  and d i s p l a y s  a r e  l a y e d  o u t  i n  t h e  402B c o n t r o l  

p a n e l  a s  i n d i c a t e d  i n  F i g u r e  2-1, Cessna 402B Layout .  The DAAS 

p i l o t  i s  i n  t h e  l e f t  s e a t ,  and t h e  s a f e t y  p i l o t  i n  t h e  r i g h t  s e a t .  

E l e c t r o n i c  d i s p l a y s  -- t h e  E l e c t r o n i c  H o r i z o n t a l  S i t u a t i o n  Ind i -  

c a t o r  (EHSI) and I n t e g r a t e d  Data C o n t r o l  Cen te r  (IDCC) -- are key 

e l e m e n t s  of t h e  p a n e l .  

The EHSI p r e s e n t s  a  moving map d i s p l a y  showing a i r c r a f t  p o s i t i o n  

w i t h  r e s p e c t  t o  d e s i r e d  c o u r s e .  The d i s p l a y  i s  a  4 .5 - inch  mono- 

chromat ic  B a l l  B r o t h e r s  103C CRT r a s t e r  d i s p l a y  u n i t .  The d i s -  

p l a y  u n i t  h a s  256- by 256-dot m a t r i x  d i s p l a y  c a p a b i l i t y .  P43 

phosphor is used  t o g e t h e r  w i t h  an a p p r o p r i a t e  narrow band o p t i c a l  

f i l t e r  t o  a l l o w  o p e r a t i o n  i n  b r i g h t  s u n l i g h t .  The EHSI i s  con- 

t r o l l e d  by f u n c t i o n a l  c o n t r o l  b u t t o n s  and a  map s lew c o n t r o l l e r .  
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The L:rtegrated Data  C o n t r o l  Cen te r  (IDCC) is t h e  p i lo t ;  Is pr imary  

means of  i n t e r a c t i n g  w i t h  DAAS. Inc luded  a r e  a  keyboard a t  t h e  

bottom of t h e  u n i t  and a  set of f u n c t i o n  b u t t o n s  a l o n g  t h e  t o p .  

The f u n c t i o n  b u t t o n s  i n c l u d e  a  s e t  of  page s e l e c t  b u t t o n s  which 

d,etermine t h e  i n f o r m a t i o n  t h a t  is d i s p l a y e d  on t h e  IDCC d i s p l a y ,  

The IDCC d i s p l a y  CRT is i d e n t i c a l  t o  t h e  EHSI; i , ~ . ,  4.3- inch by 

4 , 5 - i n c h  B a l l  B r o t h e r s  monochromatic u n i t .  The IDCC can d i s p l a y  

16 l i n e s  of  32 c h a r a c t a s s  e a c h .  L i n e  s p a c i n g  is  0 . 2 5  i n c h ,  c-har- 

a c t e r  h e i g h t  is 0 .162 i n c h ,  and c h a r a c t e r  wid th  is 0 , 1 2 5  i n c h .  

The IDCC is implemented w i t h  menu s e l e c t  b u t t o n s  a l o n g  each s i d e  

of t h e  CRT, o r  w i t h  a  p r e s s u r e  s e n s i t i v e  p l a s t i c  s c r e e n  o v e r l a y  

f a r  t o u c h  p o i n t  menu s e l e c t i o n .  The a l t e r n a t e  approaches  can be  

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

The DAAS EHSI is sur rounded  by t h e  c o n v e n t i o n a l  'IT" p a t t e r n  of 

f l i g h t  c o n t r o l  i n s t r u m e n t s .  

The AD1 used i n  DAAS i s  t h e  4-inch King KC1 310 F l i g h t  Command 

I n d i c a t o r .  

The a l t i m e t e r  is  an IDC Encoding A l t i m e t e r  t y p e  519-28702-571, 

An a l t i t u d e  a l e r t  l i g h t  is mounted on t h e  a l t i m e t e r .  

The r a t e - o f - c l i m b  i n d i c a t o r  p r o v i d e s  v e r t i c b l  speed i n f o r m a t i o n  

t o  t h e  p i l o t .  The d i s p l a y  p r e s e n t s  r a t e s  of c l i m b ,  o r  d e s c e n t ,  

i n  f e e t  p e r  m i n u t e .  The f a c e  is  2-114 i n c h e s , w i d e .  

The King K I  226 RMI d i s p l a y s  heading and b e a r i n g  t o  a  s e l e c t e d  

VOR s t a t i o n .  

PRECEDING PAGE BLANK NOT FIL;MBD: 



The DAAS A u t o p i l o t  Mode C o n t r o l l e r  i s  l o c a t e d  on t h e  p e d e s t a l ,  

and t h e  A u t o p i l o t  Mode Annunciator  i s  l o c a t e d  above t h e  a l t i m e t e r .  

DAAS eng ine  i n s t r u m e n t s  and r a d i o  s t a c k  a r e  c e n t r a l l y  l o c a t e d  and 
< 

a r e  a c c e s s i b l e  t o  t h e  DAAS p i l o t  and t h e  s a f e t y  p i l o t ,  

Unique DAAS s w i t c h  c o n t r o l s  l o c a t e d  on t h e  p a n e l  i n c l u d e :  

NAV 1-DAASIMANUAL Tune ( l o c a t e d  t o  t h e  r i g h t  of  t h e  NAV 1 

r a d i o  ) 

NAV 2-DAASIMANUAL Tune ( l o c a t e d  t o  t h e  r i g h t  of t h e  NAV 2 

r a d i o )  

DME TRANSFER ( l o c a t e d  t o  t h e  r i g h t  of t h e  DME) 

u VOR s o u r c e  s w i t c h  ( l o c a t e d  t o  t h e  lower l e f t  of t h e  RMI) 

e ILS s o u r c e  s w i t c h  ( l o c a t e d  t o  t h e  lower l e f t  of t h e  A D I )  

NAV R e c e i v e r s  can be  tuned manually (MANUAL) o r  a u t o m a t i c a l l y  

(DAAS). The DME t r a n s f e r  s w i t c h  a l l o w s  t h e  DME r e c e i v e r  t o  be 

tuned  by e i t h e r  NAV r e c e i v e r  1 o r  2 .  The DAAS p o s i t i o n  s l a v e s  

t h e  DME t o  t h e  NAV r e c e i v e r  b e i n g  c o n t r o l l e d  by DAAS. 

The s a f e t y  p i l o t  i n s t r u m e n t  set is  independent  from t h e  DAAS 

i n s t r u m e n t s ,  and adequa te  f o r  s a f e  f l i g h t  w i t h  DAAS i n o p e r a t i v e .  

The s a f e t y  p i l o t ' s  P i c t o r i a l  Navigat ion  I n d i c a t o r  d i s p l a y s  a i r -  

c r a f t  magnet ic  heading ( g y r o - s t a b i l i z e d ) ,  s e l e c t e d  heading and 

s e l e c t e d  c o u r s e .  Also ,  VOR and l o c a l i z e r  c o u r s e  d e v i a t i o n ,  

g l i d e s l o p e  d e v i a t i o n  and a  TO-,FROM i n d i c a t i o n  a r e  p r e s e n t e d ,  
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The s a f e t y  p i l o t ' s  KG-258 a r t i f i c i a l  h o r i z o n  is  an a i r  d r i v e n  

u n i t .  I t  is t h e  s a r e t y  p i l o t ' s  b a s i c  a t t i t u d e / h o r i z o n  r e f e r e n c e  

i n d i c a t o r ,  / 

A i r c r a f t  m a s t e r  power c o n t r o l s  a r e  c e n t r a l l y  l o c a t e d  overhead .  

C i r c u i t  b r e a k e r s  a r e  l a c a t e d  on t h e  p e d e s t a l .  

2 . 1 . 3  DABS System A r c h i t e c t u r e  

4. 

DAAS sys tem a r c h i t e c t u r e  is p r e s e n t e d  i n  F i g u r e  2-2. The a r c h i -  

t e c t u r e  is  c h a r a c t e r i z e d  by a  modular computer sys tem s t r u c t u r e ;  

i . e , ,  m u l t i m i c r o p r o c e s s o r s  i n t e r c o n n e c t e d  by an IEEE 488 d a t a  bus .  

Each p r o c e s s o r  b lock  i n  F i g u r e  2-2, excep t  f o r  t h e  r a d i o  sys tem,  

r e p r e s e n t s  an I n t e l  8086 1 6 - b i t  m i c r o p r o c e s s o r ,  2k by 16 PROM 

memory, and 4k by 16 t o  16k by 16 RAM memory. The r a d i o  System 

uses  t h e  I n t e l  8048 m i c r o p r o c e s s o r .  

Each p r o c e s s o r  performs a  f u n c t i o n ,  and i n t e r f a c e s  d i r e c t l y  w i t h  

t h e  subsys tems a s s o c i a t e d  w i t h  t h a t  f u n c t i o n .  A t  power-on, t h e  

bus c o n t r o l l e r  Computer CPU-1 t a k e s  f u n c t i o n a l  programs from t h e  

n o n v o l a t i l e  bubb le  memory, and s e q u e n t i a l l y  l o a d s  e a c h . p r o c e s s o r  

a t  t h e  r a t e  o f  approx imate ly  2  seconds  p e r  p r o c e s s o r .  When a l l  

p r o c e s s o r s  a r e  l o a d e d ,  t h e  bus  c o n t r ~ l l e r  a c t i v a t e s  t h e  sys tem.  

The b u s  c o n t r o l l e r  t h e n  manages bus communications d u r i n g  normal 

o p e r a t  i o n s .  

A p o r t a b l e  T I  S i l e n t  700 c a s s e t t e  u n i t  can i n t e r f a c e  w i t h  t h e  bus 

c o n t r o l l e r  t o  a l l o w  l o a d  o r  m o d i f i c a t i o n s  of t h e  f u n c t i o n a l  s o f t -  

ware. 

CC-CPU 5 is  a  s p a r e  p r o c e s s o r ,  I f  p r o c e s s o r  CC-CPU 3 o r  CC- 

CPU 4 f a i l s  and t h e  bus  c o n t r o l l e r  d e t e c t s  t h e  f a i l u r e ,  
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Figure 2-2. DAAS System Architecture 



- the  bus  c o n t r o l l e r  w i l l  l o a d  CC-CPU 5 w i t h  a p p r o p r i a t e  s o f t w a r e  
from bubb le  memory, and CCrCPU 5 w i l l  t a k e  o v e r  t h e  f u n c t i o n  of  t h e  
f a i l e d  p r o c e s s o r ,  ( N o t e :  T h i s  r e c o n f i g u r a t i o n  c a p a b i l i t y  is 
e s p e c i a l l y  i m p o r t a n t  when an EHSI and an EADI a r e  i n c l u d e d  i n  t h e  
PAAS sys tem.  With a  f a i l u r e  i n  one d i s p l a y ,  t h e  s p a r e  p r o c e s s o r  
c o u l d  b e  l o a d e d  t o  a l l o w  t i m e  s h a r i n g  of t h e  remaining good d i s -  
p l a y  a s  b o t h  EADI and EHSI.)  Such r e c o n f i g u r a t i o n  cou ld  b e  ex- 
t e n d e d  t o  o t h e r  p r o c e s s o r s  such  a s  CC-CPU 2 ,  t h e  a u t o p i l o t .  How- 
e v e r ,  f o r  s u c h  reconf  i g u r a t i o n  t h e  s p a r e  p r o c e s s o r  must i n t e r f h c e  
w i t h  a u t o p i l o t  s u b s y s t e m s ,  which r e q u i r e s  a d d i t i o n a l  m u l t i p l e x i n g  
of  hardware .  R e c o n f i g u r a t i o u  was t h u s  a p p l i e d  on ly  t o  a  l imi ted  

d e g r e e  i n  t h i s  d e m o n s t r a t o r  sys tem.  

The DAAS a r c h i t e c t u r e  is modular .  F u n c t i o n s  can be added by add- 
i n g  n e c e s s a r y  s t a n d a r d  p r o c e s s o r  modules o n t o  t h e  488 d a t a  b u s ,  
and i n t e r f a c i n g  t h e s e  p r o c e s s o r  modules w i t h  t h e  d e v i c e s  a s s o c i -  
a t e d  w i t h  t h e  new f u n c t i o n .  

S i x  p r o c e s s o r s  a r e  c o n t a i n e d  i n  t h e  DAAS C e n t r a l  Computer U n i t .  
One p r o c e s s o r  is c o n t a i n e d  i n  t h e  IBCC,  and one p r o c e s s o r  is 

c o n t a i n e d  i n  t h e  r a d i o  a d a p t e r  u n i t .  

DAAS HARDWARE DESCRIPTION 

D A A S  system components,  and t h e i r  i n t e r c o n n e c t i o n s  a r e  d e p i c t e d  
i n  F i g u r e  2-3 ,  DAAS System Diagram. I n t e r c o n n e c t i o n  between t h e  
DAAS panel  i n s t r u m e n t s ,  s e n s o r s ,  and t h e  DAAS computer sys tem is 

shown. The DAAS C e n t r a l  Computer o b t a i n s  d a t a  from t h e  r a d i o  s y s -  

t e m  ( r a d i o  a d a p t e r  u n i t ,  i a d i o  s t a c k ) ,  f l i g h t  c o n t r o l  s e n s o r s ,  
e n g i n e  i n s t r u m e n t s ,  c o n f i g u r a t i o n  s t a t u s  s e n s o r s ,  and IDCC,  





F u n c t i o n a l  computa t ions  a r e  performed ou t h e  i n p u t  d a t a  and t h e  

r e s u l t s  a p p l i e d  t o  EHSI, FDI, w a r n i n g / c a u t i o n  l i g h t s ,  and au to -  

p i l o t  s e r v o s ,  

Fol lowing is a  d e s c r i p t i o n  of  new d e s i g n  DAAS f l i g h t  hardware 

i n c l u d i n g :  

a C e n t r a l  Computer U n i t s  

IDCC 

EHSI 

Radio Adapter  Uni t  

The hardware is shown i n  F i g u r e  2-4, 

2 . 2 . 1  Computer C e n t r a l  Unit CCCU) 

The CCU, F i g u r e  2-5, c o n s i s t s  of t h e  f o l l o w i n g  computer p r o c e s s -  

i n g  u n i t s  (CFJs )  and t h e i r  a s s o c i a t e d  1/0 i n t e r f a c e s :  

A u t o p i l o t  CPU 

a Bus C o n t r o l l e r  CPU 

a EHSI CPU 

NAV CPU 

e DABS CPU 

e Spare  CPU 

In a d d i t i o n ,  t h e  CCU con ta . ins  a one mega-bit bubb le  memory and 

t h e  r e g u l a t e d  power s u p p l i e s  f o r  t h e  DAAS sys tem.  

2 . 2 . 1 . 1  Mechanical -- The CCU is pa.ckaged i n  a  f u l l  ATR C h a s s i s ,  

The d imensions  of which a r e  g iven  i n  t h e  i n s t a l l a t i o n  drawing 



Figure 2-4. D A I S  Flight Hardware. From left to rich: : 
Elecrronlc Horizor.ta? Situation Indica-or. 
Central Computer Cnir. Radio Adapter Cnir. 
and Interrat~d Data Control Center. 

is 



Figure 2-5. 3AAS Central Computer Unit 



shown i n  F i g u r e  2-6, The c h a s s i s  h a s  been c o n s t r u c t e d  t o  a c c e p t  

up t o  t w e n t y - t h r e e  6 . 2 5  by 6 . 2 5  i n c h  c a r d  a s s e m b l i e s  p l u s  f o u r  

l a r g e r  10  by 6 i n c h  c a r d  a s s e m b l i e s .  A l l  i n t e r c o n n e c t i o n s  of  t h e  

c a r d  a s s e m b l i e s  a r e  v i a  a  wirewrap mother b o a r d ,  

2 . 2 , 1 . 2  CPU and Memory -- Each CPU h a s  been des igned  t o  f i t  on 

a  s i n g l e  p r i n t e d  c i r c u i t  board  c a r d  assembly a s  shown i n  F i g u r e  

2-7 ,  A CPU c o n s i s t s  of t h e  8086 m i c r o p r o c e s s o r ,  4 K  by 1 6  of  RAM 

memory, 2K by 16 .of W-EPROM, an 8259 programmable i n t e r r u p t  con- 

t r o l l e r ,  and t h e  IEEE-488 bus i n t e r f a c e  c i r c u i t r y .  In  a d d i t i c r  

t o  t h e  8086 mic roprocessor  I C ,  t h e  p r o c e s s o r  a l s o  c o n t a i n s  an 

8284 c l o c k  g e n e r a t o r ,  bus b u f f e r  l o g i c ,  and memory c h i p  s e l e c t  

l o g i c .  

To f a c i l i t a t e  s o f t w a r e  development ,  t h e  8086 i s  mounted i n  a  

q u i c k - e j e c t  s o c k e t .  T h i s  a l l o w s  e a s y  replacement  of t h e  8086 

w i t h  an i n - c i r c u i t  emula to r  (ICE-86).  The 8086 is o p e r a t e d  a t  

4  MHz by d r i v i n g  t h e  c l o c k  g e n e r a t o r  w i t h  a  1 2  MHz c r y s t a l .  T h i s  

c l o c k  f requency  w a s  s e l e c t e d  t o  be  compta ib le  w i t h  t h e  ICE-86 

which has  a  maximum l i m i t  of 4 MHz. 

The 8259 programmable i n t e r r u p t  c o n t r o l l e r  p r o v i d e s  t h e  c a p a b i l i t y  

f o r  e i g h t  v e c t o r e d  i n t e r r u p t s .  The IEEE-488 bus  u t i l i z e s  t h e  

h i g h e s t  p r i o r i t y  i n t e r r u p t  w i t h  t h e  r e s t  ~d t h e  i n t e r r u p t  l i n e s  

connected  t o  s p e c i a l  f u n c t i o n s  a s s o c i a t e d  w i t h  each p r o c e s s o r .  

The IEEE-488 bus i n t e r f a c e  is implemented w i t h  9914 GPIB a d a p t e r  

and two bus t r a n s c e i v e r  ICs. The 9914 i s  a 40-pin LSIC t h a t  can 

be  programmed t o  be a  t a l k e r l l i s t e n e r  o r  z s  a  bus c o n t r o l l e r  w h i l e  

mee t ing  a],-- of  t h e  requ i rements  of IEEE-488. T h i s  f e a t u r e  of  t h e  

9914 a l lowed a l l  of t h e  CPUs t o  be des igned  i d e n t i c a l l y .  Comrnuni- 

c a t i o n  between t h e  8086 and t h e  9914 is c a r r i e d  o u t  v i a  memory 
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mapped r e g i s t e r s .  There  a r e  23 r e g i s t e r s  w i t h i n  t h e  9914, 6 o f  

which r e a d  and 7 write. These r e g i s t e r n  a r e  used  b o t h  t o  p a s s  

commands o r  d a t a  t o ,  and t o  g e t  s t h t u s  o r  d a t a  f rom,  t h e  d e v i c e .  

There a r e  4K of  RAM memory and 2K o f  UV-EPROM a v a i l a b l e  on t h e  

CPU c a r d  assembly ,  An a d d i t i o n a l  4 K  o r  8K of RAM menlory is 

a v a i l a b l e  w i t h  t h e  memory expansion c a r d  a s s e m b l i e s .  Memory ex- 

pans ion c a r d  a s s e m b l i e s  a r e  p r o v i d e d  f o r  t h e  a u t o p i l o t ,  EHSI, 

NAV,  and s p a r e  CPUs. Also p r o v i d e d  on t h e  memory expansion c a r d  

a s s e m b l i e s  i s  t h e  1/0 a d d r e s s  decoding l o g i c  a s s o c i a t e d  w i t h  t h a t  

CPU. From a  s o f t w a r e  s t a n d p o i n t ,  a l l  of t h e  1 / 0  a d d r e s s i n g  is 

t r e a t e d  a s  memory mapped, 

2 . 2 . 1 . 3  CCU Bubble Xemory System -- A Rockwell bubb le  memory 

sys tem is used  f o r  t h e  n o n v o l a t i l e  s t o r a g e  of the CPU s o f t w a r e  

programs,  The bubble  memory sys tem,  F i g u r e  2-8, c o n s i s t s  of two 

c a r d  a s s e m b l i e s ,  a  1-megabit  memory assembly (RLM 6 5 8 ) ,  and a 
c o n t r o l l e r  assembly  (RCM 6 5 0 ) .  The RLM 658 assembly p r o v i d e s  t h e  

1-megabit of s t o r a g e  v i a  f o u r  256K-bit (RBM 256) d e v i c e s  which 

a r e  o p e r a t i n g  i n  p a r a l l e l .  The RW 658 a l s o  c o n t a i n s  t h e  s e n s e  

a m p l i f i e r s ,  c o i l  d r i v e r s ,  o p e r a t o r  l o g i c  ( t r a n s f e r ,  r e p l i c a t e  and 

g e n e r a t e  p u l s e s ) ,  and t h e  c h i p  mapping PROM. The c h i p  mapping 

PROM c o n t a i n s  t h e  redundancy i n f o r m a t i o n  on t h e  good and bad 

l o o p s  i n  e a c h  of t h e  REli 256 d e v i c e s ,  The RCM 650 c o n t r o l l e r  

o r g a n i z e s  t h e  niemory t o  appear  a s  an 8 -b i t  b y t e  p a r a l l e l  opera-  

t i o n  wi th  128-byte  b l o c k s .  Thus t h e  memory is  a d d r e s s e d  by 

b l o c k s  (1 t o  1024) w i t h  128 b y t e s  p e r  b lock .  The RCM 650 u s e s  

a preprograrnmed 6502 mic roprocessor  t o  accompl ish  t h e  c o n t r o l l e r  

f u n c t i o n s .  A l s o ,  i n c l u d e d  on t h a  RCM 650 is  a Ik by 8  b u f f e r  

memory which is  t h e  main i n t e r f a c e  between t h e  bus  c o n t r o l l e r  CPU 

and t h e  bubb le  memory. 





3,3,1,4 CCU Cassette I n t e r f a c e  -- Tape casse t tes  a r o  u s e d  f o r  

i n i t i a l l y  l o n d i n g  t h e  b u b b l e  menlory w i t h  t h e  s o f t w a r e  programs  

f o r  sll o f  t h e  CPUs. A PROM program i n  t h e  b u s  c o n t r o l l e r  CPU, 

a l l o w s  t h e  b u s  c o n t r o l l e r  t o  r e a d  t h e  ASCII d a t a  f rom t h e  cas- 

s e t t e ,  c o n v e r t  i t  t o  b i n a r y ,  and t r a n s f e r  t h e  b i n a r y  d a t a  t o  t h e  

b u b b l e  memory. A s t a n d a r d  RS-333 I n t e r f a c e  is used  between t h e  

bus c o n t r o l l e r  CPU a n d  t h e  ASR733 d a t a  t e r m i n a l  w i t h  d u a l  cas- 

s e t t e s ,  T h i s  RS-232 i n t e r f a c e ,  a l o n g  w i t h  a d d i t i o n a l  b u b b l e  

memory a d d r e s s  d e c o d i n g ,  is c o n t a i n e d  on t h e  casset te  and  b u b b l e  

memory 110 c a r d  a s s e m b l y .  

3 . 3 . 1 . 5  D i s p l a y  C o n z r o l l e r  -- TIYO ALT 512 g r a p h i c s  d i s p l a y  con- 

t r o l l e r s  a r e  u s e d  t o  g e n e r a t e  t h e  v i d e o  s i g n a l  f o r  t h e  EHSI, Each 

ALT 513  c o n t a i n s  its own 1 3 1 , 0 2 1 - b i t  r e f r e s h  memory, TV s y n c ,  and  

v i d e o  g e n e r a t o r .  The d i s p l a y  f i e l d  f o r  e a c h  ALT 513 c o n s i s t s  o f  

two 356 by 356 by 1 p l a n e s .  The two-p l ane  a r r angemen t  a l l o w s  

e i g h t  d i f f e r e n t  d i s p l a y  f o r m a t s .  The mode of  o p e r a t i o n  s e l e c t e d  

f o r  t h e  EHSI is t o  d i s p l a y  o n e  p l a n e  w h i l e  t h e  EHSI CPU erases 
and u p d a t e s  t h e  o t h e r  p l a n e .  Two ALT 5 1 3 s  a r e  r e q u i r e d  t o  i n -  

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

r e q u i r e s  f a s x e r  u p d a t i n g  i s  programmed i n  one  of  t h e  ALT 5 1 3 s  

w h i l e  t h e  s l o w e r  i n f o r m a t i o n ,  which is  u p d a t e d  st a s l o w e r  r a t e ,  

is programmed i n  t h e  o t h e r  ALT 5 1 3 .  The two ALT 513s  a r e  o p e r a t e d  

w i t h  o n e  a s  t h e  master,  and t h e  o t h e r  a s  t h e  s l a v e  (i.e, t h e  s l a v e  

r e c e i v e s  i ts  v i d e o  c l o c k  and  s y n c  t i m i n g  from The m a s t e r ) .  The 

combined v i d e o  o u t p u t  is  t h e n  t r a n s m i t t e d  t o  t h e  EHSI CRT m o n i t o r .  

,. . 
The ALT 513 u t i l i z e s  a  s t a n d a r d  S-100 bus  f o r  a l l  o f  t h e  I;O 

i n t e r f a c e s .  I n  o r d e r  t o  p r o v i d e  t h e  r e c o n f i g u r a t i o n  c a p a b i l i t y  

o f  l e t t i n g  e i t h e r  t h e  EHSI CPU o r  t h e  s p a r e  CPU d r i v e  t h e  EHSI, 

t h e  m u l t i p l e s i n g  o f  t h e  a d d r e s s ,  d a c a ,  and  c o n t r o l  l i n e s  f rom 

t h e s e  CPUs t o  t h e  ALT 513s  must b e  p r o v i d e d .  T h i s  m u l t i p l e s i n g  



c i r c u i t r y  i s  p r o v i d e d  on t h e  memory e x p a n s i o n  c a r d s  a s s o c i a t e d  

w i t h  t h o s e  CPUs, C o n t r o l  o f  which CPU is  d r i v i n g  t h e  EHSI comes 

a s  a d i s c r e t e  o u t p u t  f rom t h e  bus  c o n t r o l l e r  CPU, 

3.3.1.6 CCU DABS I n t e r f a c e  -- Both t h e  s t a n d a r d  message  (SM) 

i n t e r f a c e  and t h e  e s t e n d e d  l e n g t h  message (ELM) i n t e r f a c e  have  

been implcmented f o r  communicat ion between t h e  DABS t r a n s p o n d e r  

and t h e  DABS CPU. The SM i n t e r f a c e  o o n s i s t s  o f  a  g a t e d  c l o c k  

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

s e r i a l  t r a n s m i s s i o n  of  d a t a .  Fo r  u p - l i n k i n g  o f  i n f o r m a t i o n ,  

d a t a  r e c e i v e d  f rom t h e  t r a n s p o n d e r  is  c o n v e r t e d  f rom s e r i a l  t o  

p a r a l l e l  and s t o r e d  i n  a  16 by S b u f f e r  mernory. Upon r e c e i p t  o f  

a  c o m p l e t e  COMM-A m e s s a g e ,  an i n t e r r u p t  is  g e n e r a t e d  t o  t h e  DABS 

CPU which c a u s e s  t h i s  CPU t o  r e a d  t h e  c o n t e n t s  o f  t h e  b u f f e r  

memory, F o r  down-l ink i n f o r m a t i o n ,  t h e  r e v e r s e  p r o c e s s  is  re- 

q u i r e d .  The DABS CPU l o a d s  a  16 by 8 b u f f e r  memory and t h e n  sets  

t h e  B-b i t  i n  t h e  SM i n t e r f a c e  f o r m a t .  Upon r e c e i p t  o f  a  COMM-B 

message  t o  t h e  t r a n s p o n d e r ,  t h e  d a t a  is c o n v e r t e d  f rom p a r a l l e l  

t o  s e r i a l  and  t r a n s m i t t e d  t o  t h e  t r a n s p o n d e r .  

The ELM i n t e r f a c e  is  a  f u l l  d u p l e x ,  s y n c h r o n i z e d  s e r i a l  b i n a r y  

d a t a  i n t e r f a c e  i n  a c c o r d a n c e  w i t h  RS-449. The f o l l o w i n g  i n t e r -  

f a c e  c i r c u i t s  a r e  p r o v i d e d  : 

ST - s e n d  t i m i n g  ( f r o m  t r a n s p o n d e r )  

SD - s e n d  d a t a  ( t o  t r a n s p o n d e r )  

R3 - r e q u e s t  t o  s e n d  ( t o  t r a n s p o n d e r )  

CS - c lear  t o  s e n d  ( f rom t r a n s p o n d e r  

RT - r e c e i v e  t i m i n g  ( f r o m  t r a n s p o n d e r )  

RD - r e c e i v e  d a t a  ( f r o m  t r a n s p o n d e r )  
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DM - d a t a  mode (from t r a n s p o n d e r )  

I S  - t e r m i n a l  i n  s e r v i c e  ( t o  t r a n s p o n d e r )  

A 1 1  of t h e s e  i n t e r f a c e  c i r c u i t s  a r e  b i p o l a r ,  b a l a n c e d  c i r c u i t s  
t h a t  o p e r a t e  a t  v o l t a g e  l e v e l s  and impedance l e v e l s  a s  s p e c i f i e d  
i n  R S - 4 2 2 .  O p e r a t i o n  of  t h e  ELM i n t e r f a c e  is  s i m i l a r  t o  t h e  SM 

i n t e r f a c e  e s c e p t  t h a t  t h e  b u f f e r  memory is 256 by  8 ,  T h i s  a l l o w s  

1 6  COW-C o r  CQMM-D segments t o  be r e c e i v e d  o r  t r a n s m i t t e d  a s  a  

b lock r e s p e c t i v e l y .  The t r a n s p o n d e r  t a k e s  c a r e  of a l l  t h e  COMM-C 

and COblM-D decod ing  and downlink message i n i t i a t i o n .  The c i r c u i t -  

r y  r e q u i r e d  t o  implement t h e  SM and ELM i n t e r f a c e s  is c o n t a i n e d  
on t h e  DABS SM c a r d  assembly and t h e  DABS ELM c a r d  assembly ,  

2 . 2 . 1 . 7  CCU 1/0 I n t e r f a c e  -- With t h e  e x c e p t i o n  of t h e  p r e v f a u s l y  

d i s c u s s e d  i n t e r f a c e s ,  a l l  of t h e  110 d e v i c e s  ( a i r c r a f t  s e n s o r s ,  

eng ine  m o n i t o r s ,  mode c o n t r o l  p a n e l s ,  e t c .  ) i n t e r f a c e s  d i r e c t l y  

w i t h  t h e  a u t o p i l o t  CPU. T h i s  I / O  i n t e r f a c e  p r o v i d e s  t h e  c a p a b i l -  
i t y  P o r :  

48 d i s c r e t e  i n p u t s  

48 d i s c r e t e  o u t p u t s  

64 a n a l o g  i n p u t s  

16 a n a l o g  o u t p u t s  

CCU D i s c r e t e  1 / 0  -- The d i s c r e t e  i n p u t s  a r e  m u l t i p l e x e d  i n t o  

4 words of 13 b i t s  each b e f o r e  b e i n g  r e a d  by t h e  a u t o p i l o t  CPU.  

One of t h e  d i s c r e t e  i n p u t  words is r e s e r v e d  f o r  s e l f  t e s t  (wrap- 

around)  of  t h e  f l i g h t  c r i t i c a l  d i s c r e t e  o u t p u t s .  Each d i s c r e t e  

i n p u t  is  s i g n a l  c o n d i t i o n e d  and p r e f i l t e r e d  ( 0 . 8  msec. t i m e  con- 

s t a n t )  b e f o r e  b e i n g  m u l t i p l e x e d  t o  a compara tor  t o  de te rmine  i ts  

l o g i c  s t a t e .  



The d i s c r e t e  o u t p u t s  aye  o r g a n i z e d  i n t o  3 words of  16  b i t s  e a c h ,  

The d i s c r e t e s  a r e  s t o r e d  i n  t h r e e  1 6 - b i t  r e g i s t e r s  which a r e  

w r i t t e n  i n t o  d i r e c t l y  from t h e  a u t o p i l o t  CPU, The o u t p u t s  of 
t h e s e  r e g i s t e r s  a r e  b u f f e r e d  w i t h  h i g h  v o l t a g e  open c o l l e c t o r  

d r i v e r s ,  t h u s  p r o v i d i n g  e i t h e r  an open o r  ground.  The m a j o r i t y  

of t h e  d i s c r e t e s  a r e  used  f o r  a n n u n c i a t i o n  and t .he d r i v e r s  t i e  
d i r e c t l y  t o  28-volt  lamps,  The a u t o p i l o t  c l u t c h  engage and t h e  

au to - t r im d i s c r e t e s  r e q u i r e  a d d i t i o n a l  d r i v e  c a p a b i l i t y .  T h i s  is 

prov ided  w i t h  a  d i s c r e t e  t r a n s i s t o r  s t a g e  added t o  t h e  r e g u l a r  

d r i v e r s .  

The d i s c r e t e  i n p u t  c i r c u i t r y  and t h e  d i s c r e t e  o u t p u t  c i r c u i t r y  

f o r  16  of t h e  o u t p u t s  i s  c o n t a i n e d  on t h e  d i s c r e t e  1/0 c a r d  
assembly .  The c i r c u i t r y  f o r  t h e  r e s t  of t h e  d i s c r e t e  o u t p u t s  

i n c l u d i n g  t h e  s p e c i a l  d r i v e r s  i s  c o n t a i n e d  on t h e  d i s c r e t e  o u t -  
put  c a r d  assembly .  The r e a l - t i m e  c l o c k  is  a l s o  i n c l u d e d  on t h i s  
c a r d  assembly.  The r e a l - t i m e  c l o c k  is a  c o u n t e r  runn ing  from t h e  

a u t o p i l o t  CPU C r y s t a l  C o n t r o l l e d  Clock.  I t  g e n e r a t e s  an i n t e r -  
r u p t  40 t i m e s  p e r  second t o  t h e  a u t o p i l o t ,  NAV,  I D C C ,  and s p a r e  

CPUs . 

