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Stetus of work as of l,larch Le+,, 1957, proposed
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pA4rrso sxsrF,l p$rEl,o4m{r

1. ISIF!9!gE!U

The neeccalty of eutonatlo bpmveneut of fllgbt
cbrrectertstlcs of the 0-105 raa clbarly trdlcatgd
by eerly EttlnrtGt ard Hfrrf 1\rnnel Teats earrl€d
out ln Scgtenbcr Lg5). Duc to e lergc r:rnge of
spc.d and eLtltudes lt hac bcen forrnd ln1noa1bIo
to rrly on\r on nrturrl drnplng of thc elrplaao
to pr"ovldc rn edequete raepon launchlng plrtfolue
at hlgh altltrrdec (6ooOo ft) tnd at the Erne tlnc
nelnte5.n r^eeronable l13rfonanOCr In thls altua-
tlon It ts 6vLdent that thc alrcnft nlLl not bc
oparrtto/nel tn cesc of fellurc of thc electronlo
dsnptng syatu cqulpuent. In partlcular, a
deflclency ln rcathenoock stebfllty ard yaw ls
uaual\y opcrlenced ln supersonle deslgns, olnce
It la very dlfflcu1t to neke thc vertlcal fin
aufflclently lerge end cffeetlve. Becausc of thls'
the declslon nas nade lrr the carly stage of dest-gn
to lncncesc the seops of electron5.c cquLpent to
lnclude stabtllty euglentatlon. thua pelnlttlng
nertlnal acr"odynanlc daalgn.
Re[ab11lty Is rchlevcd b;r couplete dupllcatlon of

' vltal ptrts of tha darrping systeo. The scope of
tbe d$ryfng gysten rilas c)<tGndcd firrther to lncluda
deatrcd feel chanote:'Lstlce through the adopLlou
of ooatnol stlck atecrLng rycteu. In such a systcn
fcel ls oorttrolled cLcctnonLoally end cunberton€
erttftole.l fccl dovtcot ere not accdcd. Sucb a
eyctorlla rleo prr*lorlar\r xrsI.l auLtod f,on tnte-
g;stfo'n nlth eulonatlc uodcc (ffue control, autonatlo
nevlgetloa) '
Under thcsc broad outllnes thc rork ctetttd fn 1954
anl tro p:.oporela fron t{-f, and Eughcs Alrcraft Co.
rcnr aubcitted urelYt

lo rEoneyrrllrr E-10 lntegretcd f118ht control
gyrta for thc A.V. RDc Cenede C-I05 -
8tb, SGptcbGr 1954.'
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b. Hughes Atrczraft rAn'Electrrrnlc Syatem for
tho C-I05 Intereeptorn '23. December f954'

It Avr:o nain cffort,a durl'ng 1954 were axpended In
ifn"ffofos,bo etrcreft conflgurptlon and tcatlng erd

"itt 
.trr,[ it e acrcdynanlo propertles rrqulrcd for

iui Ltre; of thc darplne Eyatcn. nylng control

"yit* 
rir lrrd out end apeolflcetlons for hardrarc

*ess rera prcprred. lLao rrr snalog conprtGr wat

ord*rta end- r'alelved ln pert and a }tdted a'nount of
ror* ln thc dynenlc ane\ysla flcld nae cerrlcd ant'
?hc Eughee llrcreft Co. recclved a tcttor of latsrt
llr-piGt dth th. dcvelopent-9f t'trc ninual node

aanifng ayataa on lfovcabet 4, 1954 to the cxtont,

"1316oo-oo 
corsGguontlv e pnopoebl ree guboltttd

f" F"6*.ry t955. i acrtcs Lf negotlrtlol: follomd
.rrt .rsfy*er1 rror* ver oerrLed out on both sldes
;;tli1,,! 1o rcvls€d r."qulrccnt cuhlttcd to Eughcr

G-X"v."tr L9i5. [ore-rnelog equlpaent nes acqulr=d
;t A; perdtlrne uore crterrelvc rnal;rsla and the
;:l'alIu lr apecrricatlqrs for soae flyrng ogn1ro1-

n oa*ai". Tire progrees of rpl* raa harpored by- thc
ircf of f1n81 airoalmenfo supersonlc date a'd ohangec

Giroauoea dua to conftguratlon rodlflcetlonlr
n *tt "*ore 

the enelog -qulpcrt ma rtlll lnadeguatc
i;-;"r"T out firl[ sr*rteftgn ard f,rrghcs lretE PI"qG"d-
Gg-;6"r elou\v due to gone contttctual' problons'
Fd.l]J In Aprll 1956 upou bclng lnfoncd tbat thef
*eto olt to urd'crteke thc derclopneat of the rorPort

"iti"t thc Hughee Alrarafb Co. stopped.'of-:T ---dftlns syrtei tr nrtual- lqT!"rlnilt' The frnel rclo::t
rng'rg;uei !-n Selpterobcr 1956. In the ne:ntbe vork
u."u"."tnrrrgfcrrdtolorrrreepolls.SoneyrrelltaJunc
$56:--fhc syaten propos6d by Bughea vac trarpettted
io t{-g ht unfortunetlly ttre rcsults could not ba

;*rt--*rcct\y to !f-E not'ko Tbc Hughcs proposal-

Gifoa"a clrsuliry evrd nechanlaetlon toohnlqprcs not
r*Ciiur" dth }{-ff erycr{ancc rn thts frcld' rrd
cuUitantre"l ohanges r.!o nequlttd' hrrtheraore at
,otl p*enessed [ft. ctttf"lPatod ecroasmenlc -coupllngp-[fi,*-canc to ]-Ight thnough rn advaaocd flvc dogree

li f".a"n clEulatton uslng tupersonlc rrlnd trrrrncl' date

obtalned rt Iangloy Fleld ln Septorbcr lg56' I\rrther

ch+nget of danper conflguretlon end hardrere eonponents

had to be nadc'
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Thc cahodullng firnctlona have to bc flrrally approved

rrdaoctrarrredrrdthcrtrolet,ystsEghouldbe
slrubtGd ana orrrcr"a-ona", dtjfere.nt f,Llght o?ndl-

;i*r.-lo- achlevl-iy'r" a rlthar cxtenslve ena]'og

;;;i"t-;"t-"p-r" "tquri"a 
for uhich equrpacnt nas

order.cd ht not y"t-aiif"ered. A flve and stx degree

;'l;;;-et-Luitron ls necesEar:r rlth 38 nrch as

nosslbl.e of real'n"J** fod to -thc conprrter' Tha

i;ii;;;B-i""[rtrts rrlrl bc used'

Effi n'J1!,,f,' o 
Ld:l*1o 

t / t'/ / L /)

IECHNICAL DEPASIiltEt[-_

CO,.i,DENTIAL

iumooucnox (contrnued)

nerfiq! ntts of roLL evalleble

g ltn1tlng

rtdder aonltor (arrengsrent)

