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1.0  INTRODUCTION 

1.1 DISCUSSION 

This  Progress  Report d i scusses  t h e  a c t i v i t i e s  t h a t  have taken 

p lace  a t  t h e  K.U. FRL s i n c e  t h e  pub l i ca t ion  of t h e  s t a t u s  r e p o r t  i n  

November, 1973. There a r e  no schedule problems a s s o c i a t e d  wi th  t h e  

cu r ren t  K.U. e f f o r t s .  However, due t o  t h e  f a c t  t h a t  t h e  K.U./NASA 

con t rac t  has n o t  been f i n a l i z e d  a t  t h i s  t ime, Beech has  not  begun 

small  p a r t s  manufacturing a s  scheduled. Th i s  may r e s u l t  i n  some 

schedule mod i f i ca t ions  (see F ig .1 ) .  A s  can be noted from t h e  schedule,  

a l l  of t h e  Task 11 items have been completed wi th  t h e  exception of 

a i r c r a f t  and instrument wir ing drawings to  Beech. Completion d a t e s  

on t h e s e  items a r e  1 May 1974 and 7  J u l y  1974, r e s p e c t i v e l y .  These 

items a r e  progressing on schedule. 

Sec t ion  2 . 0  of t h i s  r e p o r t  covers  t h e  pending o rgan iza t iona l  

changes a t  K.U.  FRL. The f a u l t  a n a l y s i s ,  Task 111 on t h e  schedule,  

(see F ig .1)  i s  described i n  Sec t ion  3.0. The c u r r e n t  s t a t u s  and f u t u r e  

p lans  a r e  d iscussed  i n  d e t a i l .  The l a t e s t  e l e c t r i c a l  design,  r o l l  

heading hold,  i s  descr ibed  ex tens ive ly  i n  Sec t ion  4 .O. Schematics and 

an o p e r a t i o n a l  d e s c r i p t i o n  i s  included.  Sec t ion  5.0 desc r ibes  t h e  

d e t a i l e d  f l i g h t  t e s t  p lan  being developed by K.U. and Beech followed 

by t h e  e l e c t r i c a l  build-up s t a t u s  i n  Sec t ion  6.0. Drawings and des- 

c r i p t i o n s  of t h e  operator's console and rack  des ign  a r e  found i n  
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Sect ion  7.0. The environmental t e s t  plan s t a t u s  i s  found i n  Sec t ion  

8.0 followed by the  con t ro l  and management panel  d e s c r i p t i o n  i n  

Sec t ion  9.0. 

2.0 K.U. ORGANIZATIONAL CHANGES 

2.1 DISCUSSION 

A t  t h e  end of t h e  sp r ing ,  1974 c l a s s e s ,  Mr. D.  C o l l i n s  and M r .  

W. Bolton w i l l  complete t h e  Doctor of Engineering requirements  and 

l e a v e  K.U. M r .  M .  Ashburn and M r .  G .  Jenks w i l l  t ake  over  t h e i r  posi-  

t i o n s .  To r e t a i n  a s  much c o n t i n u i t y  a s  p o s s i b l e ,  M r .  Jenks has  been 

working on t h e  program s i n c e  21 Jan.  1974; M r .  Ashburn w i l l  a r r i v e  

on 1 Apr i l  1974. A d e t a i l e d  o r g a n i z a t i o n a l  c h a r t  w i l l  be included 

i n  t h e  next  progress  r e p o r t  which w i l l  de sc r ibe  program r e s p o n s i b i l i t i e s .  



3.0 FAULT ANALYSIS 

3.1 FUNCTIONAL BLOCK FAULT ANALYSIS 

The SSSA system has  been subdivided i n t o  func t iona l  blocks and 

analyzed t o  determine t h e  type  of  f a i l u r e s  t h a t  & r e  poss ib l e  (see 

Table l ) .The  f a u l t  a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  i s  no s i n g l e  f a i l u r e  

t h a t  w i l l  r e s u l t  i n  a l l  su r faces  going hardover.  (See Tables  2 ,  3 ,  

4 and 5 ) .  

3.2 SIMULATION OF FUNCTIONAL BLOCK FAULT ANALYSIS 

A program i s  c u r r e n t l y  i n  progress  t h a t  w i l l  s imula te  t h e  hypo- 

t h e s i z e d  f a i l u r e s  as descr ibed  i n  Sec t ion  3.1. The b a s i c  i n t e n t  of 

t h e  s imula t ion  program i s  t o  determine t h r e e  th ings :  1 )  does t h e  

system respond t o  t h e  f a i l u r e  a s  p red ic t ed ,  2 )  does t h e  a i r c r a f t  present  

any c o n t r o l l a b i l i t y  problems, and 3 )  w h a t  i s  t h e  p i l o t  c o r r e c t i v e  

a c t i o n  t o  t h e  f a i l u r e .  I n  a d d i t i o n  an i n v e s t i g a t i o n  w i l l  be conducted 

t o  d e f i n e  c r i t i c a l  system s t a t e s  t h a t  would render  t h e  a i r c r a f t  un- 

c o n t r o l l a b l e .  For example, i f  t h e  rudder f a i l e d  "hardover" t o  t h e  

r i g h t  and t h e  r i g h t  a i l e r o n  f a i l e d  "hardover" up would t h e  a i r c r a f t  

be c o n t r o l l a b l e .  This  is t h e  oppos i t e  approach t h a t  was taken on 

t h e  " funct ional  block f a u l t  ana lys i s "  and w i l l  tend t o  se rve  a s  a  

check on t h e  v a l i d i t y  of t h e  a n a l y s i s .  A pre l iminary  i n v e s t i g a t i o n  

of one such f a i l u r e  has been accomplished and i s  described below. 



TABLE 1. FUNCTTONAL P,I.PCUS OF THE SSSA SYSl'I?? - 

Power S u p p l i e s  

28 VDC 
115 VAC, 400 - 
+15 VDC (2)  
-15 VDC (2) 

P r imary  P o s i t i o n  S e n s o r s  (4) 

S e p a r a t e  S u r f a c e  Pos1t:on S e n s o r s  ( 4 )  

R a t e  Gyros  

R o l l  
P i t c h  
Yaw 

V e r t i c a l  Gyros  

R o l l  
P i t c h  

D i r e c t i o n a l  Gyro 

Mode S e l e c t  Card (1) 

C o n t r o l  & Management P a n e l  

Power R e l a y s  

Computer Cards  (5) 

D r i v e  Cards  (4) 

A c t u a t o r s  (4) 

Diode B r i d g e  

Auto-Trim 

(Command mode o n l y )  

Secondary Trim Motor 

Secondary Trim S w i t c h  

Modes - 
OFF 
SLAVE 
COMMAND 

Heading Hold Rudder 
Heading Hold A i l e r o n  
Heading Hold Both 



TABLE 2.  TIIISORISTICAL BLOCK ANALYSIS & RESULTS 

COMPONENT FAILURES EFFECTS 

Power S u p p l i e s  
28 VDC 1 )  No Power 1) System Inop  - S u r f a c e s  t r a i l  

2) S p i k e s  - N o i s e  2 )  s u r f a c e  ~ m p u l s e  - c h a t t e r  

3 )  Under V o l t a g e  3 )  System Inop - A c t u a t o r  r e s p o n s e  
degraded  

4) Over V o l t a g e  4) S u r f a c e  impulse  

115 VAC, 400 - 1 )  No Power 1 )  P o s i t i o n e d  t o  t r a i l  - No Response 
DG I n o p  

2) Under V o l t a g e  2) A c t u a t o r  r e s p o n s e  degraded 

3 )  N o i s e  3 )  S u r f a c e s  c h a t t e r  

4) Over V o l t a g e  4 )  P o s s i b l e  s u r f a c e  impulse  

5 )  O s c i l l a t i o n  5) P o s s i b l e  s u r f a c e  o s c i l l a t i o n  

+15 WC 
* 

1 )  No Power 1 )  Nothing 

2) S p i k e s  - N o i s e  2) S u r f a c e s  impulse  - c h a t t e r  

3)  Under V o l t a g e  3 )  Nothing 

4) Over V o l t a g e  4) Nothing 

5) O s c i l l a t i o n  5 )  Nothing 

-15 VDC 
* 

1 )  No Power 1 )  Nothing 

2) S p i k e s  - Noise  2) S u r f a c e s  impulse  - c h a t t e r  

3) Under V o l t a g e  3 )  Nothing 

4) Over V o l t a g e  4) Nothing 

5) O s c i l l a t i o n  5) Nothing 

Both + l 5  VDC o r  
Both -15 VDC o r  No Power A l l  s u r f a c e s  h a r d o v e r  
3+15 VDC 

A l l  4 1 5  WC No Power System Inop - S u r f a c e s  t r a i l  

Pr imary S u r f a c e  
P o s i t i o n  S e n s o r s  (4 e a )  S l a v e  - T r a i l  
LA, RA, ELEV, RUDDER 1 )  No Outpu t  1 )  A t t  Couunand - hold  a t  l a s t  a t t i t u d e  

2) S p i k e s  - N o i s e  2) S u r f a c e s  c h a t t e r ,  

3) p o t  S t i c k s  3 )  S l a v e  - Holds  las t  v a l u e  
A t t  Command - m a i n t a i n s  l a s t  a t t i t u d e  

4) Change i n  n u l l  p t .  4 )  S l a v e  - a s s y m e t r i c  d e f l e c t i o n ,  
reduced c o n t r o l  a u t h o r i t y  

A t t  Command - a s s y m e t r i c  d e f l e c t i o n ,  
reduced c o n t r o l  a u t h o r i t y  

* ~ s s u m c d  .!l5 VDC power s u p p l i e s  connec ted  i n  p a r a l l e l  
6 



TAULE 3. THEORETICAL CObIPONENT ANALYSIS 6 RESULTS 

COMPONENT FAILURES EFFECTS 

R a t e  Gyros-Pot Output  x 
ROLL 1 )  No Outpu t  1 )  No r o l l  damping 

2) Output  d o e s  n o t  2) No damping 6 o f f s e t  
change 

3 )  N o i s e  3 )  S u r f a c e  c h a t t e r  

4) O s c i l l a t i o n  4) S u r f a c e  c h a t t e r  o r  o s c i l l a t i o n  

PITCH 
* 

1) No Outpu t  1 )  No p i t c h  damping 

2) S t u c k  2) No damping 6 s u r f a c e  o f f s e t  

3 )  N o i s e  3 )  S u r f a c e  c h a t t e r  

4) O s c i l l a t i o n  4) S u r f a c e  c h a t t e r  o r  o s c i l l a t i o n  

YAW 
* 

1 )  No Output  1 )  No yaw damping 

2) S t u c k  2) No damping 6 s u r f a c e  o f f s e t  

3 )  N o i s e  3 )  S u r f a c e  c h a t t e r  

4 )  O s c i l l a t i o n  4) S u r f a c e  c h a t t e r  o r  o s c i l l a t i o n  

Sep. S u r f a c e  
P o s i t i o n  S e n s o r s  (4 e a )  
LA, RA, ELEV, RUDDER 1 )  No Outpu t  1 )  Hardover 

2) N o i s e  2) S u r f a c e  c h a t t e r  

3 )  P o t  s t i c k s  3 )  Smal l  d e f l e c t i o n  t o  h a r d o v e r  

4) Changes i n  n u l l  p t .  4)  Assymet r i c  d e f l e c t i o n s  6 reduced 
c o n t r o l  a u t h o r i t y  

V e r t i c a l  Gyro-Pot Output  * 
ROLL 1) No Outpu t  1) Comand - r o l l  h a r d o v e r  

2) S t u c k  2) S u r f a c e  o f f s e t  

3 )  P r e c e s s i o n  3) P l a n e  would d r i f t  t o  u n d e s i r a b l e  
a t t i t u d e  

4) Tumbling g y r o  - 4) A l t e r n a t i n g  f u l l  t r a v e l  d e f l e c t i o n s  
O s c i l l a t i o n  

5 )  N o i s e  - (Pot)  5) A i l e r o n  s e p a r a t e  s u r f a c e  c h a t t e r  

6)  Varying O f f s e t  6)  Assymet r i c  d e f l e c t i o n  and reduced 
c o n t r o l  a u t h o r i t y  

*NO e f f e c t  i n  S l a v e  mode 



TABLE 4 .  TIIEORI?TICAL COMPONENT ANALYSIS & RIISUT.TS 

COMPONENT FAILURES EFFECTS 

V e r t i c a l  Gyro-Pot Output  x 
PITCH 1 )  No Output  1 )  Command - p i t c h  ha rdover  

2) S t u c k  2) S u r f a c e  o f f s e t  

3 )  P r e c e s s i o n  3) S u r f a c e  d r i f t  

4)  Tumbling Gyro - 4) A l t e r n a t i n g  f u l l  t r a v e l  d e f l e c t i o n s  
O s c i l l a t i o n  

5) Noise  - (Pot)  5 )  E l e v a t o r  s e p a r a t e  s u r f a c e  c h a t t e r  

6 )  Vary ing  O f f s e t  6) Assymet r i c  d e f l e c t i o n  and reduced 
c o n t r o l  a u t h o r i t y  

BOTH - Combination 
n o t  s i n g l e  f a i l u r e  * 

1 )  No Output  1 )  Command - p i t c h  & r o l l  h a r d o v e r s  

2) S t u c k  2) S u r f a c e s  o f f s e t  

3 )  P r e c e s s i o n  3 )  S u r f a c e s  d r i f t  

4) Tumbling Gyro - 4) A l t e r n a t i n g  f u l l  t r a v e l  d e f l e c t i o n s  
O s c i l l a t i o n  

5) N o i s e  -(Pot)  5) A i l e r o n  & e l e v a t o r  s e p a r a t e  
s u r f a c e s  c h a t t e r  

6) Varying O f f s e t  6 )  ~ s s y m e t r i c  d e f l e c t i o n  and reduced 
c o n t r o l  a u t h o r i t y  

* 
D i r e c t i o n a l  Gyro 1) No Output  1) No head ing  h o l d ,  p o s s i b l e  h a r d o v e r  

r u d d e r .  

2) P r e c e s s i o n  - E r r a t i c  2 )  Gradua l  movement t o  hardover  

3 )  S t u c k  3 )  S u r f a c e  o f f s e t  t o  h o l d  head ing  

4) O s c i l l a t i o n  4 )  Heading d r i f t  

Mode S e l e c t  Card 1) S e l e c t s  No Mode 1 )  S u r f a c e  t r a i l  
( i n c l u d e s  engage s w i t c h  f a i l u r e )  

2) S e l e c t s  Both Modes 2) Assymet r i c  d e f l e c t i o n s  
(SL & COMM) 

3) P i l o t  Improper  3) S e l e c t e d  f u n c t i o n  
S w i t c h i n g  

4 )  Heading Hold 4 )  ?To head ing  ho ld  
Switc l i ing,  A i l e r o n s  
& Rudder F a i l u r e  

* 
No e f f e c t  i n  S l a v e  mode. 