CCU Analog I n p u t s  -- Four DG 506 16-chzsuel  m u l t i p l e x e r s  a r e  

u t i l i z e d  t o  a l l o w  up t o  64 ana log  i n p u t s  t o  be m u l t i p l e x e d  t o  a  

1 2 - b i t  (11 b i t s  + s i g n )  A I D  c o n v e r t e r ,  Each a n a l o g  i n p u t  is  s i g -  

n a l  c o n d i t i o n e d ,  s c a l e d ,  and p r e f i l t e r e d  p r i o r  t o  t h e  m u l t i p l e x e r .  

The AC s i g n a l s  a r e  demodulated u s i n g  an LF 198 sample-hold I C  

w i t h  t h e  sampl ing  synchron ized  t o  o c c u r  a t  t h e  p e a k s ,  A f requency  
t o  v o l t a g e  c o n v e r t e r  is  used f o r  s i g n a l  c o n d i t i o n i n g  of t h e  t r u e  

a i r s p e e d  s i g n a l .  

The A I D  c o n v e r t e r  and 32 channe l s  of m u l t i p l e x i n g  a r e  c o n t a i n e d  

on t h e  ADC and MUX c a r d  assembly ,  The A / D  c o n v e r t e r  i s  a  



s u c c e s s i v e  approximat ion  t y p e  c o n v e r t e r  w i t h  a c o n v e r s i o n  time of  
32 micros6conds ,  i n c l u d i n g  m u l t i p l e x  and s e t t l i n g  t i n e .  The con- 
v e r t e r  is  composed o f  a  562 t y p e  D J A  c o n v e r t e r  and two 8 - b i t  2503 
s u c c e s s i v e  approximat ion  r e g i s t e r s .  The i n p u t  s c a l i n g  i s  s e t u p  
such t h a t  510 v o l t s  a t  t h e  i n p u t  t o  t h e  AID c o n v e r t e r  c o r r e s p o n d s  
t o  f u l l  range .  The a d d i c i o n a l  32 c h a n n e l s  of m u l t i p l e x i n g  is 
c o n t a i n e d  on t h e  DC I n p u t s  and UUX c a r d  assembly ,  

Also c o n t a i n e d  on t h i s  c a r d  assembly is t h e  s i g n a l  c o n d i t i o n i n g  
( d i f f e r e n t i a l  b u f f e r  a m p l i f i e r s  and p r e f i l t e r s )  f o r  t h e  d ~  i n p u t s ,  
The ac i n p u t  c a r d  assembly c o n z a i n s  a  Sco t t -T  t r a n s f o r m e r  f o r  con- 
v e r t i n g  t h e  head ing  synchro  s i g n a l s  t o  sin and c o s i n e ,  second- 
o r d e r  p r e f i l t e r s  f o r  t h e  p i t c h  and r o l l  a t t i t u d e  s i g q & t l s ,  and t h e  
demod a m p l i f i e r s  f o r  c o n v e r t i n g  t h e s e  a c  s i g n a l s  t o  d c .  The yaw 
s e r v o  a m p l i f i e r ,  t h e  p i t c h  and r o l l  c o m a n d  b a r  a m p l i f i e r s ,  t h e  

VNAV d e v i a t i o n  i n d i c a t o r  d r i v e  c i r c u i t r y ,  and t h e  t r u e  a i r s p e e d  
f requency  t o  v o l t a g e  c o n v e r t e r  a r e  a l s o  c o n t a i n e d  on t h i s  c a r d  
assembly ,  

CCU Analog - O u t p u t s  -- Each a n a l o g  o u t p u t  c o n s i s t s  of an LF 198 

sample-hold which Is updated  from a 1 2 - b i t  D / B  c o n v e r t e r .  Of t h e  
16 a n a l o g  o u t p u t s  p r o v i d e d ,  8 a r e  used  f o r  i n f l i g h t  r e c o r d i n g ,  3 

f o r  t h e  p i t c h ,  r o l l ,  and yaw s e r v o  a m p l i f i e r s ,  I each f o r  p i t c h  
command b a r ,  r o l l  co~nmand b a r ,  and VNAV d e v i a t i o n ,  and t h e  o t h e r  
two a r e  s p a r e s .  The D / A  c o n v e r t e r  is a  562 t y p e  t h a t  is o p e r a t e d  
i n  t h e  b i p o l a r  mode w i t h  a s i g n a l  r ange  of  " 0  v o l t s .  The D / A  

c o n v e r t e r ,  16 sample-bol.,ds , 16-channel  d e c o d i n g ,  and t h e  p i c c h  
and r o l l  s e r v o  amps a r e  a l l  c o n t a i n e d  on t h e  DBC and Servo .Amp 
c a r d  assembly.  

2.2.1,s CCU Power S u p p l i e s  -- A 1 1  power f o r  t h e  CCU and t h e  IDCC 

is  g e n e r a t e d  from t h e  a i r c r a f t  +2S Vdc b u s .  Bn Abhott BNlOOO 



power module is used  f o r  t h e  +5-vol t  s u p p l y .  T h i s  dc-to-dc con- 

v e r t e r  uses a p u l s e  width  modulated i n v e r t e r  s w i t c h i n g  a t  18  t o  
20 k i l o h e r t z  t o  a c h i e v e  an e f f i c i e n c y  up t o  70 percent w i t h  o u t -  

p u t  c a p a b i l i t y  t o  20 amps. S i m i l a r i l y ,  an Abbott BEN500 power 

module p r o v i d e s  a  d u a l  o u t p u t  $15-volt  s u p p l y .  T h i s  s u p p l y  has 
an o u t p u t  current c a p a c i t y  of 1 . 6 7  amps on each o u t p u t .  The 

bubb le  memory and t h e  ALT-512 r e q u i r e  212 V dc which is s u p p l i e d  

from a l i n e a r  r e g u l a t o r  o p e r a t i n g  from t h e  215-volt  s u p p l i e s ,  A l l  

o f  t h e s e  s u p p l i e s  r e q u i r e  approx imate ly  10 amps from t h e  28-volt, 

b u s .  

2 . 2 . 2  I n z e g r a t e d  Data C o n t r o l  Cen te r  (1DCC) 

The IDCC, F i g u r e  2-9, c o n s i s t s  of two b a s i c  a s s e m b l i e s :  t h e  CRT 

moni tor  assembly ,  and t h e  c h a s s i s  assembly .  The o v e r - a l l  dimen- 

s i o n  of t h e  IDCC a r e  shown i n  F i g u r e  2-10. The CRT moni tor  assem- 

b l y  i s  mounted i n  t h e  IDCC c h a s s i s  assembly which ,  i n  t u r n ,  is 
mounted i n  t h e  a i r c r a f t ,  

2 . 2 . 2 . 1  CRT Monitor Assembly -- The CRT moni tor  assembly is a 

s t a n d a r d ,  s o l i d  s t a t e ,  monochromatic t e l e v i s i o n  moni tor  des igned  

f o r  a v i o n i c s  d i s p l a y  a p p l i c a t i o n s .  The moni tor  is 7 . 7  i n c h e s  

wide ,  6 . 0  i n c h e s  h i g h ,  by 1 1 . 0  i n c h e s  deep.  I t  is a r a s t e r  t y p e  

moni tor  c a p a b l e  of 525 l i n e s  w i t h  a  2 : l  i n t e r f a c e  a t  30 f rames  

p e r  second ,  o r  a  n o n - i n t e r l a c e d  262- l ine  f i e l d  a t  60 f i e l d s  p e r  

second.  The l a t t e r  is used  i n  t h i s  a p p l i c a t i o n .  The moni to r  is  
des igned  w i t h  P-43 phosphor and a narrow bandpass  o p t i c a l  f i l t e r  

t o  produce a s u n l i g h t  r e a d a b l e  d i s p l a y .  The d i s p l a y  a r e a  is 4 . 5  

by 4 . 5  i n c h e s .  

2 . 2 . 2 . 2  IDCC C h a s s i s  Assembly -- The IDCC c h a s s i s  assembly con- 

t a i n s  t h e  f o l l o w i n g  subassembl ies  i n  a d d i t i o n  t o  t h e  CRT assembly:  
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Figure 2-9.  DAAS Integrated Data Control Center 
( IDCC) 
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a CPU and memory 

Keyboard 

a Pushbut ton  s w i t c h e s  

e Touchpoint  s w i t c h e s  

a Misce l l aneous  c o n t r o l s  

IDCC CPU and Memory -- The IDCC c o n t a i n s  i ts  own c e n t r a l  pro-  
c e s s i n g  u n i t  (CPU) and a s s o c i a t e d  memory. The CPU is  an 8086 . 
1 6 - b i t  m i c r o p r o c e s s o r .  The memory c o n s i s t s  o f  16K by 16-b i t  RAM 

and 2K by 16 b i t  ROM. The RAM is  used f o r  b o t h  program memory 
and s c r a t c h p a d  memory, and t h e  ROM is used  t o  s t o r e  t h e  i n i t i a l -  
i z a t i o n  programs.  The CPU, t o g e t h e r  w i t h  4K of  RAM and t h e  bus  
i n t e r f a c e  c i r c u i t r y ,  i s  packaged on one  c a r d .  A second c a r d  con- 
t a . i n s  8 X  o f  RAM. A t h i r d  c a r d  c o n t a i n s  4K o f  RAM. The f o u r t h  
c a r d  c o n t a i n s  t h e  CRT r e f r e s h  memory and t h e  1/0 c i r c u i t r y .  

The CPU, t o g e t h e r  ta i th  i ts  memory, pe r fo rms  t h e  f o l l o w i n g  
f u n c t i o n s  : 

Message s t o r a g e .  

e Message f o r m a t t i n g .  

Output of  messages t o  d i s p l a y  r e f r e s h  memory. 

a Scanning o f  s w i t c h e s  and t o u c h p o i n t s .  

O u t p u t t i n g  and r e c e i v i n g  in te rcommunica t ions  w i t h  t h e  

C e n t r a l  Computer Unit o v e r  t h e  IEEE 488 b u s .  

IDCC CRT Ref resh  Memory -- S i n c e  t h e  CRT moni to r  has  no memory, 
i t  must be  r e - r e f r e s h e d  a t  t h e  60-Hz f i e l d  r a t e .  A CRT c o n t r o l l e r  
c i r c u i t  is used t o  accompl ish  t h i s  f u n c t i o n .  T h i s  c i r c u i t  a c c e p t s  
d a t a  from t h e  CPU d e f i n i n g  t h e  alpha-numeric c h a r a c t e r s  t o  be  



d i s p l a y e d  or. t h e  CRT d i s p l a y .  I t  t h e n  o u t p u t s  t h e  a p p r o p r i a t e  

video s i g n a l s  t o  t h e  moni tor  t o  d i s p l a y  t h e s e  c h a r a c t e r s  a t  t h e  

60-Hz f i e l d  ra te .  The d i s p l a y  f i e l d  c o n , s i s t s  of  16 l i n e s  of  32 

c h a r a c t e r s ,  

fDCC Switch Scanning -- The IDCC p r o v i d e s  f o r  s c a n n i n g  of t h e  

s w i t c h e s  and t o u c h p o i n t s  on t h e  IDCC a s  w e l l  a s  t h e  s w i t c h e s  on 

t h e  EHSI, The s w i t c h e s  on t h e  IDCC c o n s i s t  of t h e  pushbu t ton  

s w i t c h e s  (mode and page s e l e c t )  l o c a t e d  a c r o s s  t h e  t o p  of t h e  - 
I D C C ,  t h e  keyboard s w i t c h e s ,  t h e  forward  and back page s w i t c h ,  

t h e  message acknowledge s w i t c h ,  and t h e  l i g h t  t o u c h p o i n t s .  The 

s w i t c h e s  on t h e  F3SI c o n s i s t  of t h e  n i n e  s w i t c h e s  used  f o r  EHSI 

c o n t r o l ,  and t h e  e i g h t  s w i t c h e s  used f o r  s l e w i n g  t h e  d i s p l a y  and 

c u r s o r .  The s w i t c h e s  a r e  scanned and debounced u s i n g  I C  hardware.  

The resul ts  o f  t h e  scann ing  a r e  e n t e r e d  i n t o  t h e  CPU v i a  memory 

mapped 1/0 and v e c t o r e d  i n t e r r u p t s .  

IDCC Keyboard -- The IDCC keyboard is  mounted a t  t h e  lower 

l e f t  c o r n e r  o f  t h e  IDCC.  I t  p r o j e c t s  outward and downward a t  

approximate ly  a 30-dogree a n g l e  f o r  e a s e  of o p e r a t i o n .  The key- 

board c o n s i s t s  of 20 k e y s  a r r a n g e d  i n  a  f o u r  h o r i z o n t a l  by f i v e  

v e r t i c a l  m a t r i x .  

I t  s h o u l d  be n o t e d  t h a t  t h e  keyboard h a s  f u l l  a lpha-numeric capa- 

b i l i t y .  Numeric e n t r y  r e q u i r e s  on ly  p r e s s i n g  one key.  Alpha 

e n t r i e s ,  however, r e q u i r e  two key e n t r y . ,  Each key h a s  t h r e e  

a lpha  c h a r a c t e r s  i n  a d d i t i o n  t o  t h e  one nu.mera1 The a l p h a  char-  

a c t e r s  a r e  e n t e r e d  by f i r s t  p r e s s i n g  t h e  key w i t h  t h e  t r i a d  of 

a lpha  c h a r a c t e r s  t h a t  i n c l u d e s  t h e  d e s i r e d  c h a r a c t e r  and t h e n  

p r e s s i n g  one of  t h e  p o s t  d e s i g n a t i o n  k e y s ,  i n  t h e  bot tom row, t o  

s e l e c t  l e f t ,  m i d d l e ,  o r  r i g h t  a l p h a  c h a r a c t e r  of  t h e  t r i a d ,  



The keyboard is back l i g h t e d  f o r  nJght o p e r a z i o n ,  

Pushbu t ton  SwAtches -- The IDCC h a s  18 pushbu t ton  s w i t c h e s  
l o c a t e d  a c r o s s  t h e  t o p  t o  t h e  u n i t ?  In  t h e  c u r r e n t  mechan iza t ion ,  
14  of  t h e  1 8  p u s h b u t t o n s  a r e  used .  

The 2 u s h b u t t o n s  a r e  b a c k l i g h t e d  f o r  n i g h t  o p e r a t i o n .  One push- 
b u t t o n  (AUTO SEQ SEL) I n c o r p o r a t e s  a  g reen  l i g h t  i n d i c a t o r ,  The 
green l i g h t  is  o n  when t h e  auto-sequence  mode is o n ,  

IDCC Touchpoints  -- The IDCC i n c o r p o r a t e s  t o u c h p o i n t s  t h a t  a r e  
used t o  i n t e r a c t  w i t h  %he CRT d i s p l a y .  There  a r e  e i g h t  touch- 
p o i n t s  a r r a n g e d  i n  two v e r t i c a l  columns of  f o u r  e a c h ,  The tovch-  
p o i n t  s w i t c h e s  a r e  implemented i n  two d i f f e r e n t  c o n f i g u r a t i o n s .  

The normal t o u c h p o i n t  c o n f i g u r a t i o n  is implemented w i t h  e i g h t  
i n d i v i d u a l  s w i t c h e s  l o c a t e d  i n  t h e  b e z e l  of  t h e  CRT d i s p l a y ,  

An a l t e r n a t e  t o u c h p o i n t  c o n f i g u r a t i o n  can b e  i n s t a l l e d  by remov- 
i n g  t h e  s w i t c h  mounting b e z e l  and r e p l a c i n g  it w i t h  a  p l a s t i c  
o v e r l a y .  T h i s  o v e r l a y  i n c o r p o r a t e s  a  t o u c h p o i n t  m a t r i x  t h a t  can 
be a c t i v a t e d  by f i n g e r  p r e s s u r e  on t h e  CRT f a c e ,  ?'he t o u c h p o i n t s  
i n  t h i s  c o n f i g u r a t i o n  a r e  a l s o  l o c a t e d  i n  two columns of f o u r  
each.  

The two d i f f e r e n t  c o n f i g u r a t i o n s  a r e  e l e c t r i c a l l y  compat ib le  and 
i n t e r f a c e  t o  t h e  sys tem t h r u  a c h a s s i s  mounted c o n v e r t o r ,  

IDCC 488 Bus I n t e r f a c e  -- The IDCC communication w i t h  t h e  cen- 
t r a l  computer u n i t  is o v e r  t h e  IEEE 488 b u s .  The bus  i n t e r f a c e  
modille ( B I M )  used  i n  t h e  IDCC is t h e  same a s  t h a t  used  i n  t h e  
c e n t r a l  computer .  I t  u t i l i z e s  t h e  T I  9914 488 bus  c o n t r o l l e r  I C ,  
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A l l  s w i t c h  a c t i o n s  a r e  momentary, The mode l a t ~ b i n g  is  done i n  

t h e  IDCC CPU, A s  d i s c u s s e d  i n  pa ragraph  2 . 2 . 2 . 2 ,  t h e s e  s w i t c h e s  

a r e  scanned by t h e  IDCC CPU, The IDCC CPU a l s o  c o n t r o l s  t h e  

a n n u n c i a t o r  l i g h t i n g ,  

EHSI Slew C o n t r o l  Switch -- The s l ew c o n t r o l  s w i t c h  c o n s i s t s  

of a  s i n g l e  l e v e r  o p e r a t i n g  l i g h t  s w i t c h .  The l e v e r  is rnechan- 

i c a l l y  c o n s t r a i n e d  s o  t h a t  e i t h e r  h o r i z o n t a l  o r  v e r t i c a l  movement 

o n l y  i s  a l lowed .  Tbe l e v e r  is s p r i n g  loaded  t o  t h e  c e n t e r  o f f  

p o s i t i o n ,  The l e v e r  a c t u a t e s  one o r  two s w i t c h e s  i n  e a c h  of  t h e  

f o u r  d i r e c t i o n s ,  l ip ,  down, l e f t ,  o r  r i g h t ,  The f i r s t  s w i t c h  

a c t i v a t i o n  causes a  s low s l e w i n g  e f f e c t ,  t h e  second c a u s e s  a  f a s t  

s l e w i n g  ~ f f e c t .  

2 . 2 . 3 . 3  EHSI Power Requirements  -- The CRT moni to r  p o r t i o n  of 

t h +  EHSI r e q u i r e s  60 w a t t s  maximum, 28-vo l t s  d c  power. The con- 

t r o l  s w i t c k  s o r t i o n  r e q u i r e s  o n l y  t h e  s i g n a l  l e v e l  s c a n n i n g  power 

from t h e  IDCC CPU. Nigh t t ime  l i g h t i n g  and a n n u n c i a t o r  l i g h t i n g  

power f o r  t h e  s w i t c h e s  is d e r i v e d  from t h e  IDCC. 

2 . 2 . 4  DAAS Radio Adapter Unit  (RAU) 

The f o l l o w i n g  f u n c t i o n s  a r e  performed by t h e  RAU, F i g u r e  2-13 .  

- Tune t h e  r a d i o s  a s  commanded by t h e  DAAS computer 

- P r o c e s s  VORILOCICS d a t a  from NAY 2 and NAY 2 

- P r o c e s s  s t a t i o n  i d e n t i f i e r s  

- P r o c e s s  DME d i s t a n c e  

- Genera te  a  r a d i o  sys tem s t a t u s  word 

- Format t h e  d a t a  f o r  b l o c k  t r a n s f e r  
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F i ~ u r e  2-13. D A A S  Radio  Adapter V n i t  (RAU) 



-.Exchange i n f o r m a t i o n  wi th  t h e  DAAS computer v i a  t h e  

IEEE 488 bus  

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

i n t e r f a c e s  w i t h  -- 

- 28-V d c  a i r c r a f t  power 

- KXA 24 aud io  p a n e l  ( w i t h  K.4 35A) 

- KC1 310 AD1 ( t h r o u g h  ILS s o u r c e  s w i t c h )  

- K I  226 M I  ( t h r o u g h  t h e  VOR s o u r c e  s w i t c h )  

- DME c h a n n e l i n g  s w i t c h  and ILS s o u r c e  s w i t c h  

- DABSlManual s t a t u s  s w i t c h  f o r  each NAV r e c e i v e r  

The DAAS sys tem RAU u s e s  a  mic roprocessor  sys tem f o r  a  f l e x i b l e  

i n t e r f a c e  f o r  c o n t r o l  aild d a t a  p r o c e s s i n g .  The i n t e r f a c e  ex- 

changes d a t a  on t h e  488 bus  u s i n g  s t a n d a r d  t a l k e r l l i s t e n e r  func-  

t i o n s  and handshaking p r o t o c o l .  A l s o ,  t h e  sys tem moni to r s  t h e  

r a d i o s ,  r e t a i n i n g  and r e f r e s h i n g  a  d e f i n e d  d a t a  b lock  f o r  t h e  

d a t a  exchange p r o c e s s .  

The p r o c e s s o r  s e n d s  t h e  p roper  t u n i n g  commands t o  t h e  r a d i o s ,  

p r o c e s s e s  t h e  r e c e i v e d  p o s i t i o n  d a t a  and t r a n s f e r s  t h i s  d a t a  i n  

b lock  format  t o  DABS. The d a t a  b lock  t r a n s f e r s  o c c u r  a t  a  f i x e d  

r a t e  of approx imate ly  20 u p d a t e s  p e r  second a s  r e q u i r e d  by t h e  

bus c o n t r o l l e r .  

The r a d i o  a d a p t e r  u n i t  w i l l  exchange d a t a  o v e r  t h e  IEEE 488 bus .  

A d e d i c a t ~ d  g e n e r a l  purgose  i n t e r f a c e  b u f f e r  ( G P I B )  w i l l  hand le  

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

Data w i l l  be s t o r e d  i n  a  b u f f e r  t o  e l i m i n a t e  s lowing  down t h e  



p r o c e s s o r .  Bus s e t u p  t ime  is 5 45 u s  and d a t a  t r a n s f e r  r a s e  i s  
< 1 5  p s  per  b y t e ,  - 

NAV 1 and NAV 2 p r o v i d e  a  v ideo  composi te  w i t h  e i t h e r  VOR or  LOC 
i n f o r m a t i o n  modulazed o n t o  t h e  9960-Hz s u b c a r r i e r .  The i n t e r f a c e  

c i r c u i t  i d e n t i f i e s  w h ~ t  t y p e  of i n f o r m a t i o n  is  p r e s e n t ,  demodu- 

l a t e s  t h e  compos i t e ,  and d i g i t i z e s  t h e  r e s u l t .  The VOR/LOC d a t a  

from NAV 1 and NAV 2 can a l s o  be d i s p l a y e d  on t h e  K I  226 and t h e  

KC1 310 i n d i c a t o r s .  The s p e c i f i c  d i s p l a y  mode is a  f u n c t i o n  of 
t h e  s t a t u s  s w i t c h e s .  

G l i d e s l o p e  i n f o r m a t i o n  is a l s o  a v a i l a b l e  from t h e  KN 53 Naviga- 

t i o n  R e c e i v e r s .  The s i g n a l  w i l l  be c o n d i t i o n e d  i n  t h e  i n t e r f a c e  

f o r  d i g i t a l  c o n v e r s i o n .  The d i g i t i z e d  data  w i l l  t h e n  be p r o c e s s a d  
and m a i n t a i n e d  i n  t h e  d a t a  b lock  f o r  t r a n s f e r  t o  DAAS. A s  w i t h  

VOR/LOC, g l i d e s l o p e  i n f o r m a t i o n  can ~ l s o  be  d i s p l a y e d  on t h e  KC1 
310 I n d i c a t o r .  The program w i l l  s e l e c t  t h e  n a v i g a t i o n  u n i t  t o  b e  
d i s p l a y e d  when i n  t h e  UAAS mode. 

To v a l i d a t e  a c t i v e  c h a n n e l s  of t h e  n a v i g a t i o n  r a d i o s ,  t h e  i d e n t i -  

f i e r s  w i l l  be r e a d  e l e c t r o a i c a l l y ,  c o n v e r t e d  t o  t h e  ASCII equiva-  

l e n t  of  t h e  r e c e i v e d  Morse code ,  and s t o r e d  a s  p a r t  of t h e  d a t a  

b l o c k .  

The s i m i l a r i t y  i n  t u n i n g  procedure  f o r  t h e  KN 53 and ICY 196 a l l o w s  
a  common method of t u n i n g  t h e s e  r a d i o s .  The i n t e r f a c e  s i m u l a t e s  

t h e  a c t i o n s  o f  t h e  f r o n t  pane l  r o t a r y  knobs by c l o s i n g  inc rement /  
decrement s w i t c h e s  e l e c t r o n i c a l l y  t o  change f r e q a e n c y .  The 

s t a n d b y  f requency  on ly  i s  a f f e c t e d  by t h e  t u n i n g  s w i t c h e s .  To 

change t h e  a c t i v e  c h a n n e l ,  s tandby is  t u r n e d  t o  t h e  s e l e c t e d  

f r e q u e n c y ,  and an a c t i v e / s t a n d b y  exchange i s  e x e c u t e d .  The approx- 

imate  wors t  c a s e  t u n i n g  t i m e  f o r  a  KY 196 o r  KN 53 t o  sweep f u l l  



band is 250 m i l l i s e c o n d s .  To e x e c u t e  an a c t i v e / s t a n d b y  exchange,  
approximate ly  50 m i l l i s e c o n d s  is r e q u i r e d .  The hardware f o r  
t u n i n g  t h e  KY 196  r e c e i v e r s  is i n c l u d e d  i n  t h e  RAU, b u t  n o t  t h e  
n e c e s s a r y  s o f t w a r e ,  

The KN 628 can b e  tuned  by DAAS NAV 1 o r  NAY 2 t h r o u g h  a  common 
bus.  Then t h e  DAAS mode of t u n i n g  is  e n a b l e d  a t  t h e  DME, one / ~ f  

t h e s e  t h r e e  s o u r c e s  w i l l  supp ly  t h e  DME t u n i n g  d a t a .  The DME 
c h a n n e l i n g  s w i t c h  t h e n  e n a b l e s  t h e  d e s i r e d  t u n i n g  s o u r c e .  The 
KN 6 2 A  t u n i n g  format  is  t h e  2  by 5 code.  Approximately t h r e e  
seconds  a r e  r e q u i r e d  t o  t u n e  t h e  W 62A and a c q u i r e  v a l i d  
d i s t a n c e .  

To v e r i f y  t h e  a u t o  t u n i n g  f u n c t i o n ,  o r  t o  r e a d  t h e  DME c h a n n e l ,  
d a t a  i s  r e a d  f rom t h e  i n t e r n a l  t u n e  b u s .  T h i s  d a t a  is s e r i a l  BCD 

i n f o r m a t i o n .  A sync  and c l o c k  a r e  a v a i l a b l e  t o  s t r o b e  t h i s  d a t a  
i n t o  t h e  i n t e r f a c e .  

The f o l l o w i n g  s w i t c h e s  a r e  used by t h e  p i l o t  f o r  r a d i o  sys tem 
mode s e l e c t  ion : 

NAV 1 Manual /DAM 
NAV 2 Manual/DAAS 
DME NAV l/DAAS/NAV 2 

ILS S o u r c e  NAV 2/DAAS/NAV 2 

VOR Source  NAV 2/NAV 2 

Complete p i l o t  backput i n  a manual mode of o p e r a t i o n  is a s s u r e d  
by the hlanual p o s i t i o n  of t h e  s w i t c h e s .  

Range i n f o r m a t i o n  from t h e  KN 628 is  18 b i t s  of s e r i a l  BCD d a t a .  
A synchronous  c l o c k  is  prov ided  t o  s h i f t  t h e  d a t a  i n t o  t h e  i n t e r -  
f a c e  f o r  p r o c e s s i n g .  The mic roprocessor  w i l l  c o n v e r t  t h i s  d a t a  



t o  a  1 5 - b i t  b i n a r y  word (LSB = 0 .02  NM) and m a i n t a i n  t h e  c u r r e n t  

d i s t a n c e  code i n  t h e  d a t a  b l o c k .  

DAAS OPERATIONAL EVALUATION 

P i l o t  e v a l u a t i o n  of t h e  DAAS f u n c t i o n a l  c o n f i g u r a t i o n  has  been 

conducted on t h e  DABS f l i g h t  s i m u l a t o r ,  F i g u r e  2-14. E x t e n s i v e  

re f inement  of t h e  f u n c t i o n a l  c o n f i g u r a t i o n  has  r e s u l t e d .  Follow- 

i n g  i s  a  d e s c r i p t i o n  of  t h e  s i m u l a t o r  e v a l u a t i o n  program and t h e  

e v a l u a t i o n  r e s u l t s .  

2 . 3 . 1  Summary of R e s u l t s  

A s i m u l a t o r  program was conducted w i t h  t h e  o b j e c t i v e  of d e t e r -  

mining a r e a s  where sys tem improvement might be accompl ished.  

S p e c i f i c  sys tem improvement p r o p o s a l s  were i d e n t i f i e d  and d i s -  

cussed  by t h e  s i m u l a t o r  p i l o t  s u b j e c t s  and t h e  DAAS sys tem eng i -  

n e e r s .  Changes were d e f i n e d  based on b o t h  t h e i r  d e s i r a b i l i t y  and 

t h e i r  e f f e c t  on DAAS complex i ty .  

System improvements a r e  t h o s e  changes which would enhance t h e  

o p e r a t i o n a l  a c c e p t a b i l i t y  of t h e  DAAS p i l o t  / sys tem i n t e r f a c e .  An 

i t e r a t i v e  approach t o  t h e  s i m u l a t o r  program a l l o w s  t h e  v e r i f i c a -  

t i o n  o f  t h e  DAAS f u n c t i o n a l  per formance ,  i n c l u d i n g  imprsvements 

a s  t h e y  a r e  d e f i n e d .  

S i m u l a t o r  program change p r o p o s a l s  were judged i n  l i g h t  of t h e  

o v e r - a l l  o b j e c t i v e s  of DAAS; i . e . ,  improve t h e  s a f e t y  and depend- 

a b i l i t y  of g e n e r a l  a v i a t i o n  IFR o p e r a t i o n s  wi thou t  i n c r e a s i n g  

p i l o t  p r o f i c i e n c y  requ i rements  o r  t h e  c o s t  of t h e  a v i o n i c s .  
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Two Genera l  Avia t ion  p i l o t  e v a l u a t i o n s  were conducted  d u r i n g  t h e  

development of DAAS p r i o r  t o  t h i s  r e p o r t ,  I n  a d d i t i o n ,  NASA 

Research P i l o t  Gordon Hardy examined DAAS f r e q u e n t l y  d u r i n g  DAAS 

d e v e l ~ p m e n t  , 

The f i r s t  e v a l u a t i o n  was conducted  i n  October  1979, Three 
Genera l  Avia t ion  p i l o t s  p a r t i c i p a t e d ,  The t h r e e  p i l o t s  were :  

J. L indberg ,  Ins t rument  F l i g h t  T r a i n i n g ,  a  D i v i s i o n  of  Van Dusen; 
R .  A l b e r t s o n ,  r e p r e s e n t i n g  King Radio;  and W .  U n t e r n a e h r e r ,  - 
Honeywell Avionicg E n g i n e e r i n g .  A l l  t h r e e  have a i r l i n e  t y p e  

p i l o t  r a t i n g s ,  a l t h o u g h  t h e y  have  n e v e r  flown f o r  an a i r l i n e .  

Two p i l o t s ,  L indberg  and A l b e r t s o n ,  a r e  d e s i g n a t e d  FAA F l i g h t  
Examiners ,  P i l o t  p a r t i c i p a n t  e x p e r i e n c e  is  d e s c r i b e d  i n  S e c t i o n  
3 . 1  of  t h i s  s e p e r t ,  

A f o u r  hour sys tem b r i e f i n g  was conducted fo l lowed  by one hour of 
s i m u l a t o r  t i m e  f o r  each e v a l u a t i o n  p i l o t .  Fol lowing t h i s  exposure  

t o  t h e  sys tem,  a f o u r  hour  d e b r i e f  and d i s c u s s i o n  was conducted 

on a l l  f u n c t i o n s  examined i n  t h e  s i m u l a t o r .  Comments were favor -  

a b l e ,  and a  number of  DAAS f e a t u r e s  were c o n s i d e r e d  e x c e l l e n t .  

For example,  t h e  c a p a b i l i t y  of  map s l e w i n g  and a u t o m a t i c  waypoiat  

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

p o s i t i v e  f o r  t h e  most p a r t ,  though some concerns  were p o i n t e d  o u t .  

A a  example of a  concern  was t h e  e f f e c t i v e n e s s  of t o u c h p o i n t  d a t a  
e n t r y  b o t h  on t h e  ground and d u r i n g  P l i g h t .  The problem c e n t e r s  

around i n a d v e r t e n t  e n t r i e s  and concern  f o r  d i f f i c u l t y  making d a t a  
e n t r i e s  d u r i n g  f l i g h t  t u r b u l e n c e ,  

There were t h i r t y - f i v e  p i l o t  comments made r e g a r d i n g  s u g g e s t i o n s  

f o r  improvements t o  t h e  DAAS. Many of t h e s e  have s u b s e q u e n t l y  

been i n c o r p o r a t e d .  



