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SUMM A R Y
A mathematical model for the auto.stabili:er autopilot anode of the automatic fli ght

contro l system (A FCS) for the Sea King Mk .50 helicopter is presented. An outline of the
autostabi lizer/autopilot used in the aircraft is ghen first , followed b; a description of the
mathematical model, which includes a representation of eaeh major element of the aircraft
system .
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I. I NTROl)U TION

[he operation of the automatic f light contro l s~ sten; I \ I  ( Si for the Sea King Mk.50
helicopter i s  consc nient l~ subdisided into tv.  0 modes , the a utt stahili,e r autopilot mode and
the \SV ~ mode. The obj ect ot thi s report is to describe a rnathen iatical model of ’ the 5) stem
in the autostahili ier autopilot mode. ‘I his is used in conjunction ss ith models representing the
thini controls tRe f .  Ii and the AS~st mode of the Al  ( S (Ref . 2 .  logether . t he f lying controls
and the A I LS  torn ; the control s~stems for the helicopter. In turn , the contro l systems model
combines ss ith mathematic al models oF t he aerodsnamics kinematics and sonar cable transducer

• to form a con plete helicopter sonar d~ nanh ics model sshich constitutes a majo r part of AR L
tas k RI) ~9 ~4 4 . A i r c ra t t  Behas iour Studies Sea King. An osera ll block diagram for the
helicopter sonar system is shoss n in I igure I

The autostahili,er autopilot model presented here has some similarities to the autop ilot
representation used in the ~ essex helicopter mathematical model deseloped b~ Packer at
Weapon s Research Fstahlishment + (Refs 1 ~ In addition , a simp lified model of the Sea King
autostahili,er autopilot has iecr ; described in Ret~rence 7 .

The model presented here makes representat ions c. t  the elements forming the autostahil i,er
autopilot used in the a i r c r a f t  (unlike the model outlined in Rckrencc 7. sx hic h represents ori l~oxerall control lass s . A full description ‘i the .\I ( S used in the aircraft is gisen in References
S I I .

Section 2 ~t this document describes the operation and components used in the auto-
stabilizer autopi lot of ’ the a ir c raft  Section 3 out lines the mathematical model: this is subdisided

• • into pitch channel , roll channel . \ as~ stabilizer heading hold and barometr ic alt itude hold.
Block diagrams for t he model are presented (I igs 2 51 and its equations are gisen in Appendix I.
The block diagrams are constructed Iron; diagrams of the phys ical sy stem contained in References
S and 9 and f rom circuit diagrams and data for the AECS supp lied by Louis ~ ess ma r k Ltd.
manufacturers of the equipment. The~ form a link hetsxeen the phss ical system and the mathe-
matica l model . The equations representing the char acterist ics of each element can be deduced
from t he block diagrams .

2. THE AUTOSTAB IIJZER AtTOP II.OT \IODE OF THE AIRC RAFT AFCS

The autostahi lizer autop ilot mode of the Al  (‘S prosides the follos~ing facilities:
( i t  Sta bilization in roll , pitch and yas ~.

( i i )  Heading hold
(i ii) Barometric altitude hold .
References S and 9 describe the aircraft Al ( S autostahilizer autopi lot mode and this

sect ion summarizes these documents.
The facilities of the AFCS are transmitted to th e flying controls through the electrohydraulic

servo va lves (Moog sakes)  of the aux i lia r~ sers o unit. This unit contains four jacks together
w ith their associated sa kes and linkages. A diagram of a typ ical jack is shown in Figure 6.

• It can be deduced that the flapper position of the servo valve controls the pressure on the pilot
va lve which in turn controls the jack piston. These servo valves , one per channel, rece ive electrical
demand signa ls from the AFCS and act in series with the pilot ’s own contro l demands, but
with only limited authority’ . Extended authority of control is provided b~’ automat ic inching
( beeping) of the cyclic-p itch trim facilit~ (pitch and roll channels) and h~ ‘open-loop’ operat ion
(yaw and collective channels) in the auxiliary ser~~

; unit.

t Now Defence Research Centre. Sah is hLir\ .
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2. 1 Autusla bili ,er mode

t~ f i c ’ ii t h e  .iut, si.t hili,ei f . i c i l i t y  is Li iL ’.iL ’ed , the sy  st i.’itl func t i o ns  is .in . i tt i tu de—iiold i ,;e
st,ihili,ei I lie . t i r c r , t t t  is st ,ib i l i ,’c’sl .it t h e  pitch and roll a t t i tudes and .it the he.idint! establish ed
h~ t h e  pilot it i ro ug li t he thing cout iols~ I )am piiig is app lied t o  niotion in each of thes e channels .

2.1.1 Pitch and roll channels

I ui;~ ionine of ti r e ss ste in in pitch aau.t tot l is si;uit.st ;tm.t is h~st espl.srnec~ xxi; h i efL ’ rei ;cc to
I igu ic lii e.iLf i channel the at t i tud e sigii.il troll ; the s e i t i c , i l  ~.‘\ ro  unit is s ulta N) modified in
t he .iiiip l i t ie r  unit arid i r r iset t  sc i th  signals io n ; the st ick canceller and pilot ’s coi itro lle r. l’he
out put f iom t h e  .inip lif iei unit is .i deniarid sign.il ss hicli the aux i l i a ry and primary ‘ci 05 consert
to  L \ L I L L  L bL i i LS.’ s f blade pitch ,iriek ,;t the t o i  he,id Ihe result ing controlled ch.inge in t i l t
of i he i n  ~hi ~~ is .1 I I L L t  it ’ ll ~ hR hi pp , ‘es the l i l t  al d i i  urh.ince ‘I a i rc ra f t  a t t i tude

Pitcf i  t r im ,irid tol l  ii iii Lout  i t i s  ,iic pros ded ri the pilot ’ s co nti ~!lci ~st hen rele ase ‘I
~.t r e~ or consum ption i fu e l resu l ts  iii a sh i f t  oh the a i rc ra f t  centre ~t f  g ras i t ~ Ic of I . f or

~‘ x. imple. t r irnnhine becomes nieL L’ ss .ii\ i. keep t i re serso s a kes of the aux i l ia ry  ser s i t  unit ope rating
around mid- t ras el

2 .1 . 2  ~ as~ channe l

Ihe y, i ss  cha n n e l pros ides bot ti headir ii’ hoIst and .i sx rate d.inipiiri_’ dependini.’ ss het lie’r
or not the pilot s .ipp l~ ii~ peda f ’ f ;i.e ‘st lien lie app lies ped.i l— t r5s ’. t h e  channel funct ion s .i~
damper only and h e n  he remoses f t  pies ’ ; i ne . h eading hold .iut ,’m ,iti i. ,ilfy takes  e f f ec t .
\ s i n  N i c e  li n k ii t he ta i l  i t i  contro l  r u n  is the sen~~ r ss f ii~ hi det ec ts pedal—force.

