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Post Office Box 1395 
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CANCELLATION OF TECHNICAL REQUIREMENT 

Cancellation of 
TR No. 3 
17 January 1955 

J.. The follc~ing Technical Requirement is cancelled effective this date: 

TR No. 

- • 3 {SECRET TITLE) Development of :adybird(S) Vehicle 13 Aug 1954 

2. ~ Security classification of the above docl..lll'!ent remains unchanged. 

J. -· TR No . 3 is superseded by Amendment No. 1 to TR No. 54 (Uh-- --- --

(U) 

4. Title in paragraph 1 is classified SECRET, paragraphs 2, 3 and 4 are 
unclassifiec~, Reference .?aragraph 23c AFR 205-1. 

BY ORm~Tt OF THE COMMAfIDER: 

W. J. THOMAS 
Colonel, USAF 
Chief, Technical Programming Office 
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IV. GUIDANCE 

The co~t~~ctor, A.V. Roe, Ltd., should be guided into the study of 
the major problem areas. These include, but are not lL~ited to, the 
air bearing, engine development, arri aerodynamic stability. All new 
technical possibilities should be exploited. (Uncl) 

V. OTHER INFORMATION 

(a) The Defer.ce Research Board of the govern.rent of Canada will be 
informed through channels of the actions taken with respect to 
the Canadian Contractor. (Uncl) 

(b) Any contract with A.V. Roe will require that sufficient copies 
of all reports will be forwarded to the Defence Research Board 
for their use and for the use of the Royal Canadian Air lorce. 
(Uncl) · -- - ----· 

(c) This project will be established as Development Plan 1794, BPSN 
1-1794 which is .funded in the amount 2,494M in FY 155. (Uncl) 

(d) Development Plan is required by 15 September 1954. (Uncl) 

BY ORD1R OF TiiE COMMANDER: 

t!r-.':TEo sr:.res Am roRCE 

HEAOQUMirn;s •'.IR R::3,.•.:1:r! & ': !'.'.'cLO?!!ENT COMMAND 

0F r1c··: /\ i ' ,r.._ 

W. J. THOMAS 
Colonel, USAF 

Gi2//«~ 
PAUL F. NAY . • • T 
Colonel, USAF 
Actg Chief, Aeronautics & Propulsion Div. 
Deputy Commander/Technical Operations 

Chief, Technical Programming Office 
Deputy Commander/Technical Operations 
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Box 30 Con~ •d SECRET 
b 0 Survey of ,.:iimilnr ..iguiµnent or Techniques in ?rocess of li&J.> 

(1) USAF 

X-13 Rynn Vertica.l. Take-of! Aircraito Tail Sitter type {lands by hookin, 
on cablo) o Delta wing pl.mi'orm ;powered by Rolls Royce RA.28-49 
engine tdth 10,000# ijl.;j tbrusto Gross wt 'l,019#, empty wt S,172/Jo 
Span 2l.' , Langth 23', pitch and yaw control by swi "-elin3 tail pi~ 
and roll control by jet nozzlos on 'Wing tipo 1-roclrup l Juna 1954, 
scheduled for 1st flight middle 1955. 

(2) l3u.Aer 

XFY-1 Convair vertical take-oft aircraft, Tail ~ittor t~'J,O• Powred by 
IT40 tJ'pe turbo propeller engineo 

Hau completed initial tethered and free tlight tests. 

XFV-1 Lockheed vertical take-of!' aircrm"t, Tnil ::3itter type. f'owored b,r 
IT40-l4 vertical turbo-3A"o1,, engine4 Gt,oss m. 14,000#. 

(3) Contractor Sponsored 

Dell Resenrcb VT0 aircraft. Flat Biser i:,owered by Fnirc.::tlld engin~s (J44~ 
Gross · wt approxlmateq 2,CXX}/J., Original test aircraft burned atter 
engine failure. Second mociel. being tested in tethered .flighto. -~ 

(4) NACA Jet and Rotor ;;iupported 1-latfarm Craft - .:itand on ln;e VTO "Fl3i,ng 
Carpet" Research project.o 

(5) 
·, 

British 

Anru.ytical and model test investigations ot at,,bility and control 
probler:is of VTO aircrai't by free Fl.1ght Tunnel Section LAL NACA, 

HACA Reports RM LSOJJ.6 
RM LS1Hl.3a 
m-1 L54B].6 
RU LS4Cl8 

Rolls Royce - "Flying Bedstead" project.o A tlat riser verticnl take-oft 
research device powered by 2 nene engines mounted horizontal 
end to end• facing in opI,Oeite directions. Tail pipes fitt 
with extension nozzles with 90° band to exert thrust in d.o.m 
ward direction. :..ieat f'.11:ld controls l)rovided tor pilot on tof 
and near caitor of the machin&o Controlled by jet nozzles 
exhausting air bltBi tram the engine compresBOrso Has been 
test nown in tethered and tree tllght (August 1954). (SECiu;'I 