The second e v a l u a t i o n  was conducted on March 1980, Four Genera l  
Avia t ion  p i l o t s  p a r t i c i p a t e d ,  The f o u r  p i l o t s  were :  D .  Rodgers ,  
King Radio;  R .  A l b e r t s o n ,  King Radio;  W ,  U n t e r n a e h r e r ,  Honeywell;  
and L a r r y  P e t e r s o n ,  Honeywell,  A d e t a i l e d  b r i e f i n g  was per-  
formed. The p i l o t s  t h e n  f l e w  a  s c e n a r i o  (see paragraph  2 . 3 . 2 ,  

s c e n a r i o )  i n  t h e  s i m u l a t o r  which r e q u i r e d  i n p u t  of  i n i t i a l  d a t a ,  
n a v i g a t i o n  d a t a ,  c h e c k l i s t s ,  i n t e r a c t i o n  w i t h  EHSI and a u t o p i l o t .  
Man Machine S c i e n c e  s p e c i a l i s t s  moni tored  each  p i l o t  i n  h i s  pe r -  
forming t h e  s c e n a r i o .  Q u e s t i o n s  and comments of  a human eng inee r -  
i n g  n a t u r e  were  r e c o r d e d ,  Fol lowing t h e  S l i g h t s  each  p i l o t  f i l l e d  
o u t  a  q u e s c i o n n a i r e .  The combinat ion  of c l o s e  m o n i t o r i n g  d u r i n g  
t h e  s c e n a r i o  f l i g h t ,  t h e  q u e s t i o n n a i r e  d a t a ,  and i n d i v i d u a l  p i l o t  
d e b r i e f s  p r o v i d e d  comprehensive e v a l u a t i o n  of t h e  DAAS. T h i s  in- 
fo rmat ion  h a s  been a s s e s s e d  and t h e  r e s u l t s  a r e  d i s c u s s e d  i n  
s e c t i o n  3 of  t h i s  r e p o r t .  

The e v a l u a t i o n  p a r t i c i p a n t s  were g e n e r a l l y  e n t h u s i a s t i c  about  t h e  
DAAS concept  and f u n c t i o n a l  c o n f i g u r a t i o n .  Access t o  d a t a  was 
c o n s i d e r e d  t o  b e  s i g n i f i c a n t l y  enhanced.  N a v i g a t i o n ,  w i t h  s t o r e d  
d a t a  b a s e  and map d i s p l a y ,  was c o n s i d e r e d  t o  r educe  p i l o t  work- 
l o a d  and improve p i l o t  c a p a b i l i t y  i n  t h e  t e r m i n a l  a r e a .  DAAS 
c a p a b i l i t i e s  t o  s u p p o r t  good p i l o t  p r a c t i c e s  i n  weight  and b a l -  
ance computa t ions  and take-of  f  performance computa t ion ,  a s  w e l l  

a s  DAAS p r e c i s e  n a v i g a t i o n  c a p z b i l i t y ,  *$ere judged t o  p o t e n t i a l l y  
improve g e n e r a l  a v i a t i o n  f l i g h t  s a f e t y  , 

E v a l u a t o r s  g e n e r a l l y  ag reed  t h a t  (1) DAAS t y p e  sys tems  can pro- 
v i d e  g r e a t l y  expanded f u n c t i o n a l  c a p a b i l i t i e s ,  and ( 2 )  minimizing 
complexi ty  and o p t i m i z i n g  t h e  p i l o t  sys tem i n t e r f a c e  is  a  major  
c h a l l e n g e .  



2 , 3 , 2  S i m u l a t o r  D e s c r i p t i o n  

2 . 3 . 2 . 1  Genera l  Purpose F a c i l i t y  -- The DAAS s i m u l a t o r  i s  a  

g e n e r a l  purpose  f a c i l i t y  c o n s i s t i n g  of  t h e  f o l l o w i n g  p r imary  

components : 

a Da ta  Genera l  E c l i p s e  S/200 CPU 

a Da ta  Genera l  Nova 3/12 CPU 

1 6 - b i t  p a r a l l e l  DMA between above CPUs 

a Date1  System 256 Hybrid 110 Unit w i t h  32 D / A  and 64 A / D  

c h a n n e l s  

a Discrete I / O  w i t h  16 i n p u t s  and 3.6 o u t p u t s  

a Megatek MG552 Graphics  Genera to r  Unit  

a P a c e  231R Analog Computer 

The Nova 3 /12 CPU and Megatek g r a p h i c s  u n i t  g e n e r a t e  m u l t i p l e x e d  

a lphanumeric  and g r a p h i c  fo rmats  w i t h  a s s o c i a t e d  b l a n k i n g  s i g n a l s  

t o  d r i v e  two independent  d i rec t -d raw CRT d i s p l a y s .  Other  d i g i t a l  

s i m u l a t i o n  t a s k s  and h y b r i d  I / O  a r e  performed by t h e  E c l i p s e  S /200 .  

2 . 3 . 2 . 2  DAAS S i m u l a t i o n  Hardware -- The f i x e d  b a s e  mockup of t h e  

p i l o t ' s  c o n t r o l  s t a t i o n  i n c l u d e s  s e a t ,  i n s t r u m e n t  p a n e l ,  f l i g h t  

c o n t r o l s ,  and eng ine  c o n t r o l s  c o n f i g u r e d  t o  t h e  approximate  dimen- 

s i o n s  i n  a Cessna  402. S i n c e  o u t s i d e  v i s u a l  s c e n e  g e n e r a t i o n  was 

n o t  a v a i l a b l e ,  o n l y  IFR f l i g h t  c o n d i t i o n s  were s i m u l a t e d ,  

F u n c t i o n a l  C o n t r o l s  -- The f o l l o w i n g  p i l o t  c o n t r o l s  a r e  func-  

t i o n a l  i n  t h e  s i m u l a t o r :  



i 

A i l e r o n s  and E l e v a t o r  -- S p r i n g  c e n t e r e d  c o n t r o l  wheel w i t h  

h y d r a u l i c  dampers on each a x i s .  

Rudder -- S p r i n g  c e n t e r e d  p e d a l s .  

E l e v a t o r  E l e c t r i c  Trim Swi tch  -- On c o n t r o l  wheel ,  

F l a p  P o s i t i o n .  

A u t o p i l o t  Mode C o n t r o l  -- King KXC 340. 
C o n t r o l  Wheel S t e e r i n g  Swi tch  -- On c o n t r o l  wheel .  

A u t o p i l o t  Dump Switch  -- On c o n t r o l  wheel ,  

Go-around Swi tch  -- On l e f t  t h r o t t l e  g r i p .  

T h r o t t l e  -- L e f t  l e v e r  f u n c t i o n a l .  

RPM -- L e f t  l e v e r  f u n c t i o n a l ,  

X i x t u r e  -- l e f t  l e v e r  f u n c t i o n a l .  

Gear S w i t c h ,  

IDCC Touch Pane l  -- Eigh t  touch  p o i n t s .  

IDCC Func t ion  s e l e c t  Keys -- 18 k e y s .  

IDCC Alphanumeric Keypad -- 15 k e y s ,  

IDCC E n t e r  and Backspace Keys, 

EHSI Cursor  Slew C o n t r o l  



F~xnctsoual D ~ s p l a y s  -- 'rllt. f o l l ~ w i n g  p i l o t :  d i s p l a y s  a re  f unc- 
t'zan:~.l: 

+ FDI -- I i ing IiCI 310 

ENS1 -- 4 s 5- inch  d i r e c t  d rsw CRT ( T e k t r e n i s  hloci, 608) 

e blode A n n u n c i a t o r  -- IClag IL\P 315 

0 Air speed  I n d i c a t o r  -- 2 . 7 5 - i n c h  meter with 350-deg. p o i n t e r  

r a n g e  

e Daro Altirncstor -- t h r o e  p o i n t e r  DC s e r v o  d r i v e  

Vt?rtic;il Speed -- 250-deg, 2 ,  TS-inch m e t e r  

e hifinifold P r e s s u r e  - 350-deg,  2 , 7 5 - i n c h  meter 

e RPhf -- 350-dog, 2 , 7 5 - i n c h  ~ n o t e r  

e F u e l  Flow -- 350-deg,  3 . 7 5 - i n c h  meter 

e A i r c r a f t  Cloclc 

0 hlas te r  C a u t i o n  aod Warning L i g h t s  

Tlle IiI 5 8 1  R:idio h fngna t i c  I n d i c a t o r ,  l i s t e d  above,  is s i m i l a r  

i n  sppa:irsncil to t h e  X I  236,  and was recommended by I i ing Radio 

for use i n  t h e  s i m u l a t o r ,  S in lu l a t ed  IDCC and EHSI d i s p l a y s  d l f -  

f es frorn t h e  4 . 5 - i n c h - s q u a r e  d i s p l a y s  w i t h  i n - r n s t e r  symboJ. g c n e r -  

a t i o n  p r e s e n t l y  p l a n n e d  f o r  use  i n  DAAS. The s i m u l a t o r  f a c i l i t y  

is c u r r e n t l y  l i m i t e d  t o  d i r e c t - d r a m  d i s p l a y  g e n e r a p t i o n ,  T a k t r u n i s  

608 I \ lon i to rs  a p p r o x i m a t e  t l ~ o  pldnrned for: use i n  DAAS,  The  s i ~ n u -  
l a t o r  f a c i l i t y  is  c u r r e n t l y  l i m i t e d  t o  d i r e c t - d r a w  d i s p l a y  genes -  

a t i o n ,  T e k t r o n i s  608 hlonktors  a p p r o s i n m t e  t h a  p l a n n e d  DAAS d i s -  

p l a y  c i imensic~ns t e  wi th i r l  0 , 5  i n c h ,  and c a n  bo d r i v e n  by t h e  S ,  



Y ,  2, and b l a n k i n g  o u f p u t s  produced by t h e  f a c i l i t y ' s  e x i s t i n g  
g r a p h i c s  g e n e r a t o r  u n i t ,  

T n s t a l l a t i o n  of  one  King KY 196 Coma T r a n s c e i v e r  and a  KT76A 
Transponder i n  t h e  s i m u l a t o r  is i n c l u d e d  t o  p r o v i d e  t h e  means f o r  
e x e r c i s i n g  t h e s e  f u n c t i o n s  i n  t h e  p i l o t ' s  p r o c e d u r a l  sequence .  

Labeled pas te -ups  of  a l l  remaining i n d i c a t o r s  a r e  i n c l u d e d  on t h e  
s i m u l a t e d  i n s t r u m e n t  t o  demons t ra te  DAAS. and backup p i l o t  p a n e l  
l a y o u t s .  

S i m u l a t o r  ~ a r d w a r e  I n t e r f a c e s  -- F i g u r e  2-15 summarized i n t e r -  --- 
f a c e s  between t h e  f  a c i l l t y  computers  and c o n t r o l / d i s p l a y  d e v i c e s .  
The a n a l o g  computer is  used o e l y  f o r  g a i n  and mil s e t t i n g s  on 
p r o p o r t i o n a l  c o n t  ro1.s and DC-met e r  p a n e l  i n s t r u m e n t s  . 

2.3.2.3 - DAAS S i m u l a t i o n  Sof tware  -- Sof tware  was developed 

f o r  d i g i t a l  s i m u l a t i o n  of  t h e  f o l l o w i n g  sys tem and envi ronmenta l  
components : 

o A i r c r a f t  and e n g i n e  

e F l i g h t  c o n t r o l  sys tem 

a Mean wind and g u s t s  

e Ground n a v i g a t i o n  

Nav iga t ion  a lgor iS ihms  

e S e n s o r  o u t p u t s  

IDCC f u n c t i o n s ,  pag ing  and d i s p l a y  f o r m a t s  

E H S I  d i s p l a y  f o r m a t s  

9 System f a i l u r e s  and o t h e r  unplanned e v e n t s  



DMA 
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D i g i t a l  Program D e s c r i p t i o n  -- The d i g i t a h  program is d i v i d e d  
i n t o  a  set o f  modules o r  s u b r o u t i n e s ,  a11 s h a r i n g  a common d a t a  

b a s e .  Th i s  d a t a  b a s e  c o n s i s t s  of two a r r a y s  : one r e a l  a r r a y  
c o n s i s t i n g  of up t o  1000 r e a l  v a r i . a b l e s ,  and t h e  second an in-  
t e g e r  a r r a y  c o n s i s t i n g  of up t o  500 i n t e g e r  o r  l o g i c a l  v a r i a b l e s .  
Each element o f  t h e  a r r a y s  is  e q u i v a l e n c e d  t o  a  mneumonic of s i x  
l e t t e r s  o r  l ess .  The f o l l o w i n g  s o f t w a r e  s u b r o u t i n e s  a r e  i n c l u d e d :  

ARPLN -- A i r c r a f t  e q u a t i o n s  of motion 

LACL -- Lateral a x i s  c o n t r o l  l a w  

PACL -- P i t c h  a x i s  c o n t r o l  law 

ENGIN -- Engine model 

MODSL -- Mode s e l e c t  l o g i c  

ADC -- Analog t o  d i g i t a l  c o n v e r t e r  

SERVO -- Servo model 

DISIO -- D i s c r e t e  i n p u t / o u t p u t  p r o c e s s i n g  

SNMOD -- S e n s o r  model 

ALTHLD -- A l t i t u d e  h o l d  model 

NAVCM -- Naviga t ion  computa t ions  

SERIO -- S e r i a l  i n p u t / o u t p u t  p r o c e s s i n g  

IDCC - IDCC d i s p l a y  p r o c e s s i n g  

EHSI -- EHSI d i s p l a y  p r o c e s s i n g  

INSTR -- I n s t r u m e n t a t i o n  s i g n a l  p r o c e s s i n g  

A 1 1  s u b r o u t i n e s  a r e  c a l l e d  by an e x e c u t i v e  r o u t i n e  which a l s o  
c o n t r o l s  sys tem t i m i n g  by u t i l i z i n g  an i n t e r r u p t  d r i v e n  r e a l  t i m e  
c l o c k .  



P i l o t  E v a l u a t i o n s  

S e v e r a l  i n d i c e s  were used t o  a s s e s s  t h e  p i l o t s t  r e s p o n s e s  t o  t h e  

DAAS system s i m ~ i l a t i o n .  These i n c l u d e d  o b s e r v a t i o n  of  t h e  p i l o t s  

d u r i n g  t h e  a c t u a l  s i m u l a t i o n  e x e r c i s e ,  a s  w e l l  a s  a  paper-snd- 

p e n c i l  q u e s t i o n n a i r e  and i n f o r m a l  d e b r i e f f n g s  f o l l o w i n g  each ses- 

s i o n .  The combinat ion  of t h e s e  e v a l u a t i o n  t e c h n i q u e s  y i e l d e d  a  

r e l a t i v e i y  comprehensive assessment  of  .the p i l o t s t  i m p r e s s i o n s  of 

DAAS. These r e s u l t s  a r e  p r e s e n t e d  i n  s e c t i o n  4 of  t h i s  r e p o r t .  
In a d d i t i o n  t o  e v a l u a t i v e  d a t a ,  t h e  p i l o t s  were a l s o  asked t o  

p r o v i d e  g e n e r a l  background i n f o r m a t i o n .  Each p i l o t  was asked t o  

f i l l  out  a  b r i e f  q u e s t i o n n a i r e  o u t l i n i n g  h i s  p r e v i o u s  f l i g h t  h i s -  
t o r y  and c u r r e n t  c r e d e n t i a l s .  Appendix A c o n t a i n s  t h e  s u b j e c t  

p r o f i l e s  t h a t  were compiled from t h e  completed q u e s t i o n n a i r e s .  

2 . 3 . 4  E v a l u a t i o n  Procedure  

The DAAS e v a l u a t i o n s  c o n s i s t e d  of  f o u r  e l e m e n t s :  

1. P i l o t s  were b r i e f e d  on t h e  DAAS sys tem and t h e  a s p e c t s  of  

it t h a t  were t o  be e v a l u a t e d .  

2 .  P i l o t s  then  f l e w  t h e  s i m u l a t o r  f o l l o w i n g  a  s c e n a r i o  f o r  a  

p lanned f l i g h t  of  approx imate ly  15 t o  20 m i n u t e s ,  

3 .  Immediately f o l l o w i n g  t h e  s i m u l a t o r  e x e r c i s e ,  each p i l o t  

f i l l e d  o u t  a  q u e s t i o n n a i r e  w h i l e  e l a b o r a t i n g  v e r b a l l y  
on t h e i r  r e s p o n s e s .  

4 .  D e b r i e f i n g  by means of an i n f o r m a l ,  on-going d i s c u s s i o n  

wi th  one o r  more p i l o t s  p r e s e n t  completed t h e  e v a l u a t i o n  

p r o c e d u r e .  



2 . 3 . 4 . 1  B r i e f i n g  o f  S u b j e c t s  -- B r i e f i n g s  were g iven  t o  t h e  DAAS 

e v a l u a t i o n  p i l o t s  who were n o t  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  de- 

s i g n  o f  DAAS. These b r i e f i n g s  emphasized t h e  f u n c t i o n a l  charac-  

t e r i s t i c s  of  DAAS and t h e  p a r t i c u l a r  a s p e c t s  t h a t  were t o  be 

e v a l u a t e d .  

The b r i e f i n g s  fo l lowed  t h e  o u t l i n e  a s  f o l l o w s :  

1, O b j e c t i v e s  of  DAAS 

2 ,  D e s c r i p t i o n  o f  C o n t r o l s  and D i s p l a y s  

2 . 1  Ai r speed  I n d i c a t o r  

2 . 2  A t t i t u d e  D i r e c t o r  I n d i c a t o r  

2 . 3  Mode Annuncia tor  Pane l  

2 . 4  A l t i m e t e r  

2.5  A l t i t u d e  Rate I n d i c a t o r  

2 . 6  E l e c t r o n i c  H o r i z o n t a l  S i t u a t i o n  I n d i c a t o r  and C o n t r o l s  

2 . 7  Engine  In s t rumen t s  

2 . 8  I n t e g r a t e d  Data C o n t r o l  Cen t e r  

2 . 8 . 1  D i sp l ay  

2 . 8 . 2  Touchpoints  

2 . 8 . 3  Page S e l e c t  But tons  

2 . 8 . 4  Naviga t ion  But tons  

2 . 8 . 5  Keyboard 

2 . 9  Caut ion  and Warning L i g h t s  

2 .10  A u t o p i l o t  Con t ro l  Pane l  

2 . 1 1  Misce l l aneous  C o n t r o l s  



2 . 1 1 . 1  F l a p  C o n t r o l  

2 . 1 2 . 2  T h r o t t l e  Quadran t  

2 . 1 1 . 3  Go Around Switch  

2 . 1 1 , 4  Trim Swi tch  

2 , 1 1 . 5  A u t o p i l o t  Disengage Swi tch  

2 . 1 1 . 6  C o n t r o l  Wheel S t e e r i n g  Swi tch  

3. IDCC F u n c t i o n s  and Pages  

3 . 1  I n i t i a l i z a t i o n  

3 . 2  Weight and B a l a n c e  

3 . 3  NAVAID Data and S t o r a g e  

3 . 4  Waypoint D a t a  

3 . 5  F l i g h t  S t a t u s  

3 . 6  Take Off and C r u i s e  Performance  

3 . 7  Check L i s t s  

3 . 8  Emergency P r o c e d u r e s  

4. EHSI F u n c t i o n s  and F e a t u r e s  

4 . 1  Heading I n d i c a t i o n  & Heading S e l e c t  

4 . 2  D i s p l a y  Format 

4 . 2 . 1  RNAV l i n k e d  

4 . 2 . 2  RNAV u n l i n k e d  

4 . 2 . 3  VOR 

4 . 2 . 4  ILS 

4 . 3  V e r t i c a l  Track  Angle and VNAV 

4 . 4  Waypoint B e a r i n g  I n d i c a t o r  



4 , 5  Miscellaneous Ind ica t ions  

MDA or  DH 

Waypoint i n  use and a v a i l a b l e  

Course 

Dis tance  t o  Waypoint 

T ime  t o  Waypoint 

Waypoint A l t i t u d e  

Radios i n  use  

4 . 6  HeadingINorth Up 

4.7 Map Sca les  
, 

5 . Navigation Features  

5 . 1  Map Review 

5 . 2  Map Slew 

5 . 3  Map Return 

5 . 4  Use Button 

5 . 5  Course S e l e c t  

5 . 6  Auto Sequence 

5.7 Horizonta l  Direc t  To 

5 . 8  V N B 7  

5 . 9  Waypoint Generate 

5 .10  Dele te  Waypoint 

5 . 1 1  I n s e r t  Waypoint 

5 .12  Cursor Use 



6,  A t t i t u d e  D i r e c t o r  I n d i c a t o r  

6 . 1  Horizon 

6,2 Command Bars  

6 , 3  L o c a l i z e r  Devia t ion  

6 . 4  G l i d e  Slope Devia t ion  

6 . 5  VNAV Deviat ion 

6 . 6  MDA and DH I n d i c a t o r s  

7 ,  Au top i lo t  Mode S e l e c t  Pane l  

7 . 1  Yaw Damper 

7 . 2  F l i g h t  D i r e c t o r  

7 . 3  A u t o p i l o t  

7 . 4  A l t i t u d e  A r m ,  Hold and Trim 

7 . 5  VNAV 

7 . 6  Heading S e l e c t  

7 . 7  Approach 

2 . 8  Naviga t ion  

2 . 3 . 4 . 2  Eva lua t ion  S c e n a r i o ,  Minneapolis  Area -- The e v a l u a t i o n  

s c e n a r i o  was planned f o r  approximaskely 15 t o  20 minutes  of f l i g h t  

s t a r t i n g  wi th  a t a k e o f f  from t h e  Minneapol is ,  S t .  Pau l  I n t e r -  

n a t i o n a l  A i r p o r t  a s  waypoint 1; hence t o  waypoint 2 ,  STILS i n t e r -  

s e c t i o n ;  hence t o  waypoint 3 ,  RENEW i n t e r s e c t i o n ;  hence t o  way- 

po in t  4 ,  BONNA I n i t i a l  Approach F i x  f o r  an RNAV approach t o  Rwy 

29 R i g h t ,  w i t h  waypoint 5 t h e  missed approach p o i n t  l o c a t e d  a t  

t h e  l a n d i n g  end of Rwy 29 R igh t .  F igu re  2-16, Minneapolis  l o c a l  

a r e a  v i c t o r  a i rway  IFR map, d e s c r i b e s  t h e  f l i g h t  r o u t e .  
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The f l i g h t  time of 1 5  t o  20 minutes  was of s u f f i c i e n t  d u r a t i d n  t o  

permit  t h e  e x e r c i s i n g  of  t h e  DAAS f u n c t i o n s .  P r e p a r a t i o n  f o r  t h e  

f l i g h t ,  t h e  e n t r y  of d a t a  v i a  keyboard i n t o  t h e  IDCC such as take-  . 
o f f  performance c a l c u l a t i o n s ,  weight and ba lance  e t c . ,  took  an 

a d d i t i o n a l  15 t o  20 minu te s .  Thus, t h e  e v a l u a t i o n  p x l o t  was i n  

t h e  s i m u l a t o r  seat f o r  about 40 minu te s ,  which was not  long 

enough f o r  e i t h e r  f a t i g u e  o r  boredom t o  e n t e r  t h e  e v a l u a t i o n  

equa t ion .  

The NAVAID Data e n t e r e d  i n t o  DAAS i s  d e s c r i b e d  i n  Table  2-1 and 

c o n s i s t s  of t h e  VOR/DME st a t i o n s  used f o r  waypoint d e f i n i t i o n .  

Table 2-2 l ists t h e  waypoints  and d e s c r i b e s  t h e  v e r t i c a l  naviga- 

t i o n  p r o f i l e .  F igu re  2-17 is  t h e  RNAV approach c h a r t  f o r  Minne- 

a p o l i s ,  S t .  P a u l ,  I n t e r n a t i o n a l  A i rpo r t  Rwy 29 R igh t .  

The fo l lowing  i s  a  d e s c r i p t i o n  of  t h e  s c e n a r i o  i n  t h e  o r d e r  of 

a c t u a l  e v e n t s :  

1 Review f l i g h t  p l a n  as shown i n  F igu re  2-16. 

2 .  Power-up system - IDCC INIT PAGE appea r s .  P i l o t  e n t e r s  

z u l u  t ime (GMT). 

3 ,  P r e s s  MENU b u t t o n  and s e l e c t  t euchpo in t  WEIGHT & BALANCE 

4. WEIGHT & BALANCE, Pages 2 th rough  3 - Ente r  pas senge r ,  

c a rgo  and f u e l  weight  as a p p r o p r i a t e .  Review r e s u l t s  on 

page 3 t o  s e e  t h a t  t h e  c a l c u l a t e d  CG i s  between t h e  forward 

and a f t  l i m i t s  and t h a t  t h e  maximum t a k e o f f  weight is  not  

exceeded.  T r a n s f e r  r e s u l t s  t o  INIT page. 

5 .  P r e s s  MENU b u t t o n  and s e l e c t  touchpoin t  TAKEOFF PERFORMANCE. 
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Table  2-1. NAVAID Data f o r  Eva lua t ion  S c e n a r i o  

NAVAID 
No. 

1 

2 

3  

4 

5 

6 

7 

8 

9 .  

0 

I 

Var i a t i on .  

6 E 
6E 

La t i t ude  

N4508.7 

N4437.9 

N 

N 

N 

N 

N 

N 
N 

N 

Frequency 
I . D .  

MSP 1 1 7 . 3  

FGT 115 .7  

Longitude 

W09322.4 

W09310.9 

W 

W 

W 

W 

W 

1' 

W 

W 

I 

Eleva t ion  

880 

930 



T a b l e  2-2. Waypoint D a t ?  f o r  E v a l u a t i o n  S c e n a r i o  

DAAS Waypoint Data Sheet  

!dDA 

1400 

R N A V / V O R /  I LS 
O f f s e t  

(NM) 

4,O 

2.0 

1 . 6  

A l t i t u d o  
(Ft  ) 

3000 

4000 

4000 

352 

7 

8 

9 1 
0 

Radial 
(Deg) 

151,O 

16.0 

Dis tance  
( NhI 

1 7 , l  

2 1 hiSP 094 

4 2 FGT 035 

Elevat ion  
( F t )  Frequency \vP 

1 

28.0 

32.0 

13,O 

NAVAID 
No, ID 

1 MSP 

CRSl 
(Des )  

CRS2 
(Dw) 
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Figure 2-17. Minneapolis-St. Paul International 
RNAV Rwy 29 Right 



6 .  TAKEOFF PERFORMANCE - E n t e r  a 1 1  a p p r o p r i a t e  d a t a  f o r  t a k e -  

o f f .  Review r e s u l t s  o f  computa t ion  on page  2 .  

7 .  P r e s s  MENU b u t t o n  and select t o u c h p o i n t  CRUISE PERFORMANCE 

8 .  CRUISE PERFORMANCE - E n t e r  a p p r o p r i a t e  d a t a  f o r  c r u i s e .  

9 .  P r e s s  N A V A I D  DATA b u t t o n  - e n t e r  VOR/DME d a t a  f o r  a p p r o p r i -  

a t e  NAVAID s t a t i o n s  r e q u i r e d  t o  d e f i n e  waypo in t s  f o r  f l i g h t  

p l a n n e d ,  See  T a b l e  2-1 f o r  NAVAID d a t a  e n t r y .  P r e s s  

NAVAID SUM b u t t o n  t o  r ev iew t h e  d a t a  e n t e r e d .  

10 P r e s s  WAYPOINT DATA b u t t o n  - e n t e r  w a y p o i n t s  t h a t  d e f i n e  

i n t e n d e d  f l i g h t .  Review d a t a  e n t e r e d  by  f l i p p i n g  t h r o u g h  

waypoint  pages  1 t h r o u g h  5 .  Sec T a b l e  2-2 f o r  waypoint  

(WP) d a t a  f o r  e v a l u a t i o n  s c e n a r i o .  

11. Using E l e c t r ~ ~ i c  Map Slew l e v e r  and a p p r o p r i a t e  map s c a l e s ,  

r ev iew t h e  e n t i r e  f l i g h t .  

1 2 .  P r e p a r e  f o r  t a k e o f f  u s i n g  IDCC c h e c k l i s t s .  

13. T a k e o f f ;  engage a u t o  p i l o t  a f t e r  a i r b o r n e ;  c l i m b  t o  400 

f e e t ;  u s e  h e a d i n g  select t o  t u r n  f o r  an i n t e r c e p t  w i t h  

c o u r s e  1 of  WP2; a c t i v a t e  a u t o p i l o t  NAV ARM; and a s  a i r -  

c r a f t  c o u p l e s  and s e t t l e s  down on c o u r s e  1, s e l e c t  a u t o -  

p i l o t  VNAV. P r e s s  AUTO SEQ b u t t o n  f o r  c o u r s e  1 t o  s w i t c h  

a u t o m a t i c a l l y  t o  c o u r s e  2 .  

14 .  Halfway t o  WP3, make WP3 a c t i v e  and p r e s s  USE b u t t o n .  

1 5 .  P r e s s  FLIGHT STATUS b u t t o n  f o r  t r u e  a i r s p e e d ,  ground s p e e d ,  

wind,  ETA, and f u e l  a v a i l a b l e .  



16, Halfway t o  WP4, make WP4 a c t i v e  and p r e s s  USE b u t t o n .  

17 .  Waypoint 4 is BONNA, t h e  i n i t i a l  approach f i x  CTAF) f o r  
approach t o  Rwy 29 R igh t ,  A t  3  m i l e s  from WP4, slow a i r -  
c r a f t  t o  120 k t s  and review l a n d i n g  c h e c k l i s t .  See F igu re  

2-17, RNAV Approach Chart  Minneapolis  Rwy 29 Right .  

18. Over WP4, ex tend  l a n d i n g  g e a r  and f l a p s .  

19 ,  S e l e c t  WP5 MAP a c t i v e  and p r e s s  USE b u t t o n .  

2 0 .  Monitor i n d i c a t e d  a i r s p e e d  t o  100 k t  and g l i d e  s l o p e  t o  
about 3 d e g r e e s  on t h e  EHSI V e r t i c a l  Track Angle i n d i c a t o r .  

21. A t  t h e  minimum descen t  a l t i t u d e  (MDA) t h e  a i r c r a f t  goes  t o  
a l t i t u d e  ho ld  and p a s s e s  ove r  WP5 MAP. End o f  e v a l u a t i o n  

s c e n a r i o .  

2 . 3 . 4 , 3  Pas t -Scenar io  Q u e s t i o n n a i r e  -- A pos t - scena r io  ques t ion -  - 
n a i r e  w a s  developed t o  p rov ide  q u a n t i t a t i v e  assessment of p i l o t  
response  t o  t h e  human f a c t o r s  c h a r a c t e r i s t i c s  of t h e  DAAS simula- 
t i o n  s c e n a r i o  e x e r c i s e .  Ra t ing  s c a l e s  were used t o  a s s e s s  re-  
sponses  t o  o v e r a l l  system o p e r a t i o n ,  a s  w e l l  a s  s p e c i f i c  charac-  
t e r i s t i c s  of t h e  IDCC and EHSI keyboards and d i s p l a y s .  The 
q u e s t i o n n a i r e  addressed  each  of t h e  fo l lowing  a r e a s :  

O v e r a l l  System Opera t ion  

- Workload assessment  

- Adequacy of i n fo rma t ion  provided  

- Relevancy of in format ion  provided 

- Time assessment  

- P o t e n t i a l  t r a i n i n g  r equ j .  e : -- 



a Time 
Method ( s i m u l a t o r  v e r s u s  iso!.r..q.~ CRT d i s p l a y s )  

IDCC Keyboard and Disp lay  

- Ease of d a t a  e n t r y  

e Time r e q u i r e d  
Keyboard l o = a t i o n  

a Keyboard format 

- Adequacy of in format ion  d i s p l a y e d  

a Major functions/menu s e l e c t i o n s  
a Feedback f o r  e r r o r  c o r r e c t i o n s  

EHSI Keyboard and Disp lay  

- Ease of d a t a  e n t r y  

a Waypoint i n s e r t  i on  
Keyboard l o c a t i o n  

- Adequacy of  informat  i on  d i s p l a y e d  

e General  Comments 

The p o s t - s c e n a r i o  q u e s t i o n n a i r e  was g iven  t o  each  p i l o t  imrnedi- 

a t e l y  fo l lowing  t h e  simul-at ion e x e r c i s e .  Admin i s t r a t i on  of t h e  
q u e s t i o n n a i r e  was i n f o r m a l ,  and v e r b a l  comments from t h e  p i l o t  
e l a b o r a t i n g  on t h e i r  responses  t o  each i t e m  were encouraged.  
Thus, t h e  q u e s t i o n n a i r e  a l s o  s e rved  a s  a  p o i n t  o f  d e p a r t u r e  f o r  
t h e  d e b r i e f i n g  d i s c u a s i o n s  which fo l lowed.  

2.3.4.4 Debr i e f ing  -- Debr i e f ing  involved  in formal  ongoing d i s -  
cus s ion  with  one o r  more of t h e  p i l o t s  p r e s e n t  a t  any g iven  t ime .  

Thus, p i l o t s  were a b l e  t o  d i s c u s s  t h e  s i m u l a t i o n  from s e v e r a l  



v+iewpoints. The r e s u l t  was an i n d e p t h  a n a l y s i s  of bo th  t h e  func- 

t i o n a l  c h a r a c t e r i s t i c s  of DAAS and i t s  g e n e r a l  a c c e p t a b i l i t y  a s  a 
f u t u r e  on-board system.  