I)uring .i pilot controlled t u rn , , i i r i . i . i f t  y, iss rate is sense d by the i i t s ’ Cs ro unit .ind h~is

s ignal is moditied in the .imp lit ier unit to pi ts ide a damping siL ’i i . t I n inch t s r ’  ill opposition
to the pilot ’s demand 1 is ~. \ lc,i nsshile . heading is in ternal l y ‘ f * ’ l fo ss ed - up ’ in t he arri plit ier
unit. so t hat the s y s t e m  ,iutoniaiic.illy l,’cks ‘ ‘ i i  t o  I t ie ness f ie ,rdi iic i i nuri es t i , i tel y the ntanoeus re
iS 5 irip lete.

2,2 Autop ilo t mod e

A utopi lot  fac i l i t i e s  ire heading hold ,iiid h,iri’rneti is a l t i tud e hold. I unctioning of the
pitch and ro ll channels is  not .iflected ss hen the se f a c i l i t i e s  ire engaged arid disengaged.

2.2.1 h eading hold

‘1 his pe rates to hi~ t ld the a i rcra f t  in t lie coUrse he in pursued at the nb men t of engag m t.
\~ hen the p lot ceases to appl~ foot pressure t ’  the pedals . t he s ,,ss to ree fink alloss s headit ig
ht ld t become etfec r is e. I r t n ;  I’ i gu re ‘~ it c.i ii he seer; t hat i i i  rera f t  heading in format ion is

t ransn ;itted si a the pilot ’s controlle r. I lie heading siL’n.I is  pros isI~sl b~ ,i compass system and
a heading trim ;; knob on t he pilot ’s contro ller alloss the pilot to make changes in heading ss ithout

• using t he pedals . I he pilot ’s co ntroller signa l is combined ss ti; the damping signal from the rate
g~ ro in the amp lifier unit and th is  signal is passed throug h the channel selector unit to the elcctro—
hydraulic sake  of ’ t he y, iss aux i l ia ry se rso xc inch ,is ’ t ua tes the t ,iil rotor blades s a the linkages
oh the fl y ing contro ls . h eading hold is  nr,iint .iit ;ed bs c , ’n;t ro lhing tai l  rotor blade pitch at ighe.
I)uring manocus rex requiring large posc er changes . ‘‘‘pen-loop ’ operation of the auxil iar y sers 0
causes sonic nroseme t rt of the pedals in respon se to \ l (  ‘S demand iRet ’. S .

2.2.2 Barometric ’ altitude’ hold

Hart t rnet ri e a h i t  ude hold e nit hles the a i rc r,i f t  to  he st a hi Ii zed i t  a t ry prexelec ted a It it tide
up to 3(~ X) m. I ngagcn;rcnt is ni, ide ss hen the ,inrc’r~it ’t is , it  ti re’ desired (datun;) height and the
fa c i l i t y  en,ihles thi s height to be maintained . Altitude is  sensed by the i’.ironwtr le altimeter part
of ’ t he altitude control unit and the output signal from thi s des ice i s  supplied s ia the amplifier
unit and chiannel selector unit to the elect ro h~ drau lic s als c of the ~oll~ct is c auxi l iar y  servo
(I’ ig. It ) ) .  lire at ix i l ia ry se rso operates the primar~ p .n cks through; the fly ing control linkages
to pros isle height control by nr;c~fls of s t r ia l  or; il l co lkct rs e pitch; of t lie th an ; rotor blades. 
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‘ 5 );‘s’ i i I ‘ . p  i’s - i ,i t i ’ lr ‘I h i s ’ ‘5 • t ~ ’ l 1 l  
~~ ~~s i l s  . . iii lii i is I 1 1 1 1 1 1 1 1  Ii~ i I hi s ’ s i  Is ’ s h i S s ’ ‘ I s  if

I l l s’ t I e  ~ s iIs’s t o e  5li. iri i iel len i i . in d sig ii ,Ils m is s ’ il~c! 5 )

i i  cc Il I i .’ig ht i i i  • i ‘. t”c’ iii i f s ’ hx t l it,’ l’i I, t ,if is ’i i.’ j i  5’ ’”I Ut,’ t fit ,’ h ’i ,i i ‘ i niet u s  .ili i i usfs ’

mn.in rt ’c ’us is ’ l i m i t  ii on the s U s ’s r ise lc ’ ss ’i \~ lien; t h i s  h i i t t, ii is ‘ is ’ ss ’ s’ L  l ,o i i i e t t  R , i h t i t usfe fn , tlst
is s iU ’ s ss hicir i s I s , i~ s s I  m l  m i f t ’ h l i c  , m l n i n u s h s ’ lit ’ld is i~’ ’s ’ s f , ih ~hislii, ’st n e i , i i i x s ’ i t h e  tress sa lue

‘f h,irt t n ie i i i s . , I t i t u s ts ’ i , sc h i s h i  th i s ’ ,i u i s r , ; f t  Ii.ts ht,’em i flosc ii

3. liii %I( ~ -t i I O~ I tUll I / h R  U IOPII.() I ~lOl)I ti t I llI ,~ t .t l IC ii. t p(; I)I; l.