IsportEnt eonsldclatlon durlng thlrs pedd 11s 1q
ili'a"tp.t "o"rlgt'ratlon 

-At flrst the ldca of

I-""p"t"tt f*, spGa nod'e uas folloned' but a

coapllcatea sfst@-L*ft"a' Errentual\y tbc nortal
i;fr;;-;" ""irn"a 

u orrter to cover Lon spead

;;;: trrc systetr ras flnallsed ln a eerlge of

;;ii;st-air+ng Jermery Lgl?' .At thcse neetlngs an

hoortant ehange ;-irtrrduccd rncgardlne the. baslc

;il;;l;"-"["ts{'iiv auryentatlon' rhe rcsults or

the devclopoent .i-tUo d - p vane lrdlcated thet to
;;1"";-;.ir"r.oiory nasultc e firrthcr dgvelopnent

;;;; ;;dd b"-iitssetv' A.euttabrc acceleroneter
borevor ,." ."at)."bl'g' bontr{butlng feotol "18
lnrblIlty to sGnsc t;id pnalsrnc rtt,}r rcqulrud 

.

tccurrcr fron rolatio" otier thrn nosc boon uhlch

;;;; porsrule-rn-oonJrurctlon f'trh 
q - B v&rxao

A f\rrther dlffrcrilty-tni ttt" rtether-cocklng of a
tenc lnto s cnosgnl-nd on thc ground ard et Im elr
epccda. Tbla preventcd the vcnc belng uged In the

llr apesd conftguratlon'
Aocorrllng\y the usc of a yer YcnG vat ebendoned ln
ftvor of c!-de "ootittot"tlra 

1n both thc norzrl
end cncrgcncy YIY cYatcu'

Thert rsEslns e fclr arorurt of dctell rork to bc

a*"-"ip*1a1}y G tn" fleld of dynndc rne\vsla

ln conJrlnctlon natnlY nlth
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b.

Cr

do

Deltvery of t}ro brlik of- ?dered Gqutp!€nt
fs spect€d durlng F.Y f9SZ.

i

fhla Rlg should be $ellverd to the Stablllty
*a Cott"ol Scotlorl durtng l{erch L957 tor
p"tffrftnrtr testrnd. !\rrther rlg I'uprovenents
vIIl be ncceoEaty tlo conplete ttre progran and

ii ft ertfietcd tttait tirrs uor* rd'I[ be conpleted
by Decuber L957. !

i

Drnptng SYsten S!.ur$etor
I

to bc deltverud ln ftarch I:95? W l{lnacepo}la-
Xoncrn aI[. i

:

I

B-1 rug

flylng contnols of
avallabLe for tsst

i

iaIL tnnee axls rdII b€
trrg ln !fw. - Dec. 1957.

i

:
i

i

I

:l-l
il:i
'l

4

I



lBtr<- o f;:!,.1' o 
f,1'! {;'," 

t. / v / rE D

TECHNICAL DEPARTMENT

neFqRr *" P/steUi1ftr/f3?
E

PREPAREO BY DATE

I{arch 1957
i_

CHECKEO BY DATE
S. KrdetkorsgklAIFCRAFT:
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' 2.L llorrel Danolns Svstu

2.1.1 To danp short pedd oacrllations ebout

all thnec "r"t. 
To leet U'S'A'F. Spccr

url, 8785.

?.L.2 To danp longl.tudlnal long perld oscl].l-
Itlong.

2.1.3 To pr"ovlde splral alb]lltf' aueh thet
rate or aive-"gince rs lecs theu double

rnPlltudc trr twttY EGeordso

2.1.11 To provlde atebtllty rugr'lntatloa ln&'*t'- 
i"rt""itt-;#-i0l oi ttn fln lrrtt load

ia no't Q:ceedcd'

2.L.5 to prqvtdc t leano of Plyel GrelB€ncf

control "Lplti[i" 
rdtb t'he nonel systen

tn ubtoh ffffii-""*"as lne obtalned

fron en clcofdcal control gtlck or
eutouettc nodeEo

?.L.6 to provlde rosponsc^tg. oonnands coupatlble
vlth ruquiot"t'ts of f,lr'e oontrol'

2.L.? To pnovlde acaeptrblc f,clll cbaracterlstlcs
reml'tlng tn stick forcc per | 8t crd stlck
forc6 p"; ;'-;i--retc oC roLL ccaentrel\v
eoost.nt Jthln thc apecd rnd al.tltude
t*i". r*ih ercePtlon of lor sPeed'

2.1.8 to provldc poattlonal fcel rn rIL thres*"'v 
;;;-ili;rd,B8 ard trkc-off conflguratlono

?.L.9 To p!"oYl.OG eeccPErbXe trtmlng cheracter|stLcg'

2.1JO To safcggard the ?:TPl*u agalnet Ennoeuvtrac

recultlng-ln prohtbltlve load faetorsr
( aorual icctf-t"at1on' trtruivarEe leealeratlon'
rate of :ro11).
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2.1.LL To nLnlnlzG gldetlip ln nenoeuvrnes
(turn co-onllnatlon).

2.L.12 Io provlde f,or uncoordlnet€d [8no€uvtt8
at ior tp""a (".g. hndlng nlth sldeallp)'

z.L.Lstoprovldcsetlgfectoryfceleharaeter{.stlcs
-,rr *,. yer ad.s dur{.ng aldea1lp at 1orr rpced'

2.2 Eerglasr-Ugdg

?.2.! hcrgency node to be corpleta.dupllcatlon
' of tfre Pert of the norrel sYateu

provldlng cteblllty eugnentltlon ln Ytr'

2.2.2 harioncy node to prrvlde lteue deser{bed
undei 2.i.4, 2.1-10p 2.1.11, 2'L,'L2'

2.2.3 Snltchtng

2,2ob Srrltchlng frou one node of operatlon to
another itroufa not rsgtrl'ts ln sudden

, chengps ln the leraL of control forcec ln
er\Y ad.sc

2.2ri Provlslons to be nede for autonatle change-

oYer froB no::rnaL to anergency node ln case

of fallure of ary coBpon€nt causlng
rous.bulld-uP of load fectors"

P/Stsbr11tv/u?
,l
o

Harch L95?

PREPARED BY OATE
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3.1 Ptf.It bo.s

3.1.1 Thc bloek dlagran of plteh a:ds Is
shorm on Elggre 1.

3.L.2 Thera are three baslc,lnputs-ln the
Plteh a:ds, nanalYr (etlck forcc)
(eleetrr-crl outprt of the sttck force
trrnsducar)r norurl ecoeleratlon'
(tron aceclcroueter locetcd 22 tl'
forrerd of cog.) and P1tch rate
(fnon pltcb rats Srro). Prl'nclplc
of oPcretlon !s ac follorsr
stlck forroe ls conprred wttb aonal
ecccleratlon and the crror slgnrl
dr{vcs peralLel serro untll botb
elgrnla arc cquallzcd. Thle recnrLts

' trr olacntlal\r constent stlck force
per l gr . Pltch rzte Provldeg shott
p"Aoa dlEplng ard norual, eeceltretlon
phugotd drnplng. Srrltrblc trt'ufag
urrrie. rrtrtchc; ard. fedcra for 16r
apccd-operatlon are provldcdr Alao
a rgf ]{r{!61 Is includod.

