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Pitch-Up 

PITCH PAID L IISTA ILITI 

At thi.a •to.P • are going to d1Mua 11Gm or t.ba wen be1nc dcm 

by ti. ACA 1n ooaneotion with the 8'ab:llitJ and controlabili~ ot mod8l'n 

high apeed drplame. TbMe airpl&nee -.t. t]1' and ,_,.... 1D t.ba wry 

'Ud:n air at high alt.1tuaee1 ad oouequan\)1' \he7 tnquea\1y naob b1gb. 

lift coetticiente and high anglae or attack mm at. tramton1o aad Rl*"8cmic 

apeedll . Ona o tJJe cUl'ftt1t probl.e1l8 being studied :18 that ot the bich 1il't 

stabi llt7 cba:nlcterietice ot tha8e a1rp1uea. 

!be f1nt chart lllut-ratea acme Qpical. w1nd 'tlmDel J'WUlu 

parta1rd.ng to an airplam $b1 l'tJ' pnblea tDan as •pi\ob-Qp" • told DI 

• nnt S.. platted apimt Utt ooettic1al1t tor an old, lOlf as-4 W.14 W.. n 
tne a1rplw and 1or a CR.1lftllt high ap994 tna coaft.&a*Ucm. 

At thia point it ll1ght. be de~ to glw a m19l8 eapi..tJa 
., 

ot pitoh1ng wnt and airplw 9tab1 lStJ. n. plteld.Da • rat ot an airplw 

1a fl1•1¥ the te~ ot tbe alrplam to ntate in tad.a ....... 

!be eta'td liti' ot an a1rplw can be canaldlred aa 1te abU.1'7' to 

:reWrD w an SJd.t.1&1. .fl1- CGlldlticm .n.r being di.atul"W. i'Cll' • 1 pla1 

_..,. an aizplw 18 tl;rJ.na •te&dT and lanl and a wntiarJ' pn er ..r nt; 

ot the ccnt.ifol 1ncreuea the a1rp1am anlla... It the airplam 1a nabllt1 a 

we dam pitcbing --"' 11111 caae the ail'plw to re\lln w it.a :1nl\tal 

att:l.tudl. It tb& a1rplam 18 UD8table••• tM angle wlll 1-till U. 

a1lpJam 8ta1la and ro1l8 cut ot oont.l'ol. 



Mo9t lOw llPMd a1rplame ot the put bad stable pitobiag _,,t 

curna ot thie nature or could be mod:1.ta4 to attain tblee ~ 

l.-sttud:lnal cbaracteriat1ce. The high lift behulGUr tor tbue ail"plan88 

- ~ prJar1l1' at low ap114 tor landing 8Dd llllllMftl'feri· For tJd.a 

(-pt) ccntipntion, u 11118Dt1oned pnrdOU8Jl'1 ti. high 11f'\ behnioar ia 

illlpcriant alao at b1gb ...- at altito.dl. 

Om ot t.be problaa ~ v.t.tb •om high Bpe8d a:lrplAma 

is ill.v.atftted b.Y tbie cune 1dd.ob ehOllll a W'lr8d dlpa-'11.n trca tbl ..,. 

deeift.ble characteriatica or tht i. apMd atrplw. .. Ttd.a lola ot nabiu.v 
(palnt t.o cune) would aauae the airplane to becam uncantrallable and to 

pitcb up Yi~. 

!be nat cmrt *- 11bat tmlla piWMog ._. CUl'ft9 _. 1a 

tuw ot the l.cmgltud:lnal motiaaa or tba88 airplame. tabiUwr aagla 

and a1rplane angle ot attack are i>l$W apinat Ulie 1D ..oaau. Thia 

olart .,_ a U.. hiat.ar:r of ti. attitude ot t..be ah"plam u tl3e pUGt 

.... a gradual. pull-up __..r. 
, 

'l:ar t.m low apeea aUplam w.ltb the nable pltoMna • 1111t ....,.., 

aa ti» pil.n pul]M back OA ta 8t1ck to aaD tba aUplam oJJ.a• \he 

drplMa BUtude iDC'l"W9d ~ ud 1lll8n tbe •\I.ck *" tn\ •tepped• 
tba abplane angJa ot attack r1 ''*' coaataa\. 

