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INTRO DUC TION

In the las t decade , the United States Army has become ii—
creasing ly in terested in fli ght simulatio n of its helicopters. In
the ea r ly 1960’s, the A rmy purchased the 2B24 fli ght simulator
trai ner to rep lace the anti qu ated ICA1 “Link Trai ner”. Subsequentl y ,
the Army has purchased fligh t trainers to simulate the CI1—47 arid
AH—lQ helicopters . However , all these simulators were used p rimarily
for p ilot training. It was not until recentl y that the Army has
become interested in piloted simulation as a development tool.
Pil oted s imulations are part of the Ar:~y ’s XV—15 Tiit Rotor Aircraft

~~~ prograo and the Rotor Syst em Research Aircraft (RSR A ) program . In

~_) both of these programs , the simulation was used as a verification

L~J 
tool , i.e., verify handling q ualities of the helicopter after desi gn.

‘ =~~ This pape r presents the results of a p ilo ted simulation ~bat

~~~~~~~ 

‘ was used as a means of determining th~ cause of an Army 214 Hrl ic op—

~~~~~ ta r :~ccident . The simulation program wis also used to augment th~±
de3ign of a fli ght control monitor svst e-i and to investi gate the
~‘ffects of possib le control system c~’~anges to the 214 he1icop~. er.

ACC ID~~.T ~A C l T ROi ~N fl

In ~arch 1976 , t he  !J r i i t p d  S t i t ~~s Army Avi atio:~ En Z ir~~?ri ~~
F l i ~~i t  A c t i v i ty  (U s A A ~~~A) -.,os d i r ect ~~! b y th~ U n i r e  S t a t e s  \ r ’~v

i i~ ion Com:ia n cl (~~S~\VSC OM) to t~’s ~ t~~~- A i r u or t h  n e ; .~ ~~ I F I i  .Ji L
C~~ir c t ~~ r j s t ~~cs  of  th~ Ira”J -i n ~k~~~l 214C - i e l i c o p t ~~r .  1 t . ~- i ~

t e ; t i n ~ t h a t  t he  h e U c o y t e r  cxp ‘-ie:~~ed C: s~~j ’~ ~ i i i  ~~~~~~~~

~~~~~~~~~ jid ~~~~~~~~~~~~~~ t i e  h. i p c  ~~~~~~~~~~~~~ i i
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I, I F I’

.\ p t ;t ~~t . i s i i  u n  ~t ’ : t r o v e d  a l l  i i i  I l i l t  d a t . ,  and r t n t ~~! i , l ’ ; ~ ~~~ . i s

na k i nt i I i mi ’ n ;  in  t o ~In Icr ,, t i t s ’ t l i t ’ c .u n n I a n n  i .!~ ‘ t i t  o r

an o ! ’ s e : v t ’r i n t h e  c }ia s ’ 11,~ 1 i n e p t  i ’; t , i t s d  th a t ti, l,~~l i c o 1~ ‘ i i n
a no• ;n dawn a i , t  i n  I t r o l l  :i t t i t  ude  p r j o t  t n i t  •; ‘I i i t i t  ~ r . t  i . An
i n s p e c t  i sr i  o f  t h e  w F . c k . i i ’ d i s c  i o . , ’ si t h a t  t i , ’ t i n  r i t e ,  ‘ t i l t  • I i t ,
an d  b l i l . ’ ;  h a l  , ‘x p n r  i e n c o d  n .\ c s ’ss  i vely h i  i t  i i  i t o t  or  I l . ij t p  L I i . ~ r i s) !’

t o  t in’ I r st i s a r a t  i t t i  i r o n i  t In’ lie I i i a 1 t t  e l .

l ) , , r i n ; ~ t h is p i r t i n i t l a t  t h i ; ’ ltt tIn’ c m .  ;. t s  t n t  m~~ t i , t  i i i -

Ut ’ s ’ t i n t ’ ;  o t’ tin’ he 1 i n o p t  n i ’ s Aim t i’’~ i t  in 1” 1 i ~‘Ii t ~‘ ‘ , l I  r o  1 S v ’ . t n i  ( \~ ‘5
s~ co inp  1 i a l i c e  W i  L i i  p : ir . i gr . i~t 1i 1 . . u t n t  n r e l i c s ’ I . ‘l ii ’ .‘s l i e  in s ;  -

t e r W a s  c o nf  t ; ~u r n d  50 t i i . i t  t h i n  t I i g l i t  t ’lI ’, j a t ’ s ’r c o u l d  i n d u c e  .i

f , i  i I i i  m e  t O  ~4 g i ve i t  A l”CS c l i  :u i r i s ’ I by ~i n p m s s  i ii ~~ t h i t s m s  p i n t  i ye  b u t  i i i
s i  a pe n i al ‘‘ila rdover ‘t e s t  Rex ’’ . U pon in  m i ;  i i i ~~ t in’ b i t t  t e n , t in ’

i i . i r d ov , ’r was r em ov e d  . in i  th in AFCS r~’ s,i ms ’d i t s  L t ’ r l u , i  I f u t i n t  i o n .  I t
W a ;  l i v  p ot  hit’S i .~nd  t h a t  t h i s ’ f i t  gli I ~‘ i i t ~ i i i t ’ ’  r i na iv e  m r  n u t  lv me I t ’ : i ; ; , ’ l  iii, ’

i i i  r d ov ~’ m bitt t on ~
‘ o inn i d nti t w i t h t h i n  p I I~i t ‘ S n o r  r s ’ C I i ye i n p i l  t t o il  sn  —

q u i t  I v  r t s t t l t  t r i g  i n  a l i a r d o v e t ’ i n tifl’ o I l i e r  d i r e c t  t o n .

T1i ’ p m  i ui:i rv oh n c i  i Vt ’s o t t l i t ’ i inn 1 .4 t in ,, w er e  t o du  i i i  i C .1

.41 1 p i e .  i b l e  A1”CS f a i  l i tr e s , b eth i ; i , l I v e & ’ t t ’ i i t  , i i ij  , i t v n t  I t O t  , j i l t ’ : t

p i t h I i on  wit ii s i i h s e q t i ’ ut  p i lo t  a nt  i o u ,; t h a t  c o u l d  h av e  c . i i t ~~ ’d t i n ’
i c i.I ’iit . A lso , we w a n t e d  to  t iv :iui~ i i d e nt  it v tl~ ’ be st p i lot t (h’li

• l i q u i s ’ t i  , s s • ’ t o  r e co v e r  th in h n l  i cop t t’r f r o m  an  Al ” CS h , u t s v ’ t ’ .

1”’t,, t ~~l’i’Y I RIPI ’ ION

The I” li ii t S i to;, I :i~ or  f i r  A d y a n ~’ed A l  i’ c r, i  f t  ( i ’SAA ’i I , ;
• p i l i t  ‘d i n n t l . i t  or  i t  N A S A  A ; ; ’ ,; i~~’ , . n : I r n h i  C e n t  t ’r t h a t  ii ,is s i x  d ’ ~~~i s ’s ’;;

ot  t ’edo ’n . llls ~ l i t  I Ou S v ’ ’! s i t  i; ;‘;ipah i t ~ o f  ~ S t e n t  d i sp i , l s ’ s ’O ’ ’ l l t  i n
lie  ve r  t i c a t  d i r t ’c t i on , f ‘i t e n t  i n  t h e  I i , i , ~ i t  ud j u t  I d i  r ’ 5’ t i on ,

t h e  iin i , 1 itt’ s’ .tp.i ls i l i t v  ~~t ‘iO f e e t  n t  l a t e r a l  t t i  ;p l . u c ’ ; ’ m i t  . F i n ’  , S \ \
c an  .‘i Iii ‘v, ’ v;~ lo t ’ i t  i n , ;  n t ~ . h S ft / see  , b . .‘ t t / ‘ ‘,‘ and I ‘ . 1 1 1 )  f t  / s
in  t i n ’  v e r t  l ea  1 , 1 o t I ~~~I t u s h  in., I and  1 . i t  e r a  I d i  r e n t  i o n s  t s ’ ’ . S s ’ , t  ivi ’

one  is .i ~‘ s i u ~t .u j o t  o f  l W , \ j I : i i u t i  ,t,i.~ , I .tt r . t t  • ‘s o t  t h i , ’ ES.\ \
r i t e s  i t  t in’ ~~l ’ s i ’ h e !  j i ’ O 1t i  5 ’r ,n e a ;u ’nd . l : , r j a ~ t i t  ‘ l i t  4 0 , 1

It ‘ ;h , i t . i i  1 h5 ’ i i o t ~ ’ h  I hat l~~~lt ’ s ’t  t I i ’  • ‘ h oC Ii’! i s ’0~~~t ‘ i  S l i t ’ .

I i i , ’ ‘ , i 1 i a b i l i t v  i i i  I i i , ’ s i , ’ l t t o r ,  I i  t h e  ,‘ t u , i h  h i l l i e r
xc ‘ ‘ ,! .l t l u ,  ii i i i  t t  or ’ S n i s i b  i I I L  v • I a t  p i l i t  ‘ i i ’ . ; , l ~I i • ‘ ‘i I t

t,’h i i 5 ’h ‘. , “ u t d  t i ; j ’ ,T l ’ , , ’a,l ’ t h e  ,‘ v e t . i l l  ; ; i m i I i t i s t .