).1.) Pltch Eatc

PltEh rate hac 3 gstn sohcdulc bared
on corpnasclblc aynenfc pru$ure (q")
rnt le fcd tnto ttrc dlfferentlal
settos thnough r htgh peaa fllter uhlle
cffcctlYe proportronar ctgrul ls fcd
Into thc Paral1c1 S€fttoe Such an l

arrengenent avcr!-ds dlffercntlal scmo
aeturatlon under hlgh rteady strte no:nal
loed faetors. thuc proper danptng ls
agsurGd under eIL condltlonso

3.I.& lto:rrl acceleratlon srd stlak f,onoe erFor slgns'l

?hla cr:nor algnel ls fed through c qc Sai.rr
rcheduLo llto tha dtfferentlaI aewo end
also through another gatn schedule (q. and
eltltude) into the lntegrstor l-n front of
thc perallal scilo. ThIs errangerent
dn{nlzee unieslrabLe stlck shaklng t-n 

r

Brsty alr assooletcd rlth notral aeceleretlon
ieedbrck, wtrlle provldlng phugold danpl-ng.

q

PREPARED BY DATE
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truilgFoNrI, pF-SCRtrPII9N. - NORMAT. DAUPFR (Contlnued)

).1.5 Trfunhg fienueI

Utth thlc arrangcocnt, no tri.nnlng ls
neccslety for level fUght rpart fron
alnor conrcetlons duo to lnterfenancct
stray voltages etc. To trd.n lnto a

E&noeuvre pllotra button operates e

notor nhLch lntroduccc r slgnal lnto
thc conperator, rrvl thus trlrc l:rto
ansr deslred load factor.

3.1.6 Tr{-ulng - lutonatlo

In order to Provlde deglrable feel
effects ln cascg of fallure of thc
nomaL de.ryer the autornetlc trtn ls
added. It opcratas eB follors:

to Wlth pllot exerttng force at the stlck

Tr{-r uotor Is actuatod W tbe preusurra ptck-
up In thc paralLel serro ln such a Esmer
tirat se:ro locd Is transalttGd full.v to the
fecl spr1.ng. Thus on dlaengagenent of the
parellll servo there Ls no change tn *Iek
lorcc Level.r If silck foncc 1o released,
alrrraft rlll be out of trLn ard haa to be

rsetr{-ucd lanua$;'. Th!'s arlangeoent has

an adventage in the faet that Sento operates
nlth snrIl-logds tbus permlttlne optl-ulm
pcrfoztancc and alco ln caae of ntln
tontrol valve tendlng to Jan the tr{'nner
aprtng hclps to overpower t"hc lncreascd
forcGt.

An lnterrupter Is provlded ln thc trLmer
uotor clrcult to edept lt for contlnuous
operattonse

b. tfttb no forcc on the gtl.ckt

TrLr notor ls actuetcd ln the seile Eentler
ts ebovc but stops rlronever an lneruusntal
.5 rgt Is cxceeded ln arlf dlrcction. Thus

on disengegment alrcraft retunrs to
nlthln L/2-'gr of leve1 fLtght. A separate
aeccleroneter ls utlltzed for thfs puryosG'I

,l:l
-l
fl.l

PREPAAED BY
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TUNCTTONAL DTqCRIEEION - EOnrrI, DlyEr:q, (contlnued)

)nl.? Pres$Die TrLa

Prossura trLn ls provtded ln the paralle1
tefiro to avold engegenent rhctr p:receures

ln the scfiro gc noi equallzed' 'thls
eEsuna8 snoottt cngagment free of undeglr-
eble stlck noYsrents.

3.1.8 Conmard IJ.nIts

ltrc output of thd stlck for:oo transducer
fs 1lnlt€d to a value adJustable between
+ 

"rra 
5 r8'. It u111 b€ a fbrcd velue on

productlon alrcreft. Also provlslons Yere
uade to vary etlck forsc per tgl for '

devoloPncnt PrrPoscr.

3.lf r0r LlJd.tful8 t

A lgr ltnlter Ia provtded to dlccrgage tbc
oyoles lu oeae of lalf\rnctlon of ?r5r of
tire oonponcntc. It operetcl fron tuo
nomel Sccgloromters (onc forard and onc

r"f t of itt -".g. of the alrcrrft)nrrd I

clevator porltlon ptek-off. It la ntccEsarTr

to oonbht tbrae rlgnab ln rn rrpDftcr
nathcr thrn uac a rlnpls ttdtctt arrangcncnt
to obteta anough urtlclpetlon rnd 

'ssrulrproper funotloitng o! tbc llrltcr urder aIL
iffitt cotdltlons. ftrlr typc of rgt }htter
neg dc"lopGd tr lt-f, for enothcr aeropl"anc
rrtd G. bciry tiUong to or rpeclflcettontc
Rrdder nonl[or sfgnrl ts 'e1ro connect'd to
t[c tgr ]tlllter t6 aracngl8G thc nonrl rcde

. Yhenever nrdder rrds falla' 
r

, The &sengagelsrt le obtsln€d lry a contact
on the p"iif"f sorvo rhleh rcleases thb
plretflltst anO another conteet Hhl.ch FDc€rrtera

the dlfforsntlel satro ' The dlfferentLal
tctleo h8l 3n eddltlonal 3€n0or rhlob pernl-ts
lmedlatc rccenterlng on\y If lt 1s gol-ng

to rreduoe the resulting loed faetort other-
rdse tho dtfferenttal ienro ls ocnte:ud by
nor:rgl' darrper actlon and then'dlecngagcdo
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3.I.10 Ior SPccd OPcretlon

It Ls urdeslrrble to nalntaln the eonstent
stlok fozee per rgr oherroter{'stlcs at
appnoach spsod slnoa thts IILL rcsult trr
over-sens*lve control. A desfupd feature
Is a proportlonal feel. Thls la achlared
by an arrangcoant of, srltcher.snd f$"f"
rirlch qrrate autoratlcally rlth under-
oetlz'tagc aelcator snltohr }{han urder-
aarrlage dorn ls talcot d thc syato o'pereteg

er foLlorst

Xornat eccelcratlon lnprt lato the dlffercn-
tLal serso lg fed€d out rrd pltcb rats
proportlonal clgael lntrcdused through
ffisatrg tbc htgb-Peec f,llter. ?bls
p-ro,vtae"*eood rhort p"+d danplng' tomr'I
.inprtr tnto tbc parellel Eerro aru out-off,
eni t'ttc proportlonrl stgsal lntroduccd tnto
tUe Jruroiton box of tbc paral"lel lervo b;r

rurrnfng up thc feder ln that'Itnc' Tr{'mer
buttcr ls connqoted dtncat"l*y to tlre lntcgra-
tor (rae bloak dtegron).

Upon ccleotlon of undercarrdege upr the
gyaten revertg to nonaL

3.1.11 Pre-engage StYltsher

Pre-a83ge clneulta are prorlded to cocrSlsc
thr oonponants arrd ao8uro rnooth engegeuent'

I

;l
.l
rl ':l

I
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3.2 Eoll-.Artl

3o2.1 Bo11 axls dlagraa ls shoun on F'lgure 2.