TABLE 5 .  THEORETICAL COMPONENT ANALYSIS & RESULTS 

COMPONENT FAILURE EFFECTS 

Contro l  6 Management 1 )  S e l e c t s  No Mode 1 )  Sur face  T r a i l  
Panel  2) S e l e c t s  Both SL & 2) Assymetric d e f l e c t i o n s  - (? )  

COMN Modes 

3) Disab le  Switch F a i l u r e  3) No change - no c u t  o u t  

4 )  Warning L i g h t ,  Neter  4 )  Nothing 
F a i l u r e  

Power Relays 1 )  F a i l  t o  c l o s e  1 )  Surface  T r a i l  
(supply power) 

2) F a i l  t o  open 2) System engaged, may k i l l  by 
(off power) c i r c u i t  breaker  o r  panel  swi tches  

3 )  Cha t t e r  3) Poss ib l e  s u r f a c e  c h a t t e r  

Computer Cards 1 )  No Output 1) T r a i l  
LA, RA, ELEV,RUDDEX 2) ~~i~~ - sp ikes  2) Sur face  c h a t t e r  

3 )  Constant  Output 3 )  Surface  o f f s e t ,  no th ing  t o  hardover  

4 )  O s c i l l a t i o n  

Drive Cards 1) No Output 1 )  Surfaces  t r a i l  

2) Noise 2) Sur face  c h a t t e r  

3) Constant  Output 3 )  Sur face  o f f s e t ,  frsiii no th ing  
t o  hardover 

Actua tors  1) Freeze ,  S tuck  1 )  Sur face  f r o z e n  i n  p l a c e  

2) Broken S h a f t  2) T r a i l  

Diode Bridge 1)  Shor t  C i r c u i t  1 )  Surface t r a i l  

2) Open C i r c u i t  2) Surface d r i v e  i n  one d i r e c t i o n  on ly  

Auto Trim (CO:.Dl only) 

Secondary Trim Motor 1 )  F a i l  t o  Operate  

2) "Run Away" 

3 )  I n t e r m i t t e n t  - 
Secondary Trim Switch 1 )  Stuck ON 

2) Stuck OFF 

3 )  I n t e n n i t t e n t  



3.2.1 Pre l iminary  Combined llardover F a i l u r e  Simulat ion 

The des ign  philosophy of t h e  SSSA f l i g h t  hardware i s  t h a t  no 

s i n g l e  f a i l u r e  w i l l  produce simultaneous hardover f a i l u r e s  of more 

than  one SSSA a c t u a t o r .  However, t h e  c o n t r o l l a b i l i t y  of t h e  a i r c r a f t  

i n  t h e  event of combined hardooer f a i l u r e s  has  been evalua ted  using 

p i l o t e d  s imula t ion .  The ~ i l o t  was aware t h a t  a  f a i l u r e  was going t o  

occur but d id  not  know t h e  n a t u r e  of t h e  f a i l u r e  o r  e x a c t l y  when i t  

was t o  occur .  Following r ecogn i t ion  of a  f a i l u r e ,  t h e  p i l o t  waited 

1 second before  i n i t i a t i n g  c o r r e c t i v e  a c t i o n .  A l l  f a i l u r e s  were 

encountered i n  l e v e l  f l i g h t  i n  t h e  approach f l i g h t  condi t ion ,  wi th  

a l l  axes of t h e  a t t i t u d e  command opera t ing  p r i o r  t o  t h e  f a i l u r e .  The 

worst-case f a i l u r e  r e s u l t e d  i n  t h e  fol lowing a t t i t u d e  u p s e t :  

Hardover Maximum Maximum A l t i t u d e  
F a i l u r e s  Bank Angle - P i t c h  Angle Loss 

Both a i l e r o n s  
e l eva to r  (T.E.U) 51° 6" To be determined 
30% rudder 

It should be emphasized t h a t  t h e  a t t i t u d e  upse t s  mentioned above 

a r e  f o r  a  p a r t i c u l a r  p i l o t ;  a c t u a l  u p s e t s  would be dependent upon 

p i l o t  technique used during recovery.  I n  a l l  ca ses ,  t h e  p i l o t  was 

a b l e  t o  t r i m  t h e  hardover f a i l u r e s  using t h e  remaining p i l o t  su r face  

c o n t r o l  power. A s  a  r e s u l t  of t h e s e  i n v e s t i g a t i o n s  i t  i s  concluded 

t h a t  combined hardover f a i l u r e s  w i l l  be c o n t r o l l a b l e  i n  t h e  approach 

f l i g h t  condi t ion .  



3.3 ELECTRICAL COMPONENT FAULT ANhLYSIS 

The e l e c t r i c a l  component f a u l t  a n a l y s i s  w i l l  be an i n t e g r a l  p a r t  

of t h e  s imula t ion  program a s  def ined  i n  Sec t ion  3 . 2 .  I f  c r i t i c a l  

* 
system s t a t e s  a r e  discovered e i t h e r  from t h e  "simulat ion of t h e  

f u n c t i o n a l  block f a u l t s "  o r  t h e  a d d i t i o n a l  s imula t ion  of compound 

f a i l u r e s ,  then a component - sea rch  w i l l  be conducted t o  determine i f  

any components can  f a i l  and r e s u l t  i n  t h i s  c r i t i c a l  s t a t e .  

3.4  FAULT ANALYSIS S W Y  AND STATUS 

Presen t ly ,  t h e  " f u n c t i o n a l b l o c k  f a u l t  ana lys i s "  i s  complete 

(see Tables  2-5). Th i s  a n a l y s i s  revea led  t h a t  t h e r e  is no s i n g l e  

f a i l u r e  t h a t  w i l l  r e s u l t  i n  hardover f a i l u r e  of ALL t h e  con t ro l  sur -  - 
f aces .  The most s e r i o u s  f a i l u r e s  discovered were s i n g l e  su r face  

hardovers  and su r face  c h a t t e r  o r  o s c i l l a t i o n .  These f a i l u r e s  a r e  

c u r r e n t l y  being s imulated.  The outcome of t h i s  s imula t ion  w i l l  be: 

1 )  Confirmation of system response t o  hypothesized f a i l u r e .  

2) Required p i l o t  c o r r e c t i v e  a c t i o n s .  
* 

3)  D e f i n i t i o n  of c r i t i c a l  system s t a t e s .  

4 )  Component a n a l y s i s  of c r i t i c a l  system s t a t e s .  

The f a u l t  a n a l y s i s  i s  on schedule wi th  no fo reseeab le  problems t o  

meet t h e  1 J u l y  mi les tone .  

* 
C r i r i c a l  system s t a t e  d e f i n e s  an uncommanded c o n t r o l  combination, 

wi th  t h e  system engaged, t h a t  r ende r s  t h e  a i r c r a f t  uncon t ro l l ab le .  



4.0 ROLL AXIS HEADING HOLD DESIGN AND DEVELOPMENT 

4 .1  DESIGN DESCRIPTION AND PHILOSOPHY 

Recently, i t  was repor ted  t h a t  t h e  r a t e  gyro output  exh ib i t ed  a 

dead-band which made i t  unsu i t ab le  f o r  i n t e g r a t i o n  t o  develop VAy , 

t h e  heading e r r o r  s i g n a l .  Accordingly, o the r  methods f o r  developing 

VbY from a d i r e c t i o n a l  gyro were s tudied .  

The two b a s i c  approaches i d e n t i f i e d  were: 

1 )  Use a  new DG wi th  a  c lu tched  pot ;  t h i s  would provide Vay 

d i r e c t l y  but a t  cons iderable  expense. 

2) Use t h e  synchro output  of t h e e x i s t i n g  DG along wi th  s u i t a b l e  

demodulation and t r a c k / s t o r e  c i r c u i t r y  t o  provide VAy. 

Two p o s s i b l e  demodulators were i d e n t i f i e d :  

a )  A commercial synchro/DC conver t e r ,  together  

wi th  appropr i a t e  c i r c u i t r y  f o r  avoiding d i s c o n t i n u i t i e s  

a t  0 ,  360' o r  +180°. 

b) A custom made synchro demodulator t o  be designed 

and produced by t h e  p r o j e c t  s t a f f .  

Cost,  r e l i a b i l i t y  and l ead  time cons ide ra t ions  d i c t a t e d  t h a t  

approach # 2  should be taken. The commercial u n i t  has  been de l ive red  

and t h e  custom-made u n i t  is under development. 

The r o l l  heading hold system block diagram i s  shown i n  Fig.  2 .  

The heading hold dec i s ion  u n i t  i s  what has  previous ly  been c a l l e d  

yaw a x i s  card 3, ( see  Nov. 1973 S t a t u s  Report,  pg. 73). When t h e  

dec i s ion  u n i t  commands heading-hold "off" t h e  fol lowing occur: 
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1 )  swi tches  S1 and S2 open so t h a t  no AY information i s  sen t  t o  t h e  

yaw and r o l l  a x i s  computer, 2) switch S 5  moves t o  t h e  1.ower p o s i t i o n  

so t h a t  a  "washed-out" ve r s ion  of Vy i s  sen t  t o  t h e  yaw a x i s  computer, 

and 3) t h e  t r a c k l s t o r e  u n i t  t r a c k s  t h e  output  of t h e  synchro demo- 

d u l a t o r .  

When t h e  dec i s ion  u n i t  commands heading-hold "on" a  c o n t r a s t i n g  

s e t  of even t s  occurs:  1 )  swi tch  S1 and S2 c l o s e  so t h a t  Vay i s  made 

a v a i l a b l e  t o  t h e  r o l l  and/or  yaw a x i s  computers according t o  t h e  

s t a t u s  of p i lo t - con t ro l l ed  swi tches  S3 and Sq, (Note: phys ica l ly  S1 

and S3 a r e  one analog swi tch  c o n t r o l l e d  by a  l o g i c  g a t e  having i n p u t s  

from t h e  p i l o t  and t h e  dec i s ion  u n i t .  This  a l s o  a p p l i e s  t o  S2 and 

Sq),  2) swi tch  Sg moves t o  t h e  upper p o s i t i o n  so t h a t  t h e  t r u e  V 

s i g n a l  i s  s e n t  t o  t h e  yaw a x i s  computer, and 3) t h e  t r a c k l s t o r e  u n i t  

s t o r e s  t h e  va lue  of t h e  synchro demodulator output  a t  t h e  i n s t a n t  

t h a t  heading-hold "on" was commanded. The s i g n a l  V A ~  thus  i s  a  

measure of any change i n  heading from t h e  s e l e c t e d  heading. 

The c i r c u i t r y  used i n  t h e  synchro demodulator (using commercial 

conve r t e r ) ,  d e l t a  p s i  u n i t ,  A Y ,  and dec i s ion  u n i t  a r e  shown i n  

F igures  3 ,  4 ,  and 5. 

4.2 HEADING HOLD SUMMhRY AND STATUS 

The o r i g i n a l  des ign  of t h e  heading hold c i r c u i t r y  in t eg ra t ed  t h e  

output  of t h e  yaw r a t e  gyro t o  gene ra t e  AY. However, i t  was learned  

t h a t  t h e  r a t e  gyro had an o p e r a t i o n a l  deadband which made i t  unsu i t ab le  



F i g u r e  3 .  H e a d i n g  Hold Synchro  D e m o d u l a t o r  
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f o r  t h i s  a p p l i c a t i o n .  Another design has  been developed which u t i l i z e s  

t h e  e x i s t i n g  synchro output  from the DG.  

A l l  of t h e  components requi red  f o r  t h i s  system have been ordered 

and some have been rece ived .  Construct ion of t h e  c i r c u i t s  has  a l r eady  

begun. 

5.0 DETAILED FLIGHT TEST PLAN DEVELOPMENT 

5 . 1  FLIGHT TEST PLAN DESCRIPTION AND STATUS 

The d e t a i l e d  f l i g h t  t e s t  p lan  i s  s t i l l  i n  t h e  pre l iminary  s t ages  

of development. The p lan  has been divided i n t o  t h r e e  sec t ions :  

1 )  SSSA system ope ra t iona l  check procedure, 

2) Q u a n t i t a t i v e  f l i g h t  a n a l y s i s  and development, 

3) Q u a l i t a t i v e  f l i g h t  a n a l y s i s .  

K.U. developed i tems 1 and 3, Beech developed item 2. A rough 

d r a f t  of items 1 and 3 has  been submitted t o  Beech f o r  review and 

Beech has  submitted item 2  t o  K.U. A copy of i tems 1 and 3 i s  found 

i n  Appendices A and B,  r e s p e c t i v e l y .  

When K.U. and Beech ag ree  on t h e  con ten t s  of t h e s e  3 s e c t i o n s ,  

they w i l l  be combined and submitted t o  NASA a s  a  d e t a i l e d  f l i g h t  t e s t  

plan.  A t  t h a t  t ime i t  would be d e s i r a b l e  t o  have a  meeting wi th  K.U., 

Beech and NASA r e p r e s e n t a t i v e s  t o  d i s c u s s  t h e  d e t a i l s  of  t h e  f l i g h t  

test program. 



6.0 ELECTRICAL BUILD-UP 

6.1 C I R C U I T  CARD MODULE AND CAGE DESIGN 

Some concern was o r i g i n a l l y  expressed about  housing t h e  e l e c t r i c a l  

c i r c u i t r y  of t h e  SSSA system. Such f a c t o r s  a s  access ,  v i b r a t i o n ,  and 

h e a t  were considered a s  p o s s i b l e  problem a r e a s .  Af t e r  a ca t a log  sea rch ,  

it was decided t h a t  "Vector-Pak" ca rd ,  module and equipment cages 

would be u t i l i z e d .  (See Figure  6 ) .  

Each of t h e  modules w i l l  hold one c i r c u i t  card .  Access t o  t h e  

card i s  obtained by removing t h e  s i d e  p l a t e s  from t h e  module. E l e c t r i c a l  

connect ions a r e  through t h e  back wi th  a hard-wired cannon connector .  

6 . 2  CLRCUIT CARD CONNECTOR DESIGN CHANGE 

Recently,  a problem was encountered on t h e  I r o n  Bird that r e s u l t e d  

i n  changing from t h e  edge type  connectors  t o  t h e  hard-wired r ibbon 

connectors .  

The problem was analyzed e x t e n s i v e l y  and i t  was discovered t h a t  

t h e  c i r c u i t  ca rds  could be i n s t a l l e d  improperly. This  r e s u l t e d  i n  

s h o r t  c i r c u i t s  t h a t  f a i l e d  s e v e r a l  components. Th i s  prompted a change 

from t h e  card edge connectors  ( see  Fig.  7 )  t o  t h e  s e r i e s  57 micro 

r ibbon connectors  (see F ig .  8) .  These new connectors  have been ordered 

f o r  a l l  c i r c u i t  ca rds  and t h e  f i r s t  group w i l l  be de l ive red  by t h e  

middle of Apr i l .  Modif ica t ion  w i l l  begin immediately upon r ece iv ing  

t h e  connectors .  



E A S Y  T O  O R D E R  A N D  R E A D Y  TO U S E  

VECTOR-PAK CARD, MODULE AND EQUIPMENT CAGES 

These cages pmride attractive, sturdy and n~echmnically excel- 
lent housings wid1 which to enclose electronic assemblies; cith- 
er those which evolved tl~mugh use of the Totally Rexiblc 
"Vector-Pak System" or of other anangemcnts. The units lmve 
most of the bcncfits of mudl more expensive custom made en- 
closures. 

As described later, iiumerous acccsory p ~ s  are available i:: 
special applications and assembly conditions. However, thc 
most common cages for modules or cards are covered by mt- 
d o g  numbers in tabular presentation which simplifies oidsrk;  
and wil l  prwide either a mlnplete parts kt or a compleieiy 
assembled cage as indicated. 

The strut members rvl~icl~ join t l ~ e  two side walls arc of unique The standard units regularly iurnislled arc intcndcd to mowr i: 
design, which pmvidcs ior convenient assembly of related pa t s ,  larger equipment radcs or cabinctr. However, if a "unit car? ' 
and can accommodate numcmus special asscmbly requirements. is desired for bcn& use this a n  be supplied (see Pagc 20). 
A pair of stnlu at top and bottom support t l ~ e  guidcs for cards or 
moch~lcs. A pair ofs tnds  at the rear me fully adjustable for GENERAL SPECIFICATIONS 
mounling rcccptaclcs. A more dctailcd rlcscril~tion of tllc struts 
is given on Pagc 8. For ddescliption of side walls see pp. 4D G 5. MATERIAL side waljs: .080" aluminum alloy. 

h r s :  E x t ~ d c d  alulninum alloy. 
Qgcs arcohlainablrlor usc in standanl clectronic endosures 
witll sizcs for widllls of 10", 19" and 24", hcigllts of 3 1/2", 

Card G Case Guidcs: W m d c d  duminum allo). 
lrlisccllancous Slnall Hardware: Stccl, cadmium 

5 114" and 8 31-1" and rlcpli,s of 9", 12" and 15". Cagc sizcs 
stockcd arc indicated in tllc ordorinx inloruiation which covcrs plate a d  iriditc. 

only cages 19" widc. All ofltcr widtlls arc to spccinl order. FINISI-1: Side Walls a d  Shuts: Satin finish and clear a m &  
izc. Conductive iriciitc to special ordcr. 

Thc inside net width of cngc ~vai lnble  lor nloonting wmpon- 
ents is lti.85" wl1c.n I!)" cngc is used. SIZE: Standard sizes to inliltshy stanch& 3s shown l~cruis  

VECTOR-PAK MODULE CAGES 
These u g c s  are zvailnl,lr in t l~ruc catcgorics: EFP Modulc Multi-Usc Fquipn~cnt Cajics (Fig.  3). Sec also NIM (Nudear 
Cagcs (Fix.  I), Clnvc~.til,lc I:I.'IJ hlotlule Cajies (Fig. Z ) ,  and Instruments Modulcs) I%i~ls sllo~vn on I'agc 15. 