-~ 

~~ign studies ot large aircraft (bombardment type) tor 
vertical take-of1'o Delta pl.a.n£arm in 100,000# class pm:tered 
cy numerous Rolls Roy-ce RB-108 engin~ £or vertical tako-of f 
nnd other e~nes for i'on:aru !light. {;.lli~T) 

Page 2 of l2 c- a1::-~es 



BoxJOb :ont'd SECRET 
Short drat.hers - 'lertical Tak-o-Jf.1' !!~soarch aircraft using Rolls Royce 

onginos (report .rocoived £ran a U.;.j'O Go."l'tract.or tnat 
Grit'iail 2iU5 has at1arcle.i <,;ontract t.o 3110:rt ilroe for such 
an aircroftJ o (col~) 

~e above survey represents a prel.iminra-y inveetigation ~ other activity in tt•·.a vortic 
take-of!' field and is iutended to i:;rovide briof lnfomation rogarding the scope of 
activity and "loads" tor future more detailed considerationo Helicopter an:i tm:all 
convertiplano e.ativi ty has not been included(> ( ;.;Ll.lJF) 

. c, Thore are other 1Jrojecta under devel.o,iJIEnt lilhich mGY satisfy the u~l-' n;quircment 
• 9t reducing t.he length of or eliminating runw&ye o This i'rojoct, hot:evor, :VlO\IS potonti 

·./f4,dvanta.ges iI} vertical take-of! and operatiooal per.fonnance not. yet ~noun by any other 
: .. pi-ojecta~ (SECRET) 

41> • U/A 

•• Historical Data 

(l) The original concept of the oontrac.tor was to incroase the aircraft thrt.U3t­
frontal area ratio far in ax.oose of that obtainable with conventional jet 
turbine engines by rearrangement 0£ the powerplant £or radial !lowo- Such 
increases 1n aircraft. thrust-.frontal area ratio were desired 1n . ~ to 
improve superzsonio flight per.t0mat1ce'I> .Oevelopmnt 0£ this idea u i-rojects 
I end Y2 by A VRO Camlrla·, under llCAF <:Pgn1 zaoo~ was e-vt,ended to include applica­
tion to verticol. take-of£ aircrai"t i.ihen it uaii determined that thrust/we:lgbt · 
ratios were sui'ficiently high and that use ot tm radial flow\ engine:, with 
jet exhaust at the peri:µiery pz-oduced a ground cusbion etfect.-ir: ,.Pre,Hr:iinar;y 
ingenious small scale model testing b,y AVRO Canada bas demonstrated this 
phenomenon. (~tti:.T) • . 

(2) During Janua171954, AVRO Canada and the Canadian Defonse Research Board 
invited th3 UJAF to visit AvTul and discuss Projuct Y • a tail m.ttor VTO air­
cra:ft and preliminary aspects of a new tlat riser, later designated. the I2. 
1\s a result of this visit, 13Ubaequent briefings by AVRO Canada personnel to 
the UJAF Air Council and AlillC, and receipt, ot an aircraft~ by AVRO 
Canada, Technical RoquiraDmit #3, was issued to axploit the potential of this 
projoot~ (.iECRET) 

to Methodology 

(l) A preHrinary stucy- was accomi)lizhed by- AVRO Canada to determine feasibility 
end adaptcl>ility- of a rooicru. ne1.1 engine and aircrn!t design to provid& high 
suporsonic speed perfommce aru:l to solvo the vertical take-off f,l'Oblsmo 
These analyticul an.i design st.udie~ v,ere su:t-,J;,Ort.ed by a model: teat program, 
which included: • 

(aJ Static air bearing tests 

(b) Dynrunic air bearing te5t3 

( c) Thrust recover:, and no'1 demorust.rationa 

(d) Coanda e£fect tests 

(eJ Ground CU5hion der:lonstrutiona (.:>iefu;T) 
r-,r·CQ -

' ~ \ ·.·,,c \_AS 0 \ r \ c 
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Box 3or Cont, 1 d SECREf 
(2) Initial consideration of f Mject Y in January 1954 b7 the 0.JAF ruxi .;,\CA, mid 

lstor review atrl e--.ral.ur1tion or iiVlli)I s propooal !or t'rojcct I2 during June 
and ,July 54 07 the U;,jAf' resulted in a conc.looion that although th12 projoct 
offered conaideroble potential merit, futbher extensive exploration was 
nece~uary in order to det.e~ the practicability ot this tyro ot aircr~t 
engine combinati?f1 and i t.s ai,ipllc.ation to .cdllt:ir,y useo- l'rima problWll a.-eas 
dete:rm::lnnble at this time wore isol;.t,ed and a diase I progrom t.v further 
:rosol1.i·o these problems and exp.lure, ti10 p0tential of thi:1 ::,;rojoct Wa!J rai:.an­
mended prior to actual. !abricatio~ and tenting af a nie-it article. (d~~~; 