2 . 4  FAILURE MODE AND EFFECTS ANALYSIS (FMEA) 

The i n t e n t i o n  of t h i s  FMEA is  t o  ana lyze  t h e  e f f e c t s  of f a i l e d  

DAAS e lements ,  t h e  p r o b a b i l i t y  of t h e  f a i l u r e s ,  and how t h e  p i l o t  

workload and t h e  f l i g h t  s a f e t y  s i t u a t i o n  a r e  a f f e c t e d  by t h e  f a i l -  

u r e s .  The importance of t h e  s a f e t y  p i l o t  is  d i s c u s s e d .  DAAS 

c o m p a t i b i l i t y  t o  FAR P a r t s  23 and 9 1  is  a l s o  a s s e s s e d .  

Assessment of  DAAS compliance w i t h  FAR requ i r emen t s ,  and a n a l y s i s  

of f a i l u r e  e f f e c t s  i n  g e n e r a l  can be  srunmarized a s  f o l l o w s :  

e F a i l u r e  E f f e c t s  wi th  Respect t o  FAR Requirements 

- Of t h e  86 DAAS elements  ana lyzed ,  FAR P a r t s  23 and 9 1  

VFR and IFR CAT 1 requi rements  a r e  a p p l i c a b l e  t o  36. 

There  a r e  no c o n f l i c t s  f o r  f a u l t - f r e e  DAAS. 

- 25 DAAS e lements  may f a i l  wi thout  v i o l a t i n g  any FAR 

requ i r emen t s .  

- 11 f a i l e d  e lements  v i o l a t s  FAR 23.1329.e  f o r  t h e  i n i t i a l  

DAAS d e s i g n .  These 11 f a i l u r e s  v i o l a t e  FAR 23.1329e 

which s a y s :  

"Each system must be des igned  s o  t h a t  a. s i n g l e  mal- 

f u n c t i o n  w i l l  no t  produce a  hardover  s i g n a l  i n  more 

than  one c o n t r o l  a x i s .  " 



Recommendation -- The FAR 23.1329.e  c o n f l i c t  was r e so lyed  by  

i n t r o d u c i n g  3 hardware l i m i t e r s  l o c a t e d  down s t r e a m  of t h e  m 

p i t c h ,  r o l l ,  and yaw D / A  c o n v e r t e r s .  These limiters w i l l  

p r o h i b i t  any DAAS computer f a i l u r e  from commanding t h e  

s e r v o s  hardover ,  

e F a i l u r e  E f f e c t s ,  General  -- The 86 DAAS e lements  were s p l i t  

i n t o  t h e  4 f a i l u r e  c a t e g o r i e s :  

22 Elements - Category 1, F a i l u r e  E f f e c t s  N e g l i g i b l e  - 

36 Elements - Category 2 ,  F a i l u r e  E f f e c t s  Inconvenient  

26 Elements - Category 3 ,  F a i l u r e  E f f e c t s  Demanding 

2 Elements - Category 4 ,  F a i l u r e  E f f e c t s  C r i t i c a l  

The two c r i t i c a l  f a i l u r e s  a r e  A i r c r a f t  28-Vdc and Avionics 

28-Vdc bus.  The ca t ego ry  4 f a i l u r e  p r o b a b i l i t y  i s  very low, 

l e s s  t han  f o r  a 4-hour f l i g h t .  

Recornmendat i o n s  

1. The DAAS f a i l u r e  e f f e c t s  a r e  no t  c r i t i c a l  w i t h  t h e  

except ion  of t h e  A i r c r a f t  and Avionics  28-Vdc bus 

f a i l u r e .  The p r o b a b i l i t y  of t h e s e  f a i l u r e s  happening 

is  low enough t o  make them n e g l i g i b l e .  No a c t i o n  

r e q u i r e d .  

2. F l i g h t  s a f e t y  i s  dependent on t h e  s a f e t y  c o p i l o t .  He 

should c l o s e l y  moni tor  t h e  DAAS performance,  e s p e c i a l l y  

a t  low a l t i t u d e ,  t a k e - o f f ,  and l a n d i n g  c o n d i t i o n s ,  



Following are t h e  d e t a i l s  of  t h e  a n a l y s i s  i n c l u d i n g  d e s c r i p t i o n  

of t h e  DAAS system ana lyzed ,  assessment of DAAS compliance w i t h  

FAR requ i r emen t s ,  and d e s c r i p t i o n  of  t h e  FMEA r e s u l t s .  

2 . 4 . 1  DAAS Sy-stem D e s c r i p t i o n  

The p r e s e n t  DAAS is de f ined  i n  t h e  fo l lowing  documents: 

1 Func t iona l  d e s c r i p t i o n ,  NASA DAAS Phase 2 ,  d a t e d  October 

15, 1980. 

2 .  DAAS System S p e c i f i c a t i o n  (YG1210) p r e l i m i n a r y  copy 

December 1979. 

3 .  Software  requi rements  f o r  t h e  DAAS FCS, Vers ion 5 ,  October 

1979. 

4 .  Miscel laneous diagrams and pape r s  d e s c r i b i n g  t h e  Cessna 

402B c o c k p i t ,  s e r v o s ,  e t c .  

2 . 4 . 2  Assessment of Compliance With FAR Requirements 

FAR P a r t s  23 and 9 1  a r e  a p p l i c a b l e  t o  DAAS. The a p p l i c a b l e  FAR 

paragraphs  a r e  r e s t a t e d  below and comments g iven  a s  t o  how they  

a r e  n e t  by DAAS. 

2 . 4 . 2 . 1  FAR P a s t  23 Equipment, Systems and I n s t a l l a t  i o n s  -- The 

DAAS, when i n s t a l l e d  i n  t h e  a i r c r a f t ,  must meet t h e  fo l lowing  re -  

s t a t e d  FAR P a r t  23 requirement  : 



Requirement,  23,1309 

( a )  Each i t em of equipment,  when gerforming i t s  in t ended  func- 
t i o n ,  may not  adve r se ly  a f f e c t  : 

- - . --- 

(1) The r e sponse ,  o p e r a t i o n ,  o r  accuracy of  any equipment 

e s s e n t i a l  t o  s a f e  o p e r a t i o n ;  o r  

( 2 )  The r e sponse ,  o p e r a t i o n ,  o r  accuracy  of any o t h e r  

equipment u n l e s s  t h e r e  i s  a  means t o  inform t h e  p i l o t  
of t h e  e f f e c t .  

( b )  The equipment,  sys tems ,  and i n s t a l l a t i o n s  of  a  ~ n u l t i e n g i n e  
a i r p l a n e  must be  des igned  t o  prevent  haza rds  t o  t h e  a i r p l a n e  

i n  t h e  event  of a  p robable  mal func t ion  o r  f a i l u r e .  

( c )  The equipment,  sys tems ,  and i n s t a l l a t i o n s  of  a  s ing l e -eng ine  

a i r p l a n e  must be designed t o  minimize haza rds  t o  t h e  air-  

p l a n e  i n  t h e  event  of a  p robab le  ma l func t ion  o r  f a i l u r e .  

Comment : 

The DAAS development program shou ld  e l i m i n a t e  adve r se  a f f e c t s  

s p e c i f i e d  i n  i t em a .  T e s t s  i n  s i m u l a t o r s ,  q u a l i f i c a t i o n s  t e s t s ,  

and checkout i n  t h e  a i r c r a f t  s h a l l  v e r i f y  t h a t  no undes i r ed  

i n t e r a c t i o n  e x i s t s .  

The DAAS des ign  and inc luded  l imiters ,  mon i to r s ,  warn ings ,  e t c . ,  

s a t i s f y  t h e  i t em b  o r  c  r equ i r emen t s .  

2 . 4 . 2 . 2  FAR P a r t  23 ,  Requirements of  t h e  Au top i lo t  -- The Auto- 

p i l o t  ( s e n s o r s ,  computer,  s e r v o s )  must meet t h e  FAR P a r t  23.1329 

requirement  a s  f o l l o w s :  



Requirement,  23,1329 a  t o  g 

( a )  Each system must be designed s o  t h a t  t h e  au tomat ic  p i l o t  c a n ;  

( 1 )  B e  q u i c k l y  and p o s i t i v e l y  disengaged by t h e  p i l o t s  t o  

p reven t  it from i n t e r f e r i n g  w i t h  t h e i r  c o n t r o l  of  t h e  
a i r p l a n e ;  o r  

( 2 )  B e  s u f f i c i e n t l y  overpowered by one p i l o t  t o  l e t  him 

c o n t r o l  t h e  a i r p l a n e .  .- 

b ,  c ,  g r e q u i r e s  a c e r t a i n  c o c k p i t  de s ign  i n  o r d e r  t o  e l i m i n a t e  
p i l o t  confusion and s i m p l i f y  u s e  of t h e  a u t o p i l o t ,  

a , d , e , f  r e q u i r e s  a c e r t a i n  system des ign  t o  minimize t h e  impact 

of  a u t o p i l o t  mal func t ion .  

Comment : 

The a u t o p i l o t  dump swi t ches  ( c o n t r o l  wheel ,  A,-accelercmeter) and 

t h e  s l i p  c l u t c h  inc luded  i n  t h e  e l e v a t o r ,  a i l e r o n ,  and rudder  
s e r v o s  prov ide  t h e  r e q u i r e d  p r o t e c t i o n ,  

The s l i p  c l u t c h e s  a r e  designed t o  p reven t  e x c e s s i v e  a c c e l e r a t i o n s .  

Requirement 23.1329 b - 
( b )  Unless t h e r e  is au tomat ic  s y n c h r o n i z a t i o n ,  each system must 

have a  means t o  r e a d i l y  i n d i c a t e  t o  t h e  p i l o t  t h e  al ignment 
of  t h e  a c t u a t i n g  dev ice  i n  r e l a t i o n  t o  t h e  c o n t r o l  system it 
o p e r a t e s  . 



Comment : 

The p o s i t i o n  o f  t h e  c o n t r o l  w h e e l ,  p e d a l s  and t h e  t r i m  i n d i c a t o r s  

i n d i c a t e  t h e  a l i g n m e n t .  

Requirement  23 .1329 c  

( c )  Each manual ly  o p e r a t e d  c o n t r o l  f o r  t h e  sys tem o p e r a t i o n  must 

b e  r e a d i l y  a c c e s s i b l e  t o  t h e  p i l o t .  Each c o n t r o l  must o p c r -  

a t e  i n  t h e  same p l a n e  and s e n s e  of mot ion  a s  s p e c i f i e d  i n  

23 .779  f o r  c o c k p i t  c o n t r o l s .  The d i r e c t i o n  of  mot ion  must 

b e  p l a i n l y  i n d i c a t e d  on o r  n e a r  e a c h  c o n t r o l .  

Comment : 

DAAS p a n e l  l a y o u t  a g r e e s  w i t h  t h e  FAR r e q u i r e m e n t s .  

Requirement  23 .1329 d  

( d )  Each s y s t e m  must b e  d e s i g n e d  and a d j u s t e d  s o  t ha t ,  w i t h i n  

t h e  r a n g e  o f  a d j u s t m e n t  a v a i l a b l e  t o  t h e  p i l o t ,  it canno t  

p roduce  h a z a r d o u s  l o a d s  on t h e  a i r p l a n e  o r  c r e a t e  haza rd -  

o u s  d e v i a t i o n s  i n  t h e  f l i g h t  p a t h ,  under  any f l i g h t  cond i -  

t i o n  a p p r o p r i a t e  t o  i t s  u s e ,  e i t h e r  d u r i n g  normal  o p e r a t i o n  

o r  i n  t h e  e v e n t  o f  a  m a l f u n c t i o n ,  assuming t h a t  c o r r e c t i v e  

a c t i o n  b e g i n s  w i t h i n  a  r e a s o n a b l e  p e r i o d  of t i m e .  

Comment : 

Met by 

1. S o f t w a r e  l imi te r s ,  3 - a x i s  

2 .  S o f t w a r e  " f a d e r s "  i n  p i t c h  and r o l l  



3.  S l i p  c l u t c h e s  

4 .  P i t c h  t r i m  moni tor  

5 .  The Nz> ttlG-Durnp a c c e l e r o m e t e r t t .  

Requirement 23.1329 e 

( e )  Each system must be des igned  s o  t h a t  a  s i n g l e  mal func t ion  

w i l l  not produce a  hardover  s i g n a l  i n  more than  one contrcl l  

a x i s .  I f  t h e  au toma t i c  p i l o t  i n t e g r a t e s  s i g n a l s  from a u x i l -  
i a r y  c o n t r o l s  o r  f u r n i s h e d  s i g n a l s  f o r  o p e r a t i o n  of o t h e r -  

equipment ,  p o s i t i v e  i n t e r l o c k s  and sequencing of engagement 

t o  p revent  improper o p e r a t  i on  a r e  r e q u i r e d .  

Comment : 

T h i s  requ i rement  can be m e t  by implementation of hardware s e rvo  
command l i m i t e r s .  (Note:  L i m i t e r s  have been added t o  f l i g h t  

system. ) 

Requirement 23,1329 f  

( f )  There  must be p r o t e c t i o n  a g a i n s t  adverse  i n t e r a c t i o n  of 
i n t e g r a t e d  components, r e s u l t i n g  from a  ma l func t ion .  

Comment : 

Met by 

1 . B u f f e r s  e l i m i n a t i n g  p a r t  damage. 

2 .  L i m i t e r s  and moc i to r s  e l i m i n a t i n g  e x c e s s i v e  commands. 



Requirement 23 .1329 g 

( g )  I f  t h e  a u t o m a t i c  p i l o t  sys tem can  be c o u p l e d  t o  a i r b o r n e  

n a v i g a t i o n  equ ipment ,  means must be  p r o v i d e d  t o  i n d i c a t e  t o  

t h e  f l i g h t  crew t h e  c u r r e n t  mode o f  o p e r a t i o n .  S e l e c t o r  

s w i t c h  p o s i t i o n  is n o t  a c c e p t a b l e  as a  means of  i n d i c a t i o n .  

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

2 . 4 . 2 . 3  FAR P a r t  9 1 ,  I n s t r u m e n t s ,  and Equipment Requirements  -- 
FAR P a r t  9 1 . 3 3 ,  a  t o  e ,  s p e c i f i e s  i n s t r u m e n t  and equipment  re- - - 

q u i r e d  f o r  powered c i v i l  a i r c r a f t  w i t h  U.S.  a i r  w o r t h i n e s s  cer- 

t i f i c a t e s  a s  f o l l o w s :  

9 1 . 3 3  ( a )  G e n e r a l  

( b )  VFR f l i g h t ,  day  

( c )  VFR f l i g h t ,  n i g h t  

( d )  IFR f l i g h t ,  c a t e g o r y  I 

( e )  IFR f l i g h t ,  c a t e g o r y  above 2 4 , 0 0 0  f e e t  

( f )  IFR f l i g h t ,  c a t e g o r y  I1 

IFR c a t e g o r y  I1 i s  n o t  a p p l i c a b l e  t o  DAAS. 

The r e q u i r e m e n t s  a r e  summarized a s  f o l l o w s .  

Requirement  91 .33b  

( b )  I n s t r u m e n t s  r e q u i r e d  f o r  VFR F l y i n g ,  Day 

( 1 )  A i r s p e e d  i n b 2 c a t o r .  



( 2 )  A l t i m e t e r .  

( 3 )  Magnet ic  d i r e c t i o n  i n d i c a t o r .  

( 4 )  Tachometer  f o r  e a c h  e n g i n e .  

( 5 )  O i l  p r e s s u r e  gauge f o r  each  e n g i n e  u s i n g  p r e s s u r e  
s y s t e m .  

(6) Tempera ture  gauge f o r  each  l i q u i d - c o o l e d  e n g i n e .  

( 7 )  O i l  t e m p e r a t u r e  gauge f o r  e a c h  a i r - c o o l e d  e n g i n e .  .-. 

( 8 )  Mani fo ld  p r e s s u r e  gauge f o r  e a c h  e n g i n e .  

( 9 )  Fue l  gauge i n d i c a t i n g  t h e  q u a n t i t y  o f  f u e l  i n  e a c h  t a n k .  

( 1 0 )  Landing g e a r  p o s i t i o n  i n d i c a t o r ,  i f  t h e  a i r c r a f t  h a s  a 
r e t r a c t a b l e  l a n d i n g  g e a r .  

Comment -- The DAAS i n s t r u m e n t a t i o n  i n c l u d e s  t h e  b a s i c  i n s t r u m e n t s  

r e q u i r e d  f o r  VFR f l i g h t  d u r i n g  day t ime .  

Requirement  9 1 . 3 3 ~  

( c )  For  VFR n i g h t  f l i g h t s  a d d i t i o n a i  l i g h t s  and an a n t i c o l l i s i o n  

l i g h t  s y s t e m  a r e  r e q u i r e d .  

Comment -- I t  is  assumed t h a t  t h e  DAAS a i r c r a f t  is  p r o p e r l y  

equ ipped  i n  t h i s  r e s p e c t .  

Requirement  91.33d 

( d )  For  IFR f l i g h t  t h e  f o l l o w i n g  i n s t r u m e n t s  and equipment  a r e  

r e q u i r e d  : 



(1) In s t rumen t s  and equipment s p e c i f i e d  i n  paragraph  ( b )  

of t h i s  s e c t i o n  and f o r  n i g h t  f l i g h t ,  i n s t r u m e n t s  and 

equipment s p e c i f i e d  i n  paragraph ( c )  of t h i s  s e c t i o n ,  

(2) Two-way r a d i o  communications system and n a v i g a t i o n a l  

equipment a p p r o p r i a t e  t o  t h e  ground f a c i l i t i e s  t o  be  

used.  

( 3 ) Gyrosc;opic r a t e -o r - tu rn  i n d i c a t o r ,  

( 4 )  S l i p - s k i d  i n d i c a t o r .  

( 5 )  S e n s i t i v e  a l t i m e t e r  a d j u s t a b l e  f o r  ba rome t r i c  p r e s s u r e .  

( 6 )  A c  ock d i s p l a y i n g  hour s ,  minu te s ,  and seconds wi th  a  
sweep-second p o i n t e r  o r  d j ,g i t  a 1  p r e s e n t  a t  i on  .. 

( 7 )  d e n e r a t o r  of  adequate  c a p a b i t y .  

( 8 )  Gyroscopic bank and p i t c h  i n d i c a t o r  ( a r t i f i c i a l  h o r i z o n ) ,  

( 9 )  Gyroscopic d i r e c t i o n  i n d i c a t o r  ( d i r e c t i o n a l  gyro o r  
e q u i v a l e n t  ) . 

Comment -- The above L i s t e d  i n s t r u m e n t a t i o n  a r e  i nc luded  i n  DAAS. 

There i s  no requirement  on redundancy s t a t e d  i n  t h i s  paragraph .  

Requirement 91.33e 

( e )  IFR f l i g h t  a t  and above 24,000 f e e t  MSL. 

If VOR navigat ional .  equipment is r e q u i r e d  under  paragraph  

( d )  ( 2 )  of  t h i s  s e c t i o n ,  no person may o p e r a t e  a  U . S .  r e g i s -  
t e r e d  c i v i l  a i r c r a f t  w i th in  t h e  50 s t a t e s ,  and t h e  Distr ict  

o f  Columbia, a t  o r  above 24,000 f e e t  MSL u n l e s s  t h a t  a i r -  
c r a f t  i s  equipped w i t h  approved d i s t a n c e  measur ing equipment 



(DME), When DME r e q u i r e d  by t h i s  paragraph f a i l s  a t  and 
above 24,000 f e e t  MSL, t h e  p i l o t  i n  command of the a i r c r a f t  
s h a l l  n o t i f y  ATC immediate ly ,  and may then  c o n t i n u e  opera-  
t i o n s  a t  and above 24,000 f e e t  MSL t o  t h e  nex t  a i r p o r t  of 
i n t ended  l a n d i n g  a t  which r e p a i r s  o r  replacement  of t h e  
equipment can be made, 

DAXS F a i l u r e  Modes and E f f e c t s  Analys i s  R e s u l t s  

The DAAS FMEA was conducted t o  de te rmine  e f f e c t s  of f a i l u r e s  i n  
t h e  DAAS hardware. Assumptions f o r  t h e  a n a l y s i s  were a s  f o l l o w s :  

DAAS is des igned  f o r  ca t ego ry  I IFR o p e r a t i o n  

e All ' t , s ing le  failures and d u a l  f a i l u r e s  w i th  h igh  f a i l u r e  

r a t e s  a r e  s t u d i e d .  

9 Any f a i l u r e  i n  any element is assumed t o  r e s u l t  i n  a  l o s t  

f u n c t i o n  o f  t h a t  e lement ,  which makes th i . s  a "worst case"  
a n a l y s i s .  

6 The a u t o p i l o t  s l i p - c l u t c h e s ,  t h e  p i l o t  (and  N,) dump 
s w i t c h e s ,  and t h e  p i l o t  and c o p i l o t  o v e r r i d e  p o s s i b i l i t i e s  
p rov ide  t h e  p i l o t s  adequate  means t o  s a f e l y  handle  any 
s i n g l e  c o n t r o l  a x i s  hardover  s e r v o  f a i l u r e .  

9 The p r o b a b i l i t y  of  a  c r i t i c a l  s i t u a t i o n  less than  lom6 i n  a 
4-hour f l i g h t  i s  judged t o  be  n e g l i g i b l e .  

e P r e f l i g h t  tes t  and i n f l i g h t  b i t  a r e  performed. Autopi lo t  
dump s w i t c h i n g ,  normal a c c e l e r a t i o n  dump s w i t c h ,  and s e r v o  
c l u t c h  s w i t c h e s  must be checked.  



The p r e f l i g h t  t e s t  c o v e r a g e  w i l l  b e  l e s s  t h a n  100 p e r c e n t  

dlle t o  n o n t e s t a b l e  e l e m e n t s .  Expected f a u l t  d e t e c t  i o n  

coverage  i s :  

S e n s o r s  70-80% 

Computers 90-95% 

I n d i c a t o r s  and S e r v o s  SO-SO% 

M o n i t o r s ,  Dump S w i t c h e s ,  C l u t c h e s  100% 

Some t a k e o f f s  may t a k e  p l a c e  w i t h  f a u l t y  s y s t e m  e l e m e n t s  due  

t o  less t h a n  100 p e r c e n t  p r e f l i g h t  t e s t  c o v e r a g e .  

a E f f e c t i v e  DAAS s o f t w a r e  v a l i d a t i o n  w i l l  be  pe r fo rmed .  

e The f o u r  F a i l u r e  C a t e g o r i e s  a r e :  

1. N e g l i g i b l e  t o  t h e  p i l o t  

2 .  I n c o n v e n i e n t  t o  t h e  p i l o t  

3 ,  Demanding t o  t h e  p i l o t  

4 .  C r i t i c a l ,  e v i d e n t  r i s k  f o r  c a t a s t r o p h e  

F a u l t  c a t e g o r i z a t i o n  aqsumes a  s i n g l e  p i l o t .  I n  t h e  conc lu -  

s i o n s ,  judgments  a r e  g i v e n  on how t h e  s a f e t y  p i l o r  improves  

t h e  DAAS f l i g h t - s a f e t y  s i t u a t i o n  and how f a i l u r e  p r o b a b i l i -  

t i e s  a f f e c t s  t h e  DAAS f l i g h t  s a f e t y  s i t u a t i o n .  

e FAR P a r t  23 and 9 1  r e q u i r e m e n t s  a r e  assumed t o  d e f i n e  a  mini -  

mum a v i o n i c s  s y s t e m ,  which i s  n o r m a l l y  s a f e  t o  f l y .  

e DAAS f a i l u r e  r a t e s  u s e d  i n  t h e  FMEA a r e  a s  l i s t e d  i n  T a b l e  

2-3. The f a i l u r e  r a t e  is t h e  p r o b a b i l i t y  o f  a  f a i l u r e  i n  a 

DAAS e lement  d u r i n g  1 hour  f l i g h t .  



Table  2-3. DAAS Flernents  F a i l u r e  Rates 

Bubb le  Memory 

CPU k RBMIPROM 

Radio  Adapt ,  Rox 
BIM 

488-BUS 

AID, D / A ,  Mux 

EHS I 

IDCC 

IDCC Keyboard 

AD I 

RM I 

CX-Sens, & I n d i c .  

P i t o t  System L 

Encod. A l t  i m .  
Audio Con t .  P a n e l  

Comm. T r a n c e i v e r s  

VOR R e c e i v e r s  

DME R e c e i v e r s  

T r a n s p o n d e r  

Mode C o n t r o l l e r  

A n n u n c i a t o r  P a n e l  

HAG X MTR 

D i r e c t i o n a l  Gyro 

S l a v e  C o n t r o l  

Vertical GYRO 

Radar Altimeter 

ADC 

True  Air Speed 

O u t e r  A i r  Temp. 

Yaw Rate GYRO 

Eng ine  Map 

Eng ine  RPM 

Eng ine  Fue l  Flow 

Cowl F l a p  Pos .  

F l a p  P o s .  

E l e v .  Tr im P o s .  

Yaw S e r v o  

1. r~  , 

( 2 0  and 80%) 

I n c l .  2 C o n n e c t o r s  

- 

-- <...,,--, , 
DAAS Elemen t s  Haruwi red  t o  DAAS-Computers 

Q u a n t i t y  
n 

Not e l e c t r i c a l l y  h a r d w i r e d !  

I n c l .  F/V C o n v e r t e r  

I n c l .  S i g n .  C o n d i t i o n i n g  

F a i l u r e  
R a t e s  

I ~ c l .  F/V C o n v e r t e r  

I n c l .  C l u t c h  & Ampli f .  

T o t a l  
R a t e s  Comments 
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Table 2-3. DAAS Elements F a i l u r e  Rates  ( 2  of 2 )  

Elernents Q u a n t i t y  F a i l u r e  T o t a l  I R a t e s  1 R a t e s  I 
I P i t c h  Servo 1 I I 1 ( 70 ( 70 ( I n c l ,  C l u t c h  & Ampl i f ,  I 

I I I I I I 

P i t c h  Trim S e r v o  I I I 1 1 50 1 50 1 I n c l .  C l u t c h  & Ampl i f .  I 
R o l l  Se rvo  1 

1 2 ,  DAAS I n s t r u m e n t a t i o n  n o t  Hardwired  t o  DAAS Computers  

'i'O 1 70 1 I n c l .  C l u t c h  & Ampl i f .  I 

IAS 

vs I 
Turn  & Bank 

F u e l  Q u a n t i t y  

hlap 

RPM 

Fuel. Flow 

EGT 

E n g i n e  S t a t u s  

3 .  Co-P i lo t  Back Up I n s t r u m e n t a t i o n  

P i z o t  System R 

IAS 

Altimeter 

VSI 

Turn & Bank 

Ar t i f i c .  Hor i zon  

PN I  

S l a v e C T R L  . 
D i r e c t .  GYRO 

MAG X MTR 

Comm. T r a n c e i v e r  

VOR/GS , R e c e i v e r  

( 4 .  E l e c t r i c a l  Power Sys tem 

A/C 28VDC Bus 

A v i o n i c s  28YDC Bus 

DAAS A 28MC Bus 

DAAS B  28VDC Bus 

DAAS B a t t e r y  C h r g r  

DAAS B a t t e r y  

DC/ AC I n v e r t o r  

DZ/DC C o n v e r t e r  

P i t o t  Sys tem L, 
P i t o t  Sys tem L, 

.- 

I 

I n c l .  Nav. C o n v e r t e r  

Redundant A l t e r n a t o r s  
p i l o t  d i s c o n n e c t  f a u l t y  
b a t t e r y !  ! 

Val.id a s  l o n g  a s  DAAS 
B a t t e r y  L a s t s  (-1 h r . )  



For t h e  f a i l u r e  p r o b a b i l i t y  e s t i m a t e s ,  4 hours  f l i g h t  time 
a r e  assumed. 

The f a i l u r e  r a t e s  i n  Table  2-3 a r e  c o l l e c t e d  from a d j u s t e d  

MILm-HDB-217B d a t a ,  vendors r e l i a b i l i t y  d a t a ,  Honeywell pre-  
d i c t e d  f d i l u r e  r a t e s  and by comparison t o  known s i m i l a r l y  

complex e l emen t s .  

l n e  f a i l u r e  r a t e s  shou ld  be  r e p r e s e n t a t i v e  of components and 

p a r t s  a v a i l a b l e  i n  1979/80. 

FMEA r e s u l t s  a r e  compiled i n  Appendix B .  The DAAS e lements  a r e  

d e f i n e d  on t h e s e  forms and t h e  t y p e  o f  f a i l u r e  and t h e  f a i l u r e -  
r a t e s  a r e  a l s o  l i s t e d .  The impact of a  f a u l t y  element on down- 
s t r eam DAAS e lements  is a l s o  i n d i c a t e d .  

F i n a l l y ,  a judgment is  made a s  t o  how t h e  f a i l e d  element w i l l  i n -  

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

f a i l u r e s  a r e  d i v i d e d  i n t o  t h e  f o u r  c a t e g o r i e s  on t h e  b a s i s  of 
t h i s  judgment. 

The DAAS f a i l u r e  ca t ego ry  is as s igned  assuming a  co - - i l o t  i n  t h e  

r i g h t  seat .  

Appendix B a l s o  i n d i c a t e s  whet h e r  : 

e FAR requirement  a r e  a p p l i c a b l e  and m e t .  

F a i l u r e  p r o b a b i l i t i e s  a r e  s i g n i f i c a n t  t o  t h e  r i s k  s i t u a t i o n .  

a DAAS would be s a f e  t o  f l y  wi th  t h e  analyzed element f a u l t y .  



The FMEA cove r s  t h e  consequences of 86 f a i l e d  DAAS e lements .  

Table  2-4.summarizes f a i l u r e  c a t e g o r i e s  and i n d i c a t e s  whether 

a p p l i c a b l e  FAR requi rements  a r e  met. Comments on redundancy, 

f a i l u r e  p r o b a b i l i t y ,  e t c . ,  a r e  given f o r  some f a i l e d  e lements .  

These FMEA r e s u l t s  i n d i c a t e  t h a t  f a u l t - f r e e  DAAS meets t h e  FAR 

P a r t  23 and 9 1  requi rements .  DAAS does  p rov ide  t h e  r e q u i r e d  .- 
means f o r  o v e r r i d e  and disengage a f t e r  a  f a i l u r e .  

FAR requi rements  may more o r  l e s s  be v i o l a t e d  i f  DAAS elements  

f a i l .  Of t h e  86 f a i l e d  DAAS e lements  s t u d i e d ,  FAR VFR o r  IFR C a t  

I r equ i r emen t s  apply  t o  36. For t h e s e  36 f a i l e d  e l emen t s .  11 

v i o l a t e  t h e  FAR requ i r emen t s .  FAR requi rements  t h a t  app ly  t o  

g e n e r a l  VFR f l i g h t ,  and 6  of t h e s e  a r e  no t  met. 1 3  requi rements  

app ly ing  t o  IFR Cat I ,  5 a r e  not  met. 16 requi rements  apply t o  

IFR C a t  XI; DAAS i s  not  c e r t i f i e d  f o r  Category 11. 

The v i o l a t e d  paragraph  is  23.1329(c)  which s a y s :  

"Each system must be designed s o  t h a t  a  s i n g l e  mal func t ion  

w i l l  no t  produce a  hardover  s i g n a l  i n  more t h a n  one c o n t r o l  

a x i s .  l 1  

V i o l a t i o n  o c c u r s  f o r  f a i l u r e s  i n :  

o A/P, NAV, Bu; C o n t r o l l e r ,  P r o c e s s o r s  

(b 488-Bus 



T a b l e  2-4. Summary of  t h e  DAAS F a i l u r e  Modes and 
E fZ2c t s  A n a l y s i s  

Comments 

Misleads ATC 
Proximi ty  W-Error 

Min. A l t  . ' f o r  ALTH - 
Recommended 

P i l o t  Act i o n  

A s  if Engine F a i l u r e  

F a i l u r e  
Category 

3  

2 

2 

2 

2 

1 

2 

3 

1 

2 

3 

1 

3 

2 

1 

1 

1 

.I. 

1 

1 

2 

2 

2 

2 

1 

2 

2 

2 

3 

3 

2 

2 

Far  Req. 
Met 

OK Cat 1 

OK Cat 2 

OK 

N /  A 
OK Cat; 1 

OK Cat 2 

N / A  

OK Cat 1 

OK Cat 2 

N / A  
OK Cat 1 

N /  A 
OK C a t  1 

OK Cat 1 

OK C s t  2 

N / A  
OK Cat 2 

OK Cat 2 

OK Cat 2 

OK Cat 2 

N /  A 

N / A  
OK Cat 1 

OK Cat 1 

OK Cat 2 

OK Cat 2 

OK Cat 2 

N /  A 
OK Cat 2 

OK Cat 2 

N /  A 

N / A  

Element 

Encod. Altimeter 
A l t i m e t e r  Co-Pi lot  

Radar A l t  imet e r  

TAS 

IAS P i l o t  

IkS Co-Pi lot  

ADC (380: 

P i t o t  System L 

P i t o t  System R 

Oat 

P i l o t  Mag. XTMR 

P i l o t  S l a v e  I n d i c .  

P i l o t  D i r e c t  GYRO 

P i l o t  RMI 

Co-Pi lot  Mag. XTMR 

Co-Pi lot  S l ave  I n d i c  

Co-Pi lot  D i r e c t  GYRO 

Co-Pi lot  PNI 

P i l o t  Turn & S l i p  

Co-Pi lot  Turn & S l i p  

Yaw Rate GYRO 

X-Sensor & I n d i c a t o r  

P i l o t  Vertical-GYRO 

P i l o t  AD1 

Co-Pi lot  A r t i f .  Horiz .  