' ).2.2 There aF two baslc lnputs ln thE r^oLI
a:clst otlck force (clcetr{cal outprt of .

tho etlck force transducer) and roLI
rate (eyro outprt). PrLnclp}o of
operatlon Is glnllar to pltch a:ds.
Stlck forrse b ooapared to rol,"]. retc
and the Grror slgnal drlvee the lcrros.
lhls r.csults fur ersentlel\y oonstant
stlok foroc per unlt of ::etc of ro$.
Su1tablc tri.ndng unlts ard etrltehag
for 1or, spo€d operatlon ar.e Included as
rlgll as a rate of nolL llnltor. In
addltlon, for orfety traltorut, e co@ard
lIaltcr cchadulcd qt trsngvcrse
accelcratlon tt lncIudcd.

).?,3 Fatc 'nd Stlck Force Error Slmrl

. Thlg error slgnel 1g fed through a q6
geln oohrdule lnto both parellcl aDd
dlfferrartlel lcrros. ?hts rcsults ln
optlmrn condltlons fr"on the poht of
vler of rtsponso to comand rlgnels
and danplng of thd rdutch ro}li uodo.

3.2.4 ?rtmlng - ttanuel

ilenual trLn ts provlded ln tbe fom of
eleetrtcal tnpt lnto the eoqrarator,
through I notor opereted by the pllotrs
b,utton.

Autonetlc trtn ls not llcludcd ln tic
roIL l$-e"

).2.5 Fncsgut! Tt'l,!

PreceurG trt la provtdcd - cbc ).L.?.
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3.?.6 Comerd lj-alts

Connend }ldter ls provlded ln the stlok
foree tranaducer at l2Oo/scc. of ro11
rato. In addltton, I llnlter schcdu]'ed
rdtlh trensorrse eccaleratlon Ia presartr
Thla 1ltaltc the comerxi et tora ^.
condltlons to e velue (bsLou LZO" ltcc.) ,

rhloh rdIL not :rcsuLt ln axoccslvc fln
loadc. It apoclftcelly epplles et htgh
dJrncllte pr.esaures and at lou supersotric
sDccds at trtgtr altltudcs. At thc latter
olttdltloot tr5. 1r-l1er aetlon rIIt bc
notlccd ln rolls axocedlng approx. 1800
of roLL englc. nhllc up to thla angle
ts&rd.lul rrtca-of roIL ean bc rcelLacd.
StlaL forcc pcr unlt rata of ro11 ls
ergcutlr1\y conrtqnt so- thet Ea'd-Erl
reic o{ noIL (l'2oof a*.) oomcspomdc
to fnIL allcron fonce (20 1b.).

),?.? RoL[ Rete Lklter

Pr"ovidca protectlon egelnrt ayota
nalfrurctlon. Opcratas fron rlng tlp
nouatcd aceeleroneter, tld has rrr
tnprt frol nrdder noaltor to dlcengege
nomrl node ulran a fellurc oocrrrtc r

Illsagegxrt Is echtevcd by dlaoorucct-
lng efnsUal lorvo and rocenteflng of

' dlffcrcntlrl E€raoge

3.2.8 l.or SPGGd OPeretlon

i. oo*' *o -PlllabILltXAZ

AIRCRAFT:

c-105
C H E:C K E D B Y1

In orrlar to obtall proportlonal fecl
et lorr spacd a aet of crltchcs ls
fr"otporltcd operrtlng eutonatloe{y
rtth urdercerrlage gclector rrltcb'
lrJhan underelrrlage down ls oclectedt
the aysto oPeratcs es folloral

A proportloml slgnal rrlth conetant
geln ko ls lntroduced llto the.
furaffif selro and the lntegrator Ic
ilaeorureetrd. Error slgnal renalns
ln the dlffernentlal rcrvos provldlng
drrplng of tha iduteh ro1li node.
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3.2.9 hwlalons for ryuetr.lcal deflectlons of
atlcrona; Perforlsnce enrlyals shous that
a conslderable reduotion ln trln dreg can
be achlwcd fu syruattteal. deflectlon of
allerons at altltudec in €rcass of 4Jr000 ft.at superaonle olreds" Thl,s Is achleved byapllttlng the quedrant through rtrleh eonnaad,s
ara dcllverud to eeeh aileron. the ralatl,on_
chlp of the tro heLvec to thc connend systcn
are thca govcrncd by e Jack rirlch ls eontroLled
by an altltude grdtch. thla changes the
neutral rctttng of the aU.erons W tt. dcsLred
uount.
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3.3 Yer A:d-s

3,3.L lhe block dLagran of norual. yaw axls l-s shonn
'ln the upp6r half of Flgura l.

3;],2 There are four baelc lnputs tn thc nonul yar
axlt, name\r: transverse acceleratlon (frtn
accaleroneter looated approx. 13 ft. fomarrl
of alrcraft c.E.) yaw rate (ryno output),
allertn poaltlon (trorn alleron posl-tlon pick-
off) and the pnoduct of pltch rate and alJ.er"on
pns1tlon. The prlnclple of operatlon Is as
follows:-

Transverse acceleretlon provldee stablllty
augnentatlon, yar rate asslsts ln damplng of
the dutch nollr hlgh-passed alleron posltllon
controls sldesllp ln rol1a entered f:ron level
fltghtr shlLe the product of pltch rate an$
aller^on posltlon offeets lnartlal crosa-
coupllng effaots In rolLing pull-outo. Wtth
such a s5rateup uncoordlnated manoeu\rrag ar€
lnssLble to a rather llmlted extent andr
thereforer a swltch was added to provtde for
Lntentlonal sldcsllpplng at lorr speed. Rudder
nonltor provldes autonatle srltch over to
ensrgoncy l.oop In case of nelfi:nctlon.

3.).3 lau Rate

Yarr rate has a qc galn schedule and Is fed
lnto tha dlfferantlal sert o through e hl8h
pass fl1ter. It contr.Lbutes to 'aampfng

espeetally at hlgb altltudes by causlng the
zrr,ilder to oppose yar rates.

3.3.4 All.eron Posltlon

Allaron posltlon has a qc schedule ard ls fed
into thc dlfferentlal scnro through the saue
hlgh pass f1ltar' thus steady state allerrn
1111 not producc a si-gnal In this ehannel. Thl.s
ls lnportant slnce stea$r state alleron lnay be
requlrcd ln leveL flLght to balanca aqruuretrlc
nonents.