‘t ’li • ’ L i t  “ h i ~~t u t  S i  ‘ i i  t n ;  t s r  ,\ i v a o n I \ i i , ’ , i t  ~~ i \ \ ~~ a .

a i d ‘ I c I ‘ I t u ’ ;  ~e t n’ , . \ •~ s ’ ‘~ l~ i t  I V ‘0 ‘, \ ‘
~ 1 ‘ ,r

o I :1 \ 1 ;  5 S i t  u u ;  ‘ 1  o i ’  i In , lr; ’ ’ ; , i  C v . i  n’ . I • ‘ ‘. i
b r  i t t  : ‘ u ’ i n ’ s ’ ,  t t  i . ’, W i  L b  ; s  n ’ , ’ e ; i t u , ~ i ~~~~ s i  i ‘‘ 1; ,  i i

.0  i ‘ . ‘ I in  . ‘ a c, ‘ ‘ s i i ’ , , ‘ i i  e i . ’ ’ ‘ 1  i ’ i

~13 I J—4~ ~~~~ -.
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• the XDS 7908 i n t e r f a c e  h a r d w a r e .  Ana log  to  d i g i t a l  convert er a , d i g-
ita l to a n al o g  s’ O U V I ’! ( e r a , an d d i s c r e t e  input /out put channe l s  ar e
u~ e~1 £ 0  ~~! S N  COW ~~U t er  pi ’ t ie  r a t  ed a i gna is  t o $ 1 mu 1 at in n  hardware
through t he I n s t  m u rnen t  r an k . The s irnu I at ion is  conduc t ed  f r on t  he
s i m u l a t  ion ro u t r e t  room w h i c h  i s  the ’ b a s i s  for  ope r at  t u g / d e b u g g i n g
the computer ay s t i ’m .  S i g n a l s  are  sent to  the V i s u a l  F l i g h t  At  t , ’ , c t ; —
Uit’nt , wli I c l i  pe t i t ’ t at  t’s t h e  p i  l o t  ‘ s v i s u a l  se erie , I i  urn t he ’ i n s t  ru in s ’ ut
r a c k .  S i gna i s  i t t  t ’ sen t  t ii r inig h the  1)1 lv i’ Rack  t o  ( l ie ’  M et ion Sv s i t  I ’m

Dr lye wh i ch  d r i v e s  l i i i ’ Cock p i t  to  t he d e s i r e d  pus i t  ion  and a t t i t  t i d e .

_____________ 

k A T l ’ ~~ ( D P u. ’ S l t )

1Ic,IIRF I .  1SF V S AA MAX 151’S A I.I .OSAX L .E RA T FS •,~~~ , • ,~~ ,,~~ ,. ~~, ~~~~~~~~~~~~~~~~ ~~~~~~~~~
COt4PAK( D TO 1SF MAX ISIS ill A i t i ( ~ Ii M A l t S  lii 1St
214 C 14Ft , t t ’Oi’ i i. K

MEL I COP’FER MA’I’}IKMAT I CA l, MI 1IWI.

The r equ I r ,‘ment  to i mit late ’ AF ’CS ha r d o ve  r [a ii t i re ’s and s ub s e—
q ue nt r ec ov ery  t e c h n I q ues  cle’niansled t h a t  t h e  m a t  h i t ’niat i , ’ a I unod , ’ I lit ’ c a p —

able of ac cut ’ a t e lv eli ’ s ’ t lb  lu g  i , i t s’, n p e r t  ub~~t i o n s  I t e m  t r i m u i e d  t ligh t
cond i t  I O I i S .  The’ isa t henna t i c a l  eli ’ sc r  i pt  io n  ot  t hi’ 1 1 4  hi ’ l i ce  pt , ‘ r h i a , t  t n

have a h I p,h d e ’C r t ’ e’ o t t’Xd(’ t t ) , ’S S i f l  t lii ’ s’ ,l 1 t’t i  l , u  t i on  o I ( l i e ’  r i t t  01 ii l isl e
I I app i ri g b e c a us e ’ ot  I li e’ S i i ; :  pee  t i ’ s! t ’ xc t ’s s  i v , . l v  I ,i i e L i  app  i r ig diii  I ri g
the arc i e1e~nt  . Tli t ’ m a t  h t ’rri a m a! mod e I i s  .‘i m i e n —  I I ii~ ’ .i r , Ii I ~‘ti I ‘

~
‘ s ’ t t eip l t ’sl

formu tat i on  in s ix ste ’gr ens o t~ t r ,‘,‘docn . The ma I it mode I wa s  a va  i ,, I t en
of the math steele I u s t ’d in ( h e  B e l l  H e l l  e e i l i t em  ‘ t e x t  t e n / A m  sty ,‘ NAS A X V —  I S
T i l t  Rot or Pr n g r  am S i tmi  I at to n . Th e’ lila i n  r o t i r  an d  t it i l t o t  or  lieu t o t  in—
ance and d y u , i i n i r s  wet  t ’ c ~i in  i i i  a t  •‘d u t  i l l  ,‘ i ng .s l i f t  I n c . d i  se t OOt l e ’ I
The l i f t  an d  d t~~g fot c’s t o m  the bet i c o p t  i ’r t , t s t ’ l a g s ’ at is!  t a m  1 s t i r —
fa ce ’ s were’ ca lcul at i’d t u s t i n  at ’u’ e c l v i i . n i  n fuiit ’t ions s I  s i t e d  in  ( l i e ’  coin —
pu t  er p rogram . ‘l’ lu’ ,;e’ a t ’i ‘dvaun  I c  feint ’ t t s’ns w et  • ‘ d, ’i I v e ’eI f t  em w i n d
t unnel t ‘st . 1’ht’ m a t  ii mode ’ 1 ,i l so  m • ‘p t  i ’ s s ’i l t  ~ el t h e  engine ’ pow ’ ’r . i u i d

eng ine g o v e r n i n g  ch at’ . ie ’t  e’r I s t  i c u ;  . F t m r t l i e t ’  de ’ ’ ; c t  ipt i o n  , i , i s l  e’xp l ,iu.i —
ion of t h e  m at  Ii niod , ’ I ca n  be fou nd in  i t ’! i ’ t t ’ t i n e  2 aULI I

I

63 
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F l IT

‘rh , A.~~ ~~i:1 t i c F l i ght Cont ro ’ :;v:~tem (AFCS )  and it s ’ u ’,;socjated
ln : ’ic  and con ’ — 1 author ity ‘,5’as a i s s  I ,u cli ded in the ~‘I ath ~~nl”l . The
SCAS log ic s’; -’ ‘ i  also includ ed pruvi ai ons for svsteni failur ’s , i.e.,
hord e , “rs . lii r d e r  to perc eive t he  t ‘ti n impact of the s Hil~~t ion

a h r s ’ . do script ion of tht ’ lid ic opter ’s fli gh t control,

systea is in ~ ,‘1 ’ n . The AFCS system the 214 helicopter consists
of a S t a b i l i t y  and  Control .-\tu gm ”ntat ion System (S~~A S) and the
A tt i t He Ret en t ion System (ATTD). The SCAS is integrated into the
cv: Ii: ~nd ant i—torque control systera~ t o  a ; i t e r a a~ ical lv pr ovide
ii: ;prev d stabi L ity and handling qual I ties of the basic hel icopter.

SCAS input to the control system is acco:ip l i shed by an elec tro—
• h ydrau lic servo actuator installed series with the control sy’~t e-’..

‘[‘no AiFD mode automatic all y maintains the desiro~ p itch arid rolL
attitude and heading of the helicopter. The attitude inputs to the
control system are accomp lish ed through combined inputs from the SCAS
series electro—h ydrau lic actuators and an electro—me chanical tri o
actuator connected in parall el.

The comp lex nature of the nonlinear coup led mathematical
equations makes their computation quite length y, and could com-
promise a real—time simulation. The r e a l — t i m e  cyc le  r a t e  has  been
a considerable problem when doing p il ot in the loop simulation in

• the past. The integrity of the s imulation is heavily dependent
on the computer program cycle t ime . Cycle ti me is the length of
t ime for the computer to int egraLe all solutions of the differential
eq uations and provi de the respective inputs to the s imulation hard-
war e , i .e. motion drive , visua l system , etc. Generall y the solution
of the nonlinear equations results in the most si gnificant increase
in c y c l e  t ime .

The unique aspect of this s imulation , as oppos~ d to other
f l i gh t s imulations , was that two di g ital Si gma 7 and Sigma 8 cc:—
puter.s functioned in parall el to salve the math nodal equations.
This dual—processor was initiated in the s imulation of the lt’~RA
h e l i c o p t e r .  (4 )  The d u a l — p r o c e s s o r  ~as n ec e s s a r y  in o r d e r  t o
o b t a in  an a c c e p t a b l e  c y c le  t ime of  a p p r o x i ; a a t e 1~ ’ 40—50 m i l l i  se.~euS ~~.• The c y c l e  t ime w ou l d  i n c r e a s e  by 40 p e r c e n t  i f  onl y one Si~~’:a ~
p u t e r  wa3 used in l i e u  of t he  d u a l — p r o c e s s o r  s ’ / ; t e m .  T h i s  u’.i i I I
result in a marg in a l  c y c l e  t i m e .

