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Calouliticmhave teal made of UM3 stdbility of a fcnm-tenti
poalemodelof theWwmnan ~~~,imddf=~e~hpphg
tes.ta,underthehfhlenoeof m au&&tio pllotQ 9!w @pee of
autcurmmo pilot .Wre Oc+llsiaereu,aim“pmelnhatlcWlaoneeleotric,both
oauulngtLefleoti@& tiecouxtaml0m5aoeaat a.f-.@xlrate,but .
d.ifferlsig.dsatherateOmdl$bld amlin ~. Ro%hpilotsixxAude
a follow-upmohaniomd.esi~ to giYOquad~icmal ocmtrd.
The caloulatimaooverdlf@mentratiosd cd+ol fm%aoe deflection
tO aiXIPIEUM.ai9pm090hitd aiff~nt mt9f3 Of 00EL*l aOfmOti~,” .- ●

~ bVBBfd@ib3’ @3 ~cb C& ~, ~OOt, ~ &#ld kld ill tb. . .

Selmm” elystmu. . ‘. . ..
Reoa&&idationa are itfule as to the codml

b fleth.m”“stability (f the nloael● sane -

. ofypt-rate+ c.**1 errealsoIMlcatd ●....
‘.. . .}.. ..!:. ~.:.A::.-..... ..4 ImRmm?mm,..r. .-f, .,

......... . : :1..
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.A+J-the .mmnmt d We .I’hkal.”lkiz%rdtkaerimntd Waticnu . .
oaldit’knp.tivebeearmade& thestabilit#~ota..j?otp+en~q&*- .. .
IlloaelaetlieGmwm M@ dqplanewIW.autqtlg pilot,in ordarto . .
ds~..the prqperr@e and~dh .* oqdmol tobe qpplle~.. ,

........... ..
The* is a conventionallow-wiqf3in@3-seaterdes*g The

fom-tedha male tila = intendedtobe droppeafranocmsiderdble
altitudesfor We pupae of‘obtaihlhgVeriousaerodynamic- e+m@mral
dataat hi@ epeeda,Theobjeotat *9 Inve+*tlon W to @@ymim
folluu-~rath8 W serim** rateaWat -4 @able theaw@pikt to
dabiZize :tie .~ls in attitudewI- in@b&@g emegmlve
acceleratiqm.-“&muraoyinnnintahxLngtie~i.@naldirmtiomof
flightvaO to be mnaideredsocdleqpto theellminaticm@ tiolent
nmtimq UlliohImlldinwEQi&teal?Qbmlme * aataCmdnml i’zxml*
flight,
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TwoUutauatiopil&4J U&e Und& 0041deQ?stl& O& pxmmatioad
cm ele@clca10,Ih eaohU3erela a pitoh ~, vith spin axis Vwtiml,
_t**ele=*,~aw mtitiitaqdn@sq*
l@eral ads of * airpMmY,. qw.Wdng “the ailemm. The eleotrioal
pilot InoluaesIn aaaitlcma direotio!lal@xl I’m?operatingtherwldero
Ituasplanne&tousetherMder cmlyifa reaeanab~strai@taourae
in aam oouldnotbe attainedby uee Of *e aihmna *.

EtMhwe pnemlatioand we:Olactaic EiyfJtemprovideflxBil-zYme
mdirol dd’laotiongmeznedby a follow-qpmeohaailml&al@ledto give
quasi-proportionalcautrolJ.“that10,th9follow-upeystmnoal16f= .
coal- in proporticnlto thedisplamuent6cetheairplanefmm lme
refemnoeattitude.Thisconditim~Is qproaohed,houemr,04y
insofara9 tieflmd ra123aF oontroldefleotimprovidsdby theservo~
mhom 1s equalto cm exoeelletherateof diaplaoemmtoalld for by
the follow-upc M generalthisoimdlmtim1s not 8atiafied~ theoau-“
trolISnotpmportiomalto theairplanediaplammnt but is applied
at a fired rate.

Ib aottdu the Im ay0taw3differdhieflyin the ratesof ccmtadi
deflection availableaudthelagaassodatedwit&eaohx. The:S“
caloulaticmdemribedhemeincovera reqe at mnm speedeand” “
cautml gearingsand.investigatetheeffeotof la@; We *sulthg
codolusloneshould‘be applicableto bo~ eysteune~ - . .. “ “

...