3.1 PItc h channe l I’ i~ . 2 and tppe’ndix I. equations I I )  to (1 , 111 ))

~ , I . I ( ini ripus il ju n

I lie p u s  Ii ch,iirniel i t t . ’ •~ t l i ,et  i s  I ep i :ss ’ ui t c d it i f ie model b~ lie f t ’ h loxs nut  c t t in r p t i nen t s :
i i  I Ire pitch ~ hi o i t is ’ i I the C t t i s , m i  ~‘\  i wiu t , h u s h  is nr, sfel le st . is  t he . i i n s r a f t ’ s pitc h

at  t i l lS ’ .oit,’ ls ’ . I i l l  I l l  ~~. iiiiilrip hied I’’. La in \ 1~f I lie s e t  t is a l  t,’ s  i output siu.’ na h

i~ I (
~\ 1W P

H i  lire ‘ . s . i i i~ s i  len ss mit, hi p i x  i s i s ’ s .1 C tint i l ‘ ‘ s i t  i i ;  signal  a id is I Ci’~ s’sent esh b~
iii . j ’ u i s i i st ,oiel ’ . I lii ‘t I  l’s .  Iniiii t i l ’ i is ’5h l~\ c m i i ;  S

l i i i )  Ih i , ,~ ~
i t s h  n u n  s t i n t 1  fr s’ii r t i u s ’ I ’ t I t h i s s n u r n , I l e r , 1111  I R”l

i i  i I he ain;p l i ! is  u n i t  - xx hick ii ss ’ i I  ~ r r npn I

a) \ ~~5’ !  t i ’  irish f i l ie n s u s  u i t ,  xx Inch Ps ’ i . u t s ’ ’ in this ’ s et  L i i  L’\ n ’ s im.i ir, i l , n prosfuce
prop~ rtiot ;.t l ,incl stem i s ,i ti se s’t ’ri ip~’neiits ii & ~l) Pt of t h i s  si u.’il,il I (i i)  I’ is obt . i i n rech

t ill I & ‘s its I I’ b’s ,iir m j ’ p r  \ i ; u i , m t s ’ s t i f l c ’ ns ’ i i i i . it t t n  ns’t s5 t i Is

1’i \ sui r in i ri ic i t S  i, ’r i x x u s  h s in i h ’ i i l s s n lie ~~‘ i ntl ‘ I p on in mU sh pits hi t r i m  si~’t i , i ls

t , t l ’ii~~’iL’ n ia l  I & h R l  I’
‘5 ‘U iii nu t  m ’ u is I ii l u s t  , uu it I id i xc h i t ,  Ii i t ,’ un s’ ss’ i r t  f Ine ‘ s i x  .,inn l’t l i t ie i ’ • I ih ;~ L i f s

i i Ins are I 1) P. I S i ’ s  Re )  I’ m l i i I ( I RI I’ , ill m i n I m  pliesf by t h e i r  .ipprt’pn i.ite
t i t us , i L L ’ ihcn sc i t h i  I h o t  P. xc l n i s f n  is t l is~ pitc h s’ hi , it inef s i L ’ f l , i l  . i r i s i m i g  I row tine
\ ‘s\t nu de n ‘x l  S “ pet it ni ‘L’s’ Ref 2 i.

Ii ~ xs u t 5 i ~ ~ ~ I t IC . ‘ s lu sh  is i h ; 5 ’ ,;iut st. i l ’ilt ,e r on Ii ss ’ m m c l i
x i  I lie c b u . u t t i t s ’~ ~ ‘L’~ i uinit sn in ~ ii . ~ P i l e  II It shi, t;i lst he n,t t esf ihn.t i  the c h iat ; r ieh selector

stin t Ui thi s ’ i l l s  I ml I i t 5  lul ls ’ s h i n d ’  ‘ s er  so u i 5 h s ’ s , hut us t h e s e  i t s ’ ;mses f ~~~ foi’ te s t

pu po ss ’ s . t h i s ’s hi .rse t i  hx’enr in i5lu ~f s ’5f it ; the init t s lel.

‘ m t  I tie ~e r s t ’ 5 .ils s ’ ‘i t his ’ , iux ih i . i is  se t s , ’ ‘ i s ’,.. sx h i t s t i  p r t t s i mt es  ,u l i irear output  1) ‘xl. I t )  I’)
unti l t h e  l im i ts  I I I \I’l i inc ne , ichi esh I) ‘xi I t)  I’ re p re sent s t h e  tl.ipper s .ilse
s f i s p l.ms ’ct i ;enn t t I n  i t s  se i i t i , i i  p t t s i t i u n I ‘L’s’ I i~ ’ i i  tm] I I \Pl mepreseint tire nn;,isitbrum
ins t m n ni in in l iu i i n n i i , ix  s i  f the fl .ippen I lie h u n t  s control  tIre ‘xi S ~ .iiit hi ,u n i i y  os er fo re- an ;s h-

, i f i  s \ s  l i e N,isfs ’ pitc h .ws Is ’ i l(~ f t i,tl hlasfe . inipu i i. i r tr ,ise l F l Ire iniods’ lh ,irg 01’ the
iein n ,iit ; inm. ’ p.o t s  of t ire , t i is i l i , i ry s e t s ’ ’ u n i t  ire s letaih es h u n  Refe ie i iss ’ I

3.1.2 Operation

I ng.ig emni enn t I I) ‘51 10 I’ is un n ide tl rroug ln s xs i tchr es S S I \IC and S P115 i i. I Ire a t t i tude
irit iding .iins h st. ibil i i iuig s l i ii  is t s ’n sn is s ‘i the s sis’iii are .mc inie sed h~ use of ’ t ire geared pitch;
,ittit uc le ,imrg ie s i g rm. i h , i i i t i  u s  .ippros innn. ime tlc ’ i ix . i i ixs ’ in; t his’ c’t t nt r i t l l.isc fsee ‘\ppenndix h l’he
st i c k ca nce ller sigr;.il p,irti,ill~ s.i nc’eis t ine at t i tu t h e ’  s igin~il so .is to ,tl losx a ~ is 1er range of ’ a t t i t u de
control xc tt hi’ut exceeding the .m t i f ln t ’ r i t ~ l i r iu i t  I I ‘5 P and also tni; proses tire respon;sc 01 t he

,iirc’r .nft to p itt ! demands Rd I 2i \S\\ node .ind pi tc h t n ’it i ; sii. ’in ,iis are included ti;rougin

tire t e r m s  I I lOt P ansi h I l l  I it ‘x l t s’ s pec t t s  s’l~ . t Ine lat ter  being uscsl i t ’ bi.is the coi;tn’oI position

sii’n.il cc herr c’ . of c’in.imrges ~‘cci in . to i s  i ’ i t f  s .i t i i r af i t ’ i r  of tIre sers~’ ~,iisc ’.