VECTOR-PAK E F P  MODULE CAGES 
Thusc an. ~ . w c e l l c ~ ~ l  :ual sinllllil'ictl wgcs lor cilllcr ten 1.b" A sillglc port llllllllrfr OPL~CTS 311 llcwssary  am except n~a,lill<s 
or eight 2.0" wide inodules 5 114" high (see ng .  3). Other and o >tiolul ncccssorics. l'hc a g e  comer w~r~p lc tu ly  asseri~ui~ 
sizes are available to spcdal order. (see '!able 1, p . 3, for ader ing inlomnation). 

Pizurc 6. "Vcctor P?kl' ,  C?rd, Modulc and Equfpment C a ~ o  



225 Scr ics Prirltcd C i r cu i t  R c c c l ~ t a c l c s  
B I F U R C A T E D  BELLO\'/S COIJTACT C'RIIJTEO C l R C l l l T  C O N N E C T O R S  Q U A L I F I E D  TO M I L - C - 2 1 0 9 7 C / 2 1  
LOW !,lILLIVOLT D R O P  . N E G L l G l U L C  PC C I R C U I T R Y  WEAR 

Amphcnnl ~ ~ r l d - p l ; l t r ~ l  K I I I I I ( lV  contacts -- uith thcir r r n w t h  
~ l i d c  . I  I -  p r a c ~ i c ~ l l v  no vc:br (8" 1ra r~ l c  
printc'l c j r ~ t ~ t l r y .  Kobl>~?n c t ~ r ~ I : w t ~  arc  b~ ih t~c . t l c~ l  l~lill, l o  r.t$:tP. 
anwr at Ic.4r1 t\ro yu,ncr 1.1 i . lcctrtol ccn>::>;t. e r c n  u i t h  nn 
i I p i c l  i I d  I hr 11<11tbIc rTrlng len,*,n 
01 lhc r th lx ln  c$>nrarl. illill I:#~cc nlat~rtc SIII~:ICC. r r ~ \ : d ~ s  c(ln%lrt- 
en1 low c0nldr.l rrrl\t;lnic. H 1111 ~orr~.spondlng I l lw tlliIlivoIt drop. 

.156" CENTERS 
Bi lu r rn t rJ  rtl .h,n contact\ arc  on  . I5hW ccnterr 2nd wi l l  accept 
PC bo=rJ> 01 .0!4" l o  .U i  I" tlt iclncrr. 

DIALLYL PHTHALATE 
Onc picic. !la:~>c rcql>tant. gla,s filled d ia l l j l  phtt>~l;ttc. Cham- 
l r r r d  11,ru:tt owning as#,ls I I ~  guiding PC boards to a pericct 

TERMlNATlOIi 
A wide >ar i r l )  of contact lai lr pcrnlit 225 Scricr Printcd Circui: 
Connc r~o r r  to be tcrminatcd hy roldcring. or by r r ~ m p ~ n ~ ,  a! 
cithcr Po le- lh , r~~e or t a p r  ptn contacts. \\'ire wrappahic tcr- 
minations Jrr al>o aratlablc. 

mgagmrcnr. SPECIFICATIONS 
M1L.C-21097C121 Op~ral~ng roi la~r:  iiCO V l C  (RMS) I t  la I r r~l-150 VAC iRYS) at 7O.OM 

C v r r ~ n t  rat:?;: !, I- ' :rrl ,  contlnvcul 
Amphcnol Zl5 Scries PC Connectors rcprcsent the most c0mP:c- i t s t  vi~,rjc B ~ : ~ ~ ~ ~  ~ ~ , ~ c e a t  contacb: 18m V I C  (RMSI at icr tcrel-4% 
hcnrivc conrector line dcricncd and qualidcd to  1llL.C-2109;C. v ~ c  Cams] r~ ,a oag re:t 

~nsulat~on ~ e r , s x . ~ n : c :  5 . ~ 0  megohmr minimum 
POLARIZATION Conu:t Rcsmsta-.ce 
hfoldrd kcy i ry  r lutr  b t u e e n  contacts accept polarizing Ley crlmo an: t2;er v,n termiaalrd - 3 5  mtllivolls ma,. ~t ra:ea cu?rrnr 

solder term,~a:ea - 30 n~ill~volts ma,. a t  rate3 currtn! 
without losr o f  con:act poririoning. One key is supplied wi th contact ee,em:,cn 
cach comm:r i i~ l  connector. S O I Q C ~  tsrn,n~:ed - 5 paundr axial load mtn. 

c t i e ~  tlrn<nalrd - 10 c e b d s  armat IC31 nmo. 

CONTACT ROWS laper  pin -1s O Y " C I  ,.,a, 101d ",,d. 

225 Scrirs PC arc t,vo of ;ti;;ecc;P mdcrial: Clrrr fihlr reinfoxed 6 i~ l l r l  vhthalare-TY?~ S i D F  lir 

aralc iodcpcnJcn1 cunt3cts. o r  ore row of i0nI:icts with back-up ~~~~~t ~ . ~ ~ # l i ~ ~  copper, er ~ h ~ s ~ ~ ~ r b r o n z e  (SIC ~ L ~ J W J  

springs pro\i i lei l  for proi.cr m-.ting ten<i@n, i he 43 porit lon conurt ptatiop-.rr;;:r min. coca over rc:crr. or 
s i x  cvnncctor Ir ~ h r i c f o i r .  ~ i a i i a b l r .  u i t h  ei:hcr 4.; or S6 con- .0~035" min. gola orrr rcpper. 
tacu. Dd,lb!; s d c d  iani:lcti with singic 13iis a r s  ~1.0 avaii;lt~t2 . . 
in 6 through 36 sizes. Sce configuration 5 on  n c u  page. 

Solder Termination - Standard 
A h l P H E X O L  Z25 Sericr Printed Circuit Connuclori with roldrr  terminations provide fu l l  f leribi l i ls of termination w i th  six di5c:r:: 
rai l  styles - three rrraighl plug-in termination, (140'' and 200-  grid). one r ieht angle plug-in termination, and two cyclct tcrrniz~tiu;.~. 

Economy Solder Terl~l inations - (1 17 Deviation) 
-?-=- TAIL STYLES 

Dip Solder 

SPECIFICATIONS 
Dper,ll"l vcl l ,f~: c-c<*c ,?'ash A t  x, 

l c w c l  - ~ ~ o V - L  { R ' A S s  2 ,  13 C X l  I t .  
CO,,,"t R.fi"t: 5 ,nn, 

F f ~ u r c  7. Edge Connectors 
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57 Scr ics  h l i c ro -R i l~ I )on"Cor i r i cc to rs  
High C o n t ~ c t  Density- 14 to  64 C o ~ l t a c t s  Protect ive 

Al l  01 thc ad\.ant?ccr a1 r i h b n  contacts apply to \ l icru Ribhon 
Conncctorr. This includes the xlf-cleanins:. r r l f -n ip ins action 
of the canlac15 2nd r.\trrntcl! luir inscrttvn t \ i ~ h ~ ! r a u . ~ l  
forcer. Dicl<r;ric is tmpruve'l dt:lllyl ph~h:li;hre wilt, 1n.h tnlp:<ci 
atrcnslh and low monrurs nb\urirenc). c h 3 r ~ r i c r i ~ t i o .  Tr.~pu- 
zoidal rhrl ls proridc polnrizntinn. and are made o f  zinc plated 
brass with a c l c ~ r  chrumatc con\.cr,wn seal. Snl:lIl sire makes 
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6.3 ELECTRICAL BUILD-UP STATUS 

A l l  r equi red  e l e c t r i c a l  components f o r  t h e  system build-up a r e  

on o rde r .  Many of these  components have a l r e a d y  been received and 

no d e l i v e r y  problems a r e  a n t i c i p a t e d  on t h e  o t h e r s .  Build-up is 

cont inuing  on t h e  power a m p l i f i e r s  and c i r c u i t  ca rds .  

7.0 OPERATOR'S CONSOLE/RACK DESIGN AND DEVELOPMENT 

7 . 1  DESCRIPTION AND STATUS 

The purpose f o r  t h e  o p e r a t o r ' s  console / rack  is 

1) To provide  easy  access  t o  system ga ins  s o  they  can be 

adjus ted  i n  f l i g h t ,  

2 )  To house t h e  module cage a s  descr ibed  i n  Sec t ion  6 . 1 ,  

tw 15 v o l t  power supp l i e s ,  and four  power a m p l i f i e r /  

hea t  s i n k  combinations. 

The rack  chosen was a  "BUD" e l e c t r o n i c  cab ine t .  However, i t  has 

been modified. The cab ine t  has  been reduced t o  i t s  bas i c  frame t o  

a l low f o r  maximum heat  d i s s i p a t i o n .  Also, i t  has been reduced i n  

he ight  f o r  i n s t a l l a t i o n  i n  t h e  Model 99, ( see  F ig .  9 ) .  The rack  w i l l  

be shock mounted t o  an e x i s t i n g  Beechcraft  loading  p a l l e t  which 

mounts t o  t h e  s tandard Model 99 s e a t  r a i l s .  This  type of mounting w i l l  

provide a  g r e a t  amount of f l e x i b i l i t y  f o r  optimum l o c a t i o n  i n  t h e  

a i r c r a f t .  This  w i l l  a l s o  provide easy  access  t o  t h e  p i l o t  and co- 

p i l o t ' s  s e a t s .  There i s  a  f u l l  28" c l ea rance  f o r  t h e  passageway, 



SCALE I " - 10" 

Figure 9 .  SSSA Module Rack 



8.0  ENVIRONMENTAL TEST 

8 .1  DESCRIPTION AND STATUS 

The environmental t e s t  p lan  i s  described i n  d e t a i l  i n  "Revised 

Statement of Work" da ted  3-13-74, a  cont inuat ion  of  NASA gran t  

NGR-17-002-095. A copy is  a l s o  included a s  Appendix C.  

Work has  a l r e a d y  begun on t h e  t e s t  set-up. The t e s t  box w i l l  

be cons t ruc ted  o f  Styrofoam and w i l l  be l a r g e  enough t o  p l ace  t h e  

module cage and r ack  i n s i d e .  The temperature ranges  des i r ed  w i l l  

be  obtained by us ing  e l e c t r i c  space  h e a t e r s  and e i t h e r  d ry  i c e  o r  

r e f r i g e r a t i o n  c o i l s .  The v i b r a t i o n a l  phases of t h i s  t e s t  w i l l  be 

s e p a r a t e  from t h e  temperature phase. 

There a r e  no foreseeable .problems i n  meeting t h e  set-up mi l e s tone .  

9.0 CONTROL AND ?iANAGMENT PANEL DESIGN 

9 .1  DESCRIPTION AND STATUS 

Comments from Beech and NASA r e p r e s e n t a t i v e s  r e s u l t e d  i n  modify- 

i ng  t h e  o r i g i n a l  management and c o n t r o l  panel.  Incorpora t ion  of those  

comments produced t h e  panel  depic ted  i n  Fig. 10.  The primary changes 

a r e  1) use  of one swi tch  f o r  a i l e r o n  a c t u a t o r  c o n t r o l ,  2) amber colored 

f a u l t  l i g h t s ,  and 3 )  l a b e l s  added t o  t h e  mode s e l e c t  switch and t h e  

f a u l t  l i g h t s .  



F i g u r e  10. SSSA Hanagement and C o n t r o l  P a n e l  
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The vertical instruments have also been selected for the new 

panels. Phaostron is the manufacturer, however, Beech will supply 

K.U. with those instruments. Coordination is continuing. 



APPENDIX A 

SSSA SYSTEM CHECK OUT 



SYSTEM FUNCTIONdL CIIECK PROCEDURES 

To o b t a i n  m e a n i n g f u l  d a t a  d u r i n g  f l i g h t  t e s t i n g ,  i t  

i s  m a n d a t o r y  t h a t  t h e  SSSA s y s t e n i  o p e r a t e  i n  a  p r o p e r  a n d  

c o n s i s t e n t  m a n n e r .  W h i l e  c i r c u i t  c h e c k  p r o c e d u r e s  o u t l i n e d  

i n  t h e  S y s t e m  O p e r a t i o n  14anual ( R e f .  20)  p r o v i d e  a d e q u a t e  

c h e c k s  o f  c e r t a i n  c o m p o n e n t s ,  t h i s  s e c t i o n  d e s c r i b e s  

f u n c t i o n a l  c h e c k s  t h a t  may be  u s e d  t o  e x e r c i s e  t h e  e n t i r e  

SSSA s y s t e m .  T h e s e  c h e c k s  a r e  d i v i d e d  i n t o  t w o  s u b s e c t i o n s :  

g r o u n d  c h e c k s  and  f l i g h t  c h e c k s .  G r o u n d  c h e c k s  c o n f i r m  

c o r r e c t  s y s t e m  s e t u p  a n d  o p e r a t i o n  o f  t h e  s l a v e  a n d  command 

modes u s i n g  t e s t  s i g n a l s  i n t r o d u c e d  i n t o  t h e  s y s t e m .  F l i g h t  

c h e c k s  c o n f i r m  p r o p e r  o p e r a t i o n  o f  t h e  command mode b y  

o b s e r v i n g  a i r c r a f t  r e s p o n s e  t o  c o n t r o l  i n p u t s .  T h e s e  c h e c k s  

may be  u s e d  o n  a  r o u t i n e  b a s i s  t o  c o n f i r m  c o n s i s t e n t  s y s t e m  

o p e r a t i o n .  

G r o u n d  C h e c k s  

The s y s t e m  g r o u n d  c h e c k s  e m p h a s i z e  t h e  SSSA c o n t r o l  

p o s i t i o n  r e s u l t i n g  f r o m  a  known i n p u t  s i g n a l .  T h e r e f o r e ,  

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

p o s i t i o n ,  w h i c h  may be  m e a s u r e d  w i t h  t h e  a i d  o f  a s u r f a c e  

p o s i t i o n  t e m p l a t e  o r  m o n i t o r e d  e l e c t r i c a l l y  f r o m  t h e  

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



p o t c n t i o r i i e t e r .  I n  p r e p a r a t i o n  f o r  g round  c h e c k s ,  t lre SSSA 

compu te r  c a r d s  s h o u l d  be a d j u s t e d  f o r  nominal  g a i n s  and 

f u n c t i o n a l l y  t e s t e d  a s  d e s c r i b e d  i n  t h e  Systern O p e r a t i o n  

Manual ( R e f .  2 0 ) .  N e x t ,  t h e  s y s t e m  s h o u l d  be a d j u s t e d  f o r  

z e r o  p o s i t i o n  b o t h  i n  s l a v e  and cor~~mand mode. T h i s  i s  

a c c o m p l i s h e d  by c e n t e r i n g  t h e  p i l o t  c o n t r o l s  ( z e r o  d e f l e c t i o n  

p o s i t i o n ) ,  e n g a g i n g  t h e  SSSA s y s t e m ,  and c e n t e r i n g  t h e  SSSA 

c o n t r o l  s u r f a c e s  by a d j u s t i n g  t h e  " z e r o "  o r  " b i a s "  

p o t e n t i o m e t e r s  on t h e  a p p r o p r i a t e  d r i v e  c a r d .  The l o c a t i o n  

of  t h e s e  p o t e n t i o m e t e r s  on t h e  d r i v e  c a r d s  i s  s p e c i f i e d  i n  

R e f e r e n c e  20 .  F i g u r e  9 . 1  shows t h e  SSSA C o n t r o l  and 

Management p a n e l  and p o i n t s  o u t  m a j o r  c o n t r o l s .  

S l a v e  Mode G a i n s  

In  a l l  a x e s ,  t h e  nominal  v a l u e s  of s l a v e  g a i n s  a r e  

K~~~~~ = 1 . 0 .  S l a v e  g a i n s  may be e a s i l y  a d j u s t e d  by 

p o t e n t i o m e t e r s  mounted on t h e  sys t em o p e r a t o r ' s  c o n s o l e .  

S l a v e  g a i n s  may be c o n f i r m e d  w i t h  t h e  f o l l o w i n g  p r o c e d u r e :  

1 .  Engage and z e r o  SSSA s y s t e m .  

2 .  I n t r o d u c e  p i l o t  c o n t r o l  s u r f a c e  d e f l e c t i o n  of  

known m a g n i t u d e .  