For tbe h1gh apeed a1rp1Me1 tbe p1lot pull.a -* ca tM •"'* ad 

tbl aUplam angle ot attack inal"llUea ~ up to tha ag1a a\ 1114* 

~'7 u pl'9Mlt (paint to tint ohu't) . Put thia ,._ a 1'9p14 

.. 
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ibllrl'a... 1n ...ia... w p1tob-11p oocun 1d.thotl\ ~ ..vol aor1m1n 

l:f' ~ pUA. Ia .tteet, tM wtal>J9 plt.ebfng W Al DU MYe tu. ..voJ. 

ot tbe atrplant ou.t ot tbe pUot•• ~ ad the angle eoat'-.. to t•r a•• 
tor .-. tiJlt atter the control JIO'f ar ant 111 Roppecl. 

!be hl.gh at\1'1adN Niched la a pit.ob-Gp e&1l _.,. dlietnot.ift 

10lda .. tbe ld.rplam ~ ad it. :U -~~ to ~ pilA ­

baiag abla to ~ u. ailplane llO\loa dori.rC pi\G&Map eepM!all1' it ­

1a tra1ng to traU: a t&l'lllf\• 
• 

Aaotbar at&l:dli;\J' d1tt1cultJ' t.bat ia ~ at. bi&b Utt 18 

\be ~ ot dl.rect.1oml mnab111.. ft8 -- olaa1.'\ ineenta ­

tJp1tal. lllnd twmel naulte CID t.bS.a probl8a tor ti. - ~ IMdJIC 

a:s......i. t.n.1U'iatloa ot dl.nc\1.oaal e\aldll\7 td.th lift~ ta 

ehom• -iw Sil th19 regtc:m aa atabl9• and Snd:loate \Jae awuq. ot tM 

ahpJAua to ........ to it•• bl.ual baacUng u d19PlaOltcl. Valw 1D thU 


ftllon ..~. !he old '1P9 ~ 1114 ~ .wdllt.7 

tbr'clqh u. u.n. ftnll• u""*"' the b:l.ah .,... oaatipn.U- -... ld.gb 

dil'eotriwl ata1:d li:t7 at, law angl• or sttaa, a ~ aM1at. et · 

dbrect1.al 1.118tabil:l\7 ................... t .. ... ot u.. td.gb .,••• 

airplaw tbrot&lb u..h:L... UA na&e• 

YWJ.oua ll0Ct1f:l.cat1ans baft been dftl.ead 1dd.eh alln1ate U. 

prob2- or dlftJc\1caal 1nStabili'7 and pl~.. ror .-.i., Nlooa\1• 

ot u. tail nri'w11 or ~ \bl nw °"" u. wsaa tJ.r w or tw 

er ld.ng alata m been ttou.m beneticdal. &1rperiew bla lbt• baauw, um 
a JIOt.U.t1cation tomad baet1cda1 tor om ~ dld. not dllQa .a t• 

ot.ban. It bU tbaftlON becoM mOl•llT 1a ...... to .U. a ~ 



- .. 

.,.. t• eaCh oODt:lguratlOl\. 

IACA \o a\W. ·•nm" OOCl'diMtM ettort 1a l>8l.IS« -- '1 
.. tw •l'm•tiaa, or bel»g .able to contl'Ol tbltae IJh Uft stabillt7 

d1ttieQl.U... high 'llPH4 and. low~ aa_pM't.a ot .._ Jll'O'blw 

lift being ~t.IMI in ~ ...... t\atk Vlad '-'"• Mil 

ln tli.Ptili ot blP 8Plild ~~. n.. ~ U9 ai.o bditg 

.-Bad. at 1• ....- witb ~ MdelAt in tbe nt.gbt and cm a 

.s:mp:i. oatepult Wh1Cb wa eet up to at.v.cb' env, into llplM. ca\apllt 18 

located above 70U cm tq> Of th1a et.ruct;.un vb:t.oh lanmahle MDCilla into We 

8pao8••• arm t!l8 1*>del8 an ~ ill the mt. ot ooane We t.ne ~ 

teat, hu to be ~11' COOJ"dinated v1th full. loale ruulta Jut - .. - ­

the cw tar mqr 1M;'8 tar teeta in the F.Ne l.isb' and Spin Tmmels. Bt9D 

th.tmgb ~ or th1a ...U m.. are teated on the catapalt, tM aott.aaa ot 

the llOdala haw been toad to co.rNapcmd clOllelT to tha mot.laaa of' the full 

8ia airplam. 