AU ret3uM41m *esaated in the form & nmticmei’olldsig&t”’
displaoeamntaof f-a me@uitude- 20° h Wmk and150In:pltoh.qad.
yaw - fmm therefexenpeattitude.Witha mnMiear (~tim)
cmdzml ayL9tem,an airplanemaymke a stdblsrecoveryflux one..“-:S-
(Ustadbquoebut be mable to recoverfiwna lar~ dimslp%ame, In.
ordek..$6amim at mme.sortof ccmolueionea9 * a #ati@mtory
system;theabili~ to recover frau ~ diaturlqnod w ta tboqq ~cified
was ib05d9a a aa the Criteric%l for stability● In aaditi(u,me
requiremmtof @ aocd.eraticmwas impcmedanda rmpmee me
qm8Mer6d Satiefaotcmywhenno.rlolelltmotiom of themxlelwore
involved.Thusa slowreturnto thereferemoeattitudevasnot
0~ia9~a. particularly0bJ90timmm, norwasa hg-ptnml hunthg
motion. W. limit* mlue for tie apoelemtirmwae apeoified,but
rathemItwasaamned thatremmmendationsoouldbe madeaa Ixim7thode
of mhimhlng theaoceleraticmeandthattiedemm c- m w
ae far in applying the reoomenda ticuld ae WE@praotlcal:

Detacmiptlon(XFtheAutunatic Pilot“

%~tiC dia@?amaof thetwoEiyste$moomaidtmed hem ~ l?e-

=O~S i d 2. Them is M essmtialMf’ferenoe b@tkiea
d’eaoh~f3tem - eleyatbr, Ikilcmm, and in. the e~~.. . .. . .
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‘“ ‘i f* o&ls.a_ tq * rodoawem rotatkmof theow&
&’vai+e, &..@mo z+@3&moe8m tit tierefqenoe%he~ ~. 6 fran
lheoxlglnd.heading~auanmmt pqparkcm altotieoontrol& bctlal.
C*veme4, a9 ~ aa the“airpLymheaMng 1s.EUMthat*..6-
ie X-; theoo&ol defleotiozlm $r&pQ@loai4.tawe de,ytapcmIlli
headingfx%ithe-mi@na19 Zhefa6tor”d@opcxWad~ .is depahnt

%a @e.”illaiwterd? * $’@ow-~ p*.-@ We,* %weentie”..
06M’b** and.thecwl suzWao6L.m,.~~Bh@ld,Qenotedtlyat.eipoqWe
cuntml swfaoe,ti &Lorbfore the @o ‘reftminitie, *6 at n flmdl
rate,pmporticmalOomxol.lEInot aottaally
~~la~”

l@ntaim~ *he me

P~ Sforw ein anmysitlv !Qiepmxm~o servonmtoruffera
a ~ & pistonSpWdIBfmm O.V b 6*5 mOMI per Bw-, tithu
uaeti~luwmtp artqt%e mnotmg “mmmledbeoauoe of the
mdsoive lag In ~tlcmg !Lbeplstan haEIa 4-IxuMImwel S the
ao~apeedofdefleott~of tllecm3trol~aoedepexMMm thetotal
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Pulley ~
●

I!lleumtlu.EerYo
I

meotilo mw?m

Ulameta’ “ “. A-to CUE& -z h/WI

(In.) o.ig I .O.m 6●P o●g O&l 2sy3

1/!2 0.3 0J+ “~;5. 0.5 oJk 2.2
i 3/4 . . . . liot ~a ●5 197.

.qlro,Ml%r gwiailitiefl an- Mm.*
bemeq rimeiw~ d’” si@l ‘d. rmereai

M oaatrol mottomand * tuummt of ooaet- TheseareMf’floulhto
atlCOl?tdXlOXELO~b00aU90~ ti~B ~0~ b OOIl@IM3tidl M* the

tim oooupiedInpamage d thepick-offthrOu@ theH bLrd. They
alsowry mmsidmxibly‘aqccmdlngto theexlstlngpreaaureleveld
the~atam, dependingcm thedlreotioncardiluraticmd theprevious
Eilglal● As dataon theseoharacterlsticswwe notavalld31swhenthe
oomnputatlcmwerebegun,theInltlaloaloulattcunmileon theGeMral
Eleotilodlfferantialanalyzercnnlttedthementirely.Tar latem
mlmlatlons theexperimentallyiletsrmlndllagdatatabulatedIXl*
follovingtablewereuaeds .

- III . .