3.2 Roll channel (Fi g. 3 and Appendi x I. equation s (2. 1) t o ( 2.13))

I lie fi’rn;; i r ish t ’ ut; c ’ t i on i tn g  of t he it’ll c’hai;ne l ~it i tost abiii,ei’ is sin ; i f , i i  t o  t h at t ’i’ the pitch
t ,’ i; .ni; irel except ~i .i I .i it net xc ur k , n hi c’i; opcr.i t ors on; t u e  con; hi i;ed c’Oi; I rt ‘I posit i t ’ l ;  .1 lid I ri ii;

t I inrt’ i ig h~’ti i t i ns doc’tnnr cnt , t h e  f ’orn;.it for s , in iahles is 01’ tin s’ Ion nn risesl Irene. tin s enables

c’onrputer pnog r .mn n ,‘f tine n;,it irenn;~iti c ’,iI t ;roslc ’l to  h’~’ xci  i f t s ’n; ss ithout s’ h i , i i i itumnn. ’ sa ri~ihIe natures ,

- -.- -~ - -~ -‘ ‘ ‘ -  
I -~~~~~~



si gin.il ii I RI It I tu input ui  I i  i l k ’ s i t ,  l~~t l u i n i m i s  m i s ’ I I ‘5 it .“ ‘ u s x 5 ’ nn s ‘ m l  u m n  mi  i t  , ~ th i~’
‘el’,, x , ilx s ’ sc hit , h; xx ‘c ld o t f i e n s t i s e  ‘s~~ s H sc~~ Ii i i u i ’ s ’ t h ! . m t ~~t . , l  s l ; s p l . u 5 s  i t t s ’ l i i s  s t  t Im e s \ s I i s
s , ’i iii, ’i s , l i i n ; n i r  i I ’ ih I  5 1 k  I lit .istcl i i ,, ’ in nl ~ ’ s u n s  .iss ,’s i , i t s ’si x c t n li th i s ’ . t t t u t i i s h c ’ Ie n t n n .imi5 f i t s
sh en i x . i t i xe  . t I s ’ 5 t i t h s ’ us ’ni m u , t n n  I b t , s s ’ . 1  t h i s ’ ‘ i t s  Ii s t u . u i i t i . ’ I  I f i u s  . u u u ’ .s ’ ’. I i O n  t t i t ,’ ‘it ’ll s’ ’ni ’ s’ m n iim ’ir
.t dt ’pted t , t r 5 ,15 bu S ,Uij t ’ is ’ ui t h e s’nt i me , m m l s  , , t t  s~’nt r t ’l sx ‘tennis ,ub ’ l s ’ inm ~’stc’l

C , ~ ax~ stabil i ,c ’ r and heading hold (I’ ig. 4 antI tppt’ndi~ I. e’q uatiolls . I f  to (3 .2,t

3 , C ,~

I 1ts ’ s i t s  s m ,i bil i  ‘s r .iuisl I’ ~ ,J i  in c b : l ~t is  I c’l’ i e’s ’ t c ,l ti n mIt e ii -~ t s ’ i  l~\ this , to l l  ‘xx n i ’  s i n ’ , in enum s
i i i  I hue ~l i i e c t u , u m  c x i ,  a hue t I n t ’ nl r . i s ’ lu e :is s ’ l u u p . t s s . t 5 l t l s b t  s , i u t ; ’ n i s s ’s ftc . i i is’ l, m l t  S i ”

, m t ~~ i~ PsI. I i i  . unn tmh tu i u lus ’sh f ’s i’ m iii I, ‘s ’ s I
I n )  i b is ’ i ’u l , t s s m ’ n t i l I s ’ t  x s i ~~’ n e  t ine bu ~’ .m5 I i t i g it  inn s i L ’U. t l  It \ I  I R\ 1 . is .i s l s i s ’ sl I ’  th is ’ s l i t s ’ s t u, ’ it

i.’ x i  sou n .t l  i I’, ’ n n u  t L ~ s u i t l u l u t  o c t t 1 PSI I i i  I
o t t  I I tre I t I C  e s t ’ unit , xs his’h; ,‘ u n u p n  us e s  u s ’ .tu~ r i f t  I L L S  l ime it III f l u  i nn u lm i p lu s ’sl l’s

g.lmi n ‘ x ’ s  I I bus ’ t t u i t piit ‘ i L ’ i i ,t I  is I ‘s ‘x\~
I I hue .i nn i l t fm ti s ’n ui m n i l , xc f i t5  hi is f ’ n  , ke t i  1 o in t i n t ’ ’ tIu ~’ 1, 11 ~s H~~ ~

t , t I

i i  I l’ s ’ s x  I l s  Fi , ’ s is  liii , su i t 5  lu p i s  ;,tes iL5 i5 ’,sd mn u s ’ el I t  si~ u;,il i I it it , hs su b’
ml .t~ i l l ’ I hue t e t  t i  s i t s  e h~’.tdi ing ‘iL t. u I i “st R I I I h u t  m lie tim iii n u u s ’st .u I u t t he,ud It s ’

s ix i u l . u ]  t I ’ S l  III I t  I Ire sx t i e l u i , ’ tn t ’ lxx ,’ .ilte i ni.ituss ’ s t . i t 5 ’~ , ‘foH ’ss ,tn~f ‘hol5f ’ ,
,iss ’ n , hi u i x ’ I t t  t h e  ‘cnn’s ’ of s x s i i s h u s ’ s ‘s ‘~I ~ I1 i t hs ’ .iuit , ’s t . ih ’ i lu , ’s’, iunt’shc’ s~’l~’~~t i  s x x t i s b u  I
.it nsl “. 19 I ~I ‘s the ~ ,txx b t s s ’ It i uk ‘xc um ~ h i o t s u ~ Ii is om n xc his’mt ‘s’d.u I I t  se  i s  .il ’I’ hi exh .tiis h
s ice x , ’l s .i I ‘5% se mi ‘s ‘t I ‘xl ) is  st l ss ’ umu ’, uu ’e,l ,t u usf , i l s ,  xc lie u hot hi S ‘s I ‘xl ) .i mu d S h’I I ~l ‘s