Map Ins t rument  

RPM I n s t  rument 

EGT Ins t rument  

Eng. S t a t u s  1 

Eng. S t a t u s  2 

Fuel  Flow Sens .  1 

Fuel  Flow Sens .  2 

F a i l u r e  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

l 7  

18 

I 

A 2  
2J 

2 1 

22 

2 3 

24 

25 

2 6 

27 

2 8 

2 9 

3 0 

3 1 

3 2 



T a b l e  2-4. Sismmary o f  t h e  DAAS F a i l u r e  Modes a n d  
E f f e c t s  A n a l y s i s  ( S h e e t  2 o f  3 )  . - 

Comments 

Redundant i n f o .  a v a i l a b l e  

A Sof tware  C o n t r o l l e d  
CWS Light  Recommended 

Runaway Not Monitored 

2 F a i l u r e s  Probab.  -lo-' 

Duplex Probab .  -5*l0-~ 

S i n g l e  DME 

No O u t s i g n a l  ATC Problem! 

DAAS Duplex 

Missed P i l o t  Input  Check. 
Law P r o b a b i l i t y  

- 

F a i l u r e  
Category 

2 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

2 

3 

3 

1 

1 

2 

1 

2 

1 

2 

2 

2 

2 

1 

2 

3 

2 

2 

2 

Far  Req. 
Met 

OK Cat 2 

N/  A 

N / A  

N / A  
OK 

N / A  

N/  A 

N /  A 

N / A  
OK 

N/  A 

N / A  

N /  A 
OK 

OX 

OK 

OK Cat 2 

OK Cat 2 

OK Cat 2 

N /  A 
OK 

N /  A 

N / A  

N / A  

N/  A 

N / A  

N / A  

N / A  

N/  A 

N / A  

F a i l u r e  
No. 

3 3 

3 4 

3 5 

36 

3 7 

38 

39 

4 0 

4 1 

42 

4 3 

4 4 

45 

4 6 

47 a 

48 a 

49 

50 

5 1 

52 

5 3 

54 

5 5 

56 

5 7 

5 8 

59 

6 0 

Element 

Fuel Q u a n t i t y  

DAAS Map Sensor  

DAAS RPM Sensor  

W i n g F l p . P o s . S e n s .  

Elev.  Trim Pos.  Sens .  

Cowl F l p s .  Pos .  Sens .  

LDG Gear Pos.  Sens.  

Door P o s .  Sens.  

Aux . Fue l  Pump Bw . 
Cws-Switch & Logic 

Go-Around Switch 

P i t c h  Trim Switch 

P i t c h  Trim Button 

A/P Dump Sw. & Relay 

Co-Pi lot  Comm. 
T r a n s i e v e r s ,  Antennas 

Co-Pi lot  Comm. 
T r a n s i e v e r s  , Antennas 

P i l o t  Nav. 
Rece iver  + Antennas 

Co-Pi lot  Nav. 
Rece iver  + Antennas 

DME Rece iv .  + Ant. 

Transponder  + Ant 

Audio Headse ts  

Switch Nav 1 S e l .  

Switch Nav 2 S e l .  

Switch DME S e l .  

Switch VOR S e l .  

Switch Loc/GS S e l .  

IDCC Keyboard 

IDCC S e l e c t o r  Switch 

IDCC CPU, Disp lay  

EHSI S e l e c t o r  Switch 



T a b l e  2-4. Summary of t h e  DAAS F a i l u r e  Modes and 
E f f e c t s  A n a l y s i s  (Shee t  3 of 3 )  - - &.  - - -  - - 

A/P-110 CPU, R I M  I A/P-I/O A / D ,  D / A ,  MUX I NOT OK 1 3 

e 

1 72 1 NAV/FLT PLN CPU, BIM NOT OK I I 2 

1 73 1 S p a r e  CPU, BIM 1 

F a i l u r e  
No. 

6 1  

6 2 

63 

64 

65 

66 

67 

' 6 8  

69 

70 

1 74 1 Radio Adapter Box 
and BIM 

I 75 I Dabs Transponder 
CPU + BIM 

Element 

EHSI CPU, Di sp lay  

Annunciator  Panel  

Mode Cont . Trim/Hdg . 
Mode Cont . Toggle Sw. 

Mode Cont . Solen .  Sw. 

A/P Yaw C l u t c h ,  Servo 

A/P Rol l  C lu t ch  Servo 

A/P P i t c h  C l u t .  Servo 

A/P P i t c h  Trim Servo 

C lu tches  Common Logic 

BUS. C o n t r o l l e r  
CPU, BIM 

488 Bus 

Bubble Memory 

C a s s e t t e  

A/C Main 28 VDC Bus 

Avionics  28VDC Bus 

DAAS A-B 28VDC BUS. 

DAAS AC Buses 

DAAS 15V DC Bus 

DAAS 12 DC Bus 

DAAS 5 DC Bus 

NOT OK 

NOT OK 

NOT OK 

NOT OK 

OK 1 )  

OK 

NOT OK 

NOT OK 

NOT OK 

NOT OK 

NOT OK 

Far  Req. 
Met 

N /  A 
OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

Comments F a i l u r e  
Category 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

F a u l t  During C r i t i c a l  
F a u l t  Phases  
Probab. No Recon. 3 0 * 1 0 - ~  
Probab. Recon. 6 . 1 0 - ~  

Probab. < l o a 6  

C r i t i c a l  F a u l t  Phase 

ATC Problem 

Uncer ta in  Warn. 

C r i t i c a l  F a u l t  Phase 

Probab. < lo - '  
E f f i c i e n t  B i t e  Probab. 

Probab. < l o e 7  
Probab. < l o e 7  
Probab. < lo- '  
Probab. 

Probab. - l o - '  
Probab. 

Probab . - 10-5 

I CESSNA 402B e l e c t r i c a l  power system wi th  DAAS i n s t a l l e d  
assumed t o  meet a p p l i c a b l e  Far  requi rements .  



e Bubble Memory and Cassette 

The E l e c t r i c a l  Power Buses 

The 2 3 . 1 3 2 9 ( e )  c o n f l i c t  was r e s o l v e d  by i n t r o d u c i n g  t h r e e  ha rd -  

ware l i m i t e r s  l o c a t e d  immedia te ly  downstream o f  t h e  p i t c h ,  r o l l  

and yaw A I D  c o n v e r t e r s  i n  t h e  DAAS hardware .  These l i m i t e r s  

p r o h i b i t  any k i n d  o f  DAAS computer  f a i l u r e  from commanding s e r v o  

h a r d o v e r .  The l imi ters  r e d u c e  any DAAS computer  h a r d o v e r  f a i l u r e s  

P i t c h  - 60% F u l l  S c a l e  

e R o l l  - 30% F u l l  S c a l e  

Y a w  - 45% F u l l  S c a l e  

Appendix B c o n t a i n s  t h e  comple te  F a i l u r e  Modes and e f f e c t s  

a n a l y s e s .  E i g h t y - s i x  f a i l u r e s  were d e f i n e d  and c a t e g o r i z e d  

a s  f o l l o w s .  

Ca tegory  1 - F a i l u r e s  a r e  n e g l i g i b l e  t o  t h e  DAAS p i l o t ;  e . g . ,  

c o p i l o t  i n s t r u m e n t s ,  door  s w i t c h e s ,  e t c .  

Ca tegory  2  - F a i l u r e s  t h a t  c a u s e  i n c o n v e n i e n c e  t o  t h e  DAAS p i l o t ;  

, e . g . ,  l o s s  o f  ADC-380 RMI, 12 -Sensor ,  Annunc ia to r  

P a n e l .  

Ca tegory  3 - F a i l u r e s  d u r i n g  busy o r  c r i t i c a l  f l i g h t - p h a s e s  which 

can  be  demanding t o  t h e  DAAS p i l o t ;  e .  g . ,  IDCC key- 

b o a r d ,  e n g i n e l s t a t u s  i n s t r u m e n t ,  s e r v o s ,  a u t o p i l o t  

dump s w i t c h ,  a u t o p i l o t  p r o c e s s o r ,  b u s ,  and e l ec t r i c  

power. 
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Category  4 - F a i l u r e s  t h a t  may create a  c r i t i c a l  s i t u a t i o n ,  The 

two DAAS Ca tegory  4 f a i l u r e s  a e ' l o s s  of  t h e  A i r c r a f t  

and  Avion ics  28-Vdc Bus. The p r o b a b i l i t y  o f  occur -  

r e n c e  is v e r y  remote .  

Table  2-5 summarizes t h e  number o f  f a i l u r e s  t h a t  f a l l  w i t h i n  

t h e s e  f a i l u r e  c a t e g o r i e s  . 

T a b l e  2-5. F a i l u r e  C a t e g o r i z a t i o n  o f  
t h e  DAAS Elements  

Number o f  DAAS 

The DAAS Ca tegory  4 f a i l u r e s  have  a v e r y  low p r o b a b i l i t y  o f  

They are n e g l i g i b l e .  

A u t o p i l o t  P r o c e s s o r  f a i l u r e s  a r e  demanding d u r i n g  e s p e c i a l l y  low 

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

f o r  a  4-hour f l i g h t .  I t  is v i t a l  t o  t h e  DAAS f l i g h t  s a f e t y  

t h a t  t h e  c o p i l o t  c l o s e l y  m o n i t o r s  t h e  DAAS per fo rmance  d u r i n g  

such c o n d i t i o n s .  

The DAAS FMEA c o n c l u d e s  t h a t ,  w i t h  s e r v o  command l imi t e r s  imple-  

mented a s  recommended, DAAS f l i g h t  s a f e t y  is  a d e q u a t e  f o r  t h e  

d e m o n s t r a t  i o n  s y s t e m .  

The DAAS sys tem meets t h e  o b j e c t i v e s  o f  t h e  pros :,am a s  w e l l  a s  

t h e  n e c e s s a r y  s a f e t y  r e q u i r e m e n t s .  The conclus j .ons  a.nd recornmen.- 

d a t i o n s  p e r t a i n i n g  t o  t h e  DAAS s y s t e m  a r e  p r e s e n t e d  i n  S e c t i o n  4 



r e p o r t .  The DAAS d e s i g n  and a n a l y s i s  s e r v e d  a s  a b a s e l i n e  f o r  . 
t h e  P r o j e c t e d  Advanced Avion ics  System (PAAS), which is  d i s c u s s e d  

i n  the f o l l o w i n g  s ec t i 0 .n .  



SECTION 3 

PROJECTED ADVANCED AVIONICS SYSTEM (PAAS) 

PAAS is  a  p r o j e c t e d  o p e r a t i o n a l  v e r s i o n  of DAAS. I t  e x t r a p o l a t e s  

t h e  DAAS concept of  f a u l t  t o l e r a n t  i n t e g r a t e d  avi.onics t o  a  sys-  

t e m  t h a t  cou ld  be  produced i n  t h e  mid-1980s. PAAS is  des igned  t o  

have  super  f u n c t i o n a l  r e l i a b i l i t y .  The Au top i lo t /Nav iga t ion  mean 

t i m e  between l o s s  of f u n c t i o n  is on t h e  o r d e r  of  10 ,000  hours , ,  

PAAS can t h u s  p rov ide  t h e  dependable p i l o t  r e l i e f  t h a t  i s  essen-  

t i a l  f o r  e f f e c t i v e  f l i g h t  management by u s i n g  t h e  expanded func- 

t i o n a l  c a p a b i l i t i e s  p rov ided .  

Fol lowing i s  a d e s c r i p t i o n  of PAAS and an a n a l y s i s  of i ts r e l i -  

a b i l i t y ,  coa t ,  m a i n t a i n a b i l i t y ,  and modu la r i t y .  

3 1 PAAS S'YSTXM DESCRIPTION 

The PAAS system,  F igu re  3-1, e x t r a p o l a t e s  t h e  DAAS concept  t o  a  

mid-1980s p r o j e c t e d  o p e r a t i o n a l  a v i o n i c s  c o n f i g u r a t i o n .  PAAS 

a r c h i t e c t u r e  is s i m i l a r  t o  DAAS; i .  e .  , it is a  reconf  i g i i r ab l e  

m u l t i p r o c e s s o r  c o n f i g u r a t i o n .  PAAS ex tends  t h e  DAAS s p a r e  pro- 

c e s s o r  redundancy concept t o  cover  a l l  e s s e n t i a l  a v i o n i c s  pro- 

c e s s o r s .  PAAS employs a  f a u l t  t o l e r a n t  s e n s o r  c o n f i g u r a t i o n ,  

d u a l  redundant d a t a  b u s s e s ,  and dua l  a u t o p i l o t  s e r v o s .  Redun- 

dancy i n  s e n s o r s ,  d a t a  b u s ,  and s e r v o s  -- i n  a d d i t i o n  t o  f a u l t  

t o l e r a n t  p r o c e s s i n g  -- is r e q u i r e d  t o  cause  s i g n i f i c a n t  impact 

t o  t h e  a v i o n i c s  f u n c t i o n a l  r e l i a b i l i t y .  

PAAS is  des igned  as a  minimum c o s t  system t h a t  w i l l  a l l ow  con- 

t irrued o p e r a t i o n  of  e s s e n t i a l  a v i o n i c s  f u n c t i o n s  a f t e r  any s i n g l e  





f a i l u r e .  Funct.ionn1 r e l i a b i l i t y  of n a v i g a t i o n  and a u t o p i l o t  a r e  
emphasized. The P A A S  des ign  p r o v i d e s  approximately  10 ,000  f l i g h t  D 

hours  of  o p e r a t i o n  between l o s s  of t h e s e  f u n c t i o n s ,  as  compared 
t o  200 hours  f o r  c u r r e n t  sys tems.  -PAAS i n c l u d e s  e x t e n s i v e  b u i l t -  
i n  t e s t  f o r  h igh con f idence  f a u l t  d e t e c t i o n  (and  annunc ia t ion )  
and f a u l t  isn1 at  i o n  f o r  e f f i c i e n t  maintenance,  

Following is  a  d e s c r i p t i o n  of t h e  P A A S  f a u l t  t o l e r a n t  implementa- 
t i o n  of  s e n s o r s ,  d a t a  b u s ,  computer,  d i s p l a y s ,  s e r v o s ,  power ,- 

s u p p l i e s ,  and t h e  redundancy management t echn iques  envis ioned  f o r  
t h e  system.  

3 . 1 . 1  P A A S  Sensor Conf igu ra t ion  

P A A S  s e n s o r s  r e q u i r e d  f o r  navkgzt ion and a u t o p i l o t  f u n c t i o n s  a r e  
redundant f o r  f a u l t  t o l e r a n c e .  Four skewed l a s e r  g y r o s ,  and f o u r  
skewed acce l e rome te r s  a r e  proposed f o r  t h e  p r o j e c t e d  strap-dowa 
a t t i t u d e  heading r e f e r e n c e  system ( A H R S )  . Dual s t a t i c  and d i f f e r -  
e n t i a l  p r e s s u r e  t r a n s d u c e r s  a r e  proposed f o r  a i r  d a t a  s ens ing .  

Dual VOR r e ~ e i v e r s  and s i n g l e  DME a r e  inc luded  f o r  NAV i n p u t s .  
Fuel  s e n s o r s ,  eng ine  s e n s o r s  and c o n f i g u r a t i o n  moni tor ing  s e n s o r s  
a r e  nonredundant . 

Following a r e  d e t a i l s  on t h e  unidrfle FAA::? AHRS and a i r  d a t a  s e n s o r  
mechanizat ion.  

3.1.1.1 P A A S  AHRS Mechanization - -- The AHRS employs strap-down 
skewed l a s e r  gy ros  and skewed acce l e rome te r s  f o r  f a u l t  t o l e r a n t  
a t t i t u d e  and r a t e  s e n s i n g .  

The laser gyro is a  s o l i d - s t a t e ,  p r e c i s i o n  angu la r  r a t e  s enso r  
w i th  a direct;  d i g i t a l  au . tput .  The l a s e r  gyro is  i d e a l l y  s u i t e d  



f o ~  strap-down system c o n f i g u r a t i o n s  because it e l i m i n a t e s  t h e  
need f o r  g imbals ,  t o r q u e  motor5 o r  o t h e r  r o t a t i n g  p a r t s ,  I n s t e a d  
af t h e  r o t a t i n g  mass of  a  c;on~rentional  mechanical  gy ro ,  t h e  r i n g  
l a s e r  gyro u t i l i z e s  two beamfi of  laser l i g h t  c o u n t e r - r o t a t i n g  i n  
a c lo sed  p a t h ,  Laser  gyro based  i n e r t i a l  nav iga t ion  and i n e r t i a l  

r e f e r e n c e  systems a r e  i n h e r e L t l y  more r e l i a b l e  and easy  t o  main- 
t c i n ,  and they  t h e  a d d i t i o n a l  b e n e f i t s  of i n s t a n t  on ,  i n -  

s e n s i t i v i t y  t o  a c c e l e r a t i o n  e r r o r  s o u r c e s ,  and low l i f e  c y c l e  c o s t .  

- 
Four gy ros  and f o u r  acce l e rome te r s  are employed i n  a  skewed con- 
f i g u r a t i o n ,  as shown i n  F igu re  3-2, 

A i r c r a f t  body rates (and  a c c e l e r a t i o n s )  a r e  de r ived  from t h e  sen- 
s o r  t e t r a d  a s  i n d i c a t e d .  The t h r e e  body a x i s  r a t e  components 
(and a c c e l e r a t i o n s )  can be  computed from t h e  s e n s o r  s i g n a l s  even 
i f  one senso r  h a s  f a i l e d .  F a u l t  t o l e r a n c e  is  t h u s  prov ided  f o r  
t h e  t h r e e  body r a t e s  (and a c c e l e r a t i o n s )  w i t h  on ly  one added 

s e n s o r .  

A f a u l t y  s enso r  can be  d e t e c t e d  w i t h  h igh  conf idence  by s e n s o r  
comparison mon i to r ing ,  and t h e  f a u l t  can be i s o l a t e d  t o  one sen- 
s o r  e i t h e r  a u t o m a t i c a l l y ,  o r  by p i l o t  s e l e c t i o n  should  t h e  au to-  
mat ic  s e l e c t i o n  f a i l  as d e s c r i b e d  i n  paragraph  3,1.7. 

The sensed  a i r c r a f t  r a t e  and a c c e l e r a t i o n  s i g n a l s  a r e  conver ted  
t o  d i g i t a l  form i n  ea.ch of t h e  PAAS d u a l  I / O  t e r m i n a l s  and t r a n s -  

m i t t e d  t o  t h e  PAAS AHRS proces so r  f o r  a t t i t u d e / h e a d i n g  computa- 
t i o n s .  A f l u x  g a t e  s i g n a l  is  a l s o  i n p u t  f o r  long  term heading 
r e f e r e n c e .  The a t t i t u d e  heading s i g n a l s  a r e  used on t h e  e l e c -  
t r o n i c  a z t i t u d e  i n d i c a t o r  i n  t h e  PAAS a u t o p i l o t  and n a v i g a t i o n  
f u n c t i o n s .  





A g e n e r a l  a v i a t i o n  laser  gyro  AHRS i s  n o t  c u r r e n t l y  a v a i l a b l e ,  

b u t  may become f e a s i b l e .  Woneywell is  d e v e l o p i n g  a  laser g y r o  
i n e r t i a l  r e f e r e n c e  assembly  f o r  t h e  Boeing 767. O t h e r s  a r e  work- 

i n g  on low c o s t  l a s e r  r a t e  s e n s o r s  u s i n g  o p t i c a l  f i b e r s .  

3.1,1.3 PAAS A i r  Data  S e n s o r s  -- -- Dual s o l i d  s t a t e  s t a t i c  and 
d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r s  and d u a l  t e m p e r a t u r e  s e n s o r s  
a r e  p roposed  f o r  PAAS t o  p r o v i d e  fa~:Lt  t o l e r a n t  i n p u t s  f o r  com- 
p u t a t i o n  of  a l t i t u d e ,  a l t i t u d e  r a t e ,  i n d i c a t e d  a i r s p e e d  and t r u e  

a i r s p e e d ,  H o n e y w e l l ' s  s o l i d  s t a t e  t r a n s d u c e r s  u s e d  i n  c u r r e n t  
commercial a i r c r a f t  a i r  d a t s  s y s t e m s  a r e  r e p r e s e n t a t i v e  of  de- 
v i c e s  which w i l l  l i k e l y  make t h e  PAAS a i r  d a t a  approach  f e a s i b l e  
i n  g e n e r a l  a v i a t i o n  i n  coming y e a r s .  

The Honeywell p r e s s u r e  s e n s o r  c o n v e r t s  t h e  a p p l i e d  p r e s s u r e  t o  a  
u s a b l e  e lec t r i ca l  s i g n a l .  An N-type s i l i c o n  diaphragm w i t h i n  t h e  
s e n s a r  c o n t a i n s  two P- type  r e s i s t o r s  d i f f u s e d  i n  an o r t h o g o n a l  
p a t t e r n  on t h e  d iaphragm,  The o r t h o g o n a l  p l a c e m ~ n t  o f  t h e  resist- 
o r s  i n  t h e  d iaphragm c r e a t e s  a  change i n  t h e  b u l k  r e s i s t i v i t y  o f  
t h e  r e s i s t o r s  t h a t  is  a  f u n c t i o n  o f  diaphragm t a n g e n t i a l  and 
r a d i a l  s t r a i n .  The t r a n g e n t i a l  r e s i s t o r  (R ) i n c r e a s e s  r e s i s t a n c e  T 
w i t h  s t r a i n  ( a p p l i e d  p r e s s u r e ) ,  w h i l e  t h e  r a d i a l  r e s i s t o r  ( R R )  

e x h i b i t s  a  c o r r e s p o n d i n g  d e c r e a s e  w i t h  s t r a i n .  

The s i l i c o n  p i e z o r e s i s t o r s  a r e ,  t h e r e f o r e ,  used  as s t r a i n  gage  

e l e m e n t s .  

The r e s i s t i v e  e l e m e n t s  have  n e a r l y  i d e n t i c a l  t e m p e r a t u r e  c o e f f i -  
c i e n t s  o f  r e s i s t a n c e ,  b e c a u s e  +hey a r e  formed a t  t h e  same t i m e  

d u r i n g  t h e  p y o c e s s i n g  o p e r a t i o n s  and a r e  a d j a c e n t  t o  e a c h  o t h e r .  

T h i s  p e r m i t s  t e m p e r a t u r e - r e l a t e d  e r r o r s  t o  b e  l a r g e l y  self-compen- 
s a t i n g  due t o  t h e  s e n s o r  r e s i s t a n c e - b r i d g e  c i r c u i t  m e c h a n i z a t i o n .  



Sensed st a t  i c  p r e s s u r e ,  d i f f e r e n t i a l  y r e s s u r e  and t empera tu re  a r e  
conve r t ed  t o  d i g i t a l  form and t r a n s m i t t e d  t o  t h e  PAAS ADC proces-  

* 
s o r  f o r  computat ion of a l t i t u d e  and a i r s p e e d  s i g n a l s  f o r  u s e  on 

e l e c t r o n i c  f l i g h t  i n s t r u m e n t s ,  and i n  PAAS a u t o p i l o t  and naviga- 
t ion  f u n c t i o n s .  

PAAS Data Bus 

The PAAS d a t a  bus  is d u a l i z e d  f o r  f a u l t  t o l e r a n c e ,  One bus  con- 
t r o l - l e r  is  l o c a t e d  wi th  each 1/0 t e r m i n a l .  The two busses  oper-  
a t e  con t inuous ly  'to p rov ide  d u a l  redundant i n p u t s  t o  d e t e c t  (and 
a n n u n c i a t e )  f a u l t s  wi th  h igh  conf idence .  

DAAS employs t h e  16-wire IEEE 488 8-b i t  p a r a l l e l  e ~ a t a  bus .  A 

h igh throughput  s e r i a l  d a t a  b u s ,  f o r  which LSIC i n t e r f a c e  compo- 
n e n t s  a r e  a v a i l a b l e ,  is  proposed f o r  PAAS. The s e r i a l  bus  would 
be  p r e f e r a b l e  t o  minimize a i r c r a f t  w i r i n g  i f  t h e  PAAS p r o c e s s o r s  

a r e  packaged s e p a r a t e l y .  

PAAS d a t a  bus th roughput  requi rements  have not  been e s t a b l i s h e d ,  
though PAAS d a t a  bus l oad ing  is c l e a r l y  h ighe r  t h a n  DAAS because 
a i r  d a t a ,  AHRS d a t a ,  and weather  r a d a r  d i s p l a y  d a t a  a r e  added t o  

t h e  bus .  

3 . 1 . 3  PAAS Computer A r c h i t e c t u r e  

The PAAS computer employs t h e  s p a r e  p o c e s s o r  redundancy concept  

developed f o r  DAAS, but  ex tonds  back-up c a p a b i l i t y  t o  a l l  essen-  
t i a l  p r o c e s s o r s .  See F igu re  3-1. The PAAS s p a r e  can t a k e  ove r  
f o r  any f a i l e d  p r o c e s s o r  except  t h e  DABS p r o c e s s o r ,  t h e  weather  
r a d a r  p r o c e s s o r ,  o r  t h e  1,:DCC p r o c e s s o r .  



The DABS o r  weather  r a d a r  f u n c t i o n  r e l i a b i l i t y  would no t  be s i g -  

n i f i c a n t l y  enhanced by redundant p roces s ing  because t h e  h i g h e r  

f a i l u r e  r a t e  s e n s o r s  a r e  not  redundant .  The TDCC back-up is a  

r e v e r s i o n  mode on t h e  EHSI d i s p l a y ;  thus.IDCC p r o c e s s o r  backup 

i s  no t  r e q u i r e d .  

Tho PAAS p r o c e s s o r s  r e c e i v a  t h e i r  i n p u t s ,  and supply  o u t p u t s  t o  

dual  I / O  ter rnina .1~ v i a  ehe  d u a l  PAAS d a t a  b u s s e s .  

3.1.4 - PAAS Disp lays  

Proposed PAAS d i s p l a y  c o n f i g u r a t i o n  is i l l u s t r a t e d  i n  F igu re  3-3. 

Three-color CRTs a r e  i n c l u d e d ,  One d i s p l a y  normal ly  p r e s e n t s :  

s A t t i t u d e l D i r e c t o r  I n d i c a t o r  

IAS I n d i c a t o r  

e Al t ime te r  

e V e r t i c a l  Speed I n d i c a t o r  

e E t c ,  

The second pane l  mounted d i s p l a y  i s  a h o r i z o n t a l  s i t u a t i o n  i n d i -  

c a t o r  similar t o  t h e  DAAS EHSI.  A t h i r d  d i s p l a y  would be  mounted 

i n  t h e  p e d e s t a l  f o r  u s e  a s  An IDCC.  

The f i r s t  d i s p l a y  could  be p e r i o d i c a l l y  swi tched  t o  p r e s e n t  t h e  

EHSI i Z  t h e  second d i s p l a y  f a i l e d ,  and v i c e  v e r s a .  The second 

d i s p l a y  cou ld  a l s o  be  switched t o  o p e r a t e  as a  p r i m i t i v e  NAV 

f u n c t i o n  IDCC i f  t h e  primary IDCC f a i l e d .  

M u l t i f u n c t i o n  c o n t r o l s  a r e  provided f o r  each  d i s p l a y ,  The con- 

t r o l s  a r e  r e l a b e l e d  when t h e  d i s p l a y  f u n c t i o n  changes .  



Figure 3-3. PAAS P a n e l  Concept 



Communication c o n t r o l  heads a r e  pane l  mounted t o  p rov ide  t u n i n g  
c a p a b i l i t y  independent  of t h e  PAAS d i s p l a y  system. 

3 , 1 . 5  PAAS Servo Mechanization- 

PAAS se rvos  a r e  dua l  w i t h  c l u t c h  arrangements  t o  a l low s w i t c h i n g  
between s e r v o s  f o r  con t inued  o p e r a t i o n  a f t e r  one s e r v o  f a i l u r e .  
Each se rvo  i n  a dua l  p a i r  i s  d r i v e n  from one of t h e  dua l  110 t e r -  
mina l s ,  A s e r v o  model would be  implemen.ted i n  PAAS so f tware  f o r  - 
each mechanical  s e r v o ,  and model ou tpu t  would be compared t o  
s e rvo  ou tpu t  t o  d e t e c t  and i s o l a t e  s e r v o  f a u l t s ,  

3 . 1 . 6  PkAS Power Mechaniza,,t i o n  

Dual ,  monitored power s u p p l i e s  a r e  i nc luded  i n  PAAS. The power 

r e f e r e n c e s  t o  t h e  e s s e n t i a l  PAAS components a r e  switched i n  event  
of a  power supp1.y f a i l u r e .  

3 , l .  7 PAAS Redundancy Management 

PAAS would i n c l u d e  e x t e n s i v e  b u i l t - i n  t e s t  t o  d e t e c t  and i s a i a t e  
f a u l t s  t o  f a c i l i t a t e  au toma t i c  reconf  i g u r a t i o n .  F a u l t  d e t e c t i o n  
conf idence  c o u l d  exceed 99 p e r c e n t  f o r  d u a l  e lements  th rough  u s e  
of s imple  comparison moni tor ing .  Automatic f a u l t  i s o l a t i o n  is  
f e a s i b l e  w i th  conf idence  on t h e  o r d e r  of 80 t o  90 pe rcen t  f o r  t h e  
dua l  s e n s o r s ,  and approaching 100 pe rcen t  f o r  t h e  dua l  model- 
comparison-monitored s e r v o s .  

PAAS could i n c l u d e  c a p a b i l i t y  f o r  manual redundancy management as 

backup t o  t h e  au tomat ic  f a u l t  localization/reconfiguration. The 
PAAS d a t a  bus  could  be  swi tched  manually from dua l  o p e r a t i o n  t o  
Channel I o r  Channel I1 a s  i n d i c a t e d  i n  F igu re  3-3. Sensor  and 



s e r v o s  cou ld  be  manually s e l e c t e d  on IDCC pages a s  shown i n  

. F igu re  3-4. 

3 . 2  PAAS RELIABILITY ANALYSIS 

PAAS is conf igu red  t o  p rov ide  an o r d e r  of magnitude improvement 
i n  f u n c t i o n a l  r e l i a b i l i t y  a t  a  r ea sonab le  c o s t  w i t h  r e s p e c t  t o  
conven t iona l  a r c h i t e c t u r e s ,  E f f e c t i v e n e s s  of t h e  PAAS a r c h i t e c t u r e  - 
is  t h e r e f o r e  ana lyzed  by comparing PAAS Autop i lo t  and ~ a v i g a t i o n '  
f u n c t i o n  r e l i a b i l i t y  w i t h  r e s p e c t  t o  a hypothes ized  "convent j.onall! 

system. The r e l i a b i l i t y  s ; a l y s i s  a l s o  compares t h e  maintenance 
f a i l u r e  r a t e  of PAAS and t h e  "convent ional"  system t o  g i v e  some 
i n d i c a t i o n  of PAAS r e l a t i v e  l i f e  c y c l e  c o s t .  

The P conventional" system component l i s t ,  and a s s o c i a t e d  f a i l u r e  
r a t e s ,  a r e  compiled i n  Table  3-1. T h i s  system i n c l u d e s  c u r r e n t  
dev ices  r e q u i r e d  t o  g i v e  f u n c t i o n a l  c a p a b i l i t y  s i m i l a r  t o  t h a t  c f  
PAAS. Communications, n a v i g a t i o n ,  f l i g h t  c o n t r o l ,  performance 

computa t ions ,  conf i g u r a t  i on  moni tor ing ,  and weat h e r  r a d a r  a r e  i n -  
c luded .  Where p o s s i b l e ,  f a i l u r e  r a t e s  a r e  King Radio Corps ra t ion  
t ~ a b u l a t  i o n s  of a c t u a l  o p e r a t i o n a l  expe r i ence .  Horaeywell R e l i a b i l -  
i t y  Engineer ing  Group provided  g e n e r i c  e s t i m a t e s  where o p e r a t i o n a l  
expe r i ence  was no t  a v a i l a b l e .  The PAAS computer u n i t  r e l i a b i l i t y  
p r e d i c t i o n  is e x t r a p o l a t e d  from t h e  DAAS hardware mechaniza t ions .  

The "convent iona l"  system maintenance f a i l u r e  r a t e s  a r e  swmed t o  
* 

dete rmine  a  t o t a l  f a i l u r e  r a t e  of 1061.5 pe rcen t  pe r  1000 h o u r s ,  
f o r  a  t o t a l  sys tem mean t i m e  between f a i l u r e  09 94 hour s .  