Pulley PnewlElttoaerva I Eleotilceerwo

** A~yx@nuate Berm upeed, ti .~eeti

(id 0.1$1 o.= 6.5 0.x “.0908 2.35

1/% 1.5 0J3 0.06 0●1.. 3p Hotmeamme ... m ~
~ 1’ 1●7 I 085 I a71 .1 A() .1

The mount of ooaatma estlmteiifranWe tleailbed aeoemarytopre-
venthum- of the-eervo ayetan la eaoh amdltla. Theme data m
presented in f igtme 3●
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TheOazotuatlms
iptheamplane, uaea. ..-.

n@cRmmmm Cm?m!mma

sctptloied?Wtlon

- baaed on theMmJrizea eguatlonad nmtlcm
m thefollowlngfoml:

.-
.. Ikmgltumxal .

IA!Lteral.

.
.The”&niblaued In.& equatdoae are &IHs.u3dailthefrvaltmsin

high-dpeed and
(table Iv) ●

L-

lov-speed fld.@tk givenin’ thefollowlng seotlcm
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l’ll@*Ccxwtpoawma linlirlwi‘Viluea~

., ... ... ,.
fc@ thecaloulatksl ..

A amrflf%hscale.xnlelfor theai@&” hatlbeeitegte~la 4#M3
~ af-fmhetioM tunnel,andma “14ft, arag,ad ~t a8u
regulredforW 19ta’bllltjcW.Oulatlonawre, titha few exmptlcma,
obtained from these taata, !Choretlod oorreotkma were appllml for
the tiect of thepropeller,withwhhh ~. “modelsh testedbut
whiohwillnotbe yuwment la the ilrop teeJta.
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Ikflnltim Highaped

~tiol.lnb -30° ‘

Opeeiialcmgfllght path 850 fpe

aapeot ratio of wing 5.17

~xmamofalrpme . 66A .
@ .,

Low~ea .

-w”

Wfi-.

y.l?

lh.2 ft

“39.0 ag ft

. 114.3

o.&$736demlty cd.air, oo3me- O.oolgm .“
w- +=--0 d 20,0m ft -. 35,000 ft

“-o p-. =.”&v? ...... : “: .4%.’ “.-“ .-’”-33+ ‘ :- ‘-
.’

Ut@#lt d’ alrplam

raalusof ~tmn
I.atimalaxlB

.. 1~ Xh ““:’.. ~ lb
.!:”

about . 2.965= Q.* ft

J
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-3 lkf’lnltl.tm.q”. . “
.P-.u. .:f’rdctlaMUilepar+m?e .
.,. .... %Ine8rlforwa rdspeedw .. . . . . . ..,. v

a .+Wy+-” “
J

g Y-.;”&gpCMmzefrCmm6aJl(m
...““-m9feremoe)attitude,

....radlaas. “. . .... . . . . . . .
a. emd.eat elevator defleo-

. -Im3n (pc!sitlve down)
Ineamredmxnlmetrim
positl(xl . .

&?ag Coefficient

rateaechangectdra@
co9fflcientwith”an@e
of attack W@a

mm Mft Coefflcimlt

rate ofchangee. uft
coeffIcient WIthman@e

. .of attickj ~a, per

..

pitching-mauedcoefflcicmt
thdetomttchangein
a, permdlab

t Coefficientpltcwlg%lclUen
a~ to mit rateaf

.- c~eof a,yerradiall
pqr aecala

P~=@3--=t -l~f~t
duetpunttrata c&.

.“Cllaugeof e,”+@d%ufU.an
per.mcmd .. - ..

. . .. .. *,

.. “. .“

. . . .
“.

Vbrlable
,,

0d46

o

Vcrmmi . “ “.
.. .,

. .
.“

0.026

0

. . .-
.“

0.08 . 0

4,2 ~ b.2

-.

-0.422 -0.422
. .m.

-o.0Cm4 -0.0225

.,. .,., .

t

\
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Tp31v-contlnyetl
,

Deflnitla” ..*
:..

pltohlng—numaut Ooefflalellt
a~ tO tit tibcm
of &e eleva~

an@e cd!lmleallp ,

an@. &beolk

al@eaf yaw : I. . .
radiueof ~tlon about

Verticalaxis

X’adlusof ~+itom about
lmlgltudlnal axis

eu@e @ allercmdal?lec-
tiom (po19itivewhen
rightaileronla”down)
measuredfranthetirlm
position

anglecd!m&3sr deflectim
(positivewhentialllng
edgeis to tieleftof
hinge)

nldeforoecoaefioientam
tolmltmlgleofellde- .