• s I M U L A t O R  (P ) ,~P L \ u I r ~ ‘.~.D V t F I ~~A~~[O~;

C o r r e l a t i o n  of  t~ie v ar i ntun • ‘ I ’ r;’n~~s of t h e  he~ i c o p t - a r  . ; t t ! a
m at  ic ;i l mod el  w e r e  c a r r i e d  nut after t h e  coa: ’l ‘ t i e ;;  O~~
‘ l in e  i f  h;’ c ) ’ 7 t lt e r s .  ‘ii , ’ a r ; : i r ~: t ; i :’ r i c ’ e f  he ;‘c s e r ’ l a ~~ i ’ ,; ~~~~
to determ ine L i v  dc~~rc~ oF  ~id ;’lity t h e  S I  ~ i l  i t  ; s f l  h a d  w i t h  ~n ’

_ _ _ _  -— 
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I , I ’

.‘i .  I i i  ; ‘ ‘ ; ‘ t , ’ t  . l i t ’ ‘ ;  t a ’ ’, !  t t , ’;~~~ ’ ;r  I ’ s ’ ! , i t  i o n  u t !  ‘,‘ ; ; u ’ , it l o u ,
in  r ’ ’ t o t  i ’l l . ’ ’ ’ “ t c ’ ;  t p I au  , n’ , i , ’ , ( ‘ ‘ t i e ’ , t  I t , ’ • i i :  si’” 5 ’d s i t  ‘ ‘ I

ttui ~ I I t t  c i t u d  U i ’ u l ; ;  ‘ :  l i t  Ic I t s ’ l ’ s ’ i l , ’;1t , I ; , ’’; , u :mt l o u t  , L s u , !  v e t

I i , ’ it I , ’ti 1 . 1 ;  p i , ’ ,! i~~’ , i t  ‘d ‘ i  ~
‘ ‘ :;~ ‘ - t t  i s i ’: t i t t t I I ‘‘ li t t ,‘ ‘ ;t ,I,it ,i s ’t  :0  t

I s ’  / • .i i t , !  i5 1 1 I I t l i i i  \ t I ‘ t i  t I l t  I ,i I ‘ i i ’ t s ’ ‘ i i i  I t  s . I~L is ~
1 t i , t t  5 ’ v , u l : t , ; t  t o t  s i l t S  1 U s d  , i t  ( I t s ’ l o t  !, t W i n  t I  ,i ’

~ h~,t t 5 t t  i i i  t o :

.I I u ’ e . ~ ‘ C o : t t  c i  , v s t  s ’ it c l i n t , ’ I ‘r i ‘i t  i c , c ) l i t  t i  I pos it u t :  i i i
( i t  ;:;‘ ‘ ,! ( t w i t ! l u t l u t , ~t l t vii ,t :t t , ’ t t  : ‘ j l i 1 ~~~, , l  ( o t u t t o l l , . i i i i t v ,

• \ ; t m s :  1 i~ t ’ i  t , i i t  i t t  t I  ~L, , I  ‘ s  i , \ l ” u ’ t~~ I ii h i t s ’ ’; ,

R o t o r  t h t u u ~~t , i i i i l  ~‘, “,,‘ ‘ i ’ ~‘ u I c c u ! t t  io u ; ; u, ’ ’ ; ’ ’ o h t , u i u , ’d !‘v , ‘ t  ‘c
I v , ’ I v  i ; ; o l i t  l i t s ~ t l t i ’ t o t  , i t  ; t r o t t t u i ~ t : t ’ ,, ’ l , u ’ ’  . t s ’ ;  5 i t V t i . t : t i ~~~ s t  I t ; ’ i i i , !

j u t  t ! t c ’s s ’ t ‘n it1 Is t o  c tt:e ’ , tt e W I  t tt t I , ~ r , ’n i t l ts I t ’ s ’t ; i  Bil l’ AL’5, i 1 /

( i ’s I ‘
~ 

c~ t t: t p t u t  i~~I i t  ,‘, ‘;a :u  . A u u ’ ,’ \ ‘ , i t  i t t  t o r i  in pet’! o t : , t u i e e  l i e t w s ’eii  I l l S ’ S i ! : —
• u m i  i t  I ‘ i t ’  am id  CS I t.’ , u s  r e c  I t i ,‘d t ’v u n , i h  jfls~ si c, I I  t i l t  i ’t ’ ul.i t b I t ; I s ’ l i e

B .i’.u , ’ , i s ’ t ’ s ’s ! v t t , i ” I I C t u t n~’t t O i l ; in t h e  s ; e e u I , t t o r  r r s t~ ,mtn . ‘ t h i s  w i ;  .1

~ t , ’ ~~, i !  tt,i u t s ’,’ ‘t, u t 5 ’h Ot t lu , n i n u  l i t  ‘; 11 I t i i ’  di ‘;~ ‘ t’’. t I l t  i ’ I u u , i t  i i i ; ’ ; , wi ilu
t in’ t ’S l r i ’t ‘u ’ c r ‘ i t  at ; . i  I v : ;  i t ;

‘ l i t , ’ i,’ s i i t t  t o  I ;i \ ’ S (  i i i  ~‘ I u , u l , i c L  i ’ m  i s i  i,,’s %~~t ’ t ’ i ’ ~~~~~~~~ I s ’ i t m s u i t ’
t l i , t t  t h e  l i i ~‘,t l~5 ’utI I orc,’;; , t i  i : i  1 , 1 ( 0 0 , t s ’i m w ’ t ’ g t t d  I ‘ ‘il ls • s’~~t t t t  (‘ i i  I I t , i ’,’ i ’ I
, r i t , ( t i  u t ;  , u t u t  u t  i t v u n , u t  clt ,’d t i ;5 ’ ; ; 5 ’ , ‘t  t i t u ~ 2 l ’ s  !;~‘l  i s ’ s ’ pt  s . m ’ . ‘l ’l i s ’ s ’ s ’ ; t i  i i i !

i , ’ i t n 1 , 1 1 t ~a’, t’ ,i ( i i o u t  ,t t I j ’ l u t i t I tin ’ l” t A,\ u,’ s ’ m , ’ ~‘h,’5’l~ ’5 l i ’  Li;; ; t
I I i ‘ i t t  t c’’; t e ’ S u i  It , I” ; ~t i t  i ’ t ; ; l t i s’,,’ :; I h~ ’ ~

‘ l i t ; ; ’ c o m m  e I , u i  i c i t i  c i t  co, u t
i’~’ it i s i t i  l~~c ,it i i ’ ; ; ”  it ; I ri; ;’ ; ’ 5! t s ’~ u, ’ t ; i I  I l i ~~l ;t  . ‘Fl u e o t , it ii ’ I t t  , ‘ r , i !
s l m r , ’~~t I ’ ; i l  ~ t t h i I i t v  ,tu; ,l ti t i ’ , Iv : i , u :u i c  ; ; t , m t ’ i l i t v  s ’~~ li t , ’ !“t ;A\ s, ’ ’ t ’ , ’
,‘hi ’ ,’t~i ’,t ,i mI;; ’ ; t I I u ’ h t  I ,‘:; t d ,tt , t .  r h , ’ , ‘ ; ;t m l  S ; ; l t  s ’~~’ ,l t ’,s t ,t il s’ s ’t ’ t s ’ i, t -
I ion ,

l o u t  t ‘ 1  l ul ’ t i l t  v I e ’ ; ; t  ‘; w e t ’ ’ ci i u ; s ! u u s ’ ( ed t i  s ’ \ ’ , u l u u , I t  ,‘ t i ; s ’ ,‘Ot ut ri ’1
• c o u t  t c i  u s ’;; ‘ i ; ; ’ , . in i ci ii; I u ‘i ;‘ ‘ ;‘; i t  i v  i v s i t  I h i ’ I tn t ! i t  i t .

I c ’ ; t I t ” , w , I ;  .is ’c , i ,t ~~’ 1 i t t  ‘d liv ,u ;~ i l V I I I ’, 5 1 op  L’ i~~t i I r i  I itt ~~ I i t t  inc e e l

t ’~~~v i ’ q i t , u  I i i c i  ,‘:e,’u ;t ‘; i n  ~‘ t , ’l ;  ~i u  ; ‘ c  I I ’l l  , u l ’ o t i t  I I ; ’  l i l t  c’li , n u t  , t O , !

v i;,’ s ’; , l u  •~ s t m  i ’ ’~ o u :; ! ‘ ‘ s lop 1 c I  I h~’ ‘ou t I s , ‘t ti t , ’ ;‘s i u t  m ’,’t l u 1 ’ I l  m t v
I ‘ ‘t i  i t  tl i 5 ’ o u S t  I ut ‘; ‘ 

~‘ ‘ ; ‘ ‘  t m ’esl t ’  : I l , i t t  t s ’ ; t  ,i ,t ( u ,  ‘(‘ t u s ’ I i , !  t I ’ ~ , ‘ t

~~1 ‘ i t  i t o ;  u ’ ;  v i i  I t i  1 ’v tl ~,’ ,‘l , ’’.s ’ , i ’ t l ’ s ’ l , i I i ’ ;  s i t  t h e  ~‘ o u l t  , ‘l  —