The ' f conven t iona l "  system a u t o p i l o t l n a v i g a t i o n  f u n c t i o n a l  r e l i -  

a b i l i t y  was determined by summing f a i l u r e  r a t e s  of components 
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Figure 3-4. PAAS Manual Redundancy Management 



Table 3-1. Reliability Estimate for a Cocventional 
System 
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T a b l e  3-1. R e l i a b i l i t y  E s t i m a t e  f o r  r Convel l t ional  System ( S h e e t  2 of 2) 
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r e q u i r e d  t o  p r o v i d e  t h o s e  f u n c t i o n s .  F a i l u r ~  d o n t r i b u t i o n  of 
d u a l  VOR r e c e i v e r s  was c o n s i d e r e d  n e g l i g i b l e .  The t o t a l  conven- 
t i o n a l  s y s t e m  a u t c : p i l o t / n a v i g u t i o n  f u n c t i o n  f a i l u r e  r a t e ,  assurn- 
i n g  a  1-hour m i s s i o n ,  i s  596.5 p e r c e n t  p e r  1000 h o u r s  f o r  a  mean 
t i m e  between l o s s  o f  f u n c t i o n  o f  201 h o u r s ,  

Cor respond ing  PAAS main tenance  r e l i a b i l i t y  and a u t o p i l o t / n n v i g a -  
Cion f u n c t i o n  r e l i a b i l i t y  a r e  compi led  i n  T a b l e  3-2. PAAS main- 
t e n a n c e  r e l i a b i l i t y  is 50 p e r c e n t  b e t t e r  t h a n  t h e  c o n v e n t i o n a l .  
sys tem b e c a u s e  : 

High r e l i a b i l i t y  d i g i t a l  e l e c t r o n i c s  employed 

@ High r e l i a b i l i t y  s o l i d  s t a t e  s e n s o r  t e c h n ~ ~ l o g y  employed 

s E l e c t r o n i c  dhsglays r e p l a c e  c o n v e n t i o n a l  i n s t r u m e n t s  

a PAAS i n t e g r a t e d  a v i o n i c s  a r c h i t e c t u r e  e l i m i n a t e s  hardware  

PAAS a u t o p i l o t / n a v i g a t i o n  f u n c t i o n  r e l i a b i l i t y  is  improved by a 
f a c t o r  o f  50 w i t h  r e s p e c t  t o  t h e  " c o n v e n t i o n a l "  s y s t e m ,  p r i m a r i l y  
due t o  t h e  f a u l t  t o l e r a n t  PAAS a r c h i t e c t u r e .  A PAAS g y r o ,  a c c e l -  
e r o m e t e r  o r  a i r  d a t a  s e n s o r  f a i l u r e  can  b e  t o l e r a t e d  w i t h o u t  l o s s  
of a f u n c t i o n .  A PAAS p r o c e s s o r  f a i l u r e ,  a power s u p p l y  f a i l u r e ,  
and a  s e r v o  f a i l u r e  cac be t o l e r a t e d  w i t h o u t  l o s s  o f  f u n c t i o n .  
T h i s  PAAS f a u l t  t o l e r a n c e  is accompl i shed  w i t h  t h e  minimum of  
r edundan t  ha rdware ,  a s  d e s c r i b e d  i n  sect i o n  3 . 1 .  

PAAS would s u f f e r  g r o s s  l o s s  of f u n c t i o n  f o r  c e r t a i n  f a i l u r e  com- 
b i n a t i o n s .  For  example ,  t h e  PUBS c o n f i g u r a t i o n  would be t o t a l l y  
i n c a p a c i t a t e d  b y  two l i k e  bus  c o n t r o l l e r  f a i l u r e s .  The p r o b a b i l -  
i t y  o f  s u c h  f a i l u r e s  o c c u r r i n g  d u r i n g  a I -hour  f l i g h t  i s  e x t r e m e l y  
low, however;  f o r  sxample :  



Table 3-2. Reliabfiity Estimate fo r  PAAS 
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Table  3-2. Relizbility E s t i m a t e  for  BAAS (5heet 2 of 2) 
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Dual F a i l u r e  P r o b a b i l i t y  = (ABC t )2 = 1 x 

where : 

XBC = bus  c o n t r o l l e r  f a i l u r e  r a t e  = 10%/1000 hours  

t = t ime  = 1 hour 

The t w o - f a i l u r e  p r o b a b i l i t y  is  s i m i l a r  t o  t h e  o r d e r  of magnitude 

of M i l i t a r y  a i r c r a f t  f  ly-by-wire f l i g h t  c o n t r o l  c a t a s t r o p h i c  
f a i l u r e  s a t e .  

3 . 3  PAAS COST ANALYSIS 

PAAS and "conven t iona l t t  system c o s t  e s t i m a t e s ,  compiled i n  Tab le s  

3-3 and 3-4, i n d i c a t e  t h a t  t h e  PAAS c o s t s  a r e  s i m i l a r  t o  t h o s e  
f o r  a  conven t iona l  sys tem.  

The c o s t  f i g u r e s  used i n  t h e  a n a l y s i s  were c u r r e n t  King Radio 
c a t a l o g  p r i c e s  where a v a i l a b l e ,  o r  rough e s t i m a t e s  based on s i m i -  
l a r i t y  where c a t a l o g  p r i c e s  were not  a v a i l a b l e .  The PAAS com- 
p u t e r  c o s t  e s t i m a t e  is  an approximation e x t r a p o l a t e d  from t h e  
DAAS hardware mechanizat ion.  No e s t i m a t e  is  a v a i l a b l e  f o r  t h e  
PAAS l a s e r  gyro  AHRS, s o  a c o s t  number cor responding  t o  an e l e c t r o -  
mechanical  d e v i c e  was used .  Conclusions  a r e  no t  a f f e c t e d  even i f  
t h i s  number i s  s i g n i f i c a n t l y  i n c r e a s e d .  

PAAS t h u s  p rov ides  d rama t i c  improvements i n  f u n c t i o n a l  r e l i a b i l i t y  
wi thout  s i g n i f i c a n t l y  i n c r e a s i n g  system c o s t s .  PAAS t o t a l  c o s t s  
a r e  c o n t a i n e d  because PAAS i s  i n t e g r a t e d  and does  no t  r e q u i r e  

ded ica t ed  c o n t r o l s  and d i s p l a y s  f o r  i ~ s  f u n c t i o n s .  
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Table 3-4 .  Cost Estimate f o r  n Convent ional  Sys tem 

Device 
( D o l l a r s )  

NAV/FLT C o n t r o l  S e n s o r s  

Yaw Ra te  Gyro 
Magnetic  T r a n s m i t t e r  (KillT 112 
D i r e c t i o n a l  Gyro (KSG 105)  
S l a v e  C o n t r o l  (GI, 51A) 
V e r t i c a l  Gyro ( V G  208) 
P i t o t  System, L e f t  
P i t o t  System Right  
Encoding tllt i m e t e r  ( IDC 571) 
Bir D a t a  Computer (KDC 380) 
VOR Receiver (KN 53) 
DM6 Rece ive r  ( K N  62A) 
Angle o f  Attaclc S e n s o r ,  Ind .  
Turn and Bank 
OAT Sensor  

S u b t o t a l  

C o n t r o l s  and D i s p l a y s  

A u t o p i l o t  Mode C o n t r o l l e r  
( KiiC 340) 

A u t o p i l o t  Annuncia tor  Panel  
(KAP 315) 

AD1 ( K C 1  310) 
HSI (KPI 523) 
R M I  (KI 326) 
Audio C o n t r o l  Pane l  ( I W A  2 4 )  
Airspeed I n d i c a t o r  
A r t i f  i c i a l  Horizon ( K G  253) 

S u b t o t  a 1  

Computer,  E l e c t r o n i c s  

A u t o p i l o t  Computer (KAC 325) 
F l i g h t  Computer (KCP 320) 
RNAV System (LYC 665) 
VNAV Computer (KVN 395) 
Performance Computer 

S u b t o t  a 1  

C a t  a l o g  
Cat  a l o g  
C a t a l o g  
Cat  a l o g  
C a t a l o g  

C a t a l o g  
C a t a l o g  
C a t a l o g  
C a t a l o g  
C z t a l a g  
C a t a l o g  

E s t i m a t e  Only 

C a t a l o g  

Cat; a l o g  

C a t a l o g  
Cal;alog 
C a t  n l o g  
Cat a l o g  
Cat a l o g  
C a t a l o g  

C a t a l o g  
C a t a l o g  
Cat a l o g  
C a t a l o g  
Ca't510g 



Table  3 - 3 .  Cost Est imate  f o p  s Convent ional  System (Shee t  2 of  2 )  

r 

Device  

Se rvo  A c t u a t o r s  

P i t c h  Servo 
R o l l  Servo 
Yaw Servo 
P i t c h  Trim Servo  

S u b t o t  t r l  

h lon i to r ing  

F a i l u r e  Annuncia tor  
NAP Sensor  
RPM Sensor  
Cowl F lap  P o s i t i o n  
F l a p  P o s i t  i o n  
E l e v a t o r  Trim P o s i t  i o n  
Radar A 1  t i m e t  e~ 

S u b t o t a l  

Weat h e r  Radar 

T r a n s m i t t e r l R e c e i v e r  
D i s p l a y  Unit  

S u b t o t a l  

Communications 

Comm T r a n c e i v e r s  (KS* 196) 
DABS Transponder 
DABS C o n t r o l / D i s p l a y  

S u b t o t a l  

TOTAL 
b 

Q u a n t i t y  

1 
1 
1 
1 

1 
2 
2 
1 
1 
1 

Es t ima ted  
Cost 

( D o l l a r s )  

2,140 
2,140 
2,140 
1,665 
8,085 

'75 
200 

1,200 
100 
100 
100 

Basis For 
E s t i m a t e  

C a t a l o g  
C a t a l o g  
C a t a l o g  
C a t a l o g  

E s t i m a t e  Only 
E s t i m a t e  Onby 
E s t i m a t e  Only 
E s t i m a t e  Only 
E s t i m a t e  Only 
E s t i m a t e  Only 

C a t a l o g  

S p l i t  E s t i m a t e  

C a t a l o g  
E s t i m a t e  Only 
E s t i m a t e  Only 

1 

1 
1 

2 
1 
1 

2,350 
4,125 

13,000 
7,000 

20,000 

3,510 
2,000 
4,000 
9,510 

$116,223 



T a b l e  3-4,  Cost Estimate f o r  PAAS 

B a s i s  For 
E s  t imat s 

Cat a l o g  

Es t imated  of 
b a s i s  of c o s t  
of electromechnn- '  
i c a l  replacement  

E s t i m a t e  Only 
Estimate Only 

Cat a l o g  
C a t a l o g  
C a t a l o g  
C a t  n l a g  

C a t a l o g  

E s t i m a t e  Only 
E s t i m a t e  Only 
E s t i m a t e  Only 

Es t imate  Only 
Es t imate  Only 
E s t i m a t e  Only 
E s t i m a t e  Only 

Cat aloe; 
C a t a l o g  
C a t a l o g  
C a t a l o g  

- 
E s t  imat ed 

Cost  
( D o l l a r s )  

205 

8 , 0 0 0  

800 
800 

3 , 7 3 0  
3 , 2 2 5  

828 
100 

1 7 , 6 8 8  

885 

7 , 0 0 0  
7 , 0 0 0  
8 , 0 0 0  

22 ,885  

9 ,600  
6 , 0 0 0  
2 , 0 0 0  
2 , 0 0 0  

1 9 , 6 0 0  

4 , 3 5 0  
4 ,380  
4 , 3 8 0  
3 , 3 3 0  

1 6 , 1 7 0  

.L 

Device 

* 

NAV/ FLT Contro 1 Sensors  

hlagnetic T r a n s ~ n i t t e r s  
(%ilT 113) 

Laser Gyro, I n t e r l a c e  
E l e c t r o n i c s  

Acce le romete r ,  I n t e r f a c e  
Electronics 

P i t o t  System, Left 
P i t o t  System, Right  
S t a t i c  P r e s s u r e  Transducer  
D i f f e r e n t i a l  P r e s s u r e  
VOR Receiver (KN 53)  
DME Rece iver  ( R N  62A) 
Angle-of -At tack Sensor  
OAT Sensor  

S u b t o t a l  

C o n t r o l s  and D i s p l a y s  

A u t o p i l o t  Mode C o n t r o l l e r  
(IWC 340) 

EADI D i s p l a y ,  C o n t r o l s  
EHSI D i s p l a y ,  C o n t r o l s  
IDCC, D i s p l a y ,  C o n t r o l s  

S u b t o t a l  

Computer, E l e c t r o n i c s  

P r o c e s s o r  ( 8086 ,  Memory ) 
Power Supply and hlisc. 
A I D ,  D / A ,  MIS 
Bubble Memory System 

S u b t o t a l  

Servo t l c t u a t o r s  

p i t c h  Servo 
Rol l  Servo 
Your Servo 
P i t c h  Trim Servo 

S u b t o t a l  
i 

Q u a n t i t y  

1 

3 
0 
,.4 

3 
1 
1 
1 

1 

1 
1 
1 

11 

3 
1 

L! 
., o 
3  
:2 



Table 3-4, Cost Estimate for PAAS (Sheet 2 of 2) 

Device 

Monitor Sensors 

MAP 
RPM 
Cowl Flap Position 
Flap Posit ion 
Elevator Trim Position 
Radar Altimeter (RT 221) 

Subtotal 

Weather Radar 

TransmitterlReceiver 

Subtotal 

Communications 

Comm Transceivers (KY 196) 
DABS Transponder 

Subtotal 

TOTAL 

Quant it JI 

2 
2 
1 
1 
1 
1 

2 
1 

Est imat ed 
Cost 

(Dollars) 

200 
1,200 
100 
100 
100 

2,350 
4,050 

13,000 

13,000 

3,510 
2,000 
5,510 

$98 903 
__I_ 

Basis For 
Est imate 

Estimate Only 
Estimate Only 
Estimate Only 
Estimate Only 
Estimate Only 

Catalog 

Transceiver/display 
Split Estimate 

Catalog 
Estimate Only 



3 . 4  PAAS ivIAINTAINABILITY ANALYSIS 

I 

The p r o j e c t e d  advanced A v i o n i c s  System (PAAS) main tenance  t e s t  
concep t  i s  d e p i c t e d  i n  F i g u r e  3-5 ,  Highly  e f f e c t i v e  a v i o n i c s  
b u i l t - i n  t e s t  (BIT)  i s  a n t i c i p a t e d .  O n - a i r c r a f t  f u n c t i o n a l  t e s t -  
i n g  and f a u l t  l o c a l i z a t i o n  t o  a module w i t h i n  an LRU a r e  e x p e c t e d  
t o  be f e a s i b l e  w i t h  minimal  t e s t  equipment .  The f i x e d  b a s e  o p e r -  

a t o r  c o u l d  e x p l o i t  t h e  BIT c a p a b i l i t y  and minimize  h i s  s p e c i a l  
purpose  t e s t  equipment  and become more a  s t o r e h o u s e  o f  r e p l a c e -  
a b l e  modules ,  The a v i o n i c s . s h o u l d  i n c l u d e  c a p a b i l i t y  f o r  on- 
a i r c r a f t  t r o u b l e  s h o o t i n g  by t h e  f i x e d  b a s e  o p e r a t o r .  F a u l t y  
modules c o u l d  b e  r e p a i r e d  a t  t h e  f a c t o r y .  

BIT d e s i g n  o b j e c t i v e s  c o n s i s t e n t  w i t h  t h e  above main tenance  p h i l -  
osophy a r e :  

6 Minimize f i x e d  b a s e  o p e r a t o r  t e s t  c a p a b i l i t y  r e q u i r e m e n t s  

e Maximize BIT f a u l t  l o c a l i z a t i o n  c a p a b i l i t y  

Of c o u r s e ,  t h e  r e s u l t i n g  BIT m e c h a n i z a t i o n  must n o t  s i g n i f i c a n t l y  

i n c r e a s e  a v i o n i c s  c o s t ,  

DAAS BIT mode!, i n c l u d e :  

e I n - f l i g h t  t e s t  

@ F u n c t i o n a l  t e s t / f  a u l t  1 o c a Z i z a t i o n  - a u t o m a t i c  

m F i l n c t i o n a l  t e s t  / f  a u l t  l o c a l i z a t i o n  - i n t e r a c t i v e  

6 Maintenance  t r o u b l e  s h o o t i n g  

I n - f l i g h t - t e s t  is  c o n t i n u o u s  a.nd w i l l  g e n e r a t e  a  warn ing  when a  

d e t e c t e d  f a i l u r e  w i l l  d i s a b l e  a  s y s t e m  f u n c t i o n .  The DAAS w i l l  

a u t o m a t i c a l l y  r e c o n f i g u r e  f o r  computer  u n i t  p r o c e s s o r  f a i l u r e s .  



ON AIRCRAFT MAINTENANCE 

0 FUNCTIONAL TESTING - 95% CONFIDENCE 

FAULT LOCALIZATION TO LRU - 90% CONFlOENCE 

FAULT LOCALIZATION TO REPLACEABLE MODULE - 
80 - 90% CONFIDENCE 

TESTING, TROUBLESHODTING VIA IDCC 

FIXED BASE OPERATOR 

ON AIRCRAFT MAINTENANCE 

8 LlMlTEO GENERAL PURPOSE TEST E(IUtPMEN1 

REPLACEABLE MODULE STOCK 

IRU STOCK - - - - (LIMITED RENTAL UNITS) 

OEPOTlFACTORY 

MODULE, LRU ATE 

@ STANDAROLRUATEBUSINTERFACE 

MODULE. LRU REPAIR 

SPARE PARTS STOCK 

Figure 3-5. PAAS Maintenance Concept 



I n - f l i g h t  f a i l u r e s  t h a t  a r e  d e t e c t e d  by B I T  w i l l  c ause  t h e  amber 
8 warning l i g h t  t o  f l a s h .  A message w i l l  be d i s p l a y e d  on t h e  IDCC 

on t h e  l i n e  r e s e r v e d  f o r  warning messages.  The message w i l l  b e ,  
"Device F a i l u r e "  fol lowed by i d e n t i f i c a t i o n  of t h e  f a i l e d  d e v i c e ,  
( V e r t i c a l  Gyro, Compass, e t c , ) .  

Func t iona l  Tes t  / F a u l t  L o c a l i z a t i o n ,  Automatic, is performed a t  
gower-up, o r  when commanded by t h e , o p e r a t a r ,  and t e s t s  sys tem 
components as f e a s i b l e  wi thout  o p e r a t o r  i n t e r a c t  i o n ,  T h i s  t e s t  
f u n c t i o n  e x e r c i s e s  DAAS equipment and i d e n t i f i e s  f a i l e d  LRUs a s  
wel l  as f a i l e d  modules w i t h i n  t h e  LRU a s  f e a s i b l e .  

Func t iona l  T e s t / F a u l t  L o c a l i z a t i o n ,  I n t e r a c t i v e ,  is  performed on 
command and a l l ows  t e s t i n g  of dev ices  where o p e r a t o r  a c t i o n s  o r  
o b s e r v a t i o n s  a r e  neces sa ry  t o  complete a  t e s t ,  IDCC ~ n d  EHSI 

t e s t  p a t t e r n  t e s t s  a r e  i nc luded  i n  DAAS a s  examples of a v i o n i c s  
i n t e r a c t i v e  t e s t i n g .  

Maintenance t r o u b l e  s h o o t i n g  a l lows  t h e  o p e r a t o r  t o  app ly  s i g n a l s  
and measure s i g n a l s  v i a  I D C C .  Memory words can be  d i s p l a y e d .  
Analog and d i s c r e t e  s i g n a l s  can be a p p l i e d  a t  computer o u t p u t s ,  
and v a r i o u s  system ana log  and d i s c r e t e  s i g n a l s  can be  measured 
and d i s p l a y e d .  

F a u l t  l o c a l i z a t i o n  and replacemen,t of t;. f a u l t y  a v i o n i c s  l i n e  re-  
p l a c e a b l e  u n i t  can be accomplished i n  mean t ime  of 15 minutes  
with t h e  l e v e l  of B I T  env i s ioned  f o r  P A A S .  Repair  of  a  f a u l t y  
u n i t ,  i . e . ,  f a u l t  l o c a l i z a t i o n  and replacement of  a f a u l t y  p a r t ,  
can b e  accomplished i n  mean t ime of 1 hour .  

PAAS packaging must be des igned  t o  a l l ow o p e r a t o r  removal ~f 
hardware modules and con t inued  o p e r a t i o n  wi th  o n l y  p a r t i a l  l o s s  

of f u n c t i o n .  
113 



3 .5  PAAS MODULARITY ANALYSIS 

PAAS i s  designed t o  be  modular. The system is  c o n s t r u c t e d  of 
b u i l d i n g  b locks  t h a t  can be con f igu red  t o  p rov ide  va ry ing  l e v e l s  
of f u n c t i o n a l  c a p a b i l i t y  depending on u s e r  r equ i r emen t s ,  The 
des ign  i s  in t ended  t o  f a c i l i t a t e  a d d i t i o n  of f u n c t i o n s  wi thout  
major upheavsl  t o  t h e  e s i s t i n g  a i r c r a f t  c o n t r o l  p a n e l  o r  e x i s t i n g  
a v i o n i c s ,  e 

Modulari ty i s  ach ieved  through : 

o System a r c h i t e c t u r e  

e Cont ro l s  and d i s p l a y s  modular i ty  

o Hardware modular i ty  

e Software  modu la r i t y ,  

Bas ic  system a r c h i t e c t u r e ,  i . e . ,  mu l t imic rop roces so r s  i n t e r -  
connected v i a  d a t a  b u s ,  s u p p o r t s  modu la r i t y .  Func t ions  can be 

added by adding a p p r o p r i a t e  p r o c e s s  o r  modules, and t h e  process -  
i ng  can i n t e r f a c e  t o  t h e  system through  t h e  d a t a  b u s .  

PAAS ~ i n p l ~ ~ s  programmable c o n t r o l s  and d i s p l a y s  t h a t  can be r e -  
conf igured  f o r  v a r i o u s  f u n c t i o n a l  complements. The IDCC i n s l u d e s  
b a s i c  mechanical  c o n t r o l s  (key toa rd  page c a l l u p  b u t t o n s ,  e t c . )  
aad a programmable d i s p l a y .  The b a s i c  d i s p l a y  module is  t h e  d i s -  
p lay page.  Tho page can be used a s  a  f u n c t i o n  c o n t r o l  pane l  o r  
f o r  r e q u i r e d  d a t a  and in format ion  i n p u t / o u t p u t .  The EHSI and 
EADI a r e  d i s p l a y s  t h a t  can be programmed f o r  t h e  set  of f u n c t i o n s  
inc luded  i n  a  p a r t i c u l a r  PAAS i n s t a l l a t i o n ,  

PAAS hardware i s  modular,  S tandard  modules can be added t o  pro- 
vide  computing power, memory, o r  1/0 r e q u i r e d  f o r  added f u n c t i o n s .  



PAAS so f tware  i s  s t r u c t u r e d  and modular. Eaoh of  t h e  hardware 
. modules a r e  programmed wi th  independent s o f t w a r e  modules t h a t  

r e q u i r e  minimum i n t e r f a c e s  w i th  o t h e r  f u n c t i o n s .  These s o f t w a r e  

modules a r e  developed us ing  s t r u c t u r e d  des ign  t e c h n i q u e s .  The 

s y s t e m  modu la r i t y  has  been demonstra ted by a d d i t i o n  of  t h e  DABS 

f u n c t i o n .  

The i n t e g r a t i o n  of DABS i n t o  DAAS l a t e  i n  t h e  DAAS development 
program demons t ra tes  b a s i c  modular i ty .  I n c o r p o r a t i o n  of  DABS - 
r e q u i r e d  -- 

I n s t a l l i n g  a DABS t r an rponde r  i n  t h e  a i r c r a f t ,  and i n t e r f a c -  

i n g  i t  t o  t h e  DAAS computer u n i t .  

o Adding a  DAES p roces so r  module, i n c l u d i n g  s o f t w a r e ,  rand two 
DABS i n t e r f a c e  e l e c t r o n i c s  modules t o  t h e  DAAS computer u n i t .  

a Adding t h r e e  DABS pages t o  t h e  IDCC, 

0 Adding a  DABS "Message Pendingv l i g h t  t o  t h e  pane l .  

The DAAS p r o c e s s o r  module is a p p r o p r i a t e  f o r  DABS computat ions .  

DAAS keyboard and IDCC page formats  a r e  a p p r o p r i a t e  f o r  DA.BS. 
Consequently,  DABS r e a d i l y  f i t  i n t o  t h e  DAAS framework. PAAS 

modular i ty  is f u r t h e r  a s s e s s e d  i n  t h e  fo l lowing  pa rag raphs .  

3 . 5 . 1  PAAS System Modular i ty  

PAAS system modu la r i t y  is demonstrated i n  F igu re  3-6. The v a r i -  

ous  1evel.s of f u n c t i o n a l  c a p a b i l i t y  a r e  d e p i c t e d .  The c o r e  PAAS 

f u n c t i o n a l  e n t i t y  is t h e  a u t o p i l o t .  

The a u t o p i l o t  p r o c e s s o r  and a  b a s i c  1/0 t e r m i n a l  a r e  r e q u i r e d  f o r  

t h i s  f u n c t i o n ,  
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Figure 3-6. PAAS hlodularity 



R second v e r s i o n  of PAAS could  i n c l u d e  t h e  a u t o p i l o t  and t h o  
a i r  d a t a  f u n c t i o n s .  I n  t h i s  v e r s i o n ,  t h e  a i r  d a t a  f u n c t i o n  would . 
only  supply  r e f e r e n c e s  f o r  t h e  a u t o p i l o t .  A l t i m e t e r  and IAS d a t a  
s o u r c e s  would be independent .  

A t h i r d  v e r s i o n  of PAAS ct,uld have a u t o p i l o t ,  a i r  d a t a ,  BHRS, and 

t h e  e l e c t r o n i c  AD1 t h a t  i n c l u d e s  t h e  a l t i m e t e r ,  IAS and YSI d i s -  
p l ays .  

A f o u r t h  v e r s i o n  could  a l s o  i n c l u d e  t h e  NAV, EHSI and IDCC 

f u n c t i o n s ,  

A f i f t h  v e r s i o n  could have DABS added, and a s i x t h  v e r s i o n  could 
i n c l u d e  weather  r a d a r  d a t a  superimposed on t h e  EHSI. 

A s even th  v e r s i o n  cou ld  i n c l u d e  t h e  neces sa ry  redundant hardware 
f o r  f a u l t  t o l e r a n t  o p e r a t i o n .  

Each v e r s i o n  of  PAAS would be  complimented by systems neces sa ry  
f o r  d e s i r e d  f u n c t i o n a l  c a p a b i l i t y  and backup. A p a r t i c u l a r  ver-  

s i o n  o f  PAAS could  i n c l u d e  s p a r e  room t o  a l l ow i n c o r p o r a t i o n  of 
some a d d i t i o n a l  c a p a b i l i t y :  e i t h e r  t h e  d e f i n e d  nex t  h ighe r  l e v e l ,  

o r  a  yet - to-be-def ined advanced c a p a b i l i t y .  

3,5.2 PAAS C o n t r o l s  and Disp lays  ModuJ.arity 

The i d e a l  c o n t r o l s  and d i s p l a y  c o n f i g u r a t i o n s  from a modular i ty  
s t a n d p o i n t ,  would i n c l u d e  on ly  g e n e r a l  purpose c o n t r o l s .  No con- 

t r o l s  d e d i c a t e d  t o  a  s p e c i f i c  ?unc t ion  would be  a l lowed i n  o r d e r  
t o  minimize impact on pane l  hardware when a  f u n c t i o n  was added. 
In an i . i e a l i z e d  PAAS c o n f i g u r a t i o u ,  c o n t r o l s  would i n c l u d e  a  
g e n e r a l  purpose keyboard,  and one IDCC page c a l l u p  b u t t o n  f o r  

each f u n c t i o n .  
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DAAS has  d e v i a t e d  f som t h i s  i d e a l  c e r t a i n  r e s p e c t s  : 

s Various  ded ica t ed  NAV f u n c t i o n  c o n t r o l s  a r e  implemented 
above t h e  IDCC,  i nc luded  w i t h  page c a l l - u p  b u t t o n s ;  i . e , ,  

USE, CRS, SEL, LAT D I R  TO, AUTO CRS SEQ, 

m Dedicated map c o n t r o l  b u t t o n s  are  implemented nex t  t o  t h o  
IDCC ; i , e  , , HDG/NOR, MAP/CRSR, MAP RTN, \VP BRG , REVU, MAP 
SCALE, 

e Dedicated a u t o p i l o t  mode c o n t r o l l e r ,  annunc ia to r  p a n e l ,  

Other f u n c t i o n  c o n t r o l s  

These d e d i c a t e d  f u n c t i o n  c o n t r o l s  were implemented t o  maximize 
t h e i r  a c c e s s i b i l i t y ,  

Dedicated NAV f u n c t i o n  c o n t r o l s  cou ld  be avoided i f  t h e s e  c o n t r o l s  

were i n s t e a d  implemented i n  IDCC pages .  The p e n a l t y  f o r  e l imina-  
t i o n  of d e d i c a t e d  NAV f u n c t i o n  b u t t o n s  is  a s  f o l l o w s :  

e One a d d i t i o n a l  b u t t o n  push r e q u i r e d  t o  a c t i v a t e  LAT D I R  TO. 

e One a d d i t i o n a l  bu t ton  push r e q u i r e d  t o  change waypoint d a t a  
acces s  from l i n k e d  w ~ v p o i a t ,  t o  un l inked  waypoint .  

The advantage of t h i s  approach,  i n  a d d i t i o n  t o  improved modu la r i t y ,  
is  e l i m i n a t i o n  of dedica.ted NAV f u n c t i o n  b u t t o n s  above t h e  I D C C ,  

which l e a v e s  on ly  page ca l l -up  b u t t o n s  t h e r e .  Th i s  e a s e s  system 
comprehension. 

Cur ren t  d e d i c a t e d  map c o n t r o l  b u t t o n s  do no t  s i g n i f i c a n t l y  degrade 
modular i ty .  They can be an i n t e g r a l  p a r t  of t h e  EHSI assembly.  
Spare  c o n t r o l  b u t t o n s  should  be  i n c l u d e d ,  however, f o r  a d d i t i o n a l  
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PAAS would employ a  h i g h e r  l e v e l  of c i r c u i t  i n t e g r a t i o n  than  t h e  
e x i s t i n g  DAAS system.  Custom VLSIC would be economical  f o r  PAAS I 

f o r  t h e  b a s i c  hardware modules,  E x p l o i t i n g  modular i ty  of  a  pro- 
duc t ion  ve r s ion  of PAAS r e q u i r e s  t h e  fo l lowing  hardware des ign  
c o n s i d e r a t  i o n s  : 

e The PAAS computer box must have s u f f i c i e n t  room and e x t e r n a l  
connec tor  p in  c a p a c i t y  t o  suppor t  e v e n t u a l  growth.  

o Power supply - The PAAS power supply  must have r e s e r v e  capac- 
i t y  t o  suppor t  e v e n t u a l  system growth o r  e l s e  t h e  power sup- 
p l y  must be changed as f u n c t i o n s  a r e  added. 

Data  bus  th roughput  - The PAAS d a t a  bus  must have s u f f i c i e n t  

throughput  margin t o  suppor t  even tua l  system growth. The 
c u r r e n t  sys tem IEEE 488 bus  is  on ly  30 pe rcen t  l oaded ,  which 
i s  c o n s i s t e n t  w i th  t h i s  r equ i r emen t .  The PAAS d a t a  bus 
would r e q u i r e  h i g h e r  throughput  t o  accommodate t h e  AHRS and 
weat her  r a d a r  f u n c t i o n s .  

PAAS Software  Modular i ty  

PAAS so f tware  must be  modular ,  Func t ions  a r e  implemented i n  
so f tware  modules; i . e . ,  independent programs w i t h  s i n g l e  e n t r y  
and e x i t ,  s e p a r a t e  d a t a  l o c a t i o n s  and c l e a r l y  d e f i n e d  and con- 
t r o l l e d  i n t e r f a c e s .  Data bus communications a r e  managed i n  an 
o r d e r l y  f a sh ion  by t h e  bus  c o n t r o l  p r o c e s s o r ,  w i t h  growth i n  mind. 



SECTION 4 

CONCLUSIONS AND RECOMMENDATIONS 

The DAAS s y s t e m  des ign  i s  completed,  and f l i g h t  hardware b u i l t .  
S imula tor  e v a l u a t i o n s  have been performed. The PAAS 'conf igura-  

t i o n  h a s  been d e f i n e d  and analyzed on t h e  b a s i s  of c o s t ,  r e l i a b i l -  
i t y ,  m a i n t a i n a b i l i t y ,  and modu la r i t y .  The fo l lowing  conc lus ions  
a.,nd recommendations a r e  based on t h e  expe r i ence  a s s o c i a t e d  w i t h  .- 

t h i s  e f f o r t  t o  d a t e .  