. ...

.-0.71.6

.,

Varllmes “

. .

“3.(E?ft ““” ‘ 3.@ ft.. .

1.60ft ‘ ““ l.a ft ““

Vaxlable

1

Variable
/

-o.= ..””
-0.401

/
slip,per-an /

Yay4glgue&ooef’f&o~@lt yao’736 om%
‘.

. . .

aldmllp”,per radlhn .* .”’ ,.. .
.,.. . . “ .“-

mhg-mfmemt meff$oient - -o+woo187 “o - ““””
duetomlt rate& .
rolllng, per radim ,.-

. ., pa aeodtt“., .“ . .

~ %is%2t%v:=t

-ODOO*.o.&* ‘“”. , .
..

y-J-r-m= “ .,. ” .
“. 13euoald

. .
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.’ Z!mraRg-conolldeil

Ikardtiicm

-~ t Ooef$iolmt

duetounlt aileron&-
fleotmn,perraala!l

Lou Opeea

o

-000453 -o.ok53Pw —malwult cOaEFlclent
dueto unitmddm de-
flection,perZwmxl

=ll~t o-i~~-*
duetomltenglsof
S“ideellp,perIxiUan

ro~lng-lmomentcoe&iolant
- ~mto tit rateof

roll.lng, per radlati per

-0.0620 -o●W96

-O.(EXL-0000309

Eleoonil-

trdling—molmn
dueto mlt

:VJ P=

-MOcw7 “ oCoefffolent
ratecd
raitiauper

inefficient
aileron

.

-o.146 -0.146
.rollmJ@xmsnt

duetolmlt

pm Z’adwl
deflectim- d eaoh
ailercm. .

deflection,

...

Meiaod& Ca3Milatlng me M3ticme

The largerpwt d tie mloulatltane Vae Oam?teaout m theGeneral
EleotzicMfferentlslmml.yzer.(Fora.deso@ptlonof the“analyzer,.
seerefemmoe1.) As hasbean8wi0a, thesemlculatlomsanlttedtie
cansidaratlanM eithertimelagor servocoast. mey showd, however,
theeffectof tieotherpazamtem 8,K, andthebad band..

TherelatimsBetup a thedifferentialanalyzerV&i theequations
ofmtion sndthetwoadditionalrelations8 = +&t and 8 = -&t,
Were by b Ismeent‘thedbsolutenw@tude of therateof omtrol-
surfaoedefleotlm. Thequsntlm (0- Z@ C),repxmmtlng thedevlat$a
@ theairplaneheadingfranthead@Med zwfprenoe“(thatis,theaw?wemo
as determinedby & cdxit-surfaoe..defleotl~endfollow-m),~ared

I. . .— -—-
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= a Oamcm thrm@amt uleoalQulatluls. Where p-8/Jsi ‘ ‘-
.- the lm@mtae Of the..apaabei!!a,, ”8

- -tam toMluoe Ie : ,~~~.?&g= =“.’.* deM WMl, 8 - kept Oamutant. Tlp l@oulatlcullY W?&e-Mtlaw(l
lw~atiueti e WffereSrtfiWIILZeXb;a8deaO=lHin*-
lntrodmtlca, -by oaualng theapplloatZond omtmlo

“. .,- *- . .

!che~uee’alatbe mm---is m-m-m -lmlatamil mile
to aetemnlm the dYeot & * 1P mywwat Mff”-t @am that Just

&ao&lbe& a IMo”oase theUalouliltiala’”imebd$d’;al+e ieqhme ac
““*O air@xte toaxmnuea Udplabemat of Uie OaitxwE’-alle●t we

=tO 6 -S pSF S-.:=8 ~~s ,.~ *?f e~i-. W. ~

e -80 + 91 (t) ~ 131.(t ‘- tl) -%’1{t”-’:qj:+ #l”(t - ts) : .
. . .,.