We 1d.ll now ahov a mode ot m lllgbta mde uing the aatapult. 

'fhU 1lod.e will ~ the atab1lit7 problem - baYe ..,,.,.• ..t. 1nae 

tbe 1110t.1Cln8 ot tblt model wre ....,. npld, t.ba JIOf1e .S.U be •lMMl 1n 111­

110t.1ca (loci bead tor at.art. of lllO'ri.a) 

!be tint 'fin fl"(8 tba Nar ot the catapult will ._ a •table 

ntght in Vb:S.cb t.19 modlil -· not pi~ 
 

--the - tli rie'Yad b'Cll tbe eide 


---not.i.oe '\be gndual ducent or the llOdel ilito ti. mt. 

-A repeat ot t.be 1."Mr nn (u 1IOdll orouu ..ner, etart tbe mat dleorlpU.an.) 



- s ­

n. next tli.gbte will amv bo\b p1ta'b-up and directioml 1-tabiliv 

--\be llOdel pit.elm up, dlftl"&U d:l.ftlc\:lcmll1' aDd ep1D9 into the m\. 

-A aida nev or ti. ... tligbt 

--ooUee the higb att1tlidN reacW 1D ti. piteh-ap 

-A l"eJ*t of the rear new 

!be next llPeMert Mr. (Quei.jo or olbart.) vUl d:IMMe eca. ot 

our work an dall>1n& of lateral oemllaUcu or J4gh apwt airplama. 
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ot a t1•ft11J' te ,_,_. ,....sn.t. lataal ONlllaU- l1lre Uda. ..... 

-···· 3a' n....._. ..... tld8 ,_....,., 111d.• et ...... ta ~la ,... 

ai. ~ l'9llw1wta tor _eUwtaU• of Ud.11 te•fr•ll" llne ..._ 

~ u4 efht• lanw -- 4lil'MW tz IM •'dBi ,....U..:J. .. ef tlda 

P •tdY ' 1lld.ell ,...W. nddel' mu a ...... tan tlMt 

,.. Ud.a JmJ&• la -- ...., ... o..sna et • ,.... ..,,i,-, ...... 

.,.... • --- ..,u.n.., ................... -- ... ot - ..... 


.. ~Le tlll-.­

... ta ....... 
ta""' ...... ta~....... la ......
J 

a1,.-, ass• .r ..-.u.. ti.. Nit• ta ..- a • ar u w •• 

~- •t ta.II ftlllsr wldu .. be ~ "1' Plot•• l!Wllllln' ..llft1•n1Lea....... 

1l:rdrn11o .,U.S. <--> wld.ela ..... - ........ ~ w. ..... 

......... n. daplloiv or w. c1n1ee, 111 ....,..s... wt• tlda ....... 

18 .ntw. • .,.... ~ • .,u.der ot tld.8 _.,. ... -- t.W "' 

aa& •a •l•l'll t1g1ater alrplw. lflu..t tlda clni• U. all_._ ndl\lt1t 

ill W.. ~lllllla. fttla ttr. ql'd•r 18na1W tlMt ...niau.. a.a 
lDe tld.a. _.....t.1-· 
.......... tie wtatwt• .. •ltwl•te ............... tw tlllm. Ia .... ­

••11•• tltle ,...DU.1'7 ot wa..lUtdng tad.II, u. aGl ... 1leea -H,. a ...... 
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of poeaible wu ot eaplo,ring the known theoretical reqllir...ata to arrift 

at airplane contipratiou which woald inherently haTe good oecillatorJ' 

oharacteri•tica. The renl.ta ot these atudie• ha•• shown that one ot the 
.. 

llOllt iaportant tactora in detend.ning the oecillatOl'f chaNcter1atiC8 ot 

an airplaM 1a hos the wight is distributed. Airplane• ha'ring wight. high 

at the Nar, •• in this model, tend to have poor cM.racterietica, 11bereu 

airplanu with wight low at the rear generally haft better characteriatia. 