CONflDINTIAL
OATE

4:
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3J.5 tranworse Acceloratton

Accelcroncter outprt has 
"a 

qq schcdule andls fcd dlnectJ;r lnto the s.!;talng polnt ln. front of the dlfferentlal servo] 'fts
effect ls ctnller to thet of e sldealtp
eagle facdback ln thls that tt wlIL tddto ntnlrlze btdcsLlp under alL corrtlti"ns.
Thla cen easily bc dcaonstrated, stnce tbe
ececlerouster negtstcrs total aerod;manlc
fonee aettng on thc alrfranc rather thanascelcre,tlon, fhe naln conponent of thlsforce ls sldeforee due to stdcslfp angj6.?hc:rforu, sldesllp ntnfunr zatfon irfff*U-
provldod alro under steadlr state cordltlons
rherc trangverEe ecoeleretlon of the alr_fram is not precantc

3.)-6 P'oduct of pr.tah nte and alreron pocrti-on.
the prrduct of thcrc tro varlablss lsobtalncd tn the danper and fed throush a o
rohsdulc lnto the nrddcr dufercnifei -""r#.

t.
?hc lnertl$ opr!-eoupling cffccta on }or
aspact rrtlo elrplenes ar.e sucL that
rrcathcrcock stebtllty Ln yar la effecttvcly
r.cduoed lrL proportlon to Lhe pr"oduct oi --' pltch ard Yroll rates eauci.ng lxceaslvc bulld_.up of sldesll.p 1n r:olllng pulL_outsl To off-set thts effcot the prcduel of plteh rate ardallcron engle nas htroduced, iUcron ennle.ls usd lnsteid of the roll rete slnca uoiaatlclpatlon ts obtalned ln thLe nenner and1t Is nor6 eonv€nlent for scheduUng.

3.3.? Tr{-nnlng

Slnee there Ia no parellcl scryo ln ttre mddered.s clcctrl.cel trlunlrg rlthtn the clr.cu1t lunot rcqulrtd. Convcntlonal trtu provlsfons
are !.noorporetcd rdthln nrddar fcil untt. -

1'.t
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3.3.8 Rudder Monttor t

Thls tutlt provldes prctectlon agalnst rnalfunctlon
of ttre syateur by swftchlng over to srergency
whenemer transveree ecceleratLon or sldesllp
apprroaches structural lntegrlty ltnits. Thls
nrltchlng neehanlm operates on aIL three
ix€8r e.g. wtrensyer nortal modc In tbe nrdder
ards falla, the nonltor rtJ.l srlrlteh not on\r
nrddcr axle to serg€ncy but the renelnlDg tyo
as rcI1. It hac tro lnputs, nane\rl transverse
acceleratlon and oldeallp anglc. trJhen
eccelerstLon et the srnsor approaches .l+g
(tranrverse), sirltchlng occurs. At 1or speeds,
horeverr a snell accelcration nay correspond
to a rather hlgh oldesIlp angle. Stnco the
.alrcraft has undeclrable characterlgtlcs above
angle of sldesllp of approxtnately 129 - 14o,
srftchlng ls prcvlded whenflrer angle of sldesl5.p
exceeds ioo. ^

At pncsent dlfflcultles ar{.se In flnellzlng
the rrrdder nonltor conflguratlonr slnce a'll
sondltlons wlIL not be net ty systu descrJ-bed
.ebovc. Ccrtain nodlfteatlona aay be reqqlred.

3.3.9 Iar Speed Opcratlon

A erltch operated $r the undercarrLagc down
scleator lntroducea a conflguretlou ehango
rhlch allowe ttre pllot to sldesllp Lntentlon-
allJr, B.g. for crossrd_nd rardtru. Thls Ls
achiEved W hlsh-passlng most of the tranwerse
aoceleratlon slgnal rhlLe a snall part ls fed
dfusctly. Sueh eonflguratlon reaults ln neLL
danped idutch ttLL n node rhl1e nrddor utoves
ln natural dtrectlon at hlgh sldeallp 4nglesat low speedo C1esn conflguratlon exhlbtts a
tendeney for very snel-l or oppoalte nrdder anglas
requlred for landlng In trlgh crossrlndgr
produclng a rethcr nunnaturaln fesl for ttrepllot, ?hic condltlon 5"s krrorrr to erdot l-n
slnilar eonflguratlons and did.reeult ln
llnltatlons of tbe lendlng speeds. ?he systen
deccrr-bed abovc pr.oduees an acceptable
characterlstlc of mdder to sldecllp angle ratlo
at l<ru apeedao

DATE
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4. FUNCTTONAT DDSCBTPTTON - EIERGpNCE UoDE

4.1 Pltch tuclg

All setros and stlck force transducer are dtsconnected
hance thare are no electrtcal slgnals rlth ercceptLon
of tr{-n unlt. }lechanlcal corurectlons are pnavlded
to the maln control valvet. Proportlonal feel Ie
provlded togetber rlth conventlonal itrh unlt. !
Comnard, and g llnltsra are of course lnoperatlve
and thcrefonal ro{ponclbt1lty for not exceedlng
stnretrrel intcgrlty llnlts In nortral load factore
rests rlth the pI1ot. In some condltlons the
alrcraft Is protectedr hoywerr W vlrtue of hlnge
nornent and elevator defleetlon Ilnltstlona,

l+.2 RoL[ A:ds

AL]. serwos and gtick force transducera are d{ sconrrected.
. llechanlsal conrrecttons are provlded to nalu contr^oL

valves. Proporttonal feel 1r provlded togcthcr rlth
conventlonel tr{-m un1t. Ltp{ters are Inoparatlvc
and pllot Is responalbLe for not exceadlng atructural
lntegrl-ttrr Lfunlts ln rate of r.o11. S1nce tranwergc
accclerattoa fadcr la not operatlrg In euergency
node the pllot should restrtct hls roll rate comruandgr
espectal\y ln rolls entered at hlgh normal acceleratlons.

4.3 Igr 44g - Emergency

l+.3.1 The block dlagran of emergency node Ls shoun ln
the lorcr half of FIgure ).

4,3,2 There are three baalc lnputs lnto the €nergency
mode narne\r: tranwerse aceeLeratlonl yaw
rat€ arld atlerpn porltlon. For slnpllclty
neasons tbe product of pltch rate and alLsron
posltlon is not lncluded. Thls restrl-cts
somerrhat tlre rates of rcl), that can be applled
1n pull-outo.

l+.3.3 Inputs into the mergenc5r rcde operate on the
saos prlnclple as these ln the norral nrode.
For rellablll$ rsaaons separate sensors ana
usedo
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4"3.& hrdder Fcel and Trtn Unlt

Psdel force pcr unlt nrdder defLcctlon ls
cch€dul€d yB qc ln order to reat*{,ct the
rudder appllcatlon bf the pl1ot. At hlnh
apceds a rnal.I mdder dcflectlon *y ".i""a prohlbltlve verttcaL fln loed, thersfore
hlgh p€dal foroec are arsoej.atci ratl s",tirdcflcctlonl, in hlgh apecd rcgi-ac. nflo{
author{.ty as llaltad by hls Ea:d.tnrn p€dal
forcc (asguaed at 150 lb.) co"rre";;; il
approxlletely one flfth to onc UILU ofthe totaL Jack outprt at htgh apeedr. end- to fuLL nrdder defLectton ai loi apecds.