I t l ’ I l t v  ‘ ‘ ‘ I ’ ; , ‘
~; i ’ ; i ; t t  i t h at  I , u ;  ,i ‘ ‘i ; ’ ,; , ‘ ‘n t ; , ’l  i u ’ ’ t u t , t 1 u s ~

i s ; ; , ’ ,‘ , ‘ ,i1iI i : t  ‘• t S s ’~~~t t  j \ , t  I , ’ t ’ t , ‘ I h i t  s ’ t  (ii , ’ m s - I  it .i l ,t  I ‘ i t t  i t ,

A: ; I ‘ ‘ ‘ I I s ’ V t ~li I i ’ ’ I t  t ‘I ‘L’ , ’’ , 5, •\ l ’ i ’ t ‘t ‘ I I i ’  ‘; ,‘ 5 ,‘ c o t  —
1 I , ’ \ ‘ t  t t V I I t  l u ’  j u t  u t  • ‘ ,i \ t ’ ’ 5 ’ t ‘‘:1 I c  e u _ m t  ‘ 1  p t c t ’ ’ Iv

s i t  t h t  I i i , ’ ; ;  t I  I t  ‘ I  I ’  i t ’ , ! , ’; ‘ Lu ; ‘ i t  ‘ . u, ‘ u ’ , t ‘ I ’ t s ’ ’, , ’ s t  I t  l u s ’
I S !  ‘ ‘1 i ’  ‘~~~H ’ . I ’ i t ,  t ’  ‘ S c ’  v ’ I ’ ’ \ ’ ’ 1 ’ , ’ I i t  ~‘ , ‘ o ’u  , t t  I V ’

I t ; ’  I ’ ~ ‘ u I n ;  I , ; ’ ;  • i~~ ’ ‘ ‘~ n t  t ’ :’ ’ t i ’ ’ ‘ t t o t , ’ ’ ; ’ , i i  ‘ sou l, ! I ’ ’ t t , u :

h ’  i , I i ,  ‘ t i U s ’ ’, i ’ ’ ; ’ ,;  i i  u t  ‘ ‘ . ‘ ; i ’ ! ’ ’ , !t ;’; t t , ’ ’ u i i ’
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FIGUR E 3. CORRELAT ION OF STATIC TRIM PARAMETERS

pitch rate and attitude show simular t r e n d s  between f l i gh t  t e s t  and
s i m u l a t o r  d a t a .  It  is d i f f i c ul t  to match  the p a r a m e t e r s  in a hari—
over t e s t  because they are  a l l  dependent  on the p i lot  de lay  t ime.
i t  was almos t imposs ib l e  t o h a v e  the s i m u l a t or  p i lo t  delay the  exac t
t ime ~‘us on the fli ght test results. Not shown are other p ilot inputs
such as lateral cyclic stick , di rectional and collective stick posi—
t iot’t whi ch have a sli ght effect on the p a r a m e t e r s  d i sp l ay e d .  The
f i gure  shows minima l discrepancy between actual main rotor flapp ing

‘ and the  c a l c u l a t e d  m a i n  r o t o r  f l a p p ing  of the  s i m u l a t o r .  W i t h  Lh~
m a j o r  d i s c r e p a n c y  be ing  c r e d i t e d  to  d i f f eer i c e  in  p i lo t  fo r e  and  a f t
c y c l i c  s t i c k  movement as opposed to a s h o r t c o m i n g  a t t r i b u tab l e  to
the  m a t h  m o d e l .  In gene ra l , d a t a  is s t r o n g ly i n f luenced  by p i l o t
inputs , conseq uen t ly mak ing  s i u m u l a t ” 'cI ha rdover  v e r i f i c a t i o n  ex t r e m e l y
d i f f i c u l t .

TEST ME UH ;JDO LOGY

The test c n sisted o f a  p i1 ’ ~t flvi n~g the simulat or to ac~ o:,—
tb’ Iranian He licopter were two fold. The f i r s t  ‘ 5’a s to  l a v e st i g a t ’
and determine tl;e pos’;ibl” f a c t o r s  an,l sequence of even t s  l o a d i ng  to
h i g t  e t t i r i  r ot o r  f 1 ap p in ~ d u r i 5 ag o n u n e s i v e r s .  The ,tecond was to in~’ ~.t i—
,i t , ’lt C v ,i r i ou s  p i l o t  t e c h n i q i t a s  of  p r e v e n t  ing f l a p p ing  a’;~l c a n s n l u e n t h ’
‘ii i ;t h t : ~ p j og d ’;r ing  r e c o v e r y  f r o m  su n ’t s ’ ; a l  a tt  i t u d e s .

‘I F t u ’ te st ccu ’t s in t’od of a ~u j l ,~ t fl vi n:~ t he  s i : m t l s t o ’  L u )  ac ’ , ’r,—
‘) 1 l t h  r h o  . i b a ’,’ ‘ ebj’ct iv’,>s in a : :o r ; tn ,’ac,’ w i L t ;  the os’t a ’ > l i : ; l ’ o d  t e s t
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I’F
p lan. ( 5 )  During tiue si uu ,tl u ’ ‘ I t lig ht , luardov er to ’ l u res , both sin~~le
and d u l l  a x i s , wer e  i n d u c ed  :u ’ i t i t  .‘ach aircraft axi ’; , i.e., p itch , yaw
and  r o l l .  The m aj o r i t y  of  t I n ’ s H t u l a t o r  f l i gh t s  w~’ r ’  conducted at the
f l i g h t coi ’t d i t  ions t h a t  wer e  b , ’ l j ’ ’’ ,’ a d  t o  be t hose  of  th e  h e l i c o p t e r  a t

• t h e  t iu’tc of t he  a c c i d e n t .  These f L i g h t s  a re  r e f e r r e d  to  as b a s e l i n e
f l i g h t s .  The b a s e l i n e  c o n f i g u r a t i o n  was 13000 p o u n d s  g ross  w e i g h t ,

• w i t h  c e n ter  of g r a v i t y  a t  the  a f t  l i m i t  of 144 i n c he s , an a l t i t u d e  of
5000 f o a ~ and art a i r sp e e d  of 120 k n o t s .
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Data was obtain ed durin g hardover failures with the p il ot
dela ying hi s corrective inputs in or;,’ second inputs until the’ ;nsxi’~;um
s, l e l c ’iv t ime was ach ieved.  D u r i n g  f l i g h t  t e s t  p r o g r a m s , h ard ov ,”r d e l a y
t imes am g e ner a l l :, b u i l t  up f r o m  a tn i n i ;ruu m t i m e  to a max imum p i l o t
de l~~v t ime w a s  ,a ,,’h i~~v c d .  D u r i n g  f l i g h t  t e s t  p r o g r a m s , h r r r d o v ,,’r d e l a y

a r e  g e n er a l  lv l ’ st  i i  t up t o  f r om  r ;u ifl Loom t I n n ’  to a m a x  irnuI ’I cle’ 1ev
F H ’ . P r e v i o u m s  d a t a  sho ws t h a t  the  t ro u x im um p i lo t  de lay  t in;sa i t-i the

i ’m,t ‘ i t a r ,‘ire in close agreem ent w i t h  r e s ul t s  f ro t a  f l i gh t  t e ’~t t ’r e g r i
v to  t 1re  t h o u g h t  t h a t  t u e  lacl~ of  p i l o t  : u :t x i e t y  in  a s j o’ : I a t ar

w i ;  ‘I ‘;cr ease ’  t h e  U n  l~ v t imes . ( ‘~) h o w  ‘‘.‘er , I t is t hou gh t t ’;~U p 1 lot
t r a i n i ng f r c u , r  f l i g h t t ’- ’st c ’xpe r i  ‘ a. ’ ,’ -

~ u r r i e s i  o;’er Lu ” t h e  s i — u i  s~ o’

‘‘ ‘ ‘ t ~~r i h ’ ; t u i : ;I H’si” i~. r i a  ,‘ff’ct. Lu 1’ h1 i~~~j ,,st ; , th~ p i l o t  h a s  .i ‘,‘ n r v
h j , ; , : i i ’ ’ , I t  t o r t  t o  au ’t i r ; ~ _ , i o t a . ;  ‘1.210 15 j O  50 Ojt ’ c r . : ” t sir  t i :~~:t ~ : 5  “r.

s i  —‘ c”’ ‘ 0 1 0 ii S s’S u ’ I. , ‘ r : ’ u u t ’ I , u be .~~, s i ’ ~! Ia v u ‘ ‘~ ‘ 1
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,ut ’ 1~’ t o  m ’ s ’ , I j 0 S’s ’ll t , ’l o t t h e  ,i i t ’ u,’ F ‘ i t  I .
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I ’ t

t ’ 5’hu; i 5pus ’ ~ S1’ s ’ L’ . i l u l e  I )  o s s ’ t t s ’ u’ t  t o ;  tli ~ I;,;; sls ’V s ’t C O t I s i  L I  t o u t  , u n , !

t ’ s ’g~i j : l s ’ s l i ’ t t  r o t  o I I Ite’ ,u l s t  ,i t I  . O t i s ’ c t - i l u ’; , u L ’i ’ ; t s~ l O t ’ I i I i t t ’ ‘ i i  s ’t