3 .  O b s e r v e  c o r r e s p o n d i n g  SSSA s u r f a c e  p o s i t i o n  

( F o r  e x a m p l e :  w i t h  t h e  e l e v a t o r  s l a v e  g a i n  = 1 ,  

a p i l o t  e l e v a t o r  d e f l e c t i o n  o f  +5" w i l l  r e s u l t  

' i n  a SSSA e l e v a t o r  d e f l e c t i o n  o f  + 5 O . )  



A .  S y s t e m  Power  S w i t c h  G .  A c t u a t o r  Mode S e l e c t  
B .  S e r v o  E r r o r  I n d i c a t o r s  S w i t c h  
C .  Sys te ln  D i s e n g a g e  L i g h t  H .  T r i m  P o t e n t i o m e t e r s  
D .  Engage B u t t o n  I. C i r c u i t  B r e a k e r  
E .  S u r f a c e  P o s i t i o n  I n d i c a t o r s  J .  H e a d i n g  H o l d  Mode 
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I t  s h o u l d  b e  c n ~ l ~ h a s i z e t l  t h a t  u n d c r  a  n o - l o a d  c o n d i t i o n  

t h e  s u r f a c e  p o s i t i o n  w i l l  m a t c h  t h e  co~l ln landed s u r f a c e  

p o s i t i o n .  H o w e v e r ,  u n d e r  l o a d  ( a s  i n  f l i g h t )  t h e r e  w i l l  b e  

a n  o f f s e t  b e t w e e n  t h e  comn~anded  a n d  a c t u a l  s u r f a c e  p o s i t i o n  

t h a t  i s  a  f u n c t i o n  o f  t h e  a c t u a t o r  f e e d b a c k  g a i n .  The n a t u r e  

o f  t h i s  f u n c t i o n a l  r e l a t i o n s h i p  i s  shown i n  F i g u r e  9 . 2 .  

N o t i c e  t h a t  f o r  a  g i v e n  l o a d i n g  c o n d i t i o n  t h e  m a g n i t u d e  o f  

t h e  o f f s e t  i s  r e d u c e d  b y  i n c r e a s i n g  t h e  a c t u a t o r  f e e d b a c k  

g a i n .  H o w e v e r ,  i n c r e a s i n g  t h i s  g a i n  t e n d s  t o  d e s t a b i l i z e  

t h e  a c t u a t o r  s e r v o  l o o p .  T h e r e f o r e ,  t h e  a c t u a t o r  f e e d b a c k  

SURFACE D E F L E C T I O N  L I M I T  

( A E R O D Y N A M I C  H I N G E  M O M E N T  = 
M A X  l MUM ACTUATOR MOM E  N T )  

A C T U A L  

SURFACE 

NO- L O A D  
RELAT IONSHIP  

A C T U A T O R  

FE E D B A C K  

COMMANDED S U R F A C E  PO S l T l O N  

( C O M M A N D  V O L T A G E )  

G A I N  

F i g u r e  9 . 2  E f f e c t  o f  -- A c t u a t o r  F e e d b a c k  G a i n  
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g a i n  s h o u l d  be a d j u s t e d  t o ' t h e  h i g h e s t  v a l u e  t h a t  d o e s  n o t  

r e s u l t  i n  s u r f a c e  o s c i l l a t i o n s .  The s i m u l a t o r  a c t u a t o r  

f e e d b a c k  g a i n s  a r e  a p p r o x i m a t e l y  8 v o l t s / d c g r e e  o f  o f f s e t .  

T h e s e  v a l u e s  may be r e a d j u s t e d  f o r  t h e  f l i g h t  t e s t  

h a r d w a r e .  To o b t a i n  t h e  d e s i r e d  s l a v e  g a i n  unde r  f l i g h t  

l o a d s  i t  may be n e c e s s a r y  t o  i n c r e a s e  t h e  s l a v e  g a i n s  
- 

s l i g h t l y .  For  e x a m p l e ,  t o  o b t a i n  a  s l a v e  g a i n  o f  1 . 0  i t  may 

r e q u i r e  s e t t i n g  K S L A V E  = 1 . 1  t o  compensa t e  f o r  o f f s e t  a t  t h e  

maximum a c h i e v a b l e  v a l u e  o f  a c t u a t o r  g a i n .  

P i l o t  D i sengage  - 

The p i l o t  may d i s e n g a g e  t h e  SSSA s y s t e m  by t u r n i n g  

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

d e p r e s s i n g  t h e  c o n t r o l  wheel mounted " k i l l "  s w i t c h  ( a c t u a t o r s  

d i s e n g a g e ) ,  o r  by p l a c i n g  t h e  SSSA a x i s  "o f f - s l ave -comnland"  

s w i t c h e s  i n  t h e  " o f f "  p o s i t i o n  ( i n d i v i d u a l  a c t u a t o r s  

d i s e n g a g e ) .  These  f e a t u r e s  s h o u l d  be checked  by e n g a g i n g  

t h e  SSSA sys t em and e x e r c i s i n g  e a c h  d i s e n g a g e  method .  

SSSA S u r f a c e  L i m i t  D i s c o n n e c t  S w i t c h e s  

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

l i m i t  s w i t c h e s  t o  min imize  t h e  c o n s e q u e n c e s  o f  h a r d - o v e r  

f a i l u r e s .  In  t h e  e v e n t  a  SSSA c o n t r o l  s u r f a c e  e x c e e d s  i t s  

normal d e f l e c t i o n  r a n g e ,  a s  i n  h a r d - o v e r  f a i l u r e ,  t h e  l i m i t  

s w i t c h  w i l l  d i s e n g a g e  power fro111 t h e  a f f e c t e d  a c t u a t o r .  

Aerodynatilic h i n g e  olo~ncnts w i  11 t h e n  t e n d  t o  r e t u r n  t h e  

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

3 3 



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

u n l e s s  t h e  p i l o t  e l e c t s  t o  do  so fro111 t h e  C o n t r o l  a n d  

Management  p a n e l .  

P r o p e r  o p e r a t i o n  o f  e a c h  SSSA s u r f a c e  l i m i t  s w i t c h  

s h o u l d  be  c h e c k e d  u s i n g  t h e  f o l l o w i n g  p r o c e d u r e :  

1. Engage t h e  SSSA s y s t e m  i n  s l a v e  mode.  

2 .  P o s i t i o n  t h e  S S S A  s u r f a c e  a t  i t s  d e f l e c t i o n  l i m i t  

u s i n g  t h e  c o r r e s p o n d i n g  p i l o t  c o n t r o l .  

3 .  M a n u a l l y  t r i p  t h e  s w i t c h  o r  f o r c e  t h e  s u r f a c e  t o  

t r i p  t h e  l i m i t  s w i t c h .  The  p o w e r  r e l a y  s h o u l d  

o p e n ,  r e m o v i n g  p o w e r  f r o m  t h e  a c t u a t o r .  

4 .  N o t e  t h e  s u r f a c e  d e f l e c t i o n  a t  w h i c h  t h e  l i m i t  

s w i t c h  a c t u a t e s .  T h i s  s h o u l d  o c c u r  ahead  o f  

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

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

SSSA S u r f a c e  P o s i t i o n  L i m i t  

The  SSSA d r i v e  c i r c u i t s  i n c l u d e  p r o v i s i o n  t o  l i m i t  

t h e  max imu l i~  s u r f a c e  d e f l e c t i o n  command. T h i s  f e a t u r e  i s  

i n t e n d e d  t o  p r e v e n t  t h e  SSSA s u r f a c e s  f r o m  r e a c h i n g  t h e  l i m i t  

s w i t c h e s  i n  n o r m a l  o p e r a t i o n  a n d ,  t h e r e f o r e ,  m i n i m i z e  

n u i s a n c e  a c t u a t o r  d i s e n g a g e m e n t s .  The p r o p e r  o p e r a t i o n  o f  

t h e  p o s i t i o n  l i m i t  may be  o b s e r v e d  b y  i n j e c t i n g  a n y  command 

v o l t a g e  t h a t  w o u l d  d r i v e  t h e  S S S A  s u r f a c e  p a s t  i t s  d e f l e c t i o n  

l i m i t .  The  f o l l o w i n g  p r o c e d u r e  i s  b a s e d  o n  a  s l a v e  mode 

i n p u t :  



S e t  % L A V E  = 2 . 0 .  

2 .  Engage and z e r o  SSSA syste111 i n  s l a v e  mode. 

3 .  P o s i t i o n  p i l o t  s u r f a c e  a t  e a c h  d e f l e c t i o n  l i m i t .  

4 .  SSSA s u r f a c e  p o s i t i o n  s h o u l d  a p p r o x i l n a t e l y  a g r e e  

w i t h  p i l o t  s u r f a c e  p o s i t i o n  w i t h o u t  t r i p p i n g  t h e  

l i m i t  d i s e n g a g e  s w i t c h .  

5 .  R e t u r n  K S L A V E  t o  nominal  v a l u e .  

C o n t r o l  S u r f a c e  P o s i t i o n  I n d i c a t o r  C a l i b r a t i s  

C o n t r o l  s u r f a c e  p o s i t i o n  i n d i c a t o r s  a r e  i n s t a l l e d  

on t h e  C o n t r o l  and Management p a n e l  t o  a l l o w  t h e  p i l o t  t o  

c o n t i n u o u s l y  m o n i t o r  SSSA and p i l o t  c o n t r o l  p o s i t i o n s .  

C o r r e c t  o p e r a t i o n  and c a l i b r a t i o n  of t h e s e  i n d i c a t o r s  may be 

o b s e r v e d  by e n g a g i n g  t h e  s y s t e m  i n  s l a v e  mode and compar ing  

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

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

Auto-Tr im T h r e s h o l d  

The a u t o - t r i m  f e a t u r e  o f  t h e  l o n g i t u d i n a l  a x i s  

s e n s e s  SSSA e l e v a t o r  p o s i t i o n  and d r i v e s  t h e  s t a b i l i z e r  

t h r o u g h  t h e  s e c o n d a r y  s t a b i l i z e r  mo to r  t o  r e t u r n  SSSA 

e l e v a t o r  d e f l e c t i o n  t o  z e r o .  To a v o i d  a c t i v a t i n g  a u t o - t r i m  

w i t h  s h o r t  t e r m  SSSA e l e v a t o r  d e f l e c t i o n s ,  a  one s econd  l a g  

i s  i n c o r p o r a t e d  i n  t h e  s u r f a c e  p o s i t i o n  s e n s i n g  c i r c u i t .  The 

f o l l o w i n g  p r o c e d u r e  may be used  t o  e x e r c i s e  t h e  a u t o - t r i m  



1 .  Engage t h e  SSSA p i t c h  a x i s  i n  co~ii~i~aritl 111ode wit11 

t h e  e l e v a t o r  a c t u a t o r  c i r c u i t  b r e a k e r  o p e n .  

2 .  With power a p p l i e d  t o  t h e  s t a b i l i z e r  m o t o r ,  

m a n u a l l y  d e f l e c t  t h e  SSSA e l e v a t o r  beyond t h e  

10"  t h r e s h o l d .  A f t e r  a p p r o x i l n a t e l y  1 s e c o n d ,  

t h e  s e c o n d a r y  s t a b i l i z e r  motor  s h o u l d  b e g i n  t o  

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

SSSA E l e v a t o r  D e f l e c t i o n  S t a b i l i z e r  Elotion 

T r a i l i n g  edge  u p  Leading  edge  down 

T r a i l i n g  edge  down Leading  edge  u p  

3 .  Re tu rn  t h e  SSSA e l e v a t o r  t o  z e r o  d e f l e c t i o n ,  t h a t  

i s ,  t r a i l  p o s i t i o n  w i t h  r e s p e c t  t o  t h e  s t a b i l i z e r  

The s t a b i l i z e r  s h o u l d  i n n i e d i a t e l y  s t o p  r u n n i n g .  

Command Mode S t a t i c  Checks 

The f e e d b a c k  g a i n s  of  t h e  SSSA command mode may be 

checked  w i t h  t h e  e n t i r e  sys t em i n s t a l l e d  i n  t h e  a i r c r a f t .  

To make t h e  s t a t i c  check  a s  i n c l u s i v e  a s  p o s s i b l e ,  t h e  g a i n s  

a r e  checked  from t h e  g y r o  o u t p u t  t o  t h e  SSSA p o s i t i o n .  The 

p i l o t  c o n t r o l  i n p u t  i s  i n t r o d u c e d  by p o s i t i o n i n g  t h e  p i l o t  

s u r f a c e .  Gyro i n p u t s  a r e  s i m u l a t e d  by d i s c o n n e c t i n g  t h e  

g y r o  and i n j e c t i n g  an a p p r o p r i a t e l y  s c a l e d  s i g n a l  a t  t h e  

g y r o  m a t i n g  e l e c t r i c a l  c o n n e c t o r .  The cornmand mode g a i n s  

a r e  checked  u s i n g  t h e  f o l l o w i n g  p r o c e d u r e :  

1 .  Engage and z e r o  t h e  SSSA s y s t e ~ l i  i n  command niode. 

2 .  I n t r o d u c e  s c a l e d  i n p u t s  one  a t  a  t i m e .  



3 .  M e a s u r e  t h d  r e s u l t i n g  s t e a d y  s t a t e  SSSA s u r f a c e  

d e f l e c t i o n .  The command mode g a i n  i s  t h e  r a t i o  

o f  s u r f a c e  d e f l e c t i o n  t o  s c a l e d  i n p u t .  

T h e  n o m i n a l  v a l u e s  o f  command rnode g a i n s  a r e  shown 

i n  T a b l e  9 . 1 .  

Command Mode D y n a m i c  C h e c k s  

T h e  p u r p o s e  o f  t h e  d y n a m i c  c h e c k s  i s  t o  c o n f i r m  

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

m e c h a n i z e d  on  t h e  SSSA c o m p u t e r  c a r d s .  T h i s  i s  a c c o m p l i s h e d  

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

The d y n a m i c  c h e c k  may b e  p e r f o r m e d  w i t h  t h e  c i r c u i t  c a r d s  i n  

a  t e s t  b o x  o r  i n s t a l l e d  i n  t h e  SSSA s y s t e m .  The o u t p u t  t o  

b e  m o n i t o r e d  i s  t h e  command v o l t a g e  o u t p u t  o f  e a c h  a x i s  

c o m p u t e r  c a r d .  F i g u r e s  9 . 3 ,  9 . 4 ,  a n d  9 . 5  show t h e  i n p u t s  

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

G r o u n d  T e s t  E q u i p m e n t  

T a b l e  9 . 2  s u m m a r i z e s  t e s t  e q u i p m e n t  t h a t  w i l l  b e  

r e q u i r e d  f o r  g r o u n d  t e s t  a n d  s e t u p  o f  t h e  SSSA s y s t e m .  

T h o s e  g r o u n d  c h e c k s  t h a t  t a k e  p l a c e  i n  t h e  a i r c r a f t  w i l l  

r e q u i r e  t h e  e n t i r e  SSSA s y s t e m  t o  b e  s u p p l i e d  w i t h  t h e  

n e c e s s a r y  e l e c t r i c  p o w e r  (26VOC a n d  115V 4 0 0  H Z  AC) .  I n  

a d d i t i o n ,  p r o v i s i o n  n ~ u s t  b e  111adc t o  s u p p l y  e l e c t r i c  p o w e r  

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

t e s t s  (115V  6 0  t l Z  AC) .  I t  i s  n o t  a n t i c i p a t e d  t h a t  a n y  S S S A  

s y s t e m  d i a g n o s t i c  e q u i p ~ ~ l c n t  w i l l  b e  u s e d  i n  f l i g h t .  



F i g u r e  9 . 3  Rol l  T r a n s f e r   unction Step Response 
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T l M E  (SEC) 

F i  u r e  9 . 4  ~ i t c ' h  T r a n s f e r  F u n c t i o n  S t c p  R e s ~ s c  A_- - 

OUTPUT -- I 
INPUT = ( 1 

3 s  cl 
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TIME (SEC]  

F i g u r e  9 . 5  Yaw T r a n s f e r  F u n c t i o n  S t e p  Response  - -- 

F l i g h t  Checks 

The f l i g h t  c h e c k s  were  d e v e l o p e d  t o  p e r m i t  r a p i d  

i n - f l i g h t  e v a l u a t i o n  o f  t h e  SSSA a t t i t u d e  cornlnand f u n c t i o n  

P r o p e r  s y s t e m  o p e r a t i o n  i s  d e t e r m i n e d  by o b s e r v a t i o n  o f  

a i r c r a f t  r e s p o n s e  t o  v a r i o u s  p i l o t  i n p u t s  w i t h  t h e  SSSA 

s y s t e m  e n g a g e d .  I t  s h o u l d  be emphas ized  t h a t  due t o  t h e  

n a t u r e  o f  t h e  i n p u t s  and o b s e r v a t i o n s ,  t h e s e  e v a l u a t i o n s  a r e  

somewhat i m p r e c i s e  and s u b j e c t i v e .  The f l i g h t  c h e c k s  a r e  

based  on an u n d e r s t a n d i n g  o f  t h e  SSSA s y s t e m  c a p a b i l i t i e s  

d e v e l o p e d  d u r i n g  f l i g h t  s i m u l a t i o n .  T h e r e f o r e ,  t h e s e  c h e c k s  

s h o u l d  r e p r e s e n t  t h e  b e s t  SSSA sys t em o p e r a t i o n  t o  be 

e x p e c t e d  d u r i n g  f l i g h t  t e s t .  In a l l  c a s e s ,  t h e  f l i g h t  



T A B L E  9 . 1  

COIIFIAEID I . IODE GAINS 

Comniand 
I n p u t  R e s u l t i n g  SSSA llode 

I n p u t  Magni tude  V o l t a g e  S u r f a c e  P o s i t i o n  Gain 

Ro l l  A x i s :  

@ + l  "/set 0 . 3  v ( 2  +12 12  

P i t c h  A x i s :  ( 4 )  

Yaw A x i s :  

+5" - - + 5 O  1  
& R P  

Y ( 5  + l / s e c  0 . 3  v ( 2 )  +1 0° 1 0  

NOTE:  

1 .  Assuming v e r t i c a l  g y r o  r o l l  s c a l i n g  of  - +90°  = - +15v o r  
0 .167  v / d e g .  