Tr{.n authorlty Ia proporttonaL to and
rousrhat hlghcr then pilots ruthod.ty at
htgh sps€da, rhlJ.e firlJ. nrdder can b-e
trLencd at lqr speedso ?hls grrangaent
pemlts ur-coordlnatlon of sldeclff to arethar llrlt€d erctcnt at h16h speeda andls rufflelent to cope wlth aas;rnetrtc
porrar and other nonents throughout thc
sped rtngcr

4.3.5 I,or Speed operatlon

Operatlon ldentical rlth noruel node,
3,3.9.

I
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krddor Honitor

lhIE unlt provldes prqtectlon agelnst melfunctlon'
of the systetr by swltching over to energenc$ whan-
ever transverss acceleratlon or sldesllp approaches
stnrctural lntegrity llnlts. Thls swltchlng Ech-
anlsur opetates on all three 3xo6 €rgr whenever
nonaaL node ln the rudder axls falls the rnonltbr
wlll swltch not on\r mdder axis to emergency but
,the r.enalnlng two as we1I.

The nrdder nonltor operatLon ls basod on tro
trensver"se aeccleronetere and a sidesllp swlteh,
The acceleroneters are located et 13 ft. fcd fron
c.g. and 40 ft. fud. frrn c.g. ard sct to open at
.25 rgt ard .lt0 lgl recpectlvely. The clr.cult
connectlons. ara ag gholrn.

P Srltch A4o

Slgnal
To

Sngago
HomaL
ilode

f
Openr 

1

OpGns

EV.?5
Opens

o< -.?5

$rltehlng to euergenoy wlIL occur onJy when'both
acceleroretars reglster aoceleratlons lerger or
equal to values ehown aborre prwldlng that both
act ln the sane dlnectlon. Such conblnatlon of
acceleratlons ls posslble on\y ln csse of rudder
ntneueJr, becauce ln co-orrilnated noJJlng
nanoeuvres accelerations rtII havl oppoitte slgne.
In fact A1, deteets dlrectlon of sldeallp whl.)-e
446 provldca an lldlcatlon of yar*lng ecceleratlon.
If yawlng acceleratlon le sueh that tt heJ-ps to
reduce eldeabp the cut-out trlLl occur at r=1atlvely
larg9 values of aceeleratlon (about .5 -.7ogrsn at
c.g.), ht wtrsr lt aett fr the opposlte sense the
cut-orl, v!11 occur et rclatlveJ;7 lor values (.2
-.3 ng{sn at c.g.) - ttfs conplteated nonltor
conflguratlon r.eeults frorn crosgcoupling conslder-
atlons. In co-ordlneted ltanoeuvrss reIattvcly
Iazzc velues of tt'ensverze and yarlng acceleratlone
ero needed and the system mrst be ablo to pass these
and cut-out only nhen fallures occurr

t
o< -.4

i
..

7
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3.3.8 hrdder Honltor (Contlnued)

AceeLeronetere alone rl1l not prcfluce deslred
functlona at low speedo slnce a srnall accel-
eratlon uaJr corr:espond to a rather hlgh sldcsllp
angle. Shce the alrcraft has urdesliable
character{.stlcs ebove angle of sldeclLp of approx.
12-140 eddltlonal srritch ls provided ,irurr"ve,
angle of sldeellp excaeds 10o.
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3.1.9 trOn Llulter

A ngn llntter ls provldcd to dlaengage the
cydten ln crec of aalfunctlon of erry of
thc conponents. It oparates frta tlo
lccelerronetera (olre forrard srd on6 eft $ron. thc crgr of the alnoreft) end tso serro
posltlons plck-offa (paralteI erd dlfferentlal).
ft ls necosrety to donblne therc stgnals In an
anpllfler through fllterlng netnorks to obtaln
enorgh entlctpatlon and aesune proper fiurctlon-
lng of the llnlter under atl fllght cordltlons.
A dlfferentlrl rGryo plck-off nac edded. to
provlde protcotlon agalnet dlffenent[I senror fallur.e whlch rnay pruduec unctebLc osct]JatLons
undor rone fllght eordltlona. A oepnratc plck-
off !.s provldcd on eaeh differentlal serro.
Parallel Bcr?o pLetr-of,f prpteetr egainst sGrro
runeEJr t;rpe of falfure.
the ngtr 1fun1ter rd1l autonatloalLy dlsengage
the nq:Ee1 pt-tch ods rt zuch lwel of riorual-
aeceLeratlon that r€sultlrng frerahoot rdll not
excecd etnretural llnlts of the alncreft in rilt
fllght oondltLons. Eudder nonltor slgnal Is'aLso
ooruneoted to the rgn llnlter to dlsengage thc
nor:na1 node uherrwer rrrddsr e:ds fall.
Tbe dlcengagenent ls obtatned by a contact on theparallel aarre whlch rreleasas the pressuro end
anothcr contact rhlch reoenters the dlfferentlal

i

1

I

l
I

i

i

I

I

I

l.
8€lror ?he dlffenenttel 8€ryo rllL nsserrter
lnmedlate)y on\y l;f thls actlon ls golng to neduce
the resultlng load factor, otherrlse the dlffenen-
ttal ser:vo ls centertd by nonuJ. drnper actlon ard
then dlserrgaged.

When the dtsengageruent ls cornpleted the alrcraft
rdlI b€ ln the.erurrgcnc[r mode of control and then
thc pllot ls rerponalblc for not exceadlng
stmctural l{nt-tl of ttra airframe.
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DATE

Galn schodules rllL be flnaLlzed W end of llalchr 
-

195?. ILE prtposal on ttrese ras Just recelved and

ge;eraLly approved but gone nlnor"polnts have yet
to be mutuallY agreed upon.

Rudder Honltor

The systaa was flnallzed ln accorrlance rlth

"oc.'pi"a 
practic'e by slmulatlon of pltch a'rJ'a

ln ris twi ana threl degrees of freedora' ard
conblnad roll and yar arde ln ltc three degrees
of freedon. Spot checks only were carrled out
ulth corrbtned ieoupled) flve degrees of
freedon equatlona ind only a llnlted nurnber of
non-llneailtte" ras intrtduced due tP llnltattons
of preaent analog equlpuent. It wlll thereforet
be irecessaly to systenatlcal\r rd-evaluate
flnaLlsed systen per{ormance uslng full coupled
equatlona wtth all Don-Ilnear terua et least
wtth flve dagrees of freedon ulth spot checks \

tir.*, "t* 
(rorsana spaed) and swen (altttudc) '

45 ftfgfrt condltlons were selected to cover
f1lght-enve).opes and afl. u111 have to be chocksd'
Sucb sfuaulatlon wlII yleld nrrnerlcal data of
svsteu oerforaancel llmltatlons r feotrlctl'cns
(if any) etc, In addltlon effacts of aqrmetrle
por"tr-wlng trlst,open csnoPy etc. wI11 be
-evaluatad iccurate\y. Thl.s elnulatloh 1111 In-
clude cerbaln new inputdr 8.8. recent\r modlfled
serro perfoltance chiraeterlctlcs (not yet

.t
:l
rl
Jt

l

5. sTATUs oF llJoRK AS 9F HARCH lst 19<7

5.L Block Dtasrana

Syetem block dlagrans are ftrur'l;r estabLlshad as

dlscrlbed In SecItona 3 & 4 rrtth Snssiblo exceptlon
of rrrdder monltor.