I s’u’it >l i s ;  I I ’S i ;t v ’ ’s I I g _ I  I e,l u. ’ ’  u ’ 1 0 5, ’ l u ’ ,’ t I 1;o-~ e 5 u0 tt ;~’ b.u~u 1, 5  ‘ ‘ t s ’s 0 1
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O~~s ’ r i  I i V u ’ i l , ’t ot t l v  1 0 5;’ ’’’ i t  V I I t e  I ‘ .‘ 5 1 t 1  I ~ V t ’  t l t , ; t  s i t s  ‘ct It ’ 1 ‘ n I

t i l t ’ ,; c 5’ i i , ’ : i t  , b u t  t I ; : , ’ I i i ’ I s ’ s’ h i t  In ; > ; ’ I I u , t I  >~ ‘u t  1 , 1 ‘sot t iii l I t , ’ : : t t : t  l u S t

, . 1 , O  t , u t s u i’  1’ l , i s i O  I l , I I u i u  I l’~ si t U  I i t  ‘ ‘ , ‘ v n t v  . I I il I s t  I u ’ sdi ’i L s ~ I t , ’

t , ’ , u u t 1 s t  l ’ , ’ ,’ o: ’:s ’ I u s ’ s ’o t  , t I ’ l i ; ; I u s ’sI u ,n ’ t5 ’ u  - ‘, ‘u :v  h’ 1 ~‘ ,‘ - ‘ , l ’ u t . ’ - P t  I s u (  I s ’ 5’h s t j
~~ ’ u , ’

:1 , , ’, ’’ ’  5~’~ I ;  t b u , u n , ’ ’ ;t  u l’~’ I I i , ’ . :, u ;. t ~‘ ‘ v , ’ t  I I t s ’ I S ;  0 1  1 ’ t , t b  I i t

“ s i t : ;  m ’ ’  ‘ ‘1 t 1 . t , ’d i  . 1 ’ , . 1 ; i l S u ’ s’ . hi I , ‘, ‘ I :n  i t s ’ > , ‘ t ’v 1 0 0 0’ , : 1  I i i , ’
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~o’ i t  i ’ -  s i ;  ~ p ’  ,‘,l . s t  C . , u,’ : ’ : ’ 0’ ’; ’ l u ’ , !  w i t  t p u  s - b  ‘I :  
‘ 

> 5 ’ mon i Oz ’ i n .’,
m t  s’r,’’;~ ‘s i i  in  ro t  s i r  I l ,u~’;s - :

A ot  at  of  t - ‘ i s  r t es t 5 1 at  is p~ i r t  i c i u . i  ‘u,! i t  he progr in .  Of
l,,~ t e s t :  jot ~ t In ~‘~‘e we O s ’ ‘s :  :r:\’ us st  p i t  o t  i, i t  In .u ‘~ ‘ i5 i s ’ bat ’ h ,~ r O i S ’ t ~ ! i fl

I t , ’l  j C s u ; s ’ ‘ F tO s r h i t  i n  I s ’ l t u ’ H l o t  W , t ’ i  .1 B e l t  . 1 5 ’ !  i c s t ; ’  ‘et ’ t e s t  p i  l i t  w i t ) ;
p s - v  i .u ; s ~ i t ’ s  I i t  01’ ~~~~~~~~~ i 0515 ’” st ” 1 71 ’u hi ’ I i s’ s so s ’; t ‘st t irac. 01 l i t ’

t hr e 0 ,\: ‘ ‘ - t u ’:t t I’ let , 5 ’ S ! - ’ 15 1, 1  5 ’ ‘ ‘V I s i l t  ;t S I ’ ’ t I i t  s s~~ 0 X~~~’ r i c’ - ~
- 0 05 1; ~‘r

t h a n  I m u  i i ;  i . i u ~ t ii ~l,t is itt t I n s’ I ’ l l —  I I I  A t ’ ttr ~ - t r u  i n o r  7 I n ’ - i . Otto .\ r  nv p i l o t
ii ,i:l rs’u,’ ,’:t t l v  Ooi ”t ’ls ’t , ’sl a fli ght t s ’’ , t  p r e - t r . s t o  Ot t  I ’ s  2 t u C  h e l i c o p t e r ,
, lt t si  u ’ s s t t :; S ’ u j i s s ’ : ; t  l v , was; qt i i t i  f . s : ’:i i,tr wi th its perioruna n os’ .t u,1 !t,ua,1 1 jog
,; u , t t  i b  i - ’,t

t I n ’r t  .t in base li sts ’ ft ig 5 t t  S n ’ ’ r s ’ r.’;’’ lt ‘~l ws Li; a l l  ~ h i  u t  s u t  i i i

ing a l l  p il o t rec ,)vet-v tt ’5’!u’si q~ut’s t O  i l 1 ; t t t r s ’ J sl s ’ qt t t i t e  da t a o v e r l a p .
W i t h  t h e co uap~;rison of t he is i : t n t l ~~ t i o t ~ ~~~~~~~ o r ’s , ot ; ’ was , i b l t’ to

a s c e r t a i n  t h a t  the effects of d i t  f e r s ’nt  p i l e ’t s  or ; the t est  da t a :ci,s

ut s i n  ima I . A f t  ~‘ m’ c cusp 1u,~~~i ion of t h u .’ I’ :t i!~~
1 i~ iI~~ t 5’ tt in ’,, ha r ds ” k’” “ t i ’S I, i~~1

co’es de rte i t i  a comb it - ta t ion of  -ix i s  u.- o t ; c u t r r t ’nt  lv - ‘i ’lu is requ I :‘d the’
S i t n u t e t  ion  s’n g i n t ’s -’r , w h o  was s t a t  io t aed  in ti;u ~ s j t : : i t l , ’it ion c o u ;t r o l  roots ,
t o  j n d t i c s ’ is i t n t tt t a t ; s’~~ u i s  f~ u i  l u r e s  i s ; two differe nt ax i s , ex~u ’ : s p 1e:  p i t ch -

‘

down an d  l o f t  me l I . ‘l’l; j u t  wass ’10u.’rl
’s”;’utl u’ul t o  du .’t s ’i ’ :’;i ste t h e  p i l e  t e f 1’c ’rt

required to  con I rt ) l the’ duel h a t ’d o v u ’ r f-a i lures versus is i ng le failures .

Upon c0> : s; ~ l u ’t j on  of  t l ;o  above l;;irdov5’r tes t i n g ,  t h e  h~~s ic  t e S t

~ o :;I  i ; ’ , ;t rj t ion was v,trjed for the r,’ ;t.t i n s l ’r  so t ’ the test. Tifl’ ,m ir s e~’~’d
was v u r i e ’sI ~ro;n 100 I i ’  IsO h -n ets a l o n g  wit !; v ,lrv in~’, the c . g .  f r e t a f t
to  I os ’ w u  i’d at ;5! v i  t ’ v i t t : ’ ,  a it i t t t s ! 5 ’ -

The p - > ’ p u r u . ’ the is i t ;t s t l ~~ t~~ t ’ t s o ;‘usa  t l t s ’ d i  itle rcuit t C t ;  0 , 5 5 0 5

. i l I  th at was ls ’s’u ’ ;t s ar y  west to u n , i k s ’ u t  i n r u t  cl;,s:t ’’ ’ to the cs ’ ’ 1 s , ; t u ’r

~~ t u ’ i’, t ’ ; t I i t  w i ’s id; s i l t  n ot  eke  n o tch  t i : ’ t s ’ . ‘I’ti i - s  1 5  .1 ds ’rrKt rt s t r et  i on  of  t h u . ’
I l , ~~xj ! ’u j  1 i t  V t h a t  ‘ i r u l , u t c u r p r s o >1 5’ ~ l l5;  it t ;:  ov e r  .t 1 1 i , ’il t L ’ S  I ‘r u u g : ’ _ s s n ,
wit jolt w u u t i , !  h i V e ’ r e q u i r e d  s’~~~t o t i s  I V u ’ wo rk  n t  I u.’t ’f s ’ut ’ t t o  d i i : ’, t - ’  t i m e
f i i  ~‘,li I , ‘ , s t t j  i t  ~~~~

test i t t . ’ ,  W ,t : ’- ,u i ’ts  1 dot ’uu ’ st>t , l - ’ ‘‘ ;t i ut t >m I ‘ut s ’d 1 FR c o n e] i t ’  10>15 . n I

W 5 : t . l c c u su: u : , s l ish;e ,t hv !u,tvj :’, ’ the u’s ’ it ~~ : t b e t  g’ta~’r .t t ,s ,t ,i pr o  l s ’ ,’t  ,i  u, ’on —

p l s ’ e c l e s s ,  I u.- o u ’ ‘ r eve t ’ I, i ; s ~ p i l el  ‘ so v I s : ; - i l  scm> ’> ’ .1. TIn i req  t ~, t t ho
p i l o t  ( u i  s’ s~ i : : ’l : ’ !, ’ l , ’ t’,’’ , u i i  c on t r o l  ‘~~~ I t i s t  .; i i’~’ r , s t I  , t t t : ’i’ , i  1u . s : ’d o v ’r

,t i I u s ’’’ ‘s ’’, l t ;  ‘ to li t , ’ I I i th i i :s  S r l t - r a t  ~ o , t  I ’  . tIn ~‘so  u,.’ , ;  , t