(3) Aft.er the problem areas have ocen suf£1c1entlr rusolved., or earlier if it. 1a 
deoired to take a greater developnent risk in order to provide ~ble time 
savi.."ll~B) a decision will be requiNd t.o detarmine the specific type. '<n: aircrc.fi 
to be dewloped• (tJNCLAS--lIFllDJ • 

(4) The uelected type will then be desil,iod in detaii. tabricated, and teateElo 
(U~CLA;j.jlFiwj . 

go Portormance Characteristics 

(l) Capabllit.iea of the Y2 test vehicle as eotimated by AVRO canada in Brochure 
?Jumber c.io, Jwie 54, are au follows: (~CllliT) 

(a) Pertomance 

It.em 

J.Iax:1.mm level. speed 

Celling (r:iax. power at 
mean wt.a) 

Time to height trom hover-
ing start. tor 

36,090 ft-o 
60.,000 tt. 
70,000 ft~ 

Still au range :.d.tb allow­
ances tor tnke-ot.f', ollmb1 

cruise, descent Nld 

Jmots 
Meh~ 

tt.o 

min., 
mino 
min. 

landing miles 

Tuke~f and l.mld1ng distances -

Maxicium hovering • al.tit ude 
trom take-oft 

!1ruci.mlm hovering altitu:ia 
at m.can wto 26,000 l~o 

~ J~oic Thrust 

fto 

lbs• 

Without, 
Reheat. 

l.490 
.ao6 

71,600 

620 

Nil 

10.,000 

18,000 

With i;"-.: ""'O"F 
Reheat. 

2.,000 
lo48 

80,6oo 

HoAo 
Node 
N~ACl 

( S.CCI1!. 1') 

., 

P llG-0 u of l2 .i: ' ~~s 

~ 



Box 30g Co~t'd 

l:mpty ,veigll t 

Wing Area 

Span (.m Diemeter) 

SECRET 

29,0UO# 

670 tt2 

29a2 ft (arXro;T) 

(2) f'eri'cnnance- capabilities have not beon determined for vehicles of this 
type having military c&pahilitieeo (5~CilETJ 

ho I.Y19ree.sed CapaMJ 1 t:y 

This i,iroject, if successful and extended to provide militar;r caµibilities 9 
wruld pranda the USAF with a high ~artormence vertical take-oft weapco suitable 
tor Of,8ration from dispersed bases m.th m1n:u::um baso installat.ionso This ll0Uld 
assist in overcoming the growing and poseible catastrol,hic wlnarabilit.y ot con­
ventional air be.aas and aircraft concentrsticn&o (~T) 

1? Statement ot Et.feet@ 

Use ot the proFoeed redial now engine will introduce netz suw.J.1' and main­
tenance problemso OJSration of 8117 VoToOo aircrai't !rom \:d.dely dispersed bases 
will require major revisions 1n USAF organizational, maintenance, and logistic 
~rstionaa Operations ot this airers.rt. trdll introduce a now trmn:Joe µ-obler:ao 

The full effect and degree ~ change introduced by this new concept cannot 
be assessed at this tinl:I. (~'T) 

"0 pro 1ect Acceleration 

Completion date of this project. can:· be accelerated qr taking the risk o~ 
s:lmol.taneaue develoµuent and fabrication and incroaoing scope ot the programa 
Thie action would require additional .funds am possib:1¥ additional fru:ilit1eaa 
The current approach provides tor orderl.7 progression ot the developmnt .at a 
rata consistent ldth the need ot resolving or clar1fying ma,fCDt~peeiem· 1n order 
to better aasura the fabrication of- an effective t~ artJ.eli,$' (UH~IFIED) 

k., Other 
, . 

Problem areas of this aircraft have been outlined in ilox 30 r(2) Approach. 
3oluti0!1!3 to oach of these prohlems requL-e i'ormulatiai ot a detn:Ued developnent 
progrBl!.I. It is anticiµit.ed that at a latel· date~ certain 
ot these protllema ~ill be included as tasks to this projec~ (UilC.LASSIFIEJl) 

1. N/A 

mo N/A 

~ USAF ( UNCL.u:31FIED) 

UNCLA.SSlrtf n • • •4- .c;;.-
• . -- ~ .. , : .. 

... .. •. -.., .. 



Box 30 Cont•d SECRET 
,.. 