Here we haft an enaple ot how an airplane 111.ght look it it nre de•igmd 

to tab adftatage of this intluence of "ftight distribution on the oecillatOl'T 

cbaracteriatioa. The engine and horisontal tail are located low at the rear, 

and madenlung 1nlet8 are uaed. We would expect the oeoillator:r cbaraeteri•tiu 

of Reh an airplane to be considerably better than thoae ot thi• d•icn• The 

de•lpa ot any aircraft 1• ot course a coaprolli.ee between the •riou reqairwnt.8 

tor stabili\7, •tncture•, HOftGllJ, payload, and ao ODf therefore nch a 

contipratioa aight not be entirel)" satiafacto!T when all taoton are taken 

into cmsideration. 

Becn8e of the illportance ot obtaining satiatacto17 oacillator:r characteriatica 

the work of the BCA .in this catagoey,whlch bas been briet'.17 re'Yi-.d bere, ia 

being contiznled with a new to obtaining other solutions to tbi• problem. 

The next spabr ia going to discuss SOllMI ot the stability and control 

probleM of high epeed airplanea which are eapeciall.7 designed to be capable 

of fiJing at TeJT low speeds and of hOYer:l.ng. Vr._______ 
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Vertically Rising Airplanes 

lllO AiiU'L 

~II 

Spealcen1 
llobert B. l1i'bJ' 
Robert I. Sb.mb 

11Dd81 Detawtratoras 
.ldld.1l 1. J>a.......t 
Loma P. HU 

De1nc the put .tw Jean helicopter. have cla.-q mown the •alua 

at a:ll'oraft t.!ult cu tab '4£ and. land vert.1.cal.31'. llelicoptera, bOlfeftr, 

are ~ l.11l11ted in top apeed., 80 conaidlarable attention • ZIDlf 

' 
acb1ft9 high WJ> speed aa ell as haver. 

With the NC9Dt de'felopnlient Of Yery 11.gbt..._igbt ~ anginea 

it. bu becw possible to put enough power in a comentiGMl. ai.tplam ao 

iobat it cu deftlop mough f.hl'ut to wpport its weight in bcmtri:q'£ tllgbt.. 

Tbare 1a more to tba problem, howftr, '\ban s111>q pro'Viding UOQgh tJlru\ 

to aipport 70flr om weight. For tbla reum, '""1calq l"i8iDg ailpla.-a 

11111 loot quite d1tterent fl'Oll conventioaal airplama auob a thia 

altboucb GM ~ will hag on its propcll.l.ws liJle W.. for ftl"t1oal 

t.Ua-of'ts m:l ltndinga aid mt.ate to a horimllttl attitude u it pick8 up 

_..a for b11 11' lewl .flight. Thia tne 1a not ald.ted tllr tranepc:rt; work 

be 1• GE the atU.tucle of the tu..iage in honri:qi 1D4 t.ram1tlcm. Two 

tfpea tJad i.ep VII ruei.,.e in a _.. er le• ~ at.t11ald9 ... 

i1lllat.raW on \hb ohal"t. on which t.be t.irlte4 pla.UC repre918'a the P">­

P'll• •~ 
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To pl'Oduoe d:Lrect lift fi boV'er.IJ:lg flight it is mGeSA27 to acceler­

&ea.Sr~ .......... For~ upper a1rPlam W..18 UCCll!Pliabecf bl' 

~ ta. ~ t.hrough rp1 - it &QM .t'rOlll nom.al leftl tlig!lt to 

~. I'• tbe 1-er &itplane, 'th:1e 18 accompliabed bT deflaot;lng tbe 

.mp and flaps ao that the slipstream .is turnt4 ~ dollmrard 1lbUe 

the ~ rema:lD in the1l" Dall"Jl&1. &tt.1.tude. !be vaneition &ca 

~ '° noraaJ. ~ard fl1gbt 1a acccrapl 1abad. 'by altJw:11' r•'aing the 

n.. eo that tb8 allpetrea 18 def"leoted bacmard to ~ - t....a 
1ilaWt ., t.bat the a1rplaDe picJra up 9peed until. it ia in DDrM1. t.-...rd. 

flllbt,. 