I s ’ ~‘~~~ ‘‘  ~~s ‘
~~~~ 

I ~ ‘ t ~~~~ ‘ ~~~~~ ~~ ‘ u ’ t v  ‘ ‘~ t :‘- “s l o t s . l ’s ,  t t o  sI ,’ I “ , , ‘ :i ‘ t
.1 ~~ t l e t  c i i i  1 . 1 rs ’ ,’ s ’v s ’ ; ’  b 1 : , ’ “~~ 

j ’ ,t t I .1 1 t u  F .1 I t u - Ins s,’ ,’r f : ;  I . i n ’  - ,‘~ i I ‘

I It’ 1 s t  I I I . I , ‘ ‘ . • us ’ ‘ ‘ i t s  I s i t ’ I~~0t ’ I . ’ s ’~~i u’ , ’ f , ’u s ’ t t ’ ’ ’ , ‘,, t i  1 ,- t O t  I ~ ‘ - t ~~ s i t  :u~~~’ ’- —

u t I ~t ’ , ‘, , t ~~~:u I ‘ u s l s ’ ~~~~~~ I I I’ , ’ . 1 > 1 0 1  ‘ ‘ t i - i , !‘ : ‘ s ’ , t u ;  :° , u I : s ,  h a  ‘ ; s ’ ~ ) ~ I ’ I I v i  ‘‘‘,
I u ’ ’ : I  t V . I , ’I ’  1 “ :1 s,’~~~-~ I i s  u . t , ,I ’ u , t ’ ; ’ t : vt  lt  V t ! ; i ’ ’ ~ _ t I ’ ’  i t  r i , ’ — .

1 . 
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I’ 1 1’ 1’

- 1, ’’ ’ ’ . ‘ , t ~~
‘ ‘ r,’ l’ s ’ : ’ 1: ’;’ :’, - ,~, . ‘ . ‘ ‘ > ‘ .‘ , ‘ s l , : ,’ s ’ ,l i-hI  \In : ~~~~~ ‘.‘ In - -

v , u r v i t i u ’ ,  b l i ’ ’ ‘ s s h  e l ; 01 t i t s ’ t -hh g , t ’ l s u , e - u s ’ , in t h e i r  F O s t s ’ . S i ’ , ’ - ’
r ou t  i i ’  p t e ’

~ - s ’ ‘ In o c ,o; ’ t ; u : t  t ‘ u ’ sr  , s~ , : > ‘ - ‘It s’ In .u 50 1 i o u ’ r ,‘~~ - ‘

ps ’r t ’ui t ’ . ’ss ’ sl w hit :v’t’r ‘:-uj”;,;t ,’tv + LI ’, ; s : b ’ : t  , s u t I ’ t u t ’ I I u ’  ,i ; ’u , I was

q u su ’ t ; t  I v t e 5 l e e ’ ,( ~~ ~ 10 , , i s ; ’ l  ‘ ‘v . ’ : t l ’ : i l l ’ , t o  4 8’l .

i > ~ ‘ u t  5’ s > t t e  l , t , I s ’ , I  s i t ! ;  t i t s ’ i , u u ’ s s t p s ot ’~~t t  iof l  ~~f a ~~‘Ait  u.s

is t u ’ u in I ’ , ’ ~ C \ -~ I ,u ”  j ~ u : h ° r  ‘a t  L u s ’ , s 5 5 5 ’ 0 O~~ t ’ i t  I s ’ r ~u t ’ o t s ’ a t . , 
- I In is ~ us

, s ,15 ’, . ,,u : u. ; I r ,it 0 the 1’ , ’ r i , ’ i t  ut of :1 rh ‘ s i  i t  > °r i n t o  t h u . ’ -
s l ’ s  l i e ~ I i

u ’ s ’”! ‘I’S , ‘l ’In~ ’ ~‘i in c  i a l , ’ o t  , s u s , ’r e t  i > sn  of ‘ I s u ’ r”.,suait or i s  ti t~~r i t  l i e s  , u

u l s ; h ’ l i C t i t u ’ SC\ :~ c ’ s .; ’  ,r , l t , ’r ss,’bw.’;’I~ s’hici t i s ,  t i t u ’ s ’V s ’ > i >  of  .; h a r d > ’v 5 ’r

h i  , s r l s ’ s i i : e ’, ;”  5 ‘, s ’ t I n , ’ fOuult\’ u.’h, t - u : t ’ ’l . l O u t s  15 5 u ’ ltardover i s  nssl i f  ied

o i t  C~ if l  ~ It ,u : s r s ’ r h o  Ito 1 sc >o
~
; 01,’ ,t t t I ’, uu! ~’. Tttu s the i’s ’ > ti , I  i:; i :1; S CAS

cbs :;nta ~’ I so tire 1, ’ ft ~i s 1 . ’ r u t  i Os’, ~ u ; : I L i t , ’ h t u .’ I i  C s ’  s t  or c,tn s , t  L’ ly be f ln’,.,i

w i t h  ‘t i  lv  OOe’ St ’,\sl ch , ; : t i t s ’ l c u f f  I i t ; u . ’ .

S 1 h ’ I L I I , A I ’I O N  l t I ’ 1 S 1 5 1 I’S

I~’u~ r ,vtuill u.~ f t h~’ h . t~~> ’ I i s’,s ’ ha r >tov5 ’r i s :tu ;l ’stor test ~i u . ’ t ~~i C t  in~
‘ia i t ;  r o t  or  f I a p p  i as ’, v~ ’ r ‘; uu s p i l o t  do I av t i n5 ’ an~i t he rs ’ spec  t i ‘.~~~‘ 1i j  l ot

t t ’ C l t l l i I n I u u 5 ,lr~’ s t t u , ’s: t j ;i  • l~~~ L t 1 e s t  7 t o t  , su g l 1, 1 . lIn u s ’ u.!. l t  -a she.,:; i : t

.ifu.’u ru.’: rs: ’u; t j u .ont ’d I i u ’ , s S t’ s.’ ui .‘t t ’ s ’ d, ’r i ~ ’ ,’5l f~~5’~:~ it i t s s n i a t o r  f l i g h t s  t l ’ s , t t  paral’—

1~~ I ,  t I > , ’ ace  idstnt II i~~ht s’s i t t s l l t  I s ’!;;; , I t  5 l ’s ( i t t l d  l ou.” n o t e d  t i ;,it p i l o t

t eclu u t t spu ’ ’ ; ;uj;nhts r ~~~ , is u’u f l l V  ap l o l I c  stu h’ to lat e r ,u l ttar:lee ’ ’r s  , i . ” . ,
I I v s e u t  t s ’chni qsie ’ i s do ; ; g I ; s ’~~i f or  i t s ’ I i c s ’;’I “ r u t  a t  hi l . ’ , i I  r 5o i 1 at  t i t  u ,i ‘ . -

0 5 ’ t i n ì  i ‘I I t s ’ t r u t h, ’ r , t i  flu. ; I, I 1 ‘sun t or r I ‘ l i  t r s u l l  ii at ’ d o v ’.5 s’s
he’’ did 005  !‘t ’ s°V u . ’  s~ t I ~~ u. i v ’ ’ i l l  t ’ s i u l I . no’ 1 i O u ’ ,  p ru.’v I 0:u ~. lt :s r , l s o s ,’ u ’ r io ,

- -
~1 _ _ _ _ _

r’ - ‘ 
‘5 S ~~~~~~~~~~~~~~~~~

i s ’
_