.u i s ’ s’nuL ’,u it s’d t s ’s’t bi s ’i , ti ns’ sx t rs ’t i n t ’ h i m 5  muo in s .is .t sen 5 , ’ l , ,j’ . f ol l ’xs t u e  up this ’
I n m m ninnue d hie .idi in g c i t ,il I ‘ils t xx .np ,u5 tut u ; iesult s f r sui;n , t t t s  Cl5 ,m t e e  tin , t t m  c I  ml
fi e .is lu it u ’ I i’Sl I II I i .ilt s ’ I.tt i ,’in ,‘f i’’st I it \t iii mi nis s’m ’ n n xh it i , t u i . ih us’ hie .t sh ii ig ‘ i i
stg ni, tl ml I it it ‘~ I is s, ’ itlii nim t t ti s lx l’~’m n c unn.im i ut.imtn ~’5h m us’.in ‘s t  ‘ l’s nlc.tui s ,,I t h e
I s \ i u c ’ t u n , ’ I  ur u t s ’ g m. t t t ’n It.’c’’,t f ” .tc k l~~~i’ ‘5% hui, ’nr S SI ‘xl ) is e I t u t , i c ~’~l h’iit S P1 1 ) 1 S us
s b i s s ’ i t m,’,us ’s’ sl , lue l ’II,’xs up a5 I nun is intel n up n5 ’5b hu’~ i’ m ‘ u k  mut e  t iu s ’ f ’s’es lfuas ’k ‘ i b m .
I c’ the ‘s ns ’ hi t  Oh i t i i s ’,’i , m i ’n niltuit “ i u t n m . m l  t~ ’i it 1) 1 I’s’s ‘ l I t ~ ’ s ‘ s t  ‘ .uiid t h e  out put

tIm e r e id s ince bm s ’.m s t u u i m t  PSI RI i I r e u u n . I u i u s  C l t s t , u n t  I hu’~ is t Ine hu e . i s hun ng lr4 ’fd s’ s ’uns l i t it ’in
the ss m ;s’h ;u o .un; d enables m l  s’ ts ’ t e u t s  C I  hi~’.idni~’ s’h.iuiges to he i nn .mshs ’ t f u i m ’uc’fu ped.mI

tn’s ei nn s ’ m nf
ls I1u5 ’ .ttnu lt h i f ic ’u un it m i u i eel . i i , ’ n s i m s i u i m  . sx hut,’fn j ’ u , ’~ sIc ’s i i i  ii nt s ’em.il ,‘t ’ hic’. i5f i in p s m  t , ’t

s ig nna h I I \ I ‘s I xc lieu ‘
~ I’I 1 ) 1 S is ~‘tb I l 5 ’ ,‘ui t I’Ll! ,‘f this ’ .uuu; plit ’iei unit uni t ee ’  .001

s ’Us uii is s’l.itnl’t c’ch I,’ .i n mu . i x i t n i i n n n  s , u l u m 5 ’ m I I ‘x ’ s 2 ) . as ,‘i,lHt ’ ;‘5 ’s smhl c ’ uttds ’sn.ih’Is’
s’t ls ’s’ is  xx hms ’ mr t he .n usi lu . im x se n so  l’, s ’’ inn ’ ,‘I’s’uu ‘‘p ‘‘p~’i,it i, ’ri \ l~t u t Ine i t s ’ s ’I’

s’hi.iirge 01 I I\ I \ is t s ’ s i i i s t s ’ 5f to  I I ‘x ’ s  \‘5 fuc ’ii S Ph 1)1 ~ is s’ n t ’ t , s,sI tins ’
,i in i l ’hi? uer t it nut m i u l s ’l n . t t , ’l s i l c ’ t i t t  is Iis ’ls h .it i t s  nuu i l l  s , ’ mi , l u t m t ’m n t i l ls ’ n ns’g . i t i ss ’ l’s’e5fh ’ .tc ’k
It ut u lu emi s ures mli ii t ’t i t put I I \ I ‘t ex lu.ils ~hue it npu it , xc tu it , ’ lu is ‘el m

I l ire sunn;n ni ii ;g limi e r u ’ mn , xc h u i 5 lu  .i~txh ’  th is ’ ~‘s’, m n ed hus ’. is h i m ng ‘ I 1 , 11 signn.iI t I  I it it
innu ltip hied f u s ‘x ’ s “ i  to  t h e  i’e. uu s ’sh lts ’,ix h m l i L ’ iin reg i . t tc ’sh e l I o t  s i u~n r.tl 1 i\ 1 ‘s nnn i i l t t
plied h’s & \ ‘ s  4 I hue s ut i n nn ullmu ’ m un is ’t i t ’ni , i i i i5 ’i’ n . 1 t 5 ’u c’ iic ’iii t , t i ; 5 h ss nnc ’ i nt o s’Ot l ’t i t t i t c ’