2 .  Assuming r a t e  g y r o  s c a l i n g  of  - + 5 0 ° / s e c  = - +15v o r  0 . 3  
v / d e a / s e c .  

3 .  ~ s s u m i n ~  v e r t i c a l  g y r o  p i t c h  s c a l i n g  of - +60° = - +15v o r  
o r  0 . 2 5  v / d e g .  

4 .  To o b s e r v e  t h e  s t e a d y  s t a t e  SSSA e l e v a t o r  d e f l e c t i o n  t h e  
e r r o r  i n t e g r a t i o n  i n  t h e  p i t c h  a x i s  colllputer c a r d  111ust 
be d i s a b l e d .  R e f e r  t o  Syste111 O p e r a t i o n  Manual ( R e f .  20 ) .  

5 .  To o b s e r v e  4 g a i n ,  t h e  1 . a  second  washout  ~r lus t  be 
d i s a b l e d .  R e f e r  t o  System O p e r a t i o n  Manual ( R e f . 2 0  ) .  



TABLE 9 .2  

GROUND TEST EQUIPMENT 

D e s c r i p t i o n  

1 .  O s c i l l o s c o p e ,  D u a l  T r a c e  
(H .P .  140A o r  E q u i v . )  

2 .  D i g i t a l  M u l t i m e t e r  
( F l u k e  8OOOA o r  E q u i v . )  

3 .  S i n e  Wave S i g n a l  
G e n e r a t o r  

( H . P .  209A o r  E q u i v . )  

C- 
t- 4. D C  Power  S u p p l i e s ,  - +15VDC, 

+26VDC 

5 .  T e s t  Box  w i t h  M a t i n g  
C o n n e c t o r  f o r  SSSA 
C o m p u t e r  C a r d s  

6 .  D u p l i c a t e  E l e c t r i c a l  
C o n n e c t o r  f o r  Each  T y p e  o f  
SSSA G y r o  

7.  DC S t e p  I n p u t  S o u r c e  
( P r e c i s e l y  A d j u s t a b l e  i n  

t h e  Range 0-1VDC) 

8 .  S t r i p  C h a r t  R e c o r d e r  

9. A i r c r a f t  C o n t r o l  S u r f a c e  
' D e f l e c t i o n  I n d i c a t o r s  

P u r p o s e  o r  Use 

F u n c t i o n a l  Check  a n d  G a i n  S e t  
o r  SSSA C o m p u t e r  C a r d s  

SSSA C o m p u t e r  C a r d  a n d  S y s t e m  
C h e c k o u t  

SSSA C o m p u t e r  C a r d  T e s t  I 

I n p u t  

SSSA C o m p u t e r  C a r d  T e s t  Power  
S E P P ~ Y  

S e t u p  a n d  Check  o f  SSSA 
C o m p u t e r  C a r d s  

I n j e c t  S i m u l a t e d  G y r o  S i g n a l s  
I n t o  SSSA S y s t e m  t o  Check  a n d  
S e t  Command Mode G a i n s  

I n p u t  f o r  SSSA C o m p u t e r  C a r d  
T r a n s f e r  F u n c t i o n  D y n a m i c  Check  

R e c o r d  SSSA C o m p u t e r  C a r d  
T r a n s f e r  F u n c t i o n  S t e p  R e s p o n s e  

M e a s u r e  S u r f a c e  D e f l e c t i o n s  D u r i n g  
G r o u n d  C h e c k s  

Where Used 

T e s t  B e n c h  

T e s t  B e n c h  a n d  
A i r c r a f t  ( G r o u n d )  

T e s t  B e n c h  

T e s t  B e n c h  

T e s t  B e n c h  

A i r c r a f t  ( G r o u n d )  

T e s t  B e n c h  

T e s t  B e n c h  

A i r c r a f t  ( G r o u n d )  



c l l e c k s  a r c  b a s e d  o n  t h e  r l o ~ ~ ~ i n a l  f e e d b a c k  g a i n s  e s t a b l  i s l ~ c d  

d u r i n g  s t a t i c  c h o c k s .  

As p a r t  o f  t h e  p r e f l i g h t  c h e c k s ,  t h e  f o l l o w i n g  

d i s e n g a g e m e n t  c h e c k s  s h o u l d  be  a c c o m p l i s h e d :  

1 .  T u r n  o n  syste111 p o w e r  a n d  engage  a l l  a x e s  o f  t h e  

s y s t e m  i n  e i t h e r  command o r  s l a v e  mode. 
- 

2 .  I n  s e q u e n c e ,  p l a c e  e a c h  a x i s  mode s e l e c t  s w i t c h  

i n  t h e  " o f f "  p o s i t i o n .  The s w i t c h e d  a x i s  s h o u l d  

d i s e n g a g e  w h i l e  t h e  o t h e r  a x e s  r e m a i n  e n g a g e d .  

3 .  W i t h  a l l  a x e s  e n g a g e d ,  d e p r e s s  t h e  p i l o t  c o n t r o l  

w h e e l  m o u n t e d  d i s e n g a g e  s w i t c h .  A l l  a x e s  s h o u l d  

d i s e n g a g e  s i m u l  t a n e o u s l y .  

4 .  W i t h  a l l  a x e s  e n g a g e d ,  t u r n  o f f  s y s t e m  p o w e r  

A l l  a c t u a t o r s  s h o u l d  become u n p o w e r e d .  

Yaw A x i s  

The SSSA yaw a x i s  c o n s i s t s  o f  a  d u t c h  r o l l  damper  

a n d  a n  o p t i o n a l  h e a d i n g  h o l d  f e a t u r e  m e c h a n i z e d  t h r o u g h  t h e  

SSSA r u d d e r .  C o r r e c t  o p e r a t i o n  o f  t h e  yaw damper  i s  

c o n f i r m e d  by e x c i t i n g  t h e  a i r c r a f t  d u t c h  r o l l  a n d  o b s e r v i n g  

t h e  d a m p i n g  o f  t h e  r e s u l t i n g  o s c i l l a t i o n .  Due t o  t h e  

r e l a t i v e l y  l a r g e  r a t i o  o f  b a n k  a n g l e  t o  s i d e s l i p ,  t h e  SSSA 

r o l l  a x i s  i s  a l s o  e f f e c t i v e  i n  d a m p i n g  d u t c h  r o l l .  The 

f o l l o w i n g  p r o c e d u r e  may be  u s e d  t o  c h e c k  t h e  yaw d a m p e r .  

1 .  T r i m  t h e  a i r c r a f t  a t  t h e  d e s i r e d  f l i g h t  

c o n d i t i o n .  



2 .  W i t h  t h c  SSSA s y s t c ~ ~ ~  engaged  i n  t l i c  d e s i r e d  

c o n f i g u r a t i o n ,  d i s t u r b  t h c  a i r c r a f t  u s i n g  a 

p i l o t  r u d d e r  p u l s e  o f  a p p r o x i m a t e l y  5' m a g n i t u d e  

a n d  1  s e c o n d  d u r a t i o n .  D u t c h  r o l l  d a m p i n g  w i l l  

be  d e g r a d e d  i f  t h e  p i l o t  r u d d e r  i n p u t  i s  o f  

s u f f i c i e n t  m a g n i t u d e  t o  r e s u l t  i n  SSSA r u d d e r  
- 

s a t u r a t i o n .  

3 .  W i t h  p i l o t  c o n t r o l s  f i x e d ,  o b s e r v e  t h e  r e s u l t i n g  

a i r c r a f t  o s c i l l a t i o n .  The e x p e c t e d  a i r c r a f t  

r e s p o n s e  i s  s u r i ~ m a r i z e d  i n  T a b l e  9 . 3 .  

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

a f f e c t e d  b y  t h e  yaw r a t e  f e e d b a c k  g a i n  K + .  

The yaw a x i s  h e a d i n g  h o l d  f e a t u r e  a t t e m p t s  t o  m a i n t a i n  

t h e  a i r c r a f t  on  t h e  commanded h e a d i n g  b y  d e f l e c t i n g  t h e  SSSA 

r u d d e r  i n  p r o p o r t i o n  t o  e r r o r  f r o m  t h e  d e s i r e d  h e a d i n g ,  a y .  

E i t h e r  " H e a d i n g  H o l d "  o r  "Yaw Damper O n l y "  mode o f  t h e  yaw 

a x i s  i s  s e l e c t e d  b y  a  s w i t c h  o n  t h e  C o n t r o l  and  Management  

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

t h e  S S S A  r u d d e r  a c t i v i t y  c o r r e s p o n d s  t o  t h e  s w i t c h  p o s i t i o n  

When s e l e c t e d  b y  t h e  c o n t r o l  s w i t c h ,  h e a d i n g  h o l d  o p e r a t e s  

e i t h e r  i n  " t r a c k "  o r  " e n g a g e "  mode a s  c o n t r o l l e d  b y  l o g i c  

c i r c u i t r y .  H e a d i n g  h o l d  r e v e r t s  t o  t h e  t r a c k  mode when t h e  

p i l o t  w h e e l  d e f l e c t i o n  e x c e e d s  a  p r e s e t  t h r e s h o l d .  The  

n o n ~ i n a l  t h r e s h o l d  corresponds t o  a p i l o t  a i l e r o n  d e f l e c t i o n  

o f  - + 3 " .  I l o w e v e r ,  t h i s  t h r e s h o l d  alay b c  a d j u s t e d  a s  r e q u i r e d .  

The h e a d i n g  h o l d  r c ~ l l a i n s  i n  t h e  t r a c k   node w h i l c  t h e  p i l o t  
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T A B L E  9.3 

S S S A  YAW D A M P E R  F L I G H T  C H E C K  

S S S A  Roll 
A x i s  S t a t u s  

O f f  

A p p r o a c h  F l i g h t  C o n d i t i o n  C r u i s e , F l i g h t  C o n d i t i o n  

D u t c h  Roll 
D a m p i n g  R a t i o  

N u m b e r  o f  
Heading 
O v e r s h o o t s  

D u t c h  Roll 
D a m p i n g  R a t i o  

N u m b e r  o f  
Heading 
O v e r s h o o t s  



t u r n s  t h e  a i r c r a f t  t o  a  new h e a d i n g .  While  i n  t h e  t r a c k  

n ~ o d e ,  t h e  SSSA r u d d e r  a c t s  a s  a  d u t c h  r o l l  d a ~ n p e r  w i t h  a  

1  . D  second w a s h o u t .  To engage  t h e  head ing  h o l d ,  two 

c o n d i t i o n s  mus t  be s a t i s f i e d :  f i r s t ,  t h e  p i l o t  mus t  command 

wings  l e v e l  f l i g h t  by c e n t e r i n g  h i s  c o n t r o l  w h e e l ;  s e c o n d ,  

t h e  a i r c r a f t  mus t  r e a c h  l e v e l  f l i g h t ,  d e f i n e d  a s  t h e  

c o n d i t i o n  of  bank a n g r e  l e s s  t h a n  a  p r e s e t  t h r e s h o l d .  The 

nominal v a l u e  of  bank a n g l e  t h r e s h o l d  i s  52". As soon a s  

bo th  engagement  c o n d i t i o n s  a r e  s a t i s f i e d ,  head ing  hold w i l l  

a c c e p t  t h e  c u r r e n t  a i r c r a f t  h e a d i n g  a s  t h e  r e f e r e n c e  h e a d i n g .  

The f o l l o w i n g  p r o c e d u r e  may be used t o  check  f o r  

c o r r e c t  o p e r a t i o n  of t h e  h e a d i n g .  hold f e a t u r e :  

1 .  With t h e  wheel c e n t e r e d  and a i r c r a f t  w ings  l e v e l  

on t h e  d e s i r e d  h e a d i n g ,  s e l e c t  t h e  yaw a x i s  

head ing  hold  mode. 

2 .  G e n e r a t e  a  head ing  e r r o r  by " s k i d d i n g "  t h e  

a i r c r a f t  w i t h  t h e  p i l o t  r u d d e r .  W i t h  t h e  p i l o t  

r u d d e r  c e n t e r e d ,  t h e  SSSA r u d d e r  s h o u l d  r e t u r n  

t h e  a i r c r a f t  t o  w i t h i n  1  d e g r e e  of  t h e  

p r e s e l e c t e d  h e a d i n g .  

3 .  C r e a t e  a  s t e a d y  s t a t e  yawing niornent w i t h  an 

a s y m m e t r i c  power s e t t i n g .  A t  t h e  nominal 

v a l u e  o f  K,, = 2 ,  t h e  SSSA r u d d e r  w i l l  r e a c h  

j t s  d e f l e c t i o n  l i m i t  f o r  a h e a d i n g  e r r o r  of 

a p p r o x i n ~ a t e l y  7 " .  L e s s  t h a n  30% of t h e  t o t a l  

r u d d e r  a r e a  i s  d e v o t e d  t o  t h e  SSSA r u d d e r .  
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T h e r e f o r e ,  ' t h e  SSSA r u d d e r  a l o n e ,  d r i v e n  by 

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

s e v e r e  a s y m n ~ e t r i c  t h r u s t  c o n d i t i o n .  

4 .  Using a  c o n v e n t i o n a l  banked t u r n ,  s e l e c t  a  new 

r e f e r e n c e  h e a d i n g .  P r o v i d e d  t h e  t u r n  was 

i n i t i a t e d  w i t h o u t  a  l a r g e  h e a d i n g  e r r o r ,  

r e v e r s i o n  t o  t r a c k  mode s h o u l d  c r e a t e  n o  

n o t i c e a b l e  t r a n s i e n t  a i r c r a f t  m o t i o n s .  Confi rm 

t h a t  head ing  ho ld  has  a c c e p t e d  a  new r e f e r e n c e  

h e a d i n g  by r e p e a t i n g  s t e p  # 2 .  

Ro l l  A x i s  

The SSSA r o l l  a x i s  p r o v i d e s  bank a n g l e  command and 

an o p t i o n a l  r o l l  a x i s  h e a d i n g  ho ld  f u n c t i o n .  A t t i t u d e  

command i s  a c h i e v e d  by d i s p l a c i n g  t h e  SSSA a i l e r o n s  i n  

p r o p o r t i o n  t o  t h e  e r r o r  between bank a n g l e  command ( p i l o t  

a i l e r o n  p o s i t i o n )  and a i r c r a f t  bank a n g l e .  When a  

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

a s y m m e t r i c  f u e l  l o a d i n g ,  t h e  a i r c r a f t  a t t a i n s  an  e q u i l i b r i u m  

a t t i t u d e  where  t h e  SSSA a i l e r o n  moment, r e s u l t i n g  f rom t h e  

bank a n g l e  e r r o r ,  b a l a n c e s  t h e  d i s t u r b a n c e  o~omen t .  The 

r e l a t i o n s h i p  be tween  t h e  d i s t u r b a n c e  and r e s u l t i n g  bank 

a n g l e  e r r o r  i s  t e r r l ~ e d  t h e  " s t i f f n e s s "  o f  t h e  r o l l  a x i s .  The 

f o l l o w i n g  p r o c e d u r e  may be used t o  e v a l u a t e  t h e  r o l l  

s t i f f n e s s :  



1 .  T r i n ~  t h c  a i r c r a f t  f o r  s t r a i g h t  and l e v c l  f l i g h t  

w i t h  t h e  r o l l  a x i s  conil~~arid mode engaged and t h e  

yaw a x i s  s l a v e  mode engaged .  