Func t iona l  Conf igu ra t ion  - DAAS p rov ides  expanded f u n c t i o n a l  
c a p a b i l i t y  w i t h  r e s p e c t  t o  c u r r e n t l y  a v a i l a b l e  a v i o n i c s  and 
h a s  t h e  p o t e n t i a l  t o  s i g n i f i c a n t l y  improve s i n g l e  p i l o t  I F R  

s a f e t y  and e f f i c i e n c y .  The DAAS a r c h i t e c t u r e  p rov ides  t h e  
framework f o r  a d d i t i o n a l  expansion without  t h e  requirement  
f o r  added d i s p l a y s .  Th i s  is  accomplished by u s i n g  t h e  s h a r e d  
d a t a  b a s e ,  d i s p l a y s  and bus .  The d i s t r i b u t e d  a r c h i t e c t u r e  
of  t h e  system p rov ides  f o r  f u n c t i o n a l  independence.  T h i s  
minimizes t h e  number of needed i n t e r f a c e s  between f u n c t i o n s  

and t h e r e b y  r educes  d a t a  i npu t  and subsequent  p i l o t  t r a i n i n g ,  

e Funct ion S e t  - The DAAS f u n c t i o n  s e t  is comprehensive and 
s u i t a b l e  f o r  demons t ra t ion .  Ope ra t iona l  s i m p l i f i c a t i o n  and 
f u n c t i o n a l  a d d i t i o n s  have been sugges ted  t h a t  may be appro- 
p r i a t e  f o r  an o p e r a t i o n a l  system. 

s - Cost - The DAAS concept is c o s t  e f f e c t i v e ,  and has  c o s t  ad- 
van tages  w i th  r e s p e c t  t o  convent iona l  a v i o n i c s  a s  t h e  number 
of i n t e g r a t e d  f u n c t i o n s  i n c r e a s e .  



o R e l i a b i l i t y  - The DAAS system a r c h i t e c t u r e  reduces  computer 
system f a i l u r e  r a t e  t o  a  n e g l i g i b l e  p o r t i o n  of t h e  t o t a l  
sys tem f a i l u r e  r a t e ,  Sensor  and s e r v o  f a i l u V r e  r a t e s  dominate.  
Low c o s t  s e n s o r  and s e r v o  redundancy should  be pursued w i t h  
a  goa l  of 10 ,000  hours  i n - f l i g h t  MTBF f o r  a u t o p i l o t  and b a s i c  
n a v i g a t i o n  f u n c t i o n s  t o  p rov ide  ex t remely  r e l i a b l e  p i l o t  r e -  

l i e f  t o  f a c i l i t a t e  e f f e c t i v e  f l i g h t  management. The PAAS 
c o n f i g u r a t i o n  promises  much h ighe r  f u n c t i o n a l  r e l i a b i l i t y .  

a M a i n t a i n a b i l i t y  - DAAS o f f e r s  improvements i n  a v i o n i c s  rnaln- 
t a i n a b i l i t y  through improved r e l i a b i l i t y ,  au tomat ic  f a u l t  
d e t e c t i o n  and i s o l a t i o n ,  and o n - a i r c r a f t  t r o u b l e  s h o o t i n g  
wi thout  s p e c i a l  t e s t  equipment. 

o - Modular i ty  - DAAS is f u n c t i o n a l l y  modular,  w i t h  g e n e r a l  pur-  

pose  c o n t r o l s  and d i s p l a y s ,  and hardware and so f tware  bu i ld -  
i n g  b locks  t o  p rov ide  va ry ing  l e v e l s  of c a p a b i l i t y ,  Expan- 
s i o n  of c a p a b i l i t y  has  minimum impact on t h e  e x i s t i n g  a i r c r a f t  
c o n t r o l  p a n e l  and e x i s t i n g  a v i o n i c s .  

Following i s  an expansion of t h e s e  conc lus ions  and recommendations. 

4 . 1  FUNCTIONAL CAPABILITY 

The DAAS system p r o v i d e s  comprehensive f a c i l i t i e s  f o r  f l i g h t  
management. Concensus of e v a l u a t i o n s  i s  t h a t  DAAS p rov ides  i m -  

proved f u n c t i o n a l  c a p a b i l i t i e s  w i t h  r e s p e c t  t o  c u r r e n t  a v i o n i c s ,  
and has  t h e  p o t e n t i a l  t o  s i g n i f i c a n t l y  improve s i n g l e  p i l o t  IFR 

e f f i c i e n c y  and s a f e t y .  C h e c k l i s t s ,  weight  and ba l ance ,  and per -  
formance f u n c t i o n s  a r e  convenient  t o  u s e ,  and t h e y  suppor t  good 
p i l o t  p r a c t i c e s .  The moving map d i s p l a y ,  IDCC d a t a  r e a d o u t ,  and 



comprehensive warning system inform t h e  p i l o t  of f l i g h t  s t a t u s .  
The a u t o p i l o t ,  which couples  t o  t h e  NAV system,  p r o v i d e s  t h e  
neces sa ry  r e l i e f  t h a t  a l lows  t h e  p i l o t  t o  moni tor  and e f f e c t i v e l y  
manage h i s  f l i g h t ,  

The DAAS moving map d i s p l a y  is  we l l  r e c e i v e d  and cons ide red  a  
major a i d  i n  f l i g h t  management. However, t h e  f o l l o w i n g  enhance- 
ments have been sugges t ed :  

0 Terminal  a r e a  d i s p l a y  should  be expanded t o  i n c l u d e  s t o r e d  

approach p l a t e  d e t a i l s .  Automated t e r m i n a l  a r e a  f l i g h t  
management i n c l u d i n g  coupled NAV and a u t o t h r o t t l e  f u n c t i o n s  

should  be  cons ide red ,  

e I t  would be d e s i r a b l e  t o  a c c u r a t e l y  d i s p l a y  t h e  runway d u r i n g  
l a n d i n g  approach.  This  cou ld ,  pe rhaps ,  be f e a s i b l e  i f  1) a 

strapdown AHRS w i t h  s h o r t  term INS c a p a b i l i t y  were a  p a r t  of  

DAAS, o r  2 )  MLS were i nc luded ,  o r  3) GPS were i n c l u d e d ,  o r  
4 )  ILS/DME nav iga t ion  mode were i n c l u d e d .  

0 A c o l o r  map d i s p l a y  would be  u s e f u l  t o  f a c i l i t a t e  i n c r e a s e d  

d i s p l a y  in fo rma t ion  c o n t e n t .  

9 Expansion of DABS t o  a i d  i n  congested t e r m i n a l  a r e a  communi- 
c a t i o n s  would be d e s i r a b l e .  

a I n c o r p o r a t i o n  of an EADI i n t o  DAAS would be an a p p r o p r i a t e  
follow-on e f f o r t  t o  f u r t h e r  develop t h e  concep t .  

The DAAS f u n c t i o n  set i s  cons idered  r e p r e s e n t a t i v e  and adequa te  
f o r  demons t ra t ion  purposes .  There a r e  a r e a s  where changes might 
be cons idered  f o r  an o p e r a t i o n a l  s y s t e m .  For example, DAAS com- 
p l e x i t y  must b e  c o n t r o l l e d  and p i l o t / s y s t e m  i n t e r f a c e  must be 
e f f i c i e n t  t o  maximize p i l o t  a c c e s s  t o  DAAS f u n c t i o n s .  



DAAS c o n t r o l s  and d i s p l a y s  have been g e n e r a l l y  accep ted  by 
e v a l u a t o r s ,  i n c l u d i n g  t h e  alphanumeric keyboard,  The system 
s i m u l a t o r  IDCC touc?lpoint  mechanizat ion was found o b j e c t  i o n a b l e  
because : 

a No t a c t i l e  feedback t o  i n d i c a t e  s i g n a l  i n i t i a t i o n .  

s Smudges on CRT f a c e  obscured image. 

o I n a d v e r t e n t  d a t a  e n t r i e s  p o s s i b l e  i f  t o u c h p o i n t s  a r e  not  
a c c u r a t e l y  touched.  .. 

An a l t e r n a t e  approach u s i n g  bezel-mounted b u t t o n s  has been added,  

The DAAS Kalman f i l t e r  b l end ing  of VOR/DME d a t a  w i th  dead r econ ing  

p o s i t i o n  i s  expec ted  t o  improve n a v i g a t i o n ,  p r e c i s i o n  and s t a b i l -  
i t y .  The a d d i t i o n  of DME/DME i n t e g r a t i o n  i n t o  t h e  DAAS a lgo r i t hms  
seems l i k e  an a p p r o p r i a t e  follow-on. I n t e g r a t i o n  of an IRS t o  
a,ugment t h e  b l ende r  p o s i t i o n  should  a l s o  be cons ide red .  

4 . 2  COST 

DAAS i n c l u d e s  s i g n i f i c a n t l y  more f u n c t i o n a l  c a p a b i l i t y  a t  a c o s t  
compe t i t i ve  w i t h  conven t iona l  a v i o n i c s ,  a s  i l l u s t r a t e d  i n  s e c t i o n  
3 . 3 .  The DAAS c o s t  advantage w i l l  become more d e c i s i v e  a s  more 

f u n c t i o n s  a r e  i n c o r p o r a t e d .  For example, DAAS could  be expanded 
t o  i n t e g r a t e :  

o Weather r a d a r  

e A i r  d a t a  computer 

e A u t o t h r o t t l e  

s Automatic s t o r a g e  of a i r p o r t  f a c i l i t y  d a t a  



e AHRS 

e Radar a l t i m e t e r  

e Other  f u n c t i o n s  

T h e r e f o r e ,  w i t h  each f u n c t i o n  added t o t a l  system c o s t  p e r  func- 
t i o n  would come down s i n c e  packaging power s u p p l i e s ,  and c o l l t r o l s  
and d i s p l a y s  a r e  shared  i n  DAAS and 3eed not  be  d u p l i c a t e d  f o r  
s e p a r a t e  f u n c t i o n s .  .- 

Consequently,  t h e  DAAS concept of i n t e g r a t e d  a v i o n i c s  is c o s t  
e f f e c t i v e .  

4 . 3  RELIABILITY, SAFETY 

The PAAS s y s t e m  r e l i a b i l i t y ,  i n c l u d i n g  s e n s o r s ,  i n s t r u m e n t s ,  

computers,  and s e r v o s  is es t ima ted  t o  be  137 hour s  MTBF. T h i s  
system r e l i a b i l i t y  is  expec ted  t o  improve a s  i n t e g r a t e d  c i r c u i t  
technology advances ,  and e l ec t romechan ica l  d e v i c e s  a r e  r e p l a c e d  
by s o l i d  s t a t e  d e v i c e s .  

Thp ~ x i s t i i n g  DAAS NAV/Autopilot f u n c t i o n  r e l i a b i l i t y  is es t imatet !  
t o  be  9260 hour s  mean f l i g h t  t i m e  between l o s s  of f u n c t i o n .  

The DAAS a r c h i t e c t u r e ,  u s ing  advanced e l e c t r o n i c s ,  ha s  produced 

a  ve ry  r e l i a b l e  com2uter system. Consequent ly .  DAAS r e l i a b i l i t y  
was a f f e c t e d  mainly by senso r  and se rvo  f a i l u r e  r a t e s  ; e .  g .  , 
s y s t e m  senso r s  and s e r v o s  c o n t r i b u t e  96 p e r c e n t  of t h e  a u t o p i l o t  
f a i l u r e  r a t e .  S ince  t h e  a u t o p i l o t  and NAV f u n c t i o n s  a r e  essen-  
t i a l  t o  e f f e c t i v e  f l i g h t  management, it i s  recommended t h a t  low 
c o s t  redundant  s enso r  and se rvo  c o n f i g u r a t i o n s  be  pursued ,  w i t h  



a g o a l  of 10 ,000  hour NAV/autopilot f l i g h t  MTBF. The DAAS 

a r c h i t e c t u r e  ca.n c o s t  e f f e c t i v e l y  p r o v i d e  such r e l i a b i l i t y .  

The f a i l u r e  mode e f f e c t s  a n a l y s i s  of 86 DAAS e lements  conc ludes  
t h a t ,  wi th  recommended m o d i f i c a t i o n s  implemented, DAAS f a i l u r e s  
a r e  t o l e r a b l e  and s a f e .  The DAAS s a f e t y  p i l o t ' s  c o n t r i b u t i o n  t o  
f l i g h t  s a f e t y  is  a l s o  acknowledged, e s p e c i a l l y  i n  t ake-of f  and 
l and ing  s i t u a t i o n s .  

DAAS concept o f f e ~ s  improved m a i n t a i n a b i l i t y  t h rough :  

e Improvements i n  hardware r e l i a b i l i t y  

e B u i l t - i n  t e s t  f o r  au tomat ic  f a u l t  d e t e c t i o n ,  L o c a l i z a t i o n  

e C a p a b i l i t y  f o r  o n - a i r c r a f t  t r o u b l e  s h o o t i n g  wi thout  s p e c i a l  
tes t  equipment.  

4 . 5  MODULARITY 

The DAAS system is  f u n c t i o n a l l y  modular.  I t  i s  composed of hard- 

ware and s o f t w a r e  b u i l d i n g  b locks  t h a t  can be  con f igu red  t o  pro- 
v ide  va ry ing  l e v e l s  of f u n c t i o n a l  c a p a b i l i t y  and c o s t .  Expansion 
of c a p a b i l i t y  w i l l  have minimum impact on t h e  e x i s t i n g  DAAS a i r -  
c r a f t  c o n t r o l  pane l  arid a v i o n i c s .  

The DAAS system can be adapted  t o  i n t e r f a c e  w i t h  d e v i c e s  from a  
v a r i e t y  of manufac tu re r s .  For example, hardware and s o f t w a r e  
modules could  be developed t o  a l l ow u s e  of d i f f e r e n t  NAV r e c e i v e r s ,  



even if t h e  NAV r e c e i v e r s  were 3o t  equipped f o r  remote t u n i n g .  

Manual t u n i n g  would be r e q u i r e d  i n  t h i s  v e r s i o n  of DAAS, on com- 
mand from t h e  IDCC. The system can a l s o  accep t  i n p u t  s i g n a l s  

from s e n s o r s  s u p p l i e d  by a  v a r i e t y  of manufac tu re r s .  The v a r i e t y  

o f  subsystems w i t h  which a produc t ion  v e r s i o n  o f  DAAS would be 

compat ib le  would be determined i n  a market ing s t u d y .  

DARS i n t e g r a t i o n  i n t o  DAAS l a t e  i n  t h e  DAAS development program 

demons t r a t e s  b a s i c  modu la r i t y .  Inco rpo ra t ion  of  DABS r e q u i r e d :  

e I n s t a l l i n g  a DABS t r ansponde r  and c o n t r o l  p a n e l  i n  t h e  a i r -  

c r a f t ,  and i n t e r f a c i n g  i t  t o  t h e  DAAS computer un , i t .  

a Adding a  DABS p roces so r  module, and two DABS i n t e r f a c e  a l e c -  

t r o n i c s  modules t o  t h e  DAAS computer. 

s Adding t h r e e  DABS pages t o  t h e  IDCC.  

Adding a  DABS "Message Pendingu l i g h t  t o  t h e  p a n e l ,  

The DAAS p r o c e s s o r  module is  a p p r o p r i a t e  f o r  DABS computat ions .  

DAAS keyboard and IDCC page fo rma t s  a r e  a p p r o p r i a t e  f o r  DABS. 

DABS r e a d i l y  f i t  i n t o  t h e  DAAS framework, t h e r e b y  demons t ra t ing  

t h a t  DAAD i s  a  h i g h l y  modular sys tem.  



GLOSSARY 

AD1 - a l t i t u d e  d i r e c t i o n  i n d i c a t o r  

AHRS - A l t i t u d e  Heading Reference System 

ALT - a l t i t u d e ,  a l t i t u d e  hold  

ARM - arm 

ATC - A i r  T r a f f i c  Con t ro l  ( N a t i o n a l )  . 
BIT - b u i l t - i n  t e s t  

CC - c e n t r a l  computer 

CCU - c e n t r a l  computer u n i t  

COM - c o m u n i c a t i o n  

COMM - communication message 

CPU - c e n t r a l  computer u n i t  

DAAS - Demonstrat ion Advanced Avionics System 

DABS - D i s c r e t e  Address Beacon System 

DME - d i s t a n c e  measuring equipment 

EHSI - e l e c t r o n i c  h o r i z o n t a l  ~ i t u a ~ t i o n  i n d i c a t o r  

ELM - extended l e n g t h  message 

EPROM - e l e c t r i c a l l y  a l t e r a b l e  PROM 

ETA - e s t i m a t e d  t ime  of a r r i v a l  

FAR - f e d e r a l  a v i a t i o n  r e g u l a t i o n  

FIJI - f l i g h t  d i r e c t o r  i n d i c a t o r  

GMT - Greenwich mean t ime 

GS - g l i d e s l o p e  



GLOSSARY 

HDG - heading 

IAS - i n d i c a t e d  a i r  speed 

IDCC - i n t e g r a t e d  d a t a  c o n t r o l  c e n t e r  

IFR - instrument  f l i g h t  r e g u l a t i o n s  

LOC - l o c a l i z e r  

MDA - minimum descent  a l t i t u d e  

MLS - microwave landing system 

NAV - naviga t ion  

NAVAID - nav iga t iona l  a i d  

PAAS - Pro jec ted  Advanced Avionics System 

PROM - programmable read-only memory 

RAM - random access  memory 

RAU - r ad io  adap te r  u n i t  

RMI - r a d i o  magnetic i n d i c a t o r  

ROM - read-only memory 

RPM -. r evo lu t ions  p e r  minute 

SEL - s e l e c t  

SM - s t andard  message 

W - u l ' t r a - v i o l e t  

UV-EPROM - u l t r a - v i o l e t  e raseab le  PROM 

VFR - v i s u a l  f l i g h t  r e g u l a t i o n s  

VHF - very high frequency 



GLOSSARY 

VNAV - v e r t i c a l  navfga$ion 

VOR - VHF o m n i d i r e c t i o n a l  (omni) range 

VOR/LOC - VOR l o c a l i z e r  

VOR/LOC/GS - VOH l o c a l i z e r  g l i d e s l o p e  

VSI - v e r t i c a l  speed  i n d i c a t o r  



APPENDIX A 

PROFILES OF DAAS TEST 2ARTICIPANTS 

SUBJECT PROFILE #1 

Name : B i l l  U n t e r n a e h r e r  
P o s i t i ~ n :  Design E n g i n e e r i n g ,  Honeywell ,  I n c ,  

Num'ber o f  Years A c t i v e  F l y i n g :  13 y e a r s  

C e r t i f i e d  F l i g h t  I n s t r u c t o r  : Yes 
R a t i n g s :  ATP, MEL, Commercial,  SEL, SES, G l i d e r  

F l i g h t  I n s t r u c t o r  - I n s t r u m e n t  and A i r p l a n e  

E x p e r i e n c e  w i t h  HSI; Yes (20  h o u r s )  

A i r c r a f t  Flown F l i g h t  Hours 

P i p e r  ( S i n g l e  & Twin) 550 

Cessna  ( S i n g l e )  1500 

C u r r e n t l y  F l y :  Cessna  

I'J[IECEDING PAGE BLANK NOT I;sE;R~~X~ 



SUBJECT PROFILE #2 

Name: L a r r y  Pedersen  
P o s i t i o n :  S u p e r v i s o r ,  T e s t  Equipment F i e l d  Engineer ing . ,  

Honeywell ,  Inc. 

Number of Years  A c t i v e  F l y i n g :  15 y e a r s  
C e r t i f i e d  F l i g h t  I n s t r u c t o r  : Yes 
R a t i n g s  : ATP, A i r p l a n e  and Power Pl,an Mechanic 

F l i g h t  Ins t ruc - to r  - A i r p l a n e  and I n s t r u m e n t  

E x p e r i e n c e  w i t h  HSI: Yes (King H&I)  

A i r c r a f t  .Flown F l i g h t  Hours 

Cessna ( S i n g l e  & Twin) 
Beech ( S i n g l e  & T w i n )  
P i p e r  ( $ i n g l e  
O t h e r s  20 

Cur ren tyy  F l y :  Beech Bonanza, Cessna  1 7 2 ,  Cessna  4 2 1  

SUBJECT PROFILE #3 

Name: Ron A l b e r t s o n  
P o s i t i o n  : P i l o t ,  King Radio Corp,  

Number o f  Years  A c t i v e  F l y i n g :  1 2  y e a r s  
C e r t i f i e d  F l i g h t  I n s t r u c t o r  : Yes 
R a t i n g s  : MEL, ATP, Gold S e a l  

F l i g h t  I n s t r u c t o r  - A i r p l a n e  and I n s t r u m e n t  

E x p e r i e n c e  w i t h  HSI:  Yes (KFC 300,  KFC 200 ,  KFC 250,  
Bendix 8 1 0 ,  M i t  c h e l  ) 

A i r c r a f t  Flown 

Beech 
P i p e r  
Cessna 
B e l l a n c a  
Mooney 

F l i g h t  Hours 

C u r r e n t l y  F l y :  A l l  above 



SUBJECT PROFILE #4 

Name: John Lindbezg 
P o s i t  i o n  : P i l o t ,  I n s t r u m e n t  F l i g h t  T r a i n i n g  

Number of Years  A c t i v e  F l y i n g :  '10 
C e r t i f i e d  F l i g h t  I n s t r u c t o r :  Yes 
R a t i n g s :  MEL, ATP 

F l i g h t  I n s t r u c t o r  - A i r p l a n e  and I n s t r u m e n t  

Exper ience  w i t h  HSI: Yes (KFC 300,  KFC 200,  C o l l i n s  Bcndix ,  Narco)  

A i r c r a f t  Flown 

Beech 
P i p e r  
Cessna  
B e l l a n c a  
Mooney 

F l i g h t  Hours 

C u r r e n t l y  F l y :  A l l  above 

SUBJECT PROFILE #5 

Name: Dan Rodgers  
P o s i t i o n :  D i r e c t o r  S p e c i a l  P r o j e c t s ;  King Radio 

Number of  Years A c t i v e  F l y i n g :  
C e r t i f i e d  F l i g h t  I n s t r u c t o r  : 
R a t i n g s  : MEL, P r i v a t e  I n s t r u m e n t  

Exper ience  w i t h  HSI: Yes,  P r o j e c t  Eng inee r  KFC 300 a.nd KFC 200 

A i r c r a f t  Flown 

~ e e c h  
P i p e r  
Cessna 
Mooney 

F l i g h t  Hours 

Not a v a i l a b l e  
Not a v a i l a b l e  
Not a v a i l a b l e  
Not a v a i l a b l e  

C u r r e n t l y  F l y :  A l l  above 



A P P E N D I X  B 
DAAS F A I L U R E  MODES AND E F F E C T S  A N A L Y S I S  



FhBcbRL FAlLURt AFFtCTtD UAAS FAILURL 
IIb. UAAJ tLEMEltT llO. FAILllHt RAIL*h)b ELMIITS -- --- EFFLCTS OF FAILURE -- WII. LTC. CATCLOHY Cldk1Lt;IS 

1 Encoditcy Alti- -571 Fault 2Ud A1 t i m t e r  Erroneous Visual Output bas. Power 3 Uurlny Ifh-ctl~dirlb~,s. 
IIL ter withi11 the Indicator Servo Lwp Pruxi r~ l  ty 8,arn. ucr dot 

A1 tin. W e ~ t .  Vdrtical intstacl- 
-- - -- -- 

Dabs Transpond. trroneous Output Error Cl~eck 3 Misleads Trzf f i c  I;urrtrol . 
KT76A Amber Light 

AIP CPU trroneous 
"G. Proximity Sam. ' 

3 
Srong narn. Tt~res~~old 

A/P L IUCC CPb trroneous "Alt. Advisory' 
Light Info. {Alr. Alert. 
HW\ I 011.) 2 'Secondary tffect '  -- - AIP H tW CPU Lrronews Paraueter Lro~a  Fuel or  1.U.- 
'1.0. & Ibv. Calculation 3 Uistancr Calculation. 

Conclusion: Far 91 do not require redundant altioreters for  Cat. 1 lFH, only fo r  CAt 11. 
The Probability for a fai lure  i s  - lo5 during 4 hours f l t .  signtficantl 
The co-pilot instrialentation required tn OAAS. OK. --- 

2 Co-Pilot Fs~ul t 
?iEiiEGr i,n the ?Cil Altimeter Erroneous Visual h t p u t  lio 2 Uill cause sate  inconven- 

A l  tirheter Indicator ience until decided wtticn 
altim. failed. 

Conciusion: Loss of the co-pilot a l t i tude info i s  a minor problen! to the UAAS pilot. Tine probability of loss of 
botn Bero-altinsrs during 4 f l t .  hrs. is: A- ( ~ p l t o t  + A  a1tim)pilot - ( A pi to t  + r a1tlm)co-pilor - (4.250.10~; 
- 10- - A catastrophe w i l l  occur i f  the A/C collides with a s  object not detected t$ Ute proximity 
warning systeu. The probability fo r  th i s  to happen i s  considerably less  thanlo- . 



t n l L b d ~  
btmi LLLIILIIT 

FLILU~L ~IE~LCTL~ untJ FAILLKL 
r W .  O .  FAILuH~ & \ T L * ~ J ~  tL~tlL1tTS rFFLCT5 UF FAILU~L JHRII. LTL. (IiTtWKY LihP~Lltl S 

J Hadar fil tit&r:tar nTZtl  Fau l t  ill A/P CYL s IUCC t r ro t~ rous  "b. Pmxii.,it: RJJ. A1 t. T ~ t r  rrot.di.il i t 
Had. hlt. a& ~larn." Valid. f o r  Uaro.-a~u 
Inct. h t t .  A l l '  CPb LII~E Lrronrous: Ifad. Ait. Islfo. ( m e  y t )  i ddJdr-Al tiu. t d i l u r e s  ----- -- --- - 
Conclusia~: Ito Far r l  r equ i r rm t t t  OII Rad. A l t .  i f  ins ta l led .  f a i l .  warn. required. V a i i o i t j  s ignal Ui. -- 

A c r i t i c a l  s i t ua t i on  (4) occur i f  both tne daro. Alt. and Gad. A l t .  f a i l s .  
l l eg l i g i b l e  probabi l i ty.  OK. 

4 True A i r  
Speed Sensor VA210 Fau l t  i n  1UO WP b Ilav. CPU trroneous inputs to Ilav. 110 - 2 P l l o t  co~ifused. h i g d t  

Tas OR E1E.i Z Fuel consum. create r pmbl&r i f  no 
Sign. Cond. calculat ions rad io  11av. available. 

Conclusion: TAS n o t  required by Far Yl. 
I t  i s  very un l i ke l y  (~IU-~) tt la t  a TAS f a i l u r e  w i l l  cause a c r i t i c a l  s i t ua t i on  i n  URAs 
due t u  redundant IAS and VORIUIIE in fonmt lon.  - 00 

5 1AS Ins t ru-  Panel Ins t ru-  2d0 IAS trroneous v isua l  output 110 2 -22 
tnent went Ind icator  

Fa i lu re  
-9  
o z  3 '3 

Conclusion: Single IAS instrument OK f o r  Cat 1 IFR. Far 91. 2 required Cat. 11 conditions. 
Loss o f  IAS instrument no t  c r i t i c a l  i n  OAIU. Redundant v isua l  speed info. available. 23 1- 

b C--Pilot Ins t ru-  2W IAS Crroneous v isua l  output 1 i ~  1 lleylectable t o  v i l o t .  lc2 3 
1 H j r u -  men t Ind icator  Redudant info. avai lable 8.- :c 

~ l e n  t Fa i lu re  (IAS + KPM) 
2 Gf 
P=- ;%? 

Conclusion: Loss o f  Co-Pilot IAS info. no probrent t o  Ule p i l o t .  --• - 
The p robab i l i t y  o f  l oss  o f  Lott i  IAS ind ica tors  are (w i tn  reference t o  f a u l t  110. 2): f 23 
(4 3 3 0 . 1 ~ - ~ ) ~  -2-10-6. Tne r i c k  f o r  a catastmpne i s  s i gn i f i can t l y  lower i n  tne uhAS 
systems since redundant info. such as VOWWE and angle o f  a t tack  are  available. OK. 

7 A i r  Uata LUC- Ins t ru-  U O  ArPCPU trronrogs A-ti Signal Yes 2 Addit ional Al t .  a VS 
Ca~tyu t e r  380 min t  Alt. Va l id  info. available. Tne 

Fa i lu re  ( W e r  L ig i t t )  non i tors  A l t .  nolu. 
- 

Conclusion: Far p a r t  91  do nt require a 3 r J  IASIALT. Sensor. 
TIE Alt.lIAS v a l i d  and avai lable redundant info. w i l l  u i n i n i ze  r isks. 
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FAlLURt FAILUKL AFFtCTEU DARS FAlLURt 
SIU. UAAS tLrllt01T IW. F R ~ L U R ~  R A T ~ ~ I U ~  LLWLI~TS tFFLCTS OF FAILUkE WRN. ETC. LATEGORY CWVitaTS 

11 I~ lagnr t icF lux &IT Faulty 
Ue tec tor 112 Hag. l lorth 

1 ref. signal 

Conclusion: -- 

12 Slave Acces- KA Dead o r  . 
S1A wrong 

output 

20 Radio Hagnetic Erroneous Visual Catput. ilo 3 The p i l u t  l a i s l d  I J ~  &-> 
indicator (Uir. GYRO slaved t o  indicators giving co i~s is t rn t  
and LllSI Hag. Fa. k t . )  fau l ty  i n f o w t i u n .  

A/P - CPU Faulty Hdg. t r r o r  3 YJ!TlIL essential u i ~ i t !  
i n  Hdg-hold mode 

IUW - CPU i a u l  ly l lavigatfon 
IDCC-CPU and fuelidistance 

calculations 

3 Laluian f i l t e r  w i l l  WL,JUL 
excessive wind. spoi l  in4 
calculations. 

Tar 91 requires flag. dir. indicator and d i r .  GYRO fo r  IFX. 2 dir. GYROS req. for  Cat 11 cod. 
Co-pilot dir.  GYRO and Hag. compass rates URAS okl 

10 The indicator Faltlty visual output llo 1 U i i l  and way. chpass in fo 
avai lb t le  to  p i lo t .  r l i~ i-  
nates confusion. 

Conclusion: Far 91 do not e x p l i c i t l y  state the need o f  a slave accessory. 

1J birectiu,tal bYHU k a u l t j  300 Radio eaynetic Erroneous visual output Yes 3 Jir. GYRO essentidl. See 
i ~ ~ c l u d i ~ ~ y  RSG iMg. Out- inJicator a id  lug. va l id  See 11u. 11 caaents. 
Scott T/WW 155 put tllSI (Amkr Light) 

h/P - CPLI Faulty Hdg. t r r o r  i n  
Idg. Elode 

i:AV - CPU Faulty navigation 
and fuel/dis tance 

IDCC-CPU calculations 

Conclusion: See f a u l t  No. 11 coments. 
The Uir. GYkO validity-test coverage - 75';. Probabil i ty fo r  un6-tected fa i l u re  (U.J-4 - 3ul)-10-") - 4-10-" during a 4 hours f l i yh t .  S t i l l  s ign i f icant1 

14 Radio magrietic KZ Fault i n  33J R f l l  indicator Erroneous visual output #lo 
indicator 226 the RIjI 

GYRO or  VOR node 

L liag. cw;yass, ml and rtbi 
provides redundant i n f o  t o  
p i lo t .  

Conclusion: Far requirement see Ito. 11. OK. 



- 
FAlLcYt FA11 URk. AFFECTED UAAS FAlLUkt 

111). OMS tLtllEIiT 110. FAILURE RATt'106 ELENErlTS LFFECTS UF FAILURE WH.EiC. ULTECORY L M l i T S  

Co-Pilot WT Faulty 20 PtlI Erroneous Visual Otrtput do 
15 thg. Flux 112 Hag. North { (Slave Acc.) 

Detector Ref. Signal 

16 Slave Aceessory I;A &ad or  10 Slave Acc. Erroneous Vtsual Ou-t tlo 1 1 t o  tne p i l o t  1 51A Urong 
Output 

17 D i r e c t l o ~ l  KG Faulty N O  Plli trroneoos Visual OuLput It0 (2 to co-ytlot) 
GYRO 102A Hdg. (Slave Acc.) 

Output 

I d  Picturdl Ibv. KI Mag. Card 330 ?tl I  Erroneous Visual Output tlo 
Indicatcr s25A t r r o r  
(P.il.1.) 

Conclus~on: Loss of co-p i lo t  slaved direct ional GYRO info. i s  a minor problem to the OARS pi lo t .  
The probabil i ty o f  one fa l l u re  I n  ttle p i l o t  slaved direct ional GYRO system and one 
fa i lure i n  the co-pi lot system i s  [4.660.10-~)~ ~lll.-~ Tne pmbab i l l t y  I s  r a t e  and ule 
mag. compass and VOR Info. avai lable makes the r r sk  very low. 

Erroneous Visual U u t w t  lio 1 Turn ra te  deternined frmr T% 19 Turn and S l lp  "RC Faulty 151) Turn Hate <-' '-'f 
Instrwnent Allen' Turn Rate Indicator r o l l  angle as replace~mnt 

Ins trunent 
2 -3 *, - 4  

Faulty 10 S l ip  No 1 Side acceleration sensed by 
Sl ip  t ndt ca to r  p i l o t  acceptable veplace~nt .  = -  g - -\: 
Ins trurrent k .' 
Conclusion- Single s l ip-sk id indicator required fo r  Cat. I and I1 IFX, By Far 91. 

Loss o f  th i s  i n s t r m n t  minor problem. 
L. % 

--, - . 
20 Co-Pilot 

Turn Sl ip  
Instrunrent 

Faulty 150 Turn Rate Erroneous Visual Output tlo 
Turn Hate lndica t o r  
lnstrucent 
Faulty l o  S l ip  Indicator trroneous Visual OJtput No 
S l ip  
lnstrunrnt 

Conclusion: lcegligible to  the p i l o t  and co-pilot. 



FAILURC FAILURE AFFECTED DARS FAILUUt 
110. DAAS CLtHUlT fi0. FAILURE RATE*I06 tLCHEllTS EFFCCTS OF FAILURE WARM. ETC. CATEGORY CUNBIIIS 

21 Yaw Rate GYRO GG Faulty 50 AjP - CPU Worst Case: flut22r trans- Ilo 2 Incarivdnient before Y/J 
2472 GYRO ien t  and convergent Yaw and WP disengaged. 

osci l lat ions. 

Conclusion: I t  i s  assmed tha t  the rudder servo s l t p  clutch protects against dangerous sioa- arra 
angular-accleratioi~s and that tne AjP B q  switch i s  an adequate man  t o  disengqe w e  
YIU. 

LL imyle o f  httack Type Faulty IOU AIY - CPU S ta l l  warning given a t  :.a 
Seirsur and LC i)utput non.ml a. ur  not give11 
I i rd i ra~or  w~ieri neJsd. 

i Visdal c n s k  o f  t tc  

i n l i ca lu r  atrf crusswecr r f  
sre~3.  vert. Sr.eeu din1 
a l t i t ude  w i l l  reveal a 
fault. 

Conclusion: 110 Far requfreinent on anj le  of attack i~rd icator  or s t a l l  warnins. 