• xc in .nt is is’fs ’i i s ’sh I,’ m i  I’t s’ Is ’t e t i s ’ s’ 0 , t s  f I r s’ ~.ts s sx u us ’ l i n , , ’ ,’ei ,,‘i n’ c’ t , t i t
1t m l ire ss’rst u’.inn np hn t mc ’r . tin xc lus h  nIne gc’.iis’~h s .iss sf. t i nn p i nuL sig in,iI I nt ’rn; tin s ’ t . i te f\  i t ’

is s’t ’m nn h inne ~h xc i thn tire en ,‘t p1ti s i nnte gr. ite d s,i u~’u sigt; .ul , I I’I \ . to I’s’i nfl tIns ’ s’ui t l t tt t
stg nn ,il I 01 I I I I’I ‘1 is thi s’ s.iss ss mn s ’int ,’u u i . ’s’u sun n nt nn t ’n st gi n .il ,it ’t en s ss i t c ’t ni n n g
h’s S I’i I )I S I tie .iutt us t , u h u i l l , ’s’i oil oIl ssx it 5 ’hn S SI ‘51 ) s s’oin n n c’c’ts’cI t t ’ tine ‘c ix ,‘-

.uin rphihie m x’uoput
)x I 1 his’ s’h;,,inn in eI selet,’r, ’i un ni t ,iir ch ss’is ,‘ s aIx s’ xc ln is ’hn .tis ’ si nin m l ,iu to  t Inu s s’ clt,’”c’t ibeci un

Ss’c’t  m , ’ I n ~ I .

.C,3. 2 Operat ion
I ciL ’.iits’un ;c ’ u nm t .t ’ I) “ xl I (I is nnna~hs’ thnr x ’ ugb n ‘xc i t s ’ iis ’s S SI  ‘xl ) .inn ~1 S ‘s ‘5W . Vs hen thes e

,iie ~‘nn .tnul the x ix ’ ion~’e l ink s%% it s ’bn uS i’I Ill SI is ~‘f l ’ . f is ’.idin;~t m o ld ,tnd 5 ,1cc  n . i t s ’ d,inn;pitng

4



,ure prs t s i t .led ‘5% hen S S I  ~~~~~ “~ \ A’c% a mid S I~i 1)1 ~‘u , u m s ’ all ,‘ u m , t h e  s b i , u j nm re f f & l i m s t i , ’ u i s  a’~ a s ax ’ ,
damnupe’r st it t u .

.u x c s f . i lu i pmu isu is Prox us led ho itt,Canns of thi s’ rate g s rm ’ si c i u , ii tnn the sm In Ir ol e qu.ml m I t s

4 A ppendix It  and the hie5u dtn g hold s , ’ u m m u s l  equa t im uis use t I me s i ’ i i i h ’ un ne s l  headini1,’ s’rr ,tr s i p iu . i l .
1 I RR \ t tgethe r ~ uthr the t ntegral s f  hi e ,isl m i iL ’ enn ’ ’ n su~y nu, t l I l’s I \ , tine latter being imicluded
to unn prs t s e  th~ long-tern;; ,t ss u i , ts \  m t  bm eas h in ig Inold.

3.4 Karon ne’t r,c altitude ’ hold (11g. ‘ and ..%ppt’ndix I. eq uations (4.1 ) t o (4 .18))
3.4.1 (‘ompos it ion

line haror ;neti is ;u l mi tu c f e bo ld is represetmt s’sf i nn t h e ni m ,td e l by tIm e tm ’ llu t xx m u g  s m  ‘tul p t tn ent s
i i l ime al t i tude s , i m t n , ’l un it .  x c h t c bm p r i ’ s l u s s ’ s ,it m s ’ utp ut sm c ’ im , il m \ II I RR pi lu r t i u nti l

to  h .ur ,’nnne tnus a ltimusle c ’ni ’ ’u ‘x II I kit i s  I ’ i P u  Ii ‘ i i , ui  h u m  tIme s fm lts ’is ’i uss’ bet xceen tIne
prc x .iu hm m ;g ,i Iiutud~ u/ ill I I tund t u e  , t h t m t u de  m II FI.’\R ‘x i  s’ x i s i i nmt , ’  ,ui the rime xc hen; t ine
hj rmtnnetr ic Inei ch i m lut Ist s s x i t 5  hi S H \ ,  5’,.us engage d ‘5 sam n ip fe aind lut Ist cls ’s si’ Is used
t m  produce t h i s  s h i , m m ’ ,ms m e l o n  is “~ ne t hat the s i c um ss ’ u us e iu t i t , n ; s  l u  / Ill I and II 1) “5 it “5
i re t ’ p po s i t e .

Ii i) I he s, bis ’ c t u x s ’ s lutc btes l 1’’s k - ll , xch i i c hm ‘ ‘I’s’r ,(tcs m m ; .m stn ult l.ur f , is hi t ’mi i thus ’ ,iit i tu s he
contro l Unit nn;itdel If S ( I I is m i ~~ Ii e ml e i ther th is ’ htu rt in nietn us a l t i tude hm, ’ l s t  5 B \
or radio a l t o  ude hoIst u S it A t  ssx irs hes tue emuu.tc s ’si t . I ( SI I is proportional t i  tIne
dillerence hetxx een the pres ailim;i ’ s ’ ‘ l ies m u s e  s t ick  , m umtuIs ’ I 1111 ( S i )  amid tire cl utc lnest
c’snlle cti se stic k ting le I I I I  ( I I e~ u simimsu at the t ime xc lien; S S l u  xx t t s  engt igs ’d

( i i i )  I he anrip l t fier unit , xc hich st ‘ I n s i s t s  i i

i i  ‘5 ge ,u rutnci .in;d fi lter circuit sch ick s pc r ,t te s on t ire t n l t it us t t ,’ co ntm o l unit si g na l \ I)
F R i t t  x a ssc i tch S ICt I ms I as .i gust fi lter , miintnnh/ i I;g t he etkct ‘ ‘I I luctu at is m ns mit ’

f signal amp litude s ,mused h’~ It ’ctul i t t  turbulence.
h~ “x ser s tn-am pltf ier sxh ich; sums sui ,’ mn , i ls f rom the g ear I ng arid f i l t er circuit m t  IRk  SM i.