.... ... . . ,. -“:..:-:-..> . . .. .... .......

lf .tha. Olgntsllare’ver6e&ti:asrebtllnl‘b@oh ~fQEa. @j--F@f altpP@!B8
. I?mathe.lleatlM, -----.. ..;...! ..’ . ~ :.... ::

,1. . . . ,, .,..
1. :, .. . . .... .. . . . .
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In thaw cases, the allermimotim Is byno .3m&h Cm&lW 4s’
dleplamlmntft Is IIlteulded* Ccm?ect● R’mther.‘J...‘“f
redqetknY& theg=uxlngb. 1P” (fig=7).:Mgm3mm$be -e -.mh::
s-t. and,remltaIn a stablenntlcq Inprqqqlqj.&a.at thla..po~t..... .. .. . .
reeultfilin-stillfm’’ulerInqpmwnt, with.the alltmqmaverynearlJh.
phat3eWithWe airplanemtldl UheJlba * P pOZ’SeCOEidO (- this
?lWtliX4,{hbW8VWi,Wlti -t Of figm5, UtMZW $a 16 tiSC equal tO
3° p- eectmd,but K = l~o)

eotofwedeatlbem ,-wherem lno’wmw stabilized,as In
&e c86eS& f ~~’b:”y$ * f ~.~= (%- x f= & = 3°~ 8~~)
waa a Bteadghuntingof mplltudeonlyeM@ly largerthanthatof tie
deadband. Thishuntingma not ccmsidemdtobe undesirablylarge,
In viewcd theob~t cd!thq,$ll@ta.lWevertheles6,thedeadbed muld
&Mlnarllybekepttca minlmuK incwder tsmSnlmlze the hunting. -
this caee, hmever, itwae thou@+.tit, alnceWe deadband~ed
a oertalnaummt d leadinto tie s@al, lncreaeingthedeadband
&cve tiemlnlmnnwwldbeametbdct We stabill@● In
flgwm e, the une~ble motionM f - l.y per SecculdW... .
Caqpm@ with.*9 mcticmreauitixig frcxnincreasingthedeadband bya
fa@or of M c It 1s seen”thatthere16, Infact,a mtddliz~ tieqb,
but it Is 80 alight that fw any- le ~e In.&ad bendWe
ed?l%otvouldbe ne@i@ble.

..



MR No. rmLo3 ‘ u ““

tmld!lwzw‘ on ae baoio C&we aapyzer OeKLoulatlone,
tiratesd ?allermatm.eotioalar30per6eoodl were”.,

tentatlmly” yb”tea #* reo ~tlon.. .“ .“, . .. . . .. ....... . ,

..-. The&ad”b@lu&smmmati3bewi4%xr&mm.nt, iaot’der.
mattbeaeu’vOooa8twolll&xwtoJ3rryth@oh3fft&M@li*. “

It la eeeathatalthou# %heeta?Jffl@1sredw~ alxmt20 pez?oent -
byi41eooa6tdtheservolUotor,thex@loMl,@tinotllEe la&16 still
aatltiao~o A G lagM mush ae.O&j moond, however>.oaus@athe. “
Oontmlmo$lomtibeolloe- goooutufphasewlth # (9dLYemulte
In inetablll~● AninterMllate tiluelagaeod)3 aeOOllaormreluxald ~
X4 aleo be unsatisfao~... .. .%.,.

. On I& bade & 1A previoue reeuda It a~earecl ~aess~ toredtie
theratio IC etlllfurther.-lll.fqireloeehoull timmotlom . .“.
reeultlngfranreiblngtievalw d K tol/Eo Mcmeoasetherdw
d motion Of.w dlercmstmaaemmdltoba ~m ~-
aeod oaae,* .yalw.x & me &ubled.m!l!herednotlcmIn-K ~bved ..
euffiolentto &fee% * htablllzlng effeot@ thelag, N %efore,
wI* stdbllltwewxuwd by thezwduotion@ follow-~ratio,.an lnozwa6@;.’
m h resultedlnfurtherhpzwawnt of U’le.lwt?ml.IhielillprQvEUUantm;
wae dbtalnedM spiteof thefaotthattheammt a? ooaatlng-s alm
aawx3& to%ave Qodbl.ekl. .. .
.-.--,

“:Zkl.f@lx#LO is ehom also tale WMou amll.abd for A 10wt3pe&
Ocilmmi Wlw’ E- l/M ad ~“- y per 13eocd,10 @ ooa9t.“:
dl 0.3.5 Seoalalag. me mtlml 10 8een”to be aamrely eatlsfaoq... ..
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Figure 4.- Semi-graphical method of constructing the response to constant-
rate control deflection, with coast, lag and dead band takep into account.
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Figure 15.- Longitudinal motions, K =1/5: lag = 0.5 and 1.5 seconds:
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Figure 17.- Recovery in yaw with rudder control and with aileron control.
Rate of rudder deflection is 2.5° per second; rate of aileron deflection
is 3° per second. V = 850 feet per second. Lag-in rudder control,
0.5 seconds.
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V = 850 feet per second.
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