~~~~~~~~~~~~~~~~~~~~ t
_

~~~~~~~~~~~~~
_ 

-

S

u S  5 _ _ _  _ _ _

_  ~~~~~~~~~~

- .



1
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I—’ . 5 1 5 1 ’ s’ 7 O i ’,’ , s , ’ ’ t  I ‘ u s  s s ’ ; i ,  u 1 ;i u ’ ; I r .  t s h i t ’ s  1 It jr , - ‘V . ’

h i  H.,’: u , - > 1  i t s ’ b u t — ;  i s ‘ ‘ ‘  i t  , ~ s ~~‘ , i t  i u . os t  - I I ;; h ’ - ’ . t ‘ ‘ ‘ ‘ i S , ’ 5 ~,‘d u . 5 !

- ‘ 
- 

‘o u s t  I ’ h  sv  t j o - ’ s ; ,  — S ‘:~~‘~~‘ , ‘ s _ i ’ , ,‘it  1: p :  ‘ 5 ’ _ ’ l u  ii b u t t ’ a:: r h o  r
u I - ‘ t o  is s il t isis ’, it s I h u e  I .t  r e’ ’ t ~~ t 00 1 u t ’ -’ i t s  5 . ~‘~ o :5 u t :

i t t  i~ ’ ‘1 ’ P w_is t  ‘tps ’ s ’ 1 s t  I \ , ‘ u , : i  I u ’ - ‘d a’; 1 5 u5 ’ ‘‘ ‘bu s ; ’ ‘ ‘~ ‘ w,u i oh ‘s I

oh’ ~ lv  s s i s : :  I t  0:1 5 .s I I n s  ,t ~ s’ I Ins’,; I’ i s  s,’ i ’ , .Lsw’ .s I i  i d , s V u ’ I’ t r e ; I .‘

i r s  I _ us ’ ‘ 5 ’ p i~ ebu t ’ . t  es t  s,’ u ’ > u  :~ 
I , ’ I u,’ i t  It I i s :5,’ . ‘ I 1 r e  o r  e t I t o  i g : l

‘ t I :  s ’ ; , ‘ I I i, , ; t ’ ~ I t u l l , s~.’ ’  si , I t s i ‘1 ts r ’ ; O u , ’ I t  e n s  s ‘ -, ‘ ‘ 5 ) L  t h a t  i t  ‘o I

I’,’ cs s t ; t s ’ , s h i , ’ ,I I ’’ ,’ t h u ’ 1 . ; t , ’ r . t I ,- v , ’ h i c  s o t  i u . ’k ’ l t r  ‘ u ’ s !  s o l o ,  ~‘ , ‘ : s : r ’ l
s ’ . , ; , t  i n ;  i n : . ’ . >\ ;t  , ; , h s ~~ ;~s ,  et ~~c 5 s t  t ’ r !  ci t  s I : ”., , s  l t , I i ’ s , t s ~~\’ : ’ l ’ ,t I - -

tIi .;t i t r e s u l t s ’  i t ;  t h u ” , ; h t ’ s ’ t , u ! t  5u u t  0 1 ’ ! > ’ ,  .1 u , ’ ; : ’ l o w  , t t t i t , s : h ’

re’s;t l t so i n  , u ou in ~’s ’’’ast~’ i ,s _ ui ;‘s:’,’5’d .ins.i ,u ~I . ’ cr o . s  t o  i t t  a l t  I t u  I ‘ -

h~~ even t I; u.’ _h 1 .  i s e su’, , i  ‘,e .1 in In oh s ’’’ ‘d t 1 t ‘ I t  t a t  ,i I - ‘w .i I
¶ .in u.l a p i t c h  ~t , ”..’ : u  I u.; r5ls ’i’-er is s ’: t , ’o ;s ,h  s ’ s  Cd t i t ”  i s~~ i c s ’: ’I  or :o,uv ~~~~~~~~ ‘.1

t > ; tr’ V t ; s ’ so p  n d  u, Ve b c  v N u ’~’ ’ r to In:’ I xc ~~~~~ 
‘) , In ,u51d it iou ; , a s i ‘i i i  —

i s ,’ , u : t t  l , ’is s i t t  .Ilt i t u d s ’ n t ’ ,’ t ’ s ’ s t ; s l t  , t l t ’ s ;  s ’ s ’. : t ; O t . ’, j , t ’ ’ ,  t h i s ’ .tl t i:is ~t s,’
r e ‘~~ s t  5 s ’ sl 5 ‘ s  .i 0, _ u ~~ , ‘ ;-

u. ’ . e i  . ‘:‘ s, r’ ths. ’ hi u. ice 5’: u.’

t h u s ’ ,b , i t s tress pi t c h ;  tip h ,st ’ .hevu.’rs .m r s ’ d i s s ’ T , ’iv e d  j , ’,  I r r u t s ’ ’,’ ~~~ .

I ’  i t el t so her Jo i c  t’ s o n ’ , ’:t l s l  s ’ s ’ i - t u i  l t  i i i  a t ;o so uu p a I: i t  uu , i e u.i t ’ i t > . ’ h t u ~ I 5’ s ’

I ~‘ s  , .1 i,l , ! i i s~ t s ’u t I t s ’ v j ;; i t s ’, s’. ‘ i t t  F u.’ ; t t  I c  t I c : ’ , ; t hr  s ‘ p i l o  ‘ i i ’. 1 ‘.o’;

I t i ’i In,’O L , ’ :’ t t t  u l  :,‘Oh’t’,’ncs~ ,iti5l t,’,’- ild tI’P ’.ut ’ Isi i s u~ l ’s’ ~ > t ’ ,  10 .4 t h u  i d ’s,

C ls ’~u,1 ~~.i\ ’ s,’ t’ • I I t  j ~t ’ , ’i , 1 sj s ’ ~~t tj s ’s2s’’> ‘ f l ’s’ t.’it’ hu~’ p ’ . 5 s’S it I :1 ~ 0s ,’s ’\ ’ ’ ’ t ’

I rcr ,t ft ~~ r5 ’ t’ s ’ s ’ s ’ t i s ’ s ’ , ‘ t h e r t  I i , ’I ut i t i s :  s i t - ‘ . i t  is so b ’ s i

t O u t p 11 cu t t , ‘ .‘ I u i ’, i s,~ut s’ i i ; ;  r b ,  ‘ t ’ t , . , ’ ’ ,’ u,’, ; t i l t  s’,I ‘t o  I: i’ t ’ , ’ :t f I ‘ ‘ t o r :5 . ’

I t t e ’ uS; 1 : 5 1  55 ’  t : : u  ~ i I. ’t it ’ 1 .iv t i ‘ s t ’ . .‘ 10 ,1; ’ Iv t In, ’ u’’ ste u,’.’t;51 i t j s ,’.s

2 . 2 , 2’: ::, . ,: -.s
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ov ‘r ,~~I I s , , t l s e , ’ t ‘ u s s i q u l s ’’; I ’  - ‘ ‘ :1 . : :  S t  o u s t - b i t’ ,’ t s o  ‘ f i t ’

r , a n t ,’ l v I s t , ’ c , s , t - ,t ‘‘ a r i . ’, i t t  r , ’I  I s s , u ’ , t i s’s’ ’ ’ r  tn ,l 1 .5 s o c o s t ’ b  - ‘ a h , s r s , I —
ov”  r r~’ u f it  It i t i ’ s  , ‘. .u 1 ‘ft ru. o I I , I - i  I “ S t  S ‘s t  I n s ’,’ . ’ t ih  ‘wi t  t h u  ~u ’

is a r u .’ i’ , -~~~. . si ~~J ,u ~t d  I n s ’ f i s t  u. ’ O - t I ! j O  1 sri’,’ ’ I~’ .u t ~ 
;‘j t - so sr  . i l t i —

t u d ”  e n  - t r s i , s s s s , - I d O f l u t  ‘ q :t  ‘ : 5 5  l ’s’ , ~I 5 , 1 t O ’ ,  W a r r . l t lt  L S t V ’ S t  I ‘,. s t  ‘ ‘0 .

‘ i t s ’ . 1 , s s u n  i s > ’ ‘ s  ‘ . 1 ’ s o :  I o, 1 .; u~’ t s o b s  ‘ ,‘:u I s - t t  ‘so j 1 t bu ~
d i s c u t ; , . , ’i j~ i “ ‘ s - s a t  t - ’r trs ’. . ‘ l I t , ’ O S  t o t s  s, 5~~ ch ,i s a ’ , i : t ’, t l;~’ c. ’~s t - r  or

,-‘, r . sv  it 5 ; ’ . ! I t s ’ I o r ,  ‘I ~~t u .~ a I t u.’ . u.. .  1, ’  .s I ,’:o;u ; I . . o h  I L , ‘ ‘ I . u

n i  t I ’ ’  , n u i : i  r o t O r  l a I s l s i : t~ ’ . 5 , 5 - i  d~’l.i’.’ t H u .’ . :\ i r ’ : 1s ’ , ’d- :  of
1 0 k )  , iPi s , I -~O , s s t . h  1 s o ks’s is ‘,,‘ ‘re ’ t u . ’ : 5  ~ ‘I :‘~‘r .u t l  it i ’ s ’ , h ’  ,i xi-s h a r 5 l —

S 505 ’ ’ r c ,o n .~b ’ I L it  ~ O ’t , TO s ’ s’ s ’ ;;; > I t  s s l i ’ , ” .” ’d t s r  t b t s ’:’c w , ss  i t s ,~ not i c s ’ , u I n t e

I or r ,‘ .u ; ‘ i n  f I u
~

’ u  I:; ,’, d t t , ,’ t cu t In ‘ i i s ,’ r s ’a ’t  c l u I : ’ eo ’h , s ’ XC  o p t  I 0 5 ’ t : i s , 5

of i u ~~d k t t > ’ S  ‘; p i t s ,’b t  J o ’,.’:t h a r , b , s ’ s’ s,’ s ’s w h i c h  s I t c ’ ,~’ , ’ ,I a S i  i~ ’ , h s I  ji’ucr,’es,~
_

u s 
‘ Ti ;,’ lu t u r I .’v u . ’r s  t ’ s . u t ‘.,‘ ‘; ‘e j , ; , l u~~” 5t i n ’ , s , I , ’’,’ s i ,’tt :lat5 ’d S I R  s’:,t : ub :ed

Ia no s i l t  t u . ’ r s ,’u ics ’ i s  r s ’ s n s s , u ’ e . fis h :; 1:; to - . ,, ‘.‘ t I t , s L  :‘ i . s i ’ n ’ .t~ . t , r h ‘ t , i ,~~i —

in ’> ; ’ t t ~~ ”,, ’ du.’l : t v s  ,sr ’ ccump. arib ’15’ t o  t h o s t e  ‘1 t h e  b~asolia~ t ’ ; t  isa~ shown
i sa  I i , ’,ss r 5 ’ 7 t h r o u ’ , h u  10 .

As p t ’e ’ c i o > . s : s ’ . ’  n o e i ’, :  i - ’’,.’ I , t I s e  t i i~ ht c > ’o t  ~,‘l .ov s t  ‘n ” ; of the