t he cohl ectis e clutc h es! pic k—of ] ( I ( S i t  I tins1 the radio .m lr i t ucl e hold f’tuc i h m t  of the
“xl ( S I s x i i  s e p. t r tu t e  radio , m I t i t u c t s ’  si gn a ls e~ t s t . t uni s’ f u r  s e r t m s ’,mI ss ’ l ,is m t t ,  ( IT blOt’ • ‘\ I t
ansi the t ither (or altmtud ~ error pIu’~ it’5 raregral ii I IC >5’ “52) , The modelling m i t ’

t he radio .ul t i t u che htild f , i c m l m t y  is descr uhes h in ; Ref eren;ce 2 ‘flre amp lifier unit out put
signa l L Ot I ‘5 I is equal to the sers o—am p hilier out putt si gna l (I • OUT “ x l )  after
s xc t t c h m n g m hrt t ug h S 13\ ansI S it ‘5

I t s  I the chsannei s~ kctxt t  unsit ansi sets t u s t i  ~e . ~ hick arc stnirt lar to those described in
Scs i mn ~ I •

3.4,2 Operation
I ngageri.er it t I  I) ‘51 1 ( ) ‘5 is m.,’]e t hirt iug h t Ire channel selector sxc itch IS CO Lt_ b and

t he barometric bic ig hi hti ls f s xc t tcb ;  S Ut t m the n;itnnrcnrt schen S BA is engaged, the hei ght
datum (II BA R “xl us ‘e m and subsequent des anions in height tire tech throug h the co hiecti se
channel t m  stahihm ,c the ai rcraf t  at II BAR “x W h en a change in heigh t is made. S BA must he
sxct t ched otT . In;mechi.ttch~ S I3\ us re-engaged. alt i tude hold ts re-established relatixe to the new
sa lue of haronret r u ’  alt i t  usle m m ’  xc lnmc lr t lie aircraft htt s been floss n.

If open- loop spr Ing operation takes place due no la rge errt r si gnals occurring, the clutched
pick—o ff ctgntul sarics nn opposition to the barometric heig ht error sign a l. Tine feedback arrange-
ment is such t hat the tum nunt t t f  colkctise leser nrioxernent is appro’c it r rate ly in proportion to
t he amp litude of the barometric altitud e error si gnal, t hus in ;pros ing the stability of the altitude
hold when large barometric he i ght error si gnals occur.

4. (‘ON(’LL 1)1N6 RF: ’xIAR KS
A detailed mathematical model m’ i  the A 1(5 autostahihi,er autopilot mode for tire Sea

King Mk .50 helicopter has been out lined , This is to he used in conjunction x s u th sinrilarl y detailed
models of the fl~ ing controls and “51 ( 5 ‘55W mode to form the complet e cont rtsl syst em’, model .
Representati ons of ’ the elements used in the autosttnhiii,er autopilot muf the aircraft have been
made including limits and other non-lincarit ies , The amount of detail included in the model
makes it useful for anal>s ing problems cx hich may arise in service scit lr the control system of
t he helicopter.
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I. P11(11 (‘LI.-t” s~t FI. (Fig. 2)

LI Vertical g~ro unit

I ( ‘
~ 110 P ( -\PI • 1 IlL III ( 1 . 1 )

1.2 Amplifier unit
1.2.1 Gearin g and filter unit

I (it ) P ( ) • I GY RO P 1 2;

1. 2.2 Stick cance ller and pitch trim (pilot ’s controller) input si gna ls

1 (‘ TR I. P I( \P2 * Till 5 1k I I fI ll IRS I ; ( 1 , 3 )

1. 2.3 Ser~o-ampIifler and sw itching

I 01, 1 P1 ml ‘5P4 • I (i i) P) - m ( -\P3 • I: (,i’t’RO P) 
“'
I

m l  HO~’ P) • l(’ , \P~~ * 1  (.‘TRL Pt 3 . 114 )

It s SI ‘x l i’ .  oIl “1 -‘~ (I ‘.
~I (fl I P2 (1

If ’ s si -‘5 13 is m m i i  
‘S
i

I 1)1 I I’2 I \P6 * I 01’ 1 Ph 3. II (t i

1.3 (‘hanne’I selector un it

If S I’IT(’H i’. t,ttf 
~

.- I I• I- 01, 1 P -- (I f  ‘ ‘ I

I f S  PIT( if i’. on
I 1)1. ‘I’ P — I 01 1 P2 3.

• 1.4 Ser,o ~ahe

II’ I 01’! P - I L  A P I 1.
1) AU To P — 1  0 1 1  P ,~ 

( 1 , 9)

If I 01 1 P ,~ EL API
1) AL i()  P EL API * SIGN (E OLT P1 

( 1 , 10)

2. ROI.L (‘HASNEI. (Fig. 3)

2.1 Vertica l gyro unit

L GY RO R — ( ‘ARI * PHI HE (2 , 1 )

2.2 Amp lifier unit
2.2.1 Gearing and filter circuit

U GD R = 
(F.~~ A”

~
’3’~) 

* U GYRO R
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2.2.2 Stick canc eller and roll trim (p ilot ’s controller) input signals