5-Z GaIn Schedulec

5.3

A nodtflcatlon nay be' treces;ant hrtconflguratlon
descrlb€d hcrsln iould be usad. Thlc probls should
flaal\v be *esolved W ttre end of Marcb L957'

5-lr Dvnenlo Anal^Ys1a

5.t+.1 lllgh SPeed

P/srabtutyllJZ

PREPAREO LY DATE

I

ATRCRA FT:
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5.4.1 dellvared by ILH) r a6ro$men{c derlvetlve
chsnges obtelncd fron Free Etleht l{odels
(analy'sls not coropleted yot) etc. Data
obtalned ln thls rtranner could later be used
as a bagls of conparlson rlth fl1ght test' rcsults and w113. apeed up fllght test ana\rsls
If a sufflclentS.y large number of fl1ght
condltlons ls ana\rzed nou.

' Thls progran ts belng held up at the uon€nt
by late dellverlr of addltlonal analog equlp-' ucnt (ftrst batch shorlld have bsen ac:.fverln
on rlenuarjr 15th). Thls ls a raJor pnogran
and rILI be carled out lntatulttent\r up tofllght test tlne.

5.4.2 lor Speed

A atparate 1ow sp6ed ful1 slnulatlon ls requlred
1n o:rCer to establlsh trand3.lng oharacterlg{Ics.
!9c$ft rlg w1II be uttllzcd for thls puqposc.
Thle prugrae rr11l st^ert as soon ae coci<pli .fgls deLlvered (t{arch LgS?).

P/steblutyl:J?

t1
,
a
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STATUS OF tqRtr_.AS oF Jmlq?(th 1q5"

5.L Bloql< Dlasrams

AIL Systern block dlagnars are ffumly establlshcd,
lncl-udlng nodlfleatlons to the ngtr Llmlter deser{-bed
on page 18c.

5.2 Galn SctXdules

AIL galn schedules are flnallaed arxi agreed uponc

5.3 hrdder Honltor

A new conftguratlon has been agr.eed upon.
DetaII descr{.ptlon Is shorm on pages 18a ard 18b.

5.4 Dynanlc lnalvsls

5.4.1 Hlgh Specd

Preparatlons at€ belng nade for alt-speed
ard al.l, altltude sfuuulator prograrro
Addltlonal analog equlpment has been
dellveredo Other equlpment has been
ord,ercd and shotlld be dcllvered In tlne
for the progreE to start at the cnd of
Septenber L957.

5.4.2 Low Specd

Ion spced itrot tton Is cornpleted and rd1I
be repor-[cd separate\y,

5.5 Danolns Sgstans Si-uulatQf

Phase I conpleted ln part.
F\rther aodlftcations arrc necessettr to brlng up to
date the slnulator conflguratlon, to be compatible
rdttr the flnallzed verslon of thc damperr

PREPAREO BY DATE

June 1957
DATE

4t.k0 A//?(,Q trl
VAL-CN O^!TAI]!(\
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Fl :,1 :.lll.



AIRCRAFTI

P/stablutyh3?
4 VP O A /tP CRA F7 l//A/fEO

MALYON . ONTARIO
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TEST PTOGnAIT

The test program wlll lavolve;-

5.1

To provlde answ€rs to problems coruleoted rrlth feel
and handllng characterletlcs.

3o fnn{llarlze the test pL1ots nltb the behavlour
of the alrplane.

lo estabHah flyabllLty reglons urdar eaergonclr
oordltloru (clean alrfrens).

?o dcvelop lngtnuentatlon for productlon alrplanes.

Developnent of ful1 lnstrurentatlon to be lncorporated
ln the cockplt r.i.g rtU take approx. 5 Donths. Para}lel
s6:rror have to bt lnste]-Led (not avallable y6t), and
fuflrau3-Ic power sourc€ has to be provlded. Installatton
of tha r1g for prelrnrlnary testlng ls heLd up because
neu laboratory area ls not rmdyo

6.2 Darnplng Syrtem Slnulator

To be dellvered by tLH ln Harrh Lgs?. The rtg ls
ln fact a danper rhtch 1o not fIlght mrtftr on sh5-ch
devclopuaent nork can be canled out 1n conJunctlon
rrltlr analog conputerl cockplt rtg and B-1 rlg. Slncc
the dealgn of thlsltca had to be fnoaen gonc tlnc
before 15s .h'nplng systen was flnallzedr- it s111
requirre gooa tsodlflcatlona to brlng It up to datso
These teets rr111 be rnatnly concertred rrtth essessment
of elect'r1cal harrtware 1n thc danplng systen, Per-
fomenca sharacter{.stlcs of eeoh lton nIlI bs evaluated
and lta effect on the rhoLe systeur altd eventual
modtflcatlon suggested. 81na11y thtt sLnulator wlll
be intcgretcd ylth the cockplt rlg erd the B-I r:tg ln
orrlcr to functlonall,y prrvs the bcharrlour of ttre wholc
de-plng syateu lncludtng seryo!, contnol surfaces et6.
P:rogran of testc lls descrtbed ln Apr5rendlx A aDd B.
At preoent a dtffleulty ls expcrtenoad tn provldlng on
tlpe a sufflclcnt ntmbar of demodulrtlon channeila.

c-105
ldarqb 1957

DATE
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CHECKED EY
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6.2 DanplnB'Systen Slm[rtor Contrd. 
.

Servo nonltor aqulpqent of the tlme requfred bn\y
ree_entJgr appser€d on the ruar*et and carLler dellvery
could not be obtalned. Thercforer onJ.y a l{qlted
aaourt of testlng can ba canrLed otrt prior to
l{ay Lstl 195?.

6.j B-t Rts.

. B-1 trtlg shal1 be requi-red for tests of the darnplng\ ryrtm_aubJect to ottrer prograns that are belng
oarrled out on Lt. rt r11l be necegsery to make nrnsln each of the ttrrea artt saparatel;r aa soon as they
becomc avalrableo The conblned thrce a:rls nurs should
be nade durlng Novenbcr - Dgcmbel. 1:g5?, ltre typeof test requlrsd is degcrtH 1n Appendk C.

6.4 Fllnht Tesr

Fllght teot progrzu and assoelated gruund, tcsts ars
under dlscusslona aor and rlrr be risued ln due co,,rse.

r/stauurty/
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?o ASSOGIA?ED PROORA}T.S

danodulator equiDucnt
Lead Ias networ*-
nolsc ln electrcntc clqoulta

7.L Alroraft L.8L0,

Developuent of tlg fulLy porered control systaon 6?-100 alrcraft ,"" o.ri"rtaken ln order to obtalnpractlcal erycr:lencc of thls tlBe of "y"irr.- Flrst
l"T oI the prograa conslstod;i aeveropieri oroontrol valves rrlth sultable force oi,riloi.rr]at"".Dlffterrltles rrere erper.Lenced ln mlnlmlzl.ng thefor-oae appearing at tfrc 

""in-"orrtrrol 
_valve. 