Ja ,_ C&D - trm tad.8 cbart tm Wl ...taoea are not ill ta. allp­

.V... dariJtc trmsiticm am ~ fll&bt. For tb1a reuoa. w ca 

• 	 upect _, ftahil'tf' and control pl'Oblw in thHe .f'light ccmdiUO... cg. 

1RR"k on tbeae probleas tor the hoverillg tl.igbt cordition is being dam in 

tJd.a building \J8ing the WPe ot equiplplmt md test ~ that 10Q. w1ll 

_. 1n a t• ntl.mtee. We are going to abow you a movie md a ~ 

nigbt to. illuartrate ea. o£ our k tJtr a model ot t.b1a ~ ill which 

the W1Dp .. 1l8ed to direct tl:le ~ drAI••a. fid.a model ie mt 

int-•'94 to be a pnct1ca1 oo~. It ta aillpq a ten wbiole 

t .. lt1J4r1.Dg artabil:lt,. and control in hc.trering tligbt. Before w ~ 

iim ~ and cJemonet.rat.im .tligbt:J we w1ll ..... you haw the oon.trolll OD 

tJd.a _.., wark. 

The l"9d .tlap 1a UNd u • ' .i.tvator tor pitcrh OOll\1"ol. The Cl'Wl !'laps 

_.. uaed a l"lldmra. loll control :la~ bl VU71D£ tho pitch ot the mtboard 
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pi-opel'en dU~. ftd.a tlalble cable Cln'18• ~'to tbe model 

JIOt.clr 8114 cont.role, aDl:l alAo .....,.. •• a Nf'et.r' cable to:t catob1ag tbe 

mdal to )i:'eYelrt. er-. 1n cue ot control tai.lure _. ill ca. the mu.. 
beoOme ...,. v.mrMlale. the oatila 1a ~ •leek d.'1r.1ng • tl.igM .. \bat 

it. hM pr.uc.1)¥ DO et.feet o.n the tion8 ol t.b8 moclel. will J9 

._ 7011 a llMrt morie Wut.rat.iag a..- o£ the re&Ulta obtained -.lt.b tbia 

.Sal 1ddle w PJ."IPW8 ~ l1IOdli1 tor a dwtration tlJ.Pt. 

Tm ftrllt ... --. tM llOlll1 in oont.rollad tligbt. It. bae m 

UIUltllble :tatdac oaoillat.ton bat tbl pilot ia abla t.o f'll° tJle .-1. lW' 

o...t.l .- of tbe contNla. (Hotlce that tba oabla *1ch aappU.. peilll' 

t.o the oonVQla ia alack.) !be SICCD:I m will ahw bolf unftlbla ta 

pitabillg N01l3.ation ~ u. 
:.. we haft the unccmt.rolled tcMnc oecillatica. 

!Id.a laA .._ ._. t-he modal with a rate •••it1.e ..wicd.al 

etab:llhdng dft1oa proridiDg additioml damping ill tab. 'rb8 model 1a 

ll¥1Dc 1-llli .tr 1D pitch• 

._ • W1U llh09' JQU. a abart ~t.1on night in 'llbiob w wU1 

tm ott, __.a 'Wblla, am t.t.n land. ana operatar, ao w1ll oaatroi 

ta. JllOdel 111 pitoll,, ia vp hen to our .ricJ:at. n. ren ot u. .,..._.. 

... located Hok to '70R Jett. 

tl:d8 OODOludae our ~ 



•• 

~ . 
. . 

.. 
' . 

VERTICALLY RISING AIRPLANES 

.) 

... ' 

' ' 



• • 

•• 

• J 

VERTICALLY RISING AIRPLANES 

... . 

.. w 

.... 