I ( ‘ IR I  R (‘ ..‘x R2 * Pill ‘ml K . PHI I R M)  12 3~

2.2.3 lag network and signal input limiter

I R 1.0 - 
~~~~~~ ) a I (‘ IRI K 12 4~

If I K I 0 I I,  A R 2  “I
‘ I ” ~1 ( 1 1 1  I R I.(,

Ii I K 1.0 - I I  ‘\R2 ‘Si
I ( 1  K I I  .- \R2  * SI( iN L R 1,0) f  — ‘

2.2.4 .Ser~o-amp lifier and switching

I OL I R I  (( ‘ A R 5  • I CT K) il HO’x’ R)
( A R 3  * I- GY RO R) ( ( A R 4  * It 01) R) ,ç i _ , 7 j

II’ S S I A R i’,
‘~ I’• I O1 1 R2 I) J’ — ‘

lf ’ S 5 l ’ ~ l3 i’.orn “1
“
~ 

(~ 9
I 01 I R2 ( ‘A RÔ . I OU’ I RI  —

2.3 (‘hannel selector unit

If ’ S ROI L i’. off 
“

~~ I -
~l O t  F R  ( 1 5 - .

If s ROI,L i’. °1~ ‘ I
I. O I l  R I- OUT R2 5

1_ . I)

2.4 Scr~o ~ahe

If L OUT R I I .  A R I  
~~~ 

~~~ 
I’)

I) -\ L I O  K I O U t  R 5 ‘S —

If ’ I- OUT R 1> I L  A R I  
S
i5 

~~I) A L t O  R El, A R I  * Sl(iN UI OUT R) 5 -- -

3. V A W  STABIL IZER AND HEADING 11011) (Fig. 4)

3.1 Direction gy ro and heading trim (pilot ’s contro ller)
PSI LIFT (CAY I  * PSI HE) - , (PSI TRM) ( 3 , 1 )

3.2 Rate gyro unit

E YAW G ( ‘AY6 * R HUH (3, 2)

3.3 Amp lifier unit

3.3.1 Synchro

U ERR Y = PSI HUT PSI REF (3,3)

If SPFI) LS is off
PSI R P = O  ( - ‘  ~

I fS PED L S is on 3 5
PSI R P = E E R R Y ( ‘ )

II S STAB is ofT ~ 36
PSJ R DT = C A Y 2 * E E R R Y

I
_ 
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II S ‘m l “xl m~ Ofl Si
PSI K 1) 1 ( -Y~ 2 * NI R P

PSI RI I m m  PSI K 1) 1) dt il; s~

3.3.2 Integrator circuit
II S I’I 1)1 s i’. ii Si
I IY 1 ) 1  I I KR ‘t _,?‘ L~ m l )

Ii 5 P1 1)1 S is on
I I\ 1) 1 m (  \ ‘t~~ .l I \ U~~ ) } ( 3 . IO i

It I l\ 1) 1  — . I I  \ \~
I I’t 1) 1 I l\ 1) 1 } 

( 3 . i l i

II I I’t I)! . II \ ‘
~ ~ 

‘S
i

I I’t DI II ‘x ’ t  • sio~. m l  I’t D i m  m 3 I 2 ~
I l\ 1 \ m l  ft D l i  ~f t ( 3 . 1 3 j

It I I\1 ‘s I i
I INI  ~ I I \ I  ~ } 3 4 1

If I- h \ 1  ‘t I L  • \ ‘ t 2  Si -
I INI ‘5 II - \ ‘ 5 2  .SI(.\ m l  INI  ‘5’ ) 3. 3 D m

3.3. 3 Ser~o amplifier , summing and sss it c hing

If ’ S P1 l)1.S 1’. mm j l
I P1 ‘5 ( ‘ \ \ 3 a  I I RR ‘ 5 )  1 A14 * I I\T ‘ 5 )  3.
1(5 P1 1)t S 1’. (tfl ‘Si

‘S. ~~i’7
It P1 ‘5’ I)

I 01, I ‘ii II: Pt ‘1 ) i( ’\ ’t ~ • I ‘5 VA C;) (3 , 1’) )

If ’ s si  A R is i l l
I 01 1 12 1) 3. IY~

If S ST A B ms on Si
1 OUT 12 (‘ ‘517 • I 01,, ! II 3.

3.4 (‘hanne l selector unit

If S Y A W  is off ‘Si
‘- ( 3  “ II

E O LF  I _ 0  f’

I fS  YAW is on 3 
~‘)

I OUT Y I- OUT Y2 5
3.5 Servo va lve

If F OUT Y ~
‘ EL AY I  “I (~DAUTO Y I OUT Y J

If E OUT Y ~m I L AY I  Si 3 2• 
‘ 

D AUTO Y EL AY I * S IGN( EOUT Y j (
~’

4. BAROMETRIC ALTITUD E; HOLD (Fig. 5)
4.1 Altitude control unit

H E R R O R = Z H E E  U B A R A
where ~ ‘ (4 ,1 )
H BAR A - Z HEE at time when S BA is engaged J 
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4.2 ( uIlce’ti~.t, clutched pick-ot(

DI “. 1 0  K 1111  ‘ m l  1 1 1 1 1 1
~ here ~4 3 ;
1 1 1 ( 1 1  1 1 1 1 1  51 ~ i t imt~ ~s hcii ‘ 5 ( 1 1  i’. eiig~iged f
II S 0 I I is ‘ f t
I ( ‘ 5 1 1  mm .1 ~- ‘~
1f 5 11 i~~~ n
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4. 3 Am plifier unit

4..;. I (;~aring and filter circuit

II S II ‘5 is ~‘II “1, 
~‘5 I KR 5! 1) ,f 1

If S BA i’. n ‘Si
‘5 I R K ” .! \ \ ~ • V Il l - k R 3.
‘5 I R R s \ l  

I 
i R K  SI ( 4 5 )

I 1 \ A k !

4,3,2 Serio-am plitk’r and s~ itching

I ( S  III ( - \A 4  • I ( S i l t  I lIO’5’ “52 (4 . 9~
1 01 I ‘x l  ‘5 I KR ‘ m \t  I IIO’5’ A l  • I ( 5  II\’ (4 Wi
II ’—, BA is II 

(4 III 01 1 ‘52 ii ‘

II S B.”. is on
I 01 I ‘52 ( A - \ 5 * 1 0 1 1  A l  (4 , 12
I f S  K A  i s  m I t  ‘Si5 

~I- 01 1 - ‘ 53 I 0 ( U  ‘52 5
II’ S R-\ i s  on 

1 ~mI 01 1 •\3 (‘ ‘ \ ‘ x S  * I 01 1 A l  J
.1,3 (‘hann el selector un it

II 5 (‘01.1. ‘. IF ‘S

~~
. (4 151 •55I- Oi l A 0

If S (‘01.1. is ~~ (4, 16)I OUT ‘5 1- OUT’ “.3 5
4.5 Seno vahe

If I. OUT “5 — I I .  A A I  
(4 , 17)D A U T O A — I ~ OUT A I
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