&3 V ~ r ~ i c d l  LYCU VL Fault; Jh, A t t i  tudd Uirect. trroneous " k r t i f i c i a l  Yes . u i f f i c u l t  Fai lure cu r lctrct.  
2 ~ 3  Pitct i  I ~ ~ d i c a i o r  t~orizon" "Vert. tYRO especially fo r  zero mtp~t. 

dnJ/Or Val id" s i t ~ s  &I. r t j P  arid ui>I a l l  
Rol 1 [ k b e r  L i g ~ i t )  agree. Clusa o b ~ e w a i a r  of 
Signal outer FC-insrmseiits 

ass(ml. 
AIP - C h  t r ru rs  ill ca t t ro l  laws. .. 
Servos 

t t R I  - CPU Error i n  predicted 
Trenl l  i nes 

Conclusion: Far 91 requires 1 "A r t i f i ca l  ,~orizori" far Cat. I corJi tions arid 2 f o r  Cat. 11. -- 
Trie coverage of  t l r r  va l i d i t y  tes t  i s  - [ ~ . 3 - 4 - 3 W - l J ' ~ )  . J-Iu-' siyrtificdttt! 
Far Z3.1329 e) a t~ardover f a i l u r e  i n  ttm! ver t ica l  GYRO r o l l  output propages v ia  
t'ne AI? c a t .  laws to r o l l .  yaw a id  p i t r l l  axis. This i s  no t  acceptable to  Far 91 worJiiry. 
A slodificatfon to  eliur!nate the Far-confl ict i s  reccxnenled. 



24 A t t l  tudr lnr. KC1 Faulty 340 'Artifi. Horiz." Faulty Visual Output No 
Indicator 310 'Artif. Indicator 
"Artifi. Ilori." tlori zon' 

ru msffold 
Pressure 
Instruwltt 

29 Engine Status 
Ins t ru tmt  2 

k) tngine Status 
Instrw1~2nt 2 

Canc1us ion: 

KG Fault in 
258 "Artifi. 

Horizon" 
Urii t 

Conclusion: 

Panel I n s t m e n t  
Failure 

Panel Instrwoent 
Failure 

Panel I n s t r a n t  
Failure 

Panel Lcw Oil 
Pressure 
or  High 
Temp. 

Panel Lou Oil 
Pressun? 
or High 
Temp. 

Conclusion: 

Far requirements. see fau l t  ?lo. 23. 
The MAS i s  OK in  this  respect. 

670 'Artifi. Horiz." Faulty Visual Output I10 
Indicator 

Loss of the co-pilot Artificial llorizon i s  a minor problem. The suc t im 
indicator s l m 6  i f  'power' i s  available and ~rovirles valuable in f r  to  
the pilot. 

1 The U% pilot  can e 2 s i i j  
detemine that the h~md IS 
faulty. Several ruldluiant 
inJIcators ava l l au~e  w niu. 

The probability 1 of fai lures  ir, both vertica LYMS and 'Artificial Horizons' during a 4 tu. 4 f l i  h t  is - 4 ~ ( 3 3 0  + 340) - lo4 x 4 -670- 10 o r  7 -lo4 . The r isk f o r  loss 
of 80th =Artificial Horizons' is not negligible and Pay brlng m e  p i lo t  in  a 
dbr~anding situation. 0 0  

14 Hap Indicator Faulty Visdal Uutput 110 In case of a~ I n s t m n t  
-'z 

fai lure  tnese inst-ts 719 
and audiovisual f e d  backs 
provide e n w ~ r  info. t o  

10 mH4 Indicator Faulty Visual Output Ilo the pi lot  to a l l w  correct a r  
failure iocalization. 

ld LLT Indicator Faulty Visual h t p u t  

10 FJl S t a b s  id-- Faulty Viwal Out+ut 
lcator 1 

1G t q i n e  Status Faulty Visual Output 
Indfcator 2 

Faulty indication of l a  
o i l  pressure oay riurwg 
sow c d i t j o i l s  force 
the pilot  t o  shut off 

3 I engine and lard A.S.A.P. 

Far 91 requil-es with exception of the tGT, tile engine instrumentation. Listed alove. (VFK cciiitionsj. 
DAAS independent of these i n s t r e n t s .  



FAILURE FAILURE AFFECTED 
110. W S  ELUIEIK NO. FAILURE RATE*I06 ELUIEIKS tFFECTS OF FAILURE 

31 Fuel Flow 
Sensor 1 

32 Fuel Fluw 
Sensor 2 

Faul W 5 Fuel Flow Faulty Visual Ol~tput HO 
Sensor Indica tor  

Faulty IOCC info: No 
"Fuel Rasalning Tine" 
'Estin. Fuel Remaining" 

2 Fuel qt:. Info. a v a i l a b l e  

2 'Estim. Fuel Remaining' 
pu_v i r d i c a t e  too ouch 
l e f t .  &kh w i l l  n f s l u J  
t h e  p i lo t .  

Conclusion-. Far  91 do n o t  r e q u i r e  a f u e l  flow sensor. 
A f a u l t y  sensor  might r e s u l t  i n  a p i l o t  dec is ion  to continue a f l i g h t  w i t h w ~ t  s u f f i c i e n t  fuel. 
Fuel qty. c r o s s  checks may n o t  reveal t h e  s i tua t fon .  I t  is a low p m k i b i l i t y  [110-6) t h a t  me 
p i l o t  n i g h t  end up i n  a f l i g h t  s a f e t y  c r i t i c a l  s i t u a t i o n  (4). 

Faulty 5 
S e ~ ~ s o r  IUCIITICAL TO FAULT Ii0. 31. 

33 Fuel t t y .  Panel Faulty 150 Fuel Uty. Faulty Vfsual Oatput 1(4 
Sensor Indica tor  
L o r  R 

2 UAAS provides Indepedent 
and re+urdant info. re- 
g a r d i q  r e m i n i n g  f u e l -  

C o n c l u s i ~ ~ :  Far 91 requi res  fue l  qty. i n s t r u e n t  f o r  'YFR conditions. OARS supports tne p l l o t  i n  h i s  
fue l / t i i s tance l t fne  ca lcu la t ions ,  wnich iqproves t h e  probabi l i ty  o f  r k t e c t i q  f u e l  qty. 
ins t runent  f a i l u r e s .  

34 hanifold Cele- Faulty 5 Alp - CPU Uaming + 140 Hap F a u l t  iIo 1 Redundant engine instru- 
Pressure s c o  Sensor Pnber Light w t s  provides a d q ~ a t e  
Sensors lio Warn. + Hap Faul t  info. 

35 Engine RPll IlASA Faulty 15 A/P - tPt Uarning + Ho RPH F a u l t  I& 
Sensors and Sensor IDEC Auber Light 
FIV Converter Light 140 Warning + RPH F a u l t  

1 Redundant engine i n r m r -  
m n t s  provides adequate 
info. 

Conclusion: OK. 
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FAILURE AFFECTED DARS FAllUKr 

FAILURE 
HO. OARS ELLII~I IT  tio. FAILURE RAII*~~~ LLDIEIITS EF~LCTS OF FAILWE mi. HC. CATLGM WIthITS 

35 Uing F1dp Pos. Faulty 2r) A/P - CPU Uarning + 01; f l a p  pos. 110 
JWSUFS Potentio- IDCC Pither Light 

neter  110 Uarning + OK lflaps 

37 t l e v a t o r T r i a  Faulty 20 AIP - CPU ~ a r ~ l n g  + OK f l a p  yos. r b  
Pos. Sensor Potentio- IuCC W r  Llgnt 

Deter No Uarnirig + uK f lap  pos. 

311 Cowl Flaps raol ty 3 A/P - CFU Wrrting + OK f l ap  ws. 110 
Pos. Qnsors Swi tcn IUCC M e r  Ligrtt 

Ilo Uarning + OK f l ay  pas. 

3r Landing bear Faulw 4 AIP - CPU Uarniag + UK position l o  
Pos. Sensors Swf to1 IKC Wer Light 

110 Uarnlng + 01: position 

411 Cabin doors Foul t j  C AIP - CPU Uar~riny + UL @s,i t io~t  &to 
POS. 3ensors Sui tch INC M e r  L i g ~ t  

IIO uarning + UL p s i t i o t t  

41 NIX. tucl Pays tau1 t j  4 A/P - C h  m m i i g  + oh position 180 
5wi tcn rus i t iun Switch IuCr_ Acber Liyht 

lto Uari~i~lg + OK position 

1 Keyular inspectioil - 
rou t ims  wi l l  still be 
followecl by w e  pi lot .  

1 Rryrlar fnspection - 
routines w i l l  still w! 
folluueJ by tr*e eilu:. 

1 I&yulbr ins#ct ioh - 
routines w i l l  still w! 
fo1lowe.I Ly tee pilut.  

1 Kegular i ~ u ~ c t l o n  - 
routines wi l l  still be 
f o l l w d  by Ute pilot.  

1 lrryulrrirnject1oa1- 
routines hil l  still w 
follaued by the piles. 

1 W u l a r  ins@ctlrm - 
rout i rxs  w i l l  still r~ 
f o l l w l  bj w ,silor. 

Lonclusion: f a r  23 requires p i t a t  trim indicator. (I~tciud& i n  lulsic instnwenration) UM 
proviJrs aJdftiuna1 info, t o  a l e r t  tlie ~ i l o t  i f  t l ~ e  IVC  sra tus  is z. I t  is 
assumd tha t  Ule toJay used ure f l i c t ~ t  cnrcl; routines wi l l  be f o l l d .  ( I f  mr. . - - +  
the Uf\RS uuy introduced ne" f a i l u r r  ~EodeS.) 
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FAILUXL FAlLURt AFFLCTED D A N  FAILWL 
110. GARS LLUlLliT I:O. FAILURE RATE*lOC ELUEHTS tFFECTS OF FAILURE L!ARtl.ETC. CATtGlRY LrCkLr4TS 

4.2 L I S  - Switcn 
r e l a t d  

loy i c  

43 cN-Around 
Switch 

44 tng./uisec- 
gaye-suitcn 
Pitch Triw 

5~ ~ J L L I ~ ~ ~ U L  
Swi tcn 

dIIU I < - ~ ~ s J  

Lontrol Failed s WP - CPU M-Hods tngaged 110 
Uheel Suitcn Clutches accidently. 

3 IVP arrj nold d e s  dis-  
q a a e d  without p i l o t  
aurecess .  l o  info. 

Conclusion: t a r  23 requests adequate means t o  disengage tne All?. OK. I t  I s  rssraed mt tbe 
p i l o t  by m i t o r i n g  the  i n s t n r r n t s  wfll  de t ec t  a not  desired tWScDde engagenent and 
tha t  Ite wi l l  hold the a n t .  h e e l  steady when re lers ing the IVP. 

Control Failed 4 A/P - CP1, Go-around swde engaged a o  
Uheel Switch accidently. 

Go-amund noje cot 
engaged uhen wanted. 

Conclusion: I f  t he  go-arwnd node not is avai lable  when needed a l e s s  experienced p i l o t  may 
even create  a c r i t i c a l  situation. (4-4-10-5 x ? , l w  proOability hoveved 

Control f a i l ed  4 AIP - CPU Disengage o f  AlP-cbHes No 
aleel Switch Tr iu  M t o r  accidently. 

Only Aut. Trta available 

Co~i tml  Failed 4 ~i, 'P-cPu Ib Qnual Trfm 
diteel Swi tc11 Tr ih~ Hator Run-away Trim 

bxtclusion: Tttr Auto.-Triw f u l ~ t i o n  replaces Manual Trim i n  U P  uorles. 

iotltrol Failed 2+4 A/P - LPU Uisengage of AIP t& 

.b~=el Swi tcct Clutches modes accidentty, 

clot possible 
Alp. 

disengage 

2 AnmnceJ! 

2 Use &to.-Trb 

; ~ m ~ i t g  in  an AfP f a i lu re  
s i t u a r i w  ever Iwr,er 
@ssibl t .  

Conclusion: Tlte probability for tfris s f tuat ion involves both a switcft f a i l u r e  a d  f a i lu re  i r  
another f l ig l l t  safe ty  c r i t i c a l  elerent.  Lst lmted p m l % ~ b i l i t y  k ' (4-8-10-6 x 4 - I U f . ~ - l u ~ ) ' l - 1 ~ - ~ .  a. 



FAILURE FAlLURt AFFECTED DAAS FAlLUa 
.YO- [IUS E L E H ~ , ~  HO. FAILUR R A T ~ * I O ~  nMt4rs EFFECTS QF FMLURL m. ETC. CAEGDRI UHWJiTS 

47 Lon~nua~catio~i hY- Faulty 33o Cu~srnica  tion tio c a r ~ n i c a t i o n ~  bo 1 8ssurrd Far rl rules 
Transceivers 1 Hadio Aids f o l l w a i .  
Antelinas 

Conclusion: Far 51 requires 1 Owo-uay radio  unnunicetions systea. Cat I and 11. 
WV\S has 3 system,  inc'loding at~tennas. ?nr p o l a b i l i t y  of l o s s  of 
co~run ica t ion  due t o  faul ty  transceivers is f o r  OW (4-330-10-"~ x 4-EtO-loa .'5-l~-~ 
(Co-pilot transceiver 660.10-~ faulUFLT hour). 0C. 

48 Navigation 
Receivers 4 -  Faulty 
Antennas YOR 

Conclusion: 

49 M r rcelver  01- Faulty 
antenna 6tA keceivrr 

Conclusion: 

Trat~spon~ler $1- Faulty 
Antenna 76A Transpond. 

conclusion: 

250 Radio Adpt. Box Faulty NPvigatiun Info. l(o 
NAY-CPU 
DUI - RYl Ilo o r  faul ty  YOWGS 
Radio Adpt. Box directions. 
IIAV-CFU 
EIISI - AOI 

Far  91  reqr l res  rpproprlate s ingle  dunrue1 navigation e g u i p n t  f o r  Cat. I condirtons 
and dual LOCJGS - receiving systercs and a FC-guldance systen f o r  Catl coaditions. 
WJIS provides t r i p l ex  receivers and duplex-antennas, including KO-pilot back up. UK. 

&r;rr) W p t .  Box Faulty 11avlgtQm Info. 
UAC PJ 
UBI 

Faulr detecLed 'U lun-  
Mind' etc. YSR available. 

Far 91 reqr l res  IN i f  flying a t  and above 2 4 W  feet. & p r a t e  antenra. OK. 

Traf f l c  control tales 
proper actlon. 

Far 91 do no t  r e  i r e  tratspondrr. 
ftle prubability $r a f a l i u r e  glvlng infor ta t ion possible t o  mistnterfiret by t r a f f i c  c&?tm\ 
is ne l ec t ed .  J e p r a t e  antenna. 



'a8exanns 

=go1 %irc.sse E-~~.~-~ - q-~~-~~~-~ 31 &r~;q-q~xd aqa saanpax (m3 + His) uo;aexn4r~uoaax 30 Lar~rqr~sod a- 
'9x9 -113 7 E-o~-9-~ - g-o~.~-oo~~.r ISH~ ;o =so1 103 l(a;lrqeqoad aqL 

nnr u~raeacasaad de~dw~o 

'"'17/ -01-9' - 01-C-Z'O 03 -01-E - OI.7.SL a013 salnlle3 paaaaaapun 30 
Ka;llqrqlxd oqa saar.pax p;~ 'saxnll.3 kfndaa 11e 32 7.08 xno& eaaalap ma a* ;arradsaz srqa or 

-NI &a* 11 s4aaq3 1% lo 3x1 Kq ,,.s-laaxa LS oa, hyaxaap aou s,ao~ld aqa 30 Xa;~rqwqoad au :- 
uoraea 

'axq;e3 a1qepue;s 00s -uamaxd 9 Keidsrp 
aqa rzaaaap 131~6 XUff -xapur; azu 'par(eldeyp uoy~e2ndwa 9 Xawm 

'o1Y : -31 sa*sln 23IZd Z SIL 'ojuy palaqxe8 xo %oxn ~3 '3x1 SL 41ne3 -96aa3a1 '(ld3 3x1 6S 

uoyaaalas apoa 
z rn ,sa8ed, a1qea8ucqa aon T %uox)q 1163 '3~11 07 K2lnej saqaap-s loaaa~as 3x1 8s 

ISH3 3331 
-33, 'dm 'sauyod Ken .enasas M3-AVN oa rand qanaa 

L WO?1 198113 'oe~d '11; snoauaxxa ~3 '3x1 GS -UT 131ne3 9 ~"oqbq 3x1 LS 



- 
FAILL~HL FAILURE AFFECTED EFFECTS OF MAS FAlLURL 

IU. UARS tLUiLIIT 110. FAILURE RATE*ld6 PIRENTS FAILLBE UAILI. ETC. CATLbWI L01qj,tTS 
-.. -- - 

CONCLUSION: Reconfiguration o f  t h e  most r e l i a b l e  elements does not  improve t h e  r i s k  s i t u a t i o n  very much: h e  cc-pilot  
NAV,-ffcilities makes DAAS OK. BITE reduces undetected cmpucer  Eailurea t o  15*10-~ p e r  f l t .  hr. o r  
60.10- p e r  f l i g h t .  

52 Annunciator U P -  Faul t  i n  30 Annunciator Xiseed o r  wrong mode s t a t u s  NO 2 
panel h dr ive  315 panel o r  panel info. 
c i r c u i t s  driv.  clrc.  

CON€LUSION: FAR 23.1329 requeacs means co inform t h e  p i l o t  d i a c  AID -NAV. 
mode i s  engaged. Switch pos i t ions  a r e  noc accepcnble. MAS 
OK i n  t h i s  respect. 

63 Hode c o n t r o l l e r  W- Faulty t r l m  60 Alp-CPu No trimthdg pe l  svni l .  m 
and dr ive  c i r -  340 o r  hdg s e l .  varioua par ta  Trimlhdg e e l  ac t ivnted  
c u i t s  knob of  M S  accidentally.  

Faulty tog- 180 Engage not vanted uode 
g l e  switches Disengage vanced mode 

Not defined mode te.8. 
ATTehLT) 

Faulty solen- 100 " Accidental engage o r  disen- 
oid sv i tches  gage of Alp (YID) modee 

CONCLUSION: FAR 23 requirement on a c c e s s i b i l i t y  of cont ro ls  .yt. OK. 

66 Auco p i loc  Fault  i n  any 70 Cantrbi  eurface Servo not movable NO 
yaw clutch,  bervo harGware Servo n n  away c lu tch  not  

locking c lu tch  x l w .  
locked 

61 Roll  Clutcll, s e r v ~  " 70 6. rn 

68 Pitch clucch, servo  " 70 " I YO 

69 Trim clutch,  servo " 50 

70 Clutches cumon Faulty 5 
l o g i c  c i r c u i t r y  

Trim not moveable Yea 
7 r b  run away Trim 

m n i c o r  

Control sur-  None of  t h e  clutchea en- NO 
faces  gages. A l l  clutchea 

s t a y  engaged. 

n i g h t  L-p. n i u l w d  
t h e  pllot .  FC and 
NAV i a s t m z e n t r  w i l l  
t e l l  t h e  rruch. hccr 
ever. 

The p i l o t  over r ides  
and disengages t h e  
system. 

Demanding i f  A d e  
change takeo p lace  
a t  busy p a r t  01 t h e  
f l i g h t ,  oc s  ode ~ u a t  
quiecly opens up. 

No YID avai l .  
P i l o t  w e r r i d e  
Disengage YID 

N o  r o l l  AIP ava i l .  
P l l o t  over r ide  IOU 
Disengage AIP. C 9  

No p i t c h  Alp sw.11. 
P i l o t  override. 

s3 
Dieengage Alp. 

Xonicor dececca t r b  
runaways opea c i r c u i t -  
rie.. bu t  not  ootcr 
f a l l u r e a  Ce.8.. only 
one d i r e e i c n . )  

No AIP en~aged. P i l o t  
Wac overr ide  i n  3 
axes. 



FAILURt FAlLUuk. AFFECTED EFFECTS OF LlAA.5 FAILLUt 
NO. IJUS tLLfIt11l 110. FAILURE W\lL*lt~~ ELEKWIS FAILURE UARfI. ETC. UftCilkY LUq-IiaITS 

CONCLUSION: FAR 23 met regarding p o s s i b i l i t i e s  t o  override. FAR 23 requirement on f a u l t  i n  only one channel not wt. 
The p i l o t  might end up i n  a c r i t i c a l  s i t u a t i o n  i f  one o r  more of t h e  servos o r  oE t h e  c lu tches  a r e  not 
operational.  NO uaraing o r  i n f o  given. The p i l o t  is i n  a c r l t i w l  situation i f  he  has  t o  over r ide  
a l l  3 servos. The probabi l i ty  of  not  belng a b l e  t o  engag8 a l l  c l u t c h ~ b  f a -  !9;4/4 hrs. I h e  probsbl l i tg  
of  not  being a b l e  t o  disengage a l l  c lu tches  i s 4  (4.5.10 ) x (4-4-10 ) ( 10 14 hrs. 
The probability of a c r i t i c a l  s i t u a t i o n  is negligible! OK. 

71 Alp-I10 Faul t  i n  any Alcxost a 1 1  Erraneo~s :  
CPU + BIH hardware 60 + 12 elements! Mode s t a t u s  
AID. OlA. HUX 60 FID-connsnds 

servo-comnanda 
E l t  warning 
cruise-wrform. 
f u e l  d1;taoce 

ENFXAL POSSIB~LE FAILURE ~ D E S  I HUX I AID 1 CPU HMMLY ( DIA I HU lDDC i n f c  
11 s i g n a l s  high o r  low I : I  1 M S I  map 

zeros Annunciator 
fau l ty  x x E r r o r  may aEfect 

epara te  s ixna ls  " x only one function,  
e.8.. door varn- 
ing. o r  many 

YES 
B r n  

The AIP-I10 c q p u t e r  
is 8 key e lecent  i n  
W S .  Fai:ure effect .  
o f  a21 ca tegor ies  m y  
occur. For lrutance. 
i CPU f a i l u r e  m y  
a f f e c t  separa te  in- 
.tKUCtlOns. C.8. *hi::- 
vhich w i l l  s p o i l  a11 
mult. and dlv. A 
DIA Eailure pay cause 
a11 Outputs t o  go high. 
including a l l  servos 
and AD1 ccmszand bars. 

elements, e.g. DlA 
f a i l u r e  cmmanding 
3 servos hsrdorer. 

6 requested t o  bring t h e  probabi l i ty  of a n  undetected f a i l u r e  d a m  t o  10- 14 hrs.  
The b i t e  coverage i s  about 95%. It i s  very l i k e l y  t h a t  BITE w i l l  detec even more of t h e  aevere'failures. A BITE cove-age of 99.92 i s  

CONCLUSION: FAR 23 requirement on disengage=. or and p o s s i b i l i t y  t o  over r ide  is s e t -  (The added 1C-dump-switch is helpful) .  
FAR 23 requirement on only sing'. ax ix  hardover f a i l u r e  is violated. It is probable t h a t  f a i l u r e s  occur r-i~lch. 
detected . o r  not by t h e  BITE, r .ll cause t r a n s i e n t s  and s h u t  dovn o g j o r  p a r t s  of the  DAhS. The MAS co-pilot  
w i l l ,  i n  such s i tua t ions .  t a k r  over and DAAS w i l l  be disengaged. 

Actions t o  resolve t h e  FAR c o n f l i c t  i s  recmended.  

72 NAV FLTIPLAN Faul t  i n  60 + 12 AIP c m .  bars  YES Undetected erroneous 
CPU 6 BIH any hard- AIP servos Erron. cam.  references BITE NAP cmputationa ray. 

ware M S I  Faulty msp during a f a i r l y  long 
IDCC Faul ty  NAV info. time. introduce A I C  
NAV 1 . 2  Wrong Frequencies pos i t ion  errors.  Several  
BUBBLE HM. S t o r e  f a u l t y  NAVAID indica tors  w y  gtve  con- 

da ta  s i s t e n t l y  f a u l t y  info, 
Loss of NAVAID a f t e r  a 
de tec ted  f a u l t  may a l s o  
bring problems t o  a n  

-6 unexperienced p i lo t .  
CONCLUSION: The probability of f a u l t y  NAV ce lcula t ions  i s e  4-52-10 - 3-lo-' v i t h o u t  reconfiguratlon.  

-4 The probabi l i ty  of f a u l t y  NAV ca lcula t ions  i s N  4-52-10-~(1-&) + (4-72.10-6)2 . (1-$0)~.6-10 u ~ t h  reconfiguration.  
Reconfiguration improves the  a v a i l a b i l i t y  of  t h e  NAV ca lcula t ions  5 times. S i g n i f i c a n t  improvements requi res  
b e t t e r  BITE coverage. 
DAAS with co-p i lo t  OK. 
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b h l L u n ~  ~ I I L I J K L  LrFECTED EFFECTS OF 
NO. u,di> LLLIIL~IT tad. FHILbHt mTk*ld6 ELEENTS FAILLRE 

73 SPARE CPU d BIH Faul t  i n  60 + 12 EHSI o r  by Same f a i l u r e  e f f e c t a  aa  f a u l t  YES 2 S i u l l a r  t o  f a u l t a  
any p a r t s  NAV computer 61 EHSI. CPU. and 72 NAV CPU. B;TE No. 61 and 72. 

cont ro l led  
e lanents  

MNCLUSION: The l ike l ihood  t h a t  any spare  CPO o r  Blh f a i l u r e  w i l l  a f f e c t  t h e  U S  p e r f o ~ n c e  i s  negligible.  Because 2 a i n l l a r  
f a i l u r e s  a r e  r e  u i red .  t h e  e k b a b i l i t y  f o r  t h i n  is:  (HAV. FAIL + EASl FAIL) ' (SPARE FAIL) o r  
(72 + 72)-5-10-' - (72-4-10 )- 2-10 '. 
The spare  CPU i t s e l f  w i l l  no t  harn t h e  DAM: 

74 Radio Adapter KRC Faul t  i n  40 + 12 M S i  Hiatune NAVIDHE receiv.  YES 3 
Box d B1H any p a r t  IDCC Garble N4V data  t o  NAV BITE 

AfP (ADI) AfP CPU, vhich may a f f e c t  
v i a u a l  ind ica tors  and buga 
an wel l  AIP servos. 

75 D B S -  
CPU + BIH 
Panel 

Transponder 

CONCLUSION: The co-p i lo t  backup NAV instrumentation makes MAS OK. 

Any p a r t  60  + 12 IDCC No i d e n t i f i c a t i o n  poss ib le  YES 
f a i l u r e  BITE 

Hioleading IDCC i n f o  
presented t o  t h e  1 p i l o t  

CONCLUSION: SEE ALSO FAULT NO. 50 KT-76A TRANSWNDER. 
DABS NOT FULLY DEFINED. 

76 Bus c o n t r o l l e r  Any p a r t  60 + 12 A l l  MAS Pover up mode. One o r  more YES 
and reconfig.  f a i l u r e  c w p u t e r a  6 f a u l t a  i n  one o r  more of the  BITE 
CPU + B1H functions CPU'S vhen loading t h e  pro- 

grams 

Normal Hode 
1. H i s i n t e r p r e t a t i o n  of v a l i d i t y  3 

s i g n a l s  and nhutdown of f a u l t -  
f r e e  CPU. 

2. No warn. given f o r  aome BUS-CPU and 3 
IDCC-CPU f a i l u r e s .  

77 488 Bus 

3. Bus cont ro l  f a i l u r e s  may r e s u l t  3 
i n  n i ssed  i n f o m a t i o n  o r  cw- 
p l e t e  bus t r a E f i c  breakdown. 

Reconf l g u r s t i o n  node 
The CPU may f a i l  t o  recon- 
f igure .  

Faul t s  i n  1 EQUAL TO BUS COlmOL FAILURES NO. 76 
wires o r  con- 
l@ectora 

CONCLUSION: Fa i lures  i n  the  bus c o n t r o l l e r  may a f f e c t  more than  1 channel. 
The IWLS co-pilot  provides backup, making MAS OK. 

l k e  f a i l u r e  e f f e c t s  a r e  
dependent on engaged modes. 
e.g. during a coupled 
landing t h e  MAS may con- 
t r o l  a l l  i n d i c a t o r s  (except 
t h e  RHI) a s  well a s  t h e  
AIP cervon and AD1 buga. 

N o  readable output 
Tr. f f l c  c o ~ ~ t r o l  takes 
proper action.  

l k e s e  f a t l u r e s  a r e  
expected t o  be 
de tec ted  by BITE 
o r  t h e  p i lo t .  

These f a i l u r e s  n i g h t  r e s u l t  
i n  a demanding s i t u a t i o n  i f  
they occur during a busy 
f l i g h t  phase. 

Loss of most of t h e  DMS 
func t ions  i n  a busy f l i g h t  
phase i s  demanding. 

Results  i n  l o s s  of M S l  
o r  K4V ccuputer. 



FAlLCHL FAILUkL AFFECKED EFFECTS OF 
IIU. OAAS ELtlltl lT IIU. FAILURE RATE'lU6 FAILURE 

UAAS FAILCr(t 
UARII. LTC. CATtbOHY 

i 8  Bubble Ifem. 

79 Casse t te  

80 A l t e r r a t o r  
(Eatt.) 
28WC bus 

81  Avionics bus 
28 MC 

82 DAAS A and B 
28 MC bus 

83 DAAS bus 115 
and 26 VAC 

Any p a r t  300 A l l  IlAAS A l l  kinds o f  f a i l u r e s  might YES. Uem 3 A f a u l t  happening before 
f a i l u r e  computers occur from s i n g l e  i n s t r u c t i o n  s w  checks f l i g h t  w i l l  be de tec ted  

and func- f a i l u r e  t o  a l l  CPU i n s t r u c t i o n s  i n  t h e  CWas by t h e  men. sum. check 
t i o n s  faulty.  o r  uy t h e  p i l o t  before 

takeoEE. L f a i l u r e  dur- 
ing  f l i g h r  followed by a 
temp. rawer l o s s  may. i n  
a vcrse  case,  mean l o s s  
of t h e  U S .  

CONCLUSION: F a i l u r e s  a f f e c t i n g  more than  1 channel may happen. FAll 23 vio la t lon .  The most severe f a i l u r e  
I s  bubble memory f a i l u r e  i n  a i r ,  followed by a tempornry power l o s s  during a demanding hase -7  of t h e  f l i g h t .  The probabi l i ty  f o r  t h i s  t o  happen i s  est imated a t  l e s s  than (3CO-4-10-') x (50-4-10-~~---2-10 . 
The probabi l i ty  f o r  c r l t i c a l  f a i l u r e s  t o  occur due t o  t h e  bubble memory i s  low enough tomake  DAAS OR. 
Action is r e c m e n d e d  t o  reso lve  t h e  FAR c o n f l i c t .  

Any p a r t  500 Bubble memory The f a i l u r e  e f f e c t s  a r e  s i m i l a r  YES 3 A f a u l t  w i l l  be de tec ted  
f a i l u r e  t o  bubble memory f a i l u r e s .  CPU mern. before f l i g h t .  

sum. check 
CONCLUSION: Casse t te  f a l l u r e s  w i l l  very l i k e l y  be  detected by BIT o r  t h e  p i l o t  before takeoff.  The probabi l i ty  of a n  undetected 

c a s s e t t e  f a i l u r e  i s  judged t o  be DAAS OK. 

Al te rna tors ,  /.I A l l  e l e c t r i c a l  Shuts d m  a l l  major DAAS Obvious 4 
S a t t e r y ,  bus u n i t s  except sensors.  
f a i l u r e s  DAAS-buses 

Very c r i t i c a l  s i t u a t i o n .  

CONCLUSION: No FAR 23 o r  91 requirements on av ionics  e l .  power bus redundancy o r  f a i l u r e  probabil i ty.  
It is asauned t h a t  t h e  p i l o t  quickly disengages a f a u l t y  AIC b a t t e r y  i f  it f a i l s  when any a l t e r n a t o r  is OK. 
The p r o b a b i l i t y X  of l o s s  of t h e  28 VDC bus during 4 L t hrs. is thus-  b 4 Alt .  A x 4  Alt .  B x A ~ a t t .  + A b u s ~ ( 2 0 0 - 4 - 1 6  l2 x (100'4-lo-') + .1~10-~&.1-10-~  
NOTE: The b a t t e r y  w i l l  be drained i n  l e s s  than  1 f l t .  hr. (Before t h e  b a t t e r y  is drained. t h e  p m b a b i l i t y  of 

open o r  shorted bus 1 s  t h e  most l i k e l y  reason f o r  e l e c t r i c a l  power loss). 

Connections, Audio NAV, Loss of comunication.  NO 4 Affec ts  both t h e  p i l o t  
switches bus &-I DHE. X-ponder. and co-pilot  camnun. NAV 

e tc .  equipzent. 
CONCLUSION: The reduncant l i n e s  and switches make the  av iontcs  bu? a s  s a f e  a s  t h e  a l t e r n a t o r  28VDC bus. 

( P i l o t  and co-p i lo t  instrumentation e l e c t r i c a l  power s5ould. i n  pr inc ipa l .  be separated.) 

Connections. m . 5  DAAS CPU's Shuts  down DAAS 
switches,  memories, 
diods,  b a t t e l y ,  EllSI, IDCC, 
buses FCS, e tc .  

YES 3 
BITE 

CONCLUSION: DAAS wi th  co-p i lo t ,  demanding 3. S t i l l  lw probabi l i ty  of e l e c t r i c a l  power loss:  

Lines,  1 0  DIR 6 ver t .  gyro  Er rors  o r  no a t t i c u d e  r e f e r -  YES 3 
switches. ADI, RHI. ADC ences, etc.  "VALIDITY" 
conver te rs  s i g n  condit. 

R e l i a b i l i t y  degradation 
is due t o  s i n g l e  switches 
and l ines .  

CONCLUSION: Loss of DAAS-AC Judged OK. 
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