2 1 4  h u o l i c e p r e c  i, ,, t’s, u 5hu ’,’ ’s,t t j ~~t il b v “. s~iu . ’ l ’ .l i :a i - inc h  u t ’ s ’  t h u n i t t h u .’ sh’AS b

c oo t r , ’I  ~a i t i r ;  5’o n l d  Is s,’ ad ~t t s t , ; i  to i t s ’ s - s o t  i ”,.ui ‘ ‘ , bu ~’io ~‘~~fccts s ’n tOe
h u .’ l i ,’ ’ o : ’ r 5 ’r l;an~ll i ’i u’, , snt I us~~,t b s i l i t v  cbs ur ’ .sct , ’rjs ti c’ t ,‘hir t s ’,” t t o s”. i l  fli ,’,bst
ars~l I ;, ss ’Jo’c . ’r fail :s~’ . ’ ’t . Psu rH ,’, :t , s t , , n , , I s o ,  ‘ .1 f ’ . i . ’ , b t s , t h o ~ : ‘ i t . ’- s s  ; u o l e . h
u s ,’ sJ ;sd  S i t  n i t  i v”  d i  f t  ~‘ r ’nc ,’ in! 1;,’ 1 s ,- ,‘ ‘ ‘ ‘ s  It .is ;.i I itt . ’, sS t , i  1 i t  i s , ’ is . o >  0 t b u s ’
r5 ’ i nc” .! S C A S  p ~ i cls s ’ s t  lu’ s i t o  . I I t s ’ . s ’ ’: ~~~~~~ ,~~c i r ,  t ~~~~ ~~. ~~~~ n~

5 ’ C f ’ ~ ’t , ’s,h h~’ v , i r ’s’ i , t ” r u ’ ’ Su ’’s° a t ’ : I s ’ r h t ’ s ’ , i;, .’ . ’v:’r , th~’ ~ i’~~hs s , i ’ ,’’ ’u hI .,;’ ’—
p i rag rot; pot ; so u.s  -: , ‘J i t s ’ s s t 0 ’  

~
‘ 5 ’ 0 5 i “ 0  ‘ ‘ so P p ’  i ’ s ’ s , i l l  . ‘ S u . ’ ’ t  I t ’ ’ t~

a n t i ” !- ’ ’ i t y  was  s - I n  n o,! t ’  S :‘. ‘:‘ .‘ ‘n t

Thi s ’ ;‘ . ‘ : 2 ’ s c u t’ t h u  S C s i -  , - ‘ ‘ c i ! ’ r  t .’, t t i s’ .’, 1 5 0 1 , ’, ’,! t It ~s~ the
::s c u n !  i t - c u r ,, s o s ’ s  1 1 In 5,,’:! ~‘ , ,  ‘ In ’ ’ f,u I I ’ , ’ S C ‘:5 c I t  ,u s ’ s ,  5, , ~ t I n  s, en  t or ’ : I t ’  sot ’ j e s t

S ~s , l t e t ’ , TIns’ n” . ’st i t os,’ t’ u ’ s , l ; t .’ s’s,I t °’ . ‘ ,; t , ’~~- ’u ‘, 1 s ” s ” i ’ i . ’ Ol’ :’ ”d i n s ’ , ’,’ and
‘s:s,lu ,’ t h u . ’  o s i l c u t ’ s ‘ I’ , ‘ ‘ ,,‘ - ‘t ’ ’,’ ,’ u.’t  i n ’, ’ t I n ’ b i e r b ’ .’- ’1’ ~‘ ,I ’s j~ n, u b _

ACsI  I ‘~ “I \ F ‘ .1 I’ - ’. It’t u I t u ’ h ‘1. ‘~~

‘I u t ’ , s u ’ ,
’ t , s o t  t i u ~ ’ I c ’ ’; I I .u~,. t i  w i s o  1 ‘ ‘ 5 : 0  “ h , ’ s , s  , i , l r  ,‘s’ . ’ .1 o t t  cl ,

l e f t  r ’ i t  u l t  j t : u , I ’ ’ S n o ’ s  , I . s i n s sr  ~~~~~~~~~ . ‘~~ d i i i  ‘ s ,u :’ ,i i - s’ . ’ t ’ s .
iIs j~ i s t t h i s ’ t u t t i t n i , !  ‘ ,s ’u s , ’ r v . ’ .h ‘b i t s’ H t i ; ’ t , ’ .’ i  I ‘ s i .  I n s ’ ’ ,‘“' sor v o r t,’ . s s

C s , ’ ‘u s j s ,j 1 os I ,;h , s : t I  ‘, I s ,’ ~ h , i  ,‘h, Ii ss’ t t  ,t I I i t  ‘ ‘ 1 ,’ I n t t  I l’ s,’, , ‘ , ‘ ,  ‘, t~ ’ :1 I t a s t  i . ’ Ot t  S
In ‘ I s ,’ I’s r i l E  ru ‘ t i t  s : , I s ’ — 1’ : s, ’ I s  s b , s’~~: t i i  i t  I n ’ ’,’ ’’,’ o > ,  . In d ‘I  .s i t  s ’t

’ 1 . ‘i

.n s, ’ o, ’ ;t r , ’ s t u l t ’ ’,i I o , s ~~~~~~~~~ h’ .. t t k s ’ u l ’  :, s . !  s, ’ ’ s ’ ’ ’ ’ i ’ ,’t t O . ’ ’ ’. n. i : I u i . ’ ’:

o s ’  “ u , ’ r~~ ,;s ‘In f-c r t ’~~’~ ’~~’’ nv ‘‘so ’ > ‘ ‘ c ‘ s 1’ ~I: s i s ”  s ’ s  ‘s ’ ‘ 1 u s  —

i s i s ’  ~‘ t ; u I ; ’ ’ , I . ‘ ‘ ‘ c ’ s ’ , - s j s , ’I ’ , , , , ’ ’ , I u s , s ’ , I ’ ’ ; , ’ s ’ ,t s’ ’ I ’ ’’ ’ s i n ’ ’ l ’ ’ ’ ‘‘ ‘ ,c ’ ’, I , l
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P L ’t ’~

r e s : u i  H a Large ~,jlt att i:u dc to the righ t wi;15’it tins contrary to tito
obset’ , at titude. This cn ’u bo ~xp l~~i n ”us: J b y t t u ’ ~ :“ oc’, that the obser-
ver ‘,,- n n  hesitant about tIn >’ r~~ll attit ude an ’i that t I e  p i tch dow n r i ght
rod ~

, ‘ - s :’l ing of the s imu l i t  . c’ n’’ss exag,;u ’rated o’,’ ‘c Hat  of the real
hel  i d s I n t o r .  P r e d o m i n a n t l y ,  i. ni ;’b ’,s’ f l a p ’ i n g  w ou l d  r ‘ s i t  if  t h e  h ar d —
ove r  was removed i s i n d ’s ’ or t ” n t ly it the st’~~rt of t he  p i l o t  r e c o v e r y
m -iti o’ ’j ’,,’r , i . e. ,  p i l o t  t e c h n i qu e  n u t ’n b e r  2 .

Altho ugh i t  was i m p a s s i b l e  to an u c ertair u conclusive ly the
e x a c t  cause of the ace ident , it is must orobable that the ace ideru t
was ca used by a p itch down l’sardover during fligh t testing, and its
inadvertent release prior to recovery.

CO~ICLU S ION S

From t h i s  p rogram , one can c o n c l u d e  t h a t  f u t u r e  Army real-
t ime p i l o t — i n — t h e  loop simulations have considerable merits as a
research and development tool. A s imulation of the magnitude as out— - :

li ned in this paper would be extreme ly costly and t ime consuming if -s
It had to be performe d by f l i gh t testing , Also there is considerable
pilot risk in fligh t testing the failure modes of the helicopter
control system. Thus simulators are ideal for test that involve a
degree of risk during fligh t testing . A simulator program i-s cost
effec tive because they require less peop le to be involved , req u ir e
less tisne, and are not affected by weather (can fly 24 hours a day
if need be and do riot have to wait for good fly ing weather).

The abilit y to modif y the mat hs equations to r e p re ssn t  d i f f e r —
ent test conditions , e.g. , gross weight , center gravity, airspeed ,
etc., and control system configurations of the basic helicopter , as
d e m o n s t r a t e d  b y t h i s  will result in the simp lifi cation of the air-
worthiness/qu alification process of future Army h e l i c o p t e r s . This
w i l l  a l low Army a s se s smen t  of a n e w/ d e v e l o p m e n t  h e l i c o p t e r ’ s h a n d l i n g
q u a l i t i e s  and p e r f o r m a n c e , wh i l e  the h e l i c o p t e r  is s t i l l  in the  dev e l—
opinent phase .  The p i l o t  can  p e r f o r m  m a n e u v e r s  in the s im u ’ .a t or  t ha t  1-’
ar e physi- :ally prohibited during norntsa l f l i gh t  testing of de’~elop~~~nt
helicopters.

RECOM NEND A T f InNS

As f u t u r e  f o l l o w  on , coti s i der at  ion sIn u ld  be d ive’ > ~ s’ t h~~
f o l l ow i n g  rec ot ’rs’u es’u d a t  ions fo r  p i l o t e d  h,’o s ’u l a t  ion as a d~~v~sl on .’to” t
t o o l :  

-‘r:n ’n ” • -~’ - - . ~~~~~~~~~~~~~~~
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