2 .  C r e a t e  a  s t e a d y  s t a t e  r o l l i n g  moment t h r o u g h  t h e  

a i r c r a f t  r o l l - d u e - t o - s i d e s l i p  c h a r a c t e r i s t i c  by 

d i s p l a c i n g  t h e  p i l o t  r u d d e r  w i t h  t h e  p i l o t  wheel 
- 

c e n t e r e d .  

3 .  Observe  t h e  r e s u l t i n g  a i r c r a f t  r o l l  a t t i t u d e  

T a b l e  9 . 4  summar izes  t h e  r u d d e r  i n p u t  and 

e x p e c t e d  bank a n g l e .  

4 .  C e n t e r  t h e  p i l o t  r u d d e r .  The a i r c r a f t  s h o u l d  

r e t u r n  t o  l e v e l  f l i g h t .  

Bank a n g l e  s t i f f n e s s  i s  p r i m a r i l y  d e t e r m i n e d  by t h e  

bank a n g l e  f e e d b a c k  g a i n , ,  K b .  

T A B L E  9 . 4  

R O L L  AXIS STIFFNESS CHARACTERISTICS 

F l i g h t  P i l o t  Rudder R e s u l t i n g  Bank Angle  
C o n d i t i o n  D e f l e c t i o n  D e v i a t i o n  From Level Fl i g h t  

< 
Approach Approx. 10" - 4O 

< 
C r u i s e  Approx. 5 "  - l o  

The r a n g e  o f  bank a n g l e  o v e r  which a t t i t u d e  command 

i s  a v a i l a b l e  i s  d e t e r n ~ i n e d  by t h e  bank a n g l e  a t  which t h e  

SSSA a i l c r o n s  r e a c h  t h e i r  d c f l c c t i o n  l i m i t .  A t  bank a n g l e s  

beyond SSSA s a t u r a t i o n  t h e  a i r c r a f t  r e s p o n d s  a s  a  r a t e  



c o n t r o l  r a t h e r  t h a n  a t t i t u d e  c o n ~ ~ r ~ a ~ i d  s y s t c ~ r ~ .  S a t u r a t i o n  a n d  

t h e  g e a r i n g  b e t w e e n  b a n k  a n g l e  ar id p i l o t  a i l e r o n  i n p u t  i s  

p r i m a r i l y  d e t e r m i n e d  b y  t h e  r a t i o  o f  p i l o t  i n p u t  g a i n  t o  

b a n k  a n g l e  f e e d b a c k  g a i n ,  K g  /Kg. A t  n o m i n a l  g a i n s ,  e a c h  
A P 

d e g r e e  o f  p i l o t  a i l e r o n  i n p u t  s h o u l d  r e s u l t  i n  a p p r o x i m a t e l y  

1 . 6 "  o f  b a n k  a n g l e  an2  s a t u r a t i o n  s h o u l d  o c c u r  a t  a  bank  

a n g l e  o f  - + 3 0 ° .  

The d a m p i n g  o f  t h e  r o l l  a x i s  r e s p o n s e  d e p e n d s ,  t o  

some e x t e n t ,  on  t h e  m a g n i t u d e  o f  t h e  command i n p u t .  F o r  

s m a l l  i n p u t s  t h e  r o l l  a x i s  r e m a i n s  a  l i n e a r  s y s t e m ,  t h a t  

i s ,  t h e  SSSA a i l e r o n s  d o  n o t  r e a r h  t h e i r  d e f l e c t i o n  l i r l i i t s  

d u r i n g  t h e  r e s p o n s e .  The l i n e a r  s t e p  r e s p o n s e  o f  t h e  r o l l  

a x i s  r e s e m b l e s  a  f i r s t  o r d e r  s y s t e n ~  ( n o  o v e r s h o o t )  v ~ i t h  a  

t i m e  c o n s t a n t  o f  a p p r o x i m a t e l y  0 . 7  s e c o n d s .  F o r  s t e p  

commands l a r g e  e n o u g h  t o  send  t h e  S S S A  a i l e r o n s  t o  t h e i r  

d e f l e c t i o n  l i m i t s  b u t  s m a l l e r  t h a n  30°, t h e  a i r c r a f t  l t ~ i l l  

o v e r s h o o t  t h e n  r e t u r n  t o  t h e  commanded b a n k  a n g l e .  F o r  

commands i n  e x c e s s  o f  30°, t h e  a i r c r a f t  r e s p o n d s  a s  a  r a t e  

c o n t r o l l e d  s y s t e m .  Damp ing  o f  t h e  r o l l  a x i s  i s  p r i m a r i l y  

d e t e r n ~ i n e d  b y  t h e  r o l l  r a t e  f e e d b a c k  g a i n ,  K 4 .  

The r o l l  a x i s  h e a d i n g  h o l d  f e a t u r e  i s  m e c h a n i z e d  

u s i n g  t h e  same l o g i c  a n d  h e a d i n g  e r r o r  c i r c u i t r y  a s  u s e d  i n  

t h e  yaw a x i s  h e a d i n g  h o l d .  R o l l  h e a d i n g  h o l d  e n t e r s  t r a c k  

mode when t h e  p i l o t  a i l e r o n  e x c c e d s  a p r e s e t  t h r e s h o l d  and  

e n t e r s  t h e  e n g a g e  mode when p i l o t  a i l e r o n  i s  c e n t e r e d  and  
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bank a n g l e  e q u a l s  z e r o .  The n o ~ ~ l i n a l  v a l u e s  of t h r e s h o l d  

a r e  t h e  sanie a s  t h e  yaw a x i s  v a l u e s :  a i l e r o n  t h r e s h o l d  = 5 3 "  

and bank a n g l e  t h r e s h o l d  = - + 2 O .  

N O T E :  To f l y  t h e  r o l l  a x i s  head ing  ho ld  i t  w i l l  

be n e c e s s a r y  t o  i n s u r e  t h a t  t h e  yaw a x i s  h e a d i n g  ho ld  h a s  

been d i s a b l e d .  

The o p e r a t i o n  o f  t h e  r o l l  h e a d i n g  ho ld  i s  s i m i l a r  

t o  t h e  a n a l o g o u s  yaw a x i s  s y s t e m .  A bank a n g l e  r e f e r e n c e  

s i g n a l  p r o p o r t i o n a l  t o  h e a d i n g  a n g l e  e r r o r ,  A Y ,  d r i v e s  t h e  

SSSA a i l e r o n s .  The a i r c r a f t  t h e n  banks  t o  t u rn  t h e  a i r c r a f t  

toward  t h e  d e s i r e d  h e a d i n g .  A 1 i m i t e r  i s  p r o v i d e d  t o  p r e v e n t  

h e a d i n g  ho ld  f rom commanding a  bank a n g l e  i n  e x c e s s  of 15' 

r e g a r d l e s s  o f  t h e  m a g n i t u d e  of A Y .  The head ing  ho ld  c h e c k  

p r o c e d u r e  o u t l i n e d  i n  t h e  yaw a x i s  s e c t i o n  i s  r e p e a t e d  i n  a  

fo rm t h a t  a p p l i e s  t o  t h e  r o l l  a x i s  m e c h a n i z a t i o n :  

1 .  W i t h  t h e  wheel c e n t e r e d  and a i r c r a f t  wings  l e v e l  

on t h e  d e s i r e d  h e a d i n g ,  s e l e c t  t h e  r o l l  a x i s  

h e a d i n g  ho ld  mode. 

2 .  G e n e r a t e  a  h e a d i n g  e r r o r  by " s k i d d i n g "  t h e  

a i r c r a f t  w i t h  t h e  p i l o t  r u d d e r .  W i t h  t h e  

p i l o t  r u d d e r  c e n t e r e d ,  t h e  SSSA a i l e r o n s  s h o u l d  

t u r n  t h e  a i r c r a f t  t o  w i t h i n  1  d e g r e e  o f  t h e  

p r e s c l c c t e d  h e a d i n g .  For  t h e  nominal  v a l u e  of 

K Y = 0 . 5 5  deg  a i l . / d e g  A Y  t h e  a i r c r a f t  s h o u l d  

r e t u r n  t o  t h e  conl~nanded h e a d i n g  w i t h  no rltore 

t h a n  1  o v e r s h o o t .  



3 .  C r e a t c  a  s t e a d y  s t a t c  y a w i n g  n ~ o ~ ~ l e n t  w i t h  a n  

a s y m ~ ~ ~ c t r i c  p o w e r  s e t t i n g .  The a i r c r a f t  w i l l  

b a n k  t o w a r d  t h c  d e s i r e d  h e a d i n g  a n d  s t a b i l i z e  a t  

a  s t e a d y  s t a t e  b a n k  a n g l e .  A t  no  t i m e  s h o u l d  

t h e  r o l l  a x i s  h e a d i n g  h o l d  command a  b a n k  a n g l e  

i n  e x c e s s  o f  1 5 " .  

4 .  U s i n g  a  c o n v e n t i o n a l  b a n k e d  t u r n ,  s e l e c t  a  new 

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

t r a c k  mode s h o u l d  n o t  c r e a t e  a n y  n o t i c e a b l e  

t r a n s i e n t  m o t i o n .  C o n f i r m  t h a t  h e a d i n g  h o l d  

h a s  a c c e p t e d  a  new r e f e r e n c e  h e a d i n g  b y  r e p e a t i n g  

s t e p  # 2 .  

P i t c h  A x i s  

The SSSA p i t c h  a x i s  p r o v i d e s  a t t i t u d e  command by 

d r i v i n g  t h e  SSSA e l e v a t o r  t o  m a i n t a i n  t h e  a i r c r a f t  p i t c h  

a n g l e  i n  f i x e d  p r o p o r t i o n  t o  t h e  p i l o t  e l e v a t o r  ( c o n t r o l  

c o l u m n )  p o s i t i o n .  An " a u t o - t r i m "  o r  " s t a b i l i z e r  f o l l o ; ~  up ' '  

m i n i m i z e s  t h e  e f f e c t s  o f  an  SSSA e l c v a t o r  d i s c o n n e c t  a n d  

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

n e a r  z e r o .  I n  a d d i t i o n ,  t h e  SSSA p i t c h  a x i s  i n c l u d e s  a  

f o r w a r d  l o o p  i n t e g r a t i o n  t h a t  d r i v e s  l o n g  t e r m  e r r o r s  i n  

p i t c h  a t t i t u d e  t o  z e r o .  The  i . l ode l  9 9  l o n g i t u d i n a l  e l e c t r i c  

trim has  b e e n  i n c o r p o r a t e d  i n t o  t h e  p i t c h  a t t i t u d e  comn~and 

s y s t e m  t o  a l . l o w  p i t c h  a t t i t u d e  command t h r o u g h  t h e  p i l o t  

c o l u n ~ n ,  trill1 b u t t o n ,  o r  c o l ~ l b i n a t i o n  o f  t i l e  t w o .  The  



f o l l o w i n g  p r o c e d u r e s  inay be  u s e d  t o  e v a l u a t e  e a c h  f u n c t i o n  

o f  t h e  p i t c h  a x i s :  

SSSA PITCH AXIS  

1 .  W i t h  t h e  a i r c r a f t  t r i m m e d  f o r  s t r a i g h t  a n d  l e v e l  

f l i g h t ,  e n g a g e  t h e  SSSA p i t c h  a x i s  i n  command 

mode. 

2 .  Command a  new p i t c h  a t t i t u d e  u s i n g  t h e  p i l o t  

e l e v a t o r  ( c o l u m n ) .  The r e l a t i o n s h i p  b e t w e e n  

p i t c h  a t t i t u d e  c h a n g e  a n d  p i l o t  e l e v a t o r  i n p u t  

s h o u l d  b e  0 . 6  d e g  Ae /deg  6 . T h i s  g e a r i n g  i s  
P 

a f u n c t i o n  o f  t h e  r a t i o  o f  p i l o t  i n p u t  g a i n  t o  

3 .  I n  r e s p o n s e  t o  a  s t e p  p i l o t  e l e v a t o r  i n p u t  t h e  

a i r c r a f t  s h o u l d  s t a b i l i z e  a t  t h e  commanded 

a t t i t u d e  w i t h  n o  m o r e  t h a n  o n e  o v e r s h o o t  o f  

l e s s  t h a n  1 0 % .  The d a m p i n g  o f  t h e  p i t c h  r e s p o n s e  

i s  p r i m a r i l y  d e t e r m i n e d  b y  t h e  r a t i o  o f  p i t c h  

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

4.  I n d u c e  a  c h a n g e  i n  a i r c r a f t  p i t c h i n g  moment b y  

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

a i r s p e e d  w i t h  p o w e r  s e t t i n g .  The f o r w a r d  l o o p  

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

commanded a t t i t u d e  w i t h  no n o t i c e a b l e  o f f s e t  o r  

e r r o r  w i t h i n . 3  s e c o n d s .  



5 .  Command a  c h a n g e  i n  a t t i t u d e  u s i n g  t h e  p i l o t  

e l e v a t o r ,  and  t h e n  b y  u s i n g  t h e  p i l o t  t r i m .  

F i n a l l y ,  e s t a b l i s h  an  a t t i t u d e  w i t h  t h e  e l e v a t o r  

a n d  t r i m  t h e  s t i c k  f o r c e  t o  z e r o  u s i n g  t h e  p i l o t  

t r i m .  I t  s h o u l d  be p o s s i b l e  t o  e s t a b l i s h  a  

d e s i r e d  a t t i t u d e  u s i n g  a n y  o f  t h e s e  m e t h o d s .  

AUTO-TRIM 

1 .  W i t h  p i t c h  command mode e n g a g e d  a n d  t h e  

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

c h a n g e s  w i t h  t h r o t t l e  s e t t i n g .  P i t c h  a n g l e  

s h o u l d  n e v e r  v a r y  f r o m  commanded a t t i t u d e  m o r e  

t h a n  2 " .  

2 .  As a i r s p e e d  c h a n g e s ,  t h e  S S S A  e l e v a t o r  s h o u l d  

d e f l e c t  t o  m a i n t a i n  a t t i t u d e .  When e l e v a t o r  

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

( n o m i n a l  v a l u e  o f  1 0 ' )  t h e  s t a b i l i z e r  s h o u l d  

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

SSSA e l e v a t o r  d e f l e c t i o n  t o  z e r o .  Check  i n  b o t h  

a i r c r a f t  n o s e  u p  ( s p e e d  d e c r e a s i n g )  a n d  a i r c r a f t  

n o s e  down ( s p e e d  i n c r e a s i n g )  d i r e c t i o n s .  

3 .  ,Make c o n f i g u r a t i o n  c h a n g e s  w i t h  l a n d i n g  g e a r  

a n d  f l a p s .  The p i t c h  a x i s  w i t h  a u t o - t r i m  s h o u l d  

m a i n t a i n  t h e  a i r c r a f t  w i t h i n  - + 2 "  o f  t h e  co~nn landed 

a t t i t u d e .  S i m u l a t o r  e v a l u a t i o n s  i n d i c a t e  t h a t  

t h e  a u t o - t r i m  r a t e  may b e  m a r g i n a l  f o r  t h e  

l a n d i n g  w a v e - o f f  c a s e .  



4.  W i t h  a u t o - t r i m  r u n n i n g ,  o p p o s e  w i t h  t h e  p i l o t  

trim b u t t o n .  The p i l o t  t r i m  s h o u l d  o v e r - r i d e  

t h e  a u t o - t r i m  i n  b o t h  d i r e c t i o n s .  

5.  W i t h  a u t o - t r i m  r u n n i n g ,  d e p r e s s  t h e  p i l o t  

d i s e n g a g e  b u t t o n .  A u t o - t r i m  s h o u l d  s t o p  

r u n n i n g  . 
6.  When a u t o - t r i m  r u n s  t h e  a i r c r a f t  a t t i t u d e  s h o u l d  

n o t  c h a n g e  u n l e s s  commanded t h r o u g h  t h e  p i l o t  

t r i m  o r  e l e v a t o r .  

T h r o u g h o u t  t h e s e  f l i g h t  c h e c k s  r e f e r e n c e  h a s  b e e n  

made t o  t h e  e x p e c t e d  p e r f o r m a n c e  o f  t h e  s y s t e m  b a s e d  o n  

n o m i n a l  g a i n s  and  a d j u s t m e n t s .  T h e s e  a d j u s t m e n t s  a n d  g a i n s  

s h o u l d  b e  s u i t a b l e  f o r  f l i g h t  t e s t i n g ;  t h e r e f o r e ,  t h e r e  

s h o u l d  be no  n e e d  o f  a n  e x t e n s i v e  g a i n  t a i l o r i n g  p r o g r a m  

d u r i n g  f l i g h t  t e s t .  I t  w i l l  b e  l e f t  t o  t h e  j u d g m e n t  o f  t h e  

f l i g h t  t e s t  p r o j e c t  p i l o t  and  e n g i n e e r  t o  d e t e r m i n e  i f  t h e  

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

e x p e c t e d  p e r f o r m a n c e .  I n  t h e  e v e n t  t h a t  i t  i s  n e c e s s a r y  t o  

m o d i f y  some g a i n s  b a s e d  o n  f l i g h t  t e s t  e x p e r i e n c e ,  C h a p t e r  7 

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

a n d  s h o u l d  p r o v e  h e l p f u l .  