EvEnt_ualIy a sultable eonflgtrraiior, ,o" developed, thlsre!' rn trportant eontrlbutton to th;-;;;;iJlent orthe C-l0J €Derg€ney mods.

Second part of. the prograrn conslsted of developuentor a control srlek_it.6rr'g ila"-"iuiiri*'Ii]tpr-lnclple of nor,:aal ."""tririion feEd,back, slnl,arto the c-105 syitar. p..cii".f experi.ence of suehoSrsterns 1s necegsaty to obtaln r"rlrr"ii"r, Jr, 
"y"tq,bahavlour fron the p"fnt oiIer of trlrornlngcharacterletlcs, thrcshold. of-cmponenta, dynanicperforranee etc. The qyaten has been destgned arulnanufacturd 

"4 a scdlc oi iests reaalng to bedone pdor to fllght teit ..pr"t"a to take pleceln Aprr.I t95Z

Desl-gn dtfflcultles e:cper!_enced up to datE werc:_
a)
b)
c)

?.2 Autool1ot

iiq:H} fi fi'tr*::$fl :&rHt."Hl:LTT,""
, to esteblich. eonpatlblltty nlttr trri 

-a.rp-G-Iyoa*.
The autopuot ayitem shouid be slnurated end ehecked' for atabirtty.and perfonnarr"a r" order to assurefqll utlttzailon oi .fiiil.!6apabtltt!.es. Atprusent not enough tnfozlratloa is .vrfi"iie il p"o.".drlth thl.s prognar.

I
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7.3 Flre Control S;rsten

As ln t:tre case of autopilot courpatlblllty nlttr damplng 
Isytts hae to be establlshed. Studles of tactJ.cal 
I

nane6or""a 11L1 lndtcate the best nethods of attack I

and brEalc-ayay to achLevc the best posslbla uge of I

the alrframe. On thls basls flre control systeqa can i

bc nechanlzed. Add1tlonal otudlee of reapons a*allable 'I
IrrlLl b€ neceosar:r. . 
I

A li"d.ted erount of tactlcal atudles have been uade 
I

up to date. Thls ls a long range progran and has to 
ibe carzted out In para]-lel $lth R.C.Ar llork ln ttrl.c 
ifle1d. Ttre scope of ttre pttgren nILI be e:rpanded 
I

rhen uore lnfomatlon ts avallable. 
I
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Avro Alrcraft Li'urted

INTM-D}?ARTiEI'iTAL :{E.1OhANDUJ'1

Date
To

From
Sui'J ect

21st, Februsry 1?57
:'lr. J.A. Charnberlln
S. Kwl-..tkowskl
DAitr fr SIi'1Ui/'T'Jit PitoGRAl'I

The following ts a general laY-out
sinnrlator. Detalls of each phase wl1I
and Control Section at a later date'

Phase I - F\:nctional Check

milflD[,, 
' 
flL

iieference Number: 5?OZlo"i'lJ

of test Prcgram for daryer
be speclfied tY Strb'i1ltY

Tc assess the operation and perforaance characteristi-cs of
dam.oer a1one.

Frocedure: D.C. lnputs to be lntroduced into convertor
servcs !n each channel anC inputs into the servo aryllflers
recorded.F}equencyres.oonsetobemeasrrredwhererequired.
il G any channel significant perfcr'nance deterioration
appears Lacn corponttt in turn uifl have to be ex'emined for
froquency response' threshcld, hysteresis etc' l'erfomance
of corrver*,ors and demoCulators to be chpcked'

sirrnrLator to be modlfled to conform witir flnal block diagram

of the danplng sYstern.

Phase II - Integration wlth Analog Co:rputer

Danper Slmulator to be connected to the analog ccnputer
repi"senttng five degree of freedom cf the aircraft'
O"ip"i, of itre aanpei sinnrlator are to be demodulated and

fed lnto the slrsglited seryos on the conputers. Perfcnnance

at several flight'condltions to be checked against provlously
obtained results.

Phase III - Tests uith Cgckolt RIg

The comnand slgnals lntc tle danper simrlator to be obtalned
fron stick f,orce ir^nuaucers in ihe coctsplt r1g' Paral[e1
ser:rros In the cockplt to be driven by the da:nper slmulator'
Dlfferential servos ana flve degree of freedom aeroCynartics

to be slrnrlated bY the corqPuter.
Schematic block diagraras is shcwn on Fig' 1'
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Phase IV - Te-st Hl!,lr B-1 Rie

Theccrrnrardsignalslntotlredanperslruu]-atortobeobtained
ircn stfck force transaucer ln tLe cockplt,rig' Al]. servos

on E-L to be Oriven by darqer sl;nulator' Analog computer to

'"i*f"t" flve degree of freedom aerc$mamlcs'
Schenratic arrangement ls shown on Flg' 2'

The speclfic program eoniernlng B-1 rig wlIL be establlshed
uy-stiui:_liy ina-control Section at a }ater date. It will
he requlred to ron tests wlth each of the three control

"i"L i*p*rate\r, as soon as they are avallable'

sK/e

c.e. ilessrs.

ffiry
Chlef of StabllltY ard Control

W. Raymord
R.'Carley
1.1. Taylor
J. Fennell
F. Bralre
C. i,larshall
J. L5mch
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r Avro Alneraft L{m1ted

INTT,R-DT.PARTHT].I?AL ifiUORANDUM

Date 2lst, Febrrrary 1957
To Mr. J. A. Chamberlln

Fron . S. i(wletkowskl
subJect E+-E$-L\Sj[E

Refer"enee Number: 5?2OlO"F lJ

To evaluate the damping system performance the folloillng
tests lnvolvlng B-1 rie will be requlzed.

(.) Shgle and nuJ-t1ple a>Cs tests r+lth analog
conputer drlving servos on B-1 r{.g. Control
deflectlons are to be fed into tho analog
conputar. In addition lt ulll be neeessary
to record some outprts at the rig such as
surfaoE velocltLes and acoeleratlons.
Other slgnals such as Indlvldual senro out-
puts will have to be fed lnto the computer
as tequtred.

In thle type of test soloe dlfficultles nay
ar'Lse since the rlg ooerates on A.C. potl6ro-
Detatls of hook-up to be dtecusscd wlth
personnel ln Stabtllty and Control Sectlon.

(b) Shgle and rnrltipLc axls tests nlth damper
slmulator, analog computer and cockpit r{g
(r*rer.e requl:.ed).

These tests conetltute the flnal assessment
of the darnptng systam ard should deflnitely
be csrried out before fllght testlng of the
damper. Tho proposed anrngenent Is out-
llned 1n nty memo Ref s?|zlOZElJ on the
Damper Slmr1ator Program.

sK/e

Messrs lf.
F
Jo
J.
s.
J.

Raymond
Brame
Ames'
fumch
Harper
FennelL

iffiSTkowskl
Stablllty and Ccintrol.

cc
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