APPENDIX B 

QUALITATIVE FLIGHT TEST PLAN 

This appendix r e p r e s e n t s  a  " f i r s t  cut"  a t  t h e  problem of de f in ing  

t h e  q u a l i t a t i v e  f l i g h t  t e s t  p lan .  It  w i l l  be f u r t h e r  managed and 

coordinated with Beech and wi th  NASA. 

A d e t a i l e d  q u a n t i t a t i v e  f l i g h t  t e s t  p lan  w i l l  be developed i n  

t h e  near  f u t u r e .  This  w i l l  con ta in  d a t a  processing flow c h a r t s .  



SSSA QUALITATIVE FLIGHT ANALYSIS 

General Discussion of P r i n c i p l e s  

An i n t e g r a l  p a r t  of t h e  SSSA program i s  t h e  a n a l y s i s  of t h e  f l i g h t  

hardware o r  t h e  f l i g h t  eva lua t ion .  A t  t h e  p resen t  time t h i s  program 

is broken down i n t o  two phases, t h e  1 )  q u a n t i t a t i v e  a n a l y s i s ,  2 )  qua l i -  

t a t i v e  a n a l y s i s .  

The q u a n t i t a t i v e  a n a l y s i s  w i l l  be t h e  comparison of abso lu te  per- 

formance maneuvers between t h e  s tandard  model 99 and t h e  SSSA modified 

model 99 .  The q u a l i t a t i v e  a n a l y s i s ,  however, i s n ' t  q u i t e  a s  d e f i n i t a -  

t i v e  a s  t h e  q u a n t i t a t i v e  a n a l y s i s  due t o  t h e  f a c t  t h a t  t h e  da ta  generated 

a r e  p i l o t  opinions.  This  type  of  an a n a l y s i s  i s n ' t  a s  "cut-and-dried" 

a s  a  p l o t  of s t i c k  f o r c e  ve r sus  speed o r  s t i c k  f o r c e  ve r sus  g  o r  r o l l  

response,  e t c .  However, i t  i s  one of t h e  most important i ng red ien t s  

i n  developing a  v i a b l e  system. Therefore,  cons iderable  a t t e n t i o n  must 

be given to  e s t a b l i s h i n g t h e e v a l u a t i o n  c r i t e r i o n  and r e l a t i n g  t h i s  

c r i t e r i o n  t o  some known s tandard .  

The s tandard  used i n  most i n s t ances  i s  t h e  "Cooper-Harper" sco re  

of p i l o t  r a t i n g ,  ( see  Fig. 1 and 2 ) .  This  s c a l e  i s  an at tempt t o  

s t anda rd ize  t h e  b a s i s  upon which p i l o t s  would r a t e  a i r p l a n e  handling 

q u a l i t i e s .  For example, i f  an a i r c r a f t  was r a t e d  an c v e r a l l  3 . 0 ,  then 

everyone would know, whether they  had flown t h e  a i r c r a f t  o r  n o t ,  t h a t  

f o r  t h e  mission def ined  i t  had r e l a t i v e l y  good handling q u a l i t i e s .  It 

has  some "mildly unpleasant"  c h a r a c t e r i s t i c s  but  i t  i s  s t i l l  i n  t h e  

upper po r t ion  of t h e  r a t i n g  s c a l e .  Thc important poin t  t o  remember i s  



PERFORMANCE 

The measure of a d d i t i o n a l  p i l o t  e f f o r t  
and a t t e n t i o n  requi red  t o  maintain a  
given l e v e l  of performance i n  t h e  f a c e  
of d e f i c i e n t  v e h i c l e  c h a r a c t e r i s t i c s .  

HANDLING QUALITIES 

Those q u a l i t i e s  or  c h a r a c t e r i s t i c s  of an 
a i r c r a f t  t h a t  govern t h e  ease  and prec i -  
s ion  wi th  which a  p i l o t  i s  a b l e  t o  perform 
t h e  t a s k s  requi red  i n  support of an a i r -  
c r a f t  r o l e .  

MISSION 

The composite of p i lo t -veh ic l e  func t ions  
t h a t  must be performed t o  f u l f i l l  opera- 
t i o n a l  requirements.  May be spec i f i ed  
f o r  a  r o l e ,  complete f l i g h t ,  f l i g h t  phase, 
o r  f l i g h t  subphase. 

The p rec i s ion  of c o n t r o l  with r e spec t  to  
a i r c r a f t  movement t h a t  a  p i l o t  i s  a b l e  t o  
achieve i n  performing a  t a sk .  ( P i l o t -  
v e h i c l e  p e r f o n a n c e  i s  a  measure of handl- 
ing  performance. P i l o t  performance i s  a  
measure of t h e  manner o r  e f f i c i e n c y  with 
which a  p i l o t  moves t h e  p r i n c i p a l  c o n t r o l s  
i n  p e r f o n i n g  a  t a sk . )  

ROLE - 
The func t ion  o r  purpose t h a t  de f ines  t h e  
primary use of an a i r c r a f t .  

TASK - 
The a c t u a l  work assigned a  p i l o t  t o  be 
performed i n  completion of or a s  repre-  
s e n t a t i v e  of a  des ignated  f l i g h t  segment. 

WORKLOAD 

The in t eg ra t ed  phys ica l  and mental e f f o r t  
requi red  t o  perform a spec i f i ed  p i l o t i n g  
task .  

F igure  1. D e f i n i t i o n s  From TN-D-5153 



JDEQUACY FOR SELECTED TASK OR 
REQUIRED OPERATION* 

AIRCRAFT DalANDS ON THE PILOT PILOT 
CHARACTERISTICS IN SELECTED TASK OR REQUIRED OPERATION* RATING 

E x c e l l e n t  P i l o t  compensat ion n o t  a f a c t o r  
High ly  d e s i r a b l e  f o r  d e s i r e d  performance 

1 

Minor b u t  annoy ing  D e s i r e d  performance r e q u i r e s  
shor tcomings  moderate  p i l o t  compensat ion 

4 
S h o r t -  

? lodera te ly  o b j e c t i o n a b l e  Adequate performance r e q u i r e s  
shor tcomings  c o n s i d e r a b l e  p i l o t  compensat ion 

5 

Improvement 
Very o b j e c t i o n a b l e  b u t  Adequate performance r e q u i r e s  
t o l e r a b l e  shor tcomings  . e x t e n s i v e  p i l o t  compensat ion 

6 
V, 

D e s i r e d  
-4 

Adequate performance n o t  a t t a i n a b l e  
w i t h  maximum t o l e r a b l e  p i l o t  compen- 

Major d e f i c i e n c i e s  
s a t i o n .  C o n t r o l l a b i l i t y  n o t  i n  

7 
D e f i c i e n c i e s  

q u e s t i o n .  

C o n s i d e r a b l e  p i l o t  compensat ion i s  
Major d e f i c i e n c i e s  

r e q u i r e d  f o r  c o n t r o l  
8 

I n t e n s e  p i l o t  compensat ion i s  
Major d e f i c i e n c i e s  r e q u i r e d  t o  r e t a i n  c o n t r o l  

9 
I 

d, 

C o n t r o l  w i l l  be  l o s t  d u r i n g  some 
mandatory  Major d e f i c i e n c i e s  p o r t i o n  of  r e q u i r e d  o p e r a t i o n  1 0  

* 
D e f i n i t i o n  of  r e q u i r e d  o p e r a t i o n  i n v o l v e s  

P i l o t  d e c i s i o n s  d e s i g n a t i o n  of  f l i g h t  phase  a n d / o r  subphases  
w i t h  accompanying c o n d i t i o n s .  

Good P i l o t  compensat ion n o t  a f a c t o r  
N e g l i g i b l e  f o r  d e s i r e d  performance 2 

Fa ir--Some m i l d l y  Minimal p i l o t  compensat ion r e q u i r e d  
u n p l e a s a n t  f o r  d e s i r e d  performance 

3 

F i g u r e  2 .  Handl ing Q u a l i t i e s  R a t i n g  S c a l e  
Based upon Cooper-llnrper Handling 
O u a l i t i e s  R a t i n g  S c a l e  (Ref NASA TN-11-5153) 



t h a t  t h i s  s c a l e  a t t empt s  t o  a l l e v i a t e  t h e  personal  preferences  of t h e  

p i l o t s  and t h a t  when a  r a t i n g  is  generated i t  w i l l  apply t o  a  gene ra l  

c r o s s  sec t ion  of p i l o t s .  This  s t anda rd iza t ion  i s  accomplished by two 

methods, 1 )  impressing on t h e  eva lua t ion  p i l o t  t o  r e p o r t  exac t ly  what 

he s e e s  and not  t r y  t o  ana lyze  t h e  s i t u a t i o n  too deeply,  2 )  by having 

an engineer who can ve ry  sys t ema t i ca l ly  apply a l l  of t h e  l o g i c a l  s t e p s  

of t h e  "Cooper-Harper'' s c a l e  i n  gene ra t ing  an a b s o l u t e  number f o r  a  

p i l o t  r a t i n g .  This  w i l l  r e q u i r e  t h e  engineer  t o  be lcnowledgeable of 

t h e  f l i g h t  t a s k  and mission such t h a t  p e r t i n e n t  ques t ions  can be asked 

t h a t  w i l l  s t imu la t e  t h e  p i l o t  t o  j u s t i f y  o r  defend h i s  eva lua t ion  com- 

ments. 

Appl ica t ion  of t hese  p r i n c i p l e s  t o  t h e  SSSA f l i g h t  program should 

fo l low t h r e e  l o g i c a l  s t e p s :  

1. Define t h e  mission of t h e  a i r c r a f t .  

2 .  Define t h e  t a s k  involved i n  t h a t  mission. 

3 .  Define t h e  f i e l d  of p i l o t s  t h a t  i s  a p p l i c a b l e  t o  t h e  mission.  

Evaluat ion C r i t e r i o n  

1. Define t h e  mission of t h e  a i r c r a f t .  

The genera l  mission of t h e  b a s i c  a i r c r a f t  i s  t r anspor t ing  people 

from poin t  A t o  poin t  B. However, t h e  primary goal  of t h i s  program i s  

t o  determine whether o r  not  theAACCSsystem improves t h e  handling charac-  

t e r i s t i c s  of t h i s  c l a s s  of a i r p l a n e .  Therefore ,  i t  w i l l  be necessary  t o  

de f ine  t h e  p i l o t  r a t i n g  of t h e  s tandard  model 99 such t h a t  any improvements 



o r  degradat ions  i n  t h e  p i l o t  r a t i n g s  can be de tec t ed  on t h e  modified 

a i r c r a f t .  These da ta  w i l l  be generated wi th in  the  conf ines  of t h e  

gene ra l  mission of t h e  b a s i c  a i r p l a n e .  This  type  of a n a l y s i s  w i l l  a l s o  

e s t a b l i s h  t h e  f e a s i b i l i t y  of t h e  SSSA system when mechanized a s  an 

a t t i t u d e  command c o n t r o l  system. 

2.  Define t h e  t a s k  involved i n  t h a t  mission.  

The b a s i c  t a s k  involved i n  t h e  gene ra l  mission i s  an IFR p r o f i l e  

c o n s i s t i n g  of a  r e l a t i v e l y  low a l t i t u d e  c r u i s e ,  descent  o r  pene t r a t ion  

t o  a  f i n a l  approach course,  approach t o  landing and a  missed approach 

o r  go-around. Therefore,  t o  eva lua te  a l l  phases of t h i s  p r o f i l e  s eve ra l  

maneuvers have been developed which tend t o  r ep resen t  t h e  t a s k  of heading 

con t ro l ,  cons tant  r a t e  cl imbs and descen t s ,  s teady r a t e  tu rns ,  course 

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

A .  V e r t i c a l  S Maneuver -- This maneuver i s  designed t o  develop 

t h e  p i l o t ' s  instrument c r o s s  check and a i r c r a f t  c o n t r o l  under instrument  

f l i g h t  condi t ions .  The maneuver c o n s i s t s  of  a  cons tant  r a t e  climb, 

500 fpm, f o r  500 f t ,  while  main ta in ing  a  cons tant  a i r speed ,  100 k i a s ,  

and a  s tandard r a t e  turn .  A t  t h e  end of  t h e  500 f t  climb t h e  t u r n  i s  

reversed and a  500 f t  descent  i s  s t a r t e d  a t  a  cons tant  r a t e  of 500 fpm 

and cons tant  a i r speed ,  100 k i a s ,  ( s ee  F ig .  3 ) .  This  type  of V e r t i c a l  S 

can be repeated fo r  a s  many c y c l e s  a s  des i r ed .  This  maneuver w i l l  tend 

t o  u t i l i z e  many of t h e  design f e a t u r e s  of t h e  SSSA system; e l imina t ion  

of t r i m  changes with power, undes i r ab le  s p i r a l  i n s t a b i l i t i e s  and p r e c i s e  

climb and descent  c o n t r o l .  



The d a t a  requi red  f o r  t h i s  maneuver and  t h e  eva lua t ion  c r i t e r i a  

f o r  those parameters a r e  a s  fol lows:  

Parameter 

1. A l t i t u d e  

2.  P i t c h  Angle, 0 

5. Cont ro l  Travels ,  
( P i l o t  & SSSA) 

Evaluat ion C r i t e r i a  

A l l  of  t h e s e  parameters w i l l  be 

evaluated by looking a t  excurs ions  

from t h e  defined cons tan t s ,  R I C ,  

A/S,  t r a n s i t i o n  a l t i t u d e s ,  e t c .  

* 
6. TIM 

7 .  P i l o t  Comments 

Configurat ion -- gea r  dn, f l a p s  approach, A / s  = 100 k i a s ,  R/C=R/D=500 fpm, 

@ = Std.  Rate Turn, Alt.=500 f t .  

* 
The d a t a  taken f o r  comparison must be compared a t  approximately 

t h e  same l e v e l  of turbulence .  Therefore,  t h e s e  da ta  w i l l  be requi red  

f o r  d e f i n i t i o n  of t h e  t e s t  cond i t ions .  

B. ILS Approach -- To emphasize t h e  performance c h a r a c t e r i s t i c s  

of t h e  eva lua t ion  a i r c r a f t  t h e  ILS approaches w i l l  not  be flown a s  

conventional  I L S  approaches. In s t ead  i t  w i l l  be flown wi th  two v a r i a -  

t i o n s ,  1) t h e  modified l o c a l i z e r i n t e r c e & i o n  and 2 )  t h e  modified g l ide -  

s lope  i n t e r c e p t i o n .  

The modified l o c a l i z e r  i n t e r c e p t i o n  w i l l  c o n s i s t  of conf igu r ing  

t h e  a i r c r a f t ,  gear  down, f l a p s  approach, A / S  = 100 kiafi  a t  t h e  g l i d e s l o p e  



interception altitude, with a 90' localizer intercept angle, within

1 mile outbound of the outer marker. As soon as the localizer needle

begins to move,the pilot will attempt to maneuver the aircraft onto the

localizer such that he is established on the localizer and glidepath

when he reaches the outer marker, (see Fig. 3).

This exaggerated intercept will force the pilot to overshoot the

localizer and result in rapid maneuvering which will readily tax the

operational capabilities of the lateral control. Therefore, any

improvement or degradation of the flight controls should be readily

observed.

The modified glideslope interception has the same intent as the

modified localizer interception; exaggerating the maneuvering require-

ments for the approach. However, this is aimed at the longitudinal

trim characteristics of the aircraft. This maneuver is begun by estab-

lishing the aircraft on the localizer outbound of the outer marker at

an altitude 500 ft above the glideslope interception altitude. The

aircraft configuration will be clean, gear and flaps up, airspeed 120 kias.

When the aircraft reaches the outer marker the pilot will attempt, as

quickly as possible, to configure the aircraft into the approach config-

uration, descend and intercept the ILS glideslope.

This maneuver will tend to exaggerate the trim requirements with

gear and flap extensions and power applications. In addition it will

also emphasize the importance of good descent and heading control.

This altitude may vary depending upon degree of pilot work load.
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The d a t a  requi red  f o r  t h e  1.ocalizer and g l ides lope  t a s k  a r e  a s  

follows: 

LOCALIZER TASK 
Parameter 

1. A/S 

2 .  ALT 

3 .  Bank Angle, @ 

4 .  p i t c h  Angle, e 

5. Heading Angle, '? 

6. Control  Travel 
(SSSA & P i l o t )  

7 .  Local izer  P o s i t i o n  

8. Glideslope P o s i t i o n  

9 .  Control Forces 

10. TI1.I 

11. P i l o t  Comments 

Evaluat ion C r i t e r i a  

Looking f o r  mean d e v i a t i o n s  from 

t h e  known va lues  such a s  g l ides lope  

and l o c a l i z e r ,  Also v a r i a t i o n  of 

c o n t r o l  f o r c e s  and t r a v e l s .  

Configurat ion -- gear  down, f l a p s  approach, A/S = 100 k i a s ,  A l t . =  g l i d e -  

s lope  i n t e r c e p t i o n  a l t i t u d e .  



GLIDESLOPE TASK 

Parameters 

1. A/S 

2 .  ALT 

3 .  Bank Angle, $I 

4 .  P i t c h  Angle, 0 

5. Heading Angle, Y 

6. Cont ro l  T r a v e l s  
(SSSA & P i l o t )  

Evaluat ion C r i t e r i a  

Looking f o r  mean d e v i a t i o n s  from 

t h e  known va lues  such a s  g l i d e s l o p e  

and l o c a l i z e r .  Also v a r i a t i o n  of 

c o n t r o l  f o r c e s  and t r a v e l s .  

7 .  Local izer  P o s i t i o n  

8. Gl ides lope  P o s i t i o n  

9. Cont ro l  Forces  

10.  Gl ide  P o s i t i o n  

11. Flap  P o s i t i o n  

1 2 .  T h r o t t l e  P o s i t i o n  

13 .  TIM 

1 4 .  P i l o t  Comments 

Configurat ion -- p r i o r  t o  OM: gear up, f l a p s  up, a l t i t u d e  500 f t  above 

a s  i n t e r c e p t  a l t i t u d e  a i r speed ,  120 k i a s .  

inbound from OM: gear  down, f l a p s  approach, e s t a b l i s h e d  

on g l i d e s l o p e  & l o c a l i z e r ,  a i r speed  = 100 k i a s .  



C .  Go-Around -- T h i s  maneuver i s  m e r e l y  t o  d e m o n s t r a t e  t h e  e f f e c t s  

of  t h e  SSSA system on t h e  ba lked  l a n d i n g  o r  go-around c o n d i t i o n s .  The 

maneuver shou ld  be  f lown from t h e  ILS missed  approach  p o i n t  w i t h  t h e  

a i r c r a f t  c o n f i g u r e d  f o r  l a n d i n g ,  g e a r  down, f l a p s  l a n d i n g ,  A/S = 100  k i a s .  

When t h e  a i r c r a f t  r e a c h e s  t h e  missed  approach  a l t i t u d e  t h e  p i l o t  w i l l  

a p p l y  f u l l  power, b e g i n  a  c l i m b  and r a i s e  t h e  g e a r  and f l a p s  a s  p r e s c r i b e d  

i n  t h e  f l i g h t  manual.  

The d a t a  r e q u i r e d  f o r  t h i s  maneuver w i l l  be  a s  f o l l o w s :  

Pa ramete r  

1. AIS 

E v a l u a t i o n  C r i t e r i a  

V a r i a t i o n  

2 .  A l t .  V a r i a t i o n  a f t e r  e x e c u t i o n  o f  go-around 

3 .  Bank Angle,  I$ 

4.  P i t c h  Angle ,  0 

5.  Heading Angle ,  '? 

6 .  C o n t r o l  T r a v e l s  
(SSSA & P i l o t )  

7 .  C o n t r o l  F o r c e s  

8. Gear ,  F l a p  & 
T h r o t t l e  P o s i t i o n  

9.  TIM 

V a r i a t i o n  & max. 

V a r i a t i o n  & max 

V a r i a t i o n  

Frequency & max. 

D i r e c t i o n  & max. 

P o s i t i o n  

Max. & mean 

1 0 .  P i l o t  Comments 

C o n f i g u r a t i o n  -- p r i o r  t o  missed  approach  p o i n t :  g e a r  down, f l a p s  

l a n d i n g ,  A/S = 100  k i a s ,  power a s  r e q u i r e d .  

-- a f t e r  missed  approach  p o i n t :  g e a r  up, f l a p s  up, 

A/S = b e s t  r a t e  of c l i m b  A / s ,  power = max. c o n t i n u o u s .  



D. P rec i s ion  Heading Control  -- This  t a s k  doesn ' t  tend t o  exag- 

g e r a t e  t h e  maneuvering requirements of t h e  a i r c r a f t  but  i t  should point  

out  any s e r i o u s  d e f i c i e n c i e s  t h a t  may e x i s t .  The maneuver w i l l  be 

accomplished by merely g iv ing  lo and 2" heading changes t o  t h e  p i l o t  

by means of a  ground c o n t r o l l e r  o r  by on-board commands. This  maneuver 

could probably be coordinated wi th  t h e  ILS approach t a sk .  

The da ta  requi red  f o r  t h i s  t a s k  i s  a s  fol lows:  

Parameter 

1. A/S 

2.  A l t .  

3 .  Bank Angle, $ 

4. Heading Angle, Y 

5. Control  Travels  
(SSSA & P i l o t )  

6. TIM 

7. P i l o t  Comments 

8. Heading Commands 

Evaluat ion C r i t e r i a  

Looking f o r  v a r i a t i o n  i n  A/S, 

A l t ,  Heading Angle, Control  A c t i v i t y  

and Turbulence Level .  

Configurat ion -- c l e a n  & d i r t y ,  A/S = 100 k i a s  - 150 k i a s ,  a l t .  cons tant  

from 2,000 f t  - 5,000 f t  AGL, power a s  r equ i red .  



3 .  Define t h e  f i e l d  of p i l o t s  t h a t  i s  a p p l i c a b l e  to  t h e  mission.  

The f i e l d  of p i l o t s  t lmt  could apply t o  t h i s  mission could become 

so l a r g e  t h a t  hundreds of hours  of f l y i n g  time could be expended i n  

ga the r ing  d a t a .  However, t h e  main concern would be t h e  changes i n  t h e  

handling q u a l i t i e s  from t h e  unmodified t o  t h e  modified model 99, and 

t h i s  would narrow t h e  f i e l d  down t o  a  minimum number of p i l o t s .  For 

t h i s  eva lua t ion  t h e  program p i l o t ,  some K.U. p i l o t s  and one p ro fes s iona l  

model 99 opera tor  would probably provide enough da ta  t o  genera te  a  

reasonable eva lua t ion .  However, any a d d i t i o n a l  p i l o t s  would tend t o  

add t o  t h e  c r e d i b i l i t y  of t h e  eva lua t ion ,  

Program Organizat ion 

This  program w i l l  be us ing  t h e  s tandard model 99 a s  t h e  base 

l i n e  da ta .  Therefore,  a s  soon a s  t h e  a i r c r a f t  r e t u r n s  from NASA-FRC 

t h e  unmodified model 99 w i l l  be s imulated by mechanical ly in terconnect ing  

t h e  SSSA and p i l o t  c o n t r o l s .  The eva lua t ion  w i l l  be  conducted by 

bu i ld ing  a  f l i g h t  plan u t i l i z i n g  t h e  t a s k  o r  maneuvers descr ibed  above. 

One such scheme could be a s  fo l lows:  1 )  2 t o  3  c y c l e s  of t h e  v e r t i c a l  

S  maneuvers followed by a  descent  t o  t h e  ILS a l t i t u d e ,  2 )  p rec i s ion  

heading v e c t o r s  t o  a  90' ILS i n t e r c e p t ,  3) ILS flown t o  a  missed approach 

p o i n t ,  4 )  go-around from landing  conf igu ra t ion ,  5) p r e c i s i o n  heading 

vec to r s  back t o  t h e  ILS l o c a l i z e r  a t  an a l t i t u d e  500 f t  above t h e  

l o c a l i z e r  course,  6)  modified g l i d e s l o p e  i n t e r c e p t  flown t o  missed 

approach, 7 )  go-around. ( see  Fjgure 3.) 



Figure 3 .  T y p i c a l  F l i e h t  Profile 



F l i g h t  Task F l i g h t  
Number Time (Min.) 

A l t i t u d e  ( F t . )  
o r  A s  Noted 

Airspeed 
(Kias) 

120 

Configurat ion 

Clean 

Clean ILS i n t e r c e p t  
a l t i t u d e  

Gear dn,  
F laps  appr .  

ILS i n t e r c e p t  
a l t i t u d e  

Gl ides lope  
a l t i t u d e  

Gear dn , 
Glaps dn. 

ILS dec is ion  
he igh t .  

Best R / C  
a i r speed  

Clean, max. 
cont .  pwr. 

Clean 

Clean ILS i n t e r c e p t  
a l t .  + 500 f t .  

G l i d e s l o p e  
a l t i t u d e  

Gear dn,  
F laps  dn. 

ILS dec i s ion  
he ight  

Best R/C 
a i r speed  

Clean, max. 
cont .  p rn .  

Figure 4 .  Typical  F l i g h t  P r o f i l e  Conf igura t ions  



This  scheme of t a s k  would d e f i n e  t h e  o v e r a l l  mission t h a t  t h e  

p i l o t  r a t i n g  would def ine .  While each t a s k  i s  being accomplished and 

a f t e r  t h e  t a s k  t h e  p i l o t  comments would need t o  be recorded and analyzed. 

Af t e r  t h e  whole mission i s  accomplished then t h e  "Cooper-Harper" s c a l e  

would be u t i l i z e d  t o  gene ra t e  t h e  a b s o l u t e  p i l o t  r a t i n g .  Each of t h e  

designated p i l o t s  would perform a  s i m i l a r  mission and genera te  a  p i l o t  

r a t i n g .  The q u a n t i t a t i v e  d a t a ,  a i r speed ,  a t t i t u d e  c o n t r o l  fo rces ,  e t c . ,  

would then be c o r r e l a t e d  wi th  t h e  p i l o t  r a t i n g  and become an i n t e g r a l  p a r t  

of t h e  eva lauat ion .  

Af ter  t h e  SSSA system i s  f u l l y  developed, an analogous eva lua t ion  

w i l l  be conducted on t h a t  a i r c r a f t  and compared with t h e  base l i n e  d a t a .  

This  d a t a  w i l l  d e f i n e  t h e  degradat ions  o r  improvements i n  t h e  handling 

q u a l i t i e s .  

F l i g h t  Time Est imation 

The f l y i n g  t i m e  i s  going t o  be a  func t ion  of  t h e  number of evalua-  

t i o n  p i l o t s .  However, assuming t h a t  fou r  p i l o t s  a r e  used (p ro jec t  p i l o t ,  

two K.U.  p i l o t s  and one c i v i l i a n  o p e r a t o r )  a  reasonable  amount of f l y i n g  

would be u t i l i z e d .  A t y p i c a l  p r o f i l e  o r  mission and time e s t ima te  i s  

shown i n  Fig.  3 .  This scheme shows a  t o t a l  t a s k  time of approximately 

one hour,  however, t h i s  does n o t  i nc lude  t h e  time f o r  take-of f ,  l anding  

and maneuvering i n t o  t h e  t e s t  a r e a .  Th i s  w i l l  normally r e q u i r e  approxi-  

mately 0 .3  h r .  which makes a  t y p i c a l  mission 1 .3  h r s .  It i s  necessary  

t o  f l y  only  one eva lua t ion  p i l o t  on each p r o f i l e  so t h a t  t h e  second 



p i l o t  doesn ' t  become fa t igued  and inf luenced  by t h e  f i r s t  p i l o t .  

Therefore,  four  p i l o t s  have a  t o t a l  time o f  5 .3  hours .  I f  t h e  same time 

i s  u t i l i z e d  f o r  t h e  eva lua t ion  of t h e  modified a i r c r a f t  then t h e  time 

would be 10 .6  hours.  This  e s t i m a t e  i s  probably a c c u r a t e  wi th in  +loo%. 

Such f a c t o r s  a s  p i l o t  performance, a i r c r a f t  sequencing, p i l o t  d e b r i e f i n g ,  

e t c .  can very l i k e l y  i n c r e a s e  t h e  time s u b s t a n t i a l l y .  



APPENDIX C 

ENVIROWIENTAL TEST PLAN 



1.0  PURPOSE 

To provide an environmental t e s t  s p e c i f i c a t i o n  f o r  t h e  e l e c t r o n i c  

components of t h e  SSSA system. The equipment t o  be t e s t e d  w i l l  inc lude  

t h e  computer ca rds ,  d r i v e  ca rds ,  card mounting rack  and any a s soc ia t ed  

wir ing and switches wi th in  t h e  rack .  

2.0 TEST REQUIREIIENTS 

2.1 ALTITUDE 

A l t i t u d e  t e s t i n g  w i l l  n o t  be r e q u i r e d .  The a i r c r a f t  t h i s  equipment 

w i l l  be used i n  i s  unpressur ized  and normally w i l l  n o t  be flown above 

10,000 f e e t .  The c r u i s e  a l t i t u d e  f o r  f l i g h t  t e s t i n g  of t h e  SSSA system 

i s  5,000 f e e t  and i s  considered by engineering t o  be low enough not  

t o  warrant a l t i t u d e  t e s t i n g .  

2.2 TMPERATURE 

Subject  t e s t  u n i t  t o  a  co ld  soak temperature of 0°F and a hot  

soak of 16OoF. The t e s t  u n i t  w i l l  be f u n c t i o n a l l y  checked f o r  opera- 

t i o n  before  beginning temperature t e s t .  The temperature w i l l  be 

lowered t o  t h e  cold soak temperature and he ld  wi th in  10°F f o r  t h r e e  

hours .  A t  t h e  end of t h e  soak per iod  t h e  t e s t  u n i t  w i l l  be f u n c t i o n a l l y  

checked and then  allowed t o  r e t u r n  t o  ambient temperature.  When t h e  

t e s t  u n i t  tempcrature has  r e tu rned  t o  ambient an a d d i t i o n a l  func t iona l  

t e s t  w i l l  be r equ i red .  Cycle w i l l  be repeated f o r  t h e  hot soak wi th  

t h e  same type  of checking procedures.  



2.3 VIURATION 

The v i b r a t i o n  s h a l l  be app l i ed  i n  sepa ra t e  t e s t s  t o  each of t h r e e  

mutually perpendicular  axes  of  t h e  t e s t  u n i t .  

Vibra t ion  app l i ed  s h a l l  be s i n u s o i d a l  and t h e  frequency s h a l l  

be cycled a t  a  logar i thmic  r a t e  between t h e  frequency l i m i t s ,  and a t  

t h e  a c c e l e r a t i o n  l e v e l s  prescr ibed  by Figure 1. One complete sweep 

up and down between t h e  prescr ibed  frequency l i m i t s  s h a l l  be made f o r  

each a x i s  and s h a l l  span approximately 15  minutes (7 112 minutes up 

and 7 112 minutes down). Test  i n t e r r u p t i o n s  a r e  permi t ted ,  but  t h e  

c lock  s h a l l  be stopped dur ing  any such i n t e r r u p t i o n s .  During t h e  

frequency sweep any resonant  f r equenc ie s  s h a l l  be  recorded.  A resonance 

dwell  t e s t  s h a l l  then be made a t  each of t h e  recorded resonance f r e -  

quencies ,  t h e  dwell  t i m e  being a  maximum of two minutes  a t  each f r e -  

quency. 

The t e s t  u n i t  w i l l  be given o p e r a t i o n a l  f u n c t i o n a l  checks be fo re  

and a f t e r  v i b r a t i o n  i n  any a x i s .  

3 . 0  GENERAL NOTES 

3.1 Adequate records  of a l l  t e s t s  performed s h a l l  be maintained. 

3.2 A t  t h e  completion of any p o r t i o n  of t h i s  t e s t i n g  (i.e. a t  t h e  

func t iona l  t e s t )  a  "covers o f f "  i n spec t ion  s h a l l  be performed and 

noted before  t h e  next  phase of t h e  t e s t  i s  s t a r t e d .  Any d i sc repanc ie s  

discovered s h a l l  be remedied and t h e  appropr i a t e  po r t ion  of t h e  environ-  

mental t e s t  (as  determined by t h e  P r o j e c t  Manager) w i l l  be repea ted .  
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