Ott FNrticir.;.atio_n :mdior Coordim1ti9t:1 

!U1.CA (P) llo ru.,da (UNCLASSIFIED) 

Canadian De.t'onee liosearch Board { C) 
( Includee J1cyal Canadian Air Force) ( miCL;\:j.3IFIED) 

US Navy BuAar (I) 
US Marines { I) 
US A1'f33 Ground Forces (I) 

po EsHrnated Cgmcl.eti9D Datg 

Res 
Dey 
Tests 

Jan 1957 
Oct 1958 
July 196o 

Op EVPl. .. 

q~ Reguirgnt of JuatL.,,_catiaQ 

See Paragreph ,oJi • •• 

(SECilET) 

r. Brief of !·ro,ject and Objective 

QbJactive Qf this program 1a the devel.opDent at themrllest i;.oosible 
dnta of a. flat vertical take off auporsonic aircraft which er,tlloits the 
deai{}l o£ AlVRO Canada. {SECli.KT) 

(2) Approacl,] 

(a) l--reliminary_ neroczynamic and ~war plant testing will be accanpllshed 
to insu1-e to a reascmable degree t.hat the ~tion first 
fabricated ldll tnllt1l the oojectives ot this program - frinwl 
emp1Mis ld.ll be git~ to. the attainment at the vertical take off 
carability propooed by AVRO Canadao Initial power. plant devel0pil6llt. 
et.fort wUl be directed ~~ tJ1e A\/RO Canada radial now engine, 
ho"U"evcr, altonmtG means o£ i:,roµ.il.sion 'td.ll be investigated as a 
backupo ( ~) 

{b) Tho intense effort to be 5iiregtod towards tb& resolution or clar.1-
tication ot many ot the cri:Ucal problem. areas ot this type aircraft 
during the first. year ldll r0F9smt. t.be tirst. step ot the progrsi:! 
required ror dewlopnmt. ~ tbia cirorcf't.o Since approz:lmatel.y one 
yoor will be required to ;;ield sutf'icient test reaul.ts to determine 
any o.;;-i;reciable cbanf,,e 1n the probabi H try ot success, 01" signUicant 
clo.rif'icD.tion 0t the developoo:it problems. it 1a not considered ----.. 
dasirable to initiate actual. detailed design or fabrication ot the 
flle.ht a.ircrnrt mid oogine prior to this time~ Initiation ot such 
t:.0rlc after the first year will still involve acceJ,;tance or a calculated 
risk, since many basic problems, inc.J.uding the radial n0i1 engine, 

I JN CLASS t F ! ED Page 6 of l2 Pages 



Box 30r(2) Gont'd SECRET 
will x-e:r.ain i.mSolvw un,1 contruvcr.1inl for an additio:--..al yov.z-, ~d 
ot.hur ;;:i:-o~la::;;;; L;'i.ll ra::ai.n unaottle<i until t,b:J i'ulJ.. scn.1.o ;_u_rcrn!t 
un<l .::n{;ilA.:..: ;;.::; clow].01,JOO nnd tectedo {...U::{;f.1.!t'J.') 

(c) ~ J:.::.m.i:11,y 11)50, tc.Jt n:~ult..;.:; shuuld· permit %"'..:solution c.f tm 
,~ound cu3.hi;:;i .. ..i •• t; ,;iffact utd 1'urt.har cla.rifica.ticn of tLs: ~1l,inc and 
cootrol p-ou~c::is, cl.thoul.)1 it !2 doubtful, that tefitt1 of the largo 
scale d.r bem-ir.i_~E.i anu t."&tio::1 flo;:1 cni;ine '.dll bo ca:i!'"lGteo Ji dad.3icr: 
·;Jill ·oo rcqui~:!'..i :l"t. tJtl:; ti;:;:.: w aett}r.:ri.ne .-,het.."!cr t,bt:J r.;.;m1.lt~ a.vnll­
able ,'.l.rll.l the ;ll4_:;.;nt n-.;3d o.i.' tili:J :J.rcr--~~ wa.rr:mw thu ~--!a;t oi full 
scclo a.o·.,..,.flop.'.i..::;:i:i ~~.£':;re t.i.w 

0

;Jr1 ' ;:im..1 1;robl<r: is re3'l.lvedo li' 501 it 
i.tl.ll be oocc3saru:v ~ rlocicl~ whether to .rroceed 11!. th 1~al. i'low engine 
aiz,cru.i't or ad~t mi alternate coci"i:,urhti\ln. i-t Jeci::>ion mL>d~ at 
this tinKJ "1i.ll have to oo r.nde on t.he bs:Jis of the mnall ~cn.lu (md 
controvciroici.) radial fiot1 e11t·;ioo test.a wich ~"ill n.::.ve :)C,911 nem-ly 
COOiflOt\¾do {~~:.;:_'I) 

(d) ~,eaultD ol ~m avro<iyn.t:.d.c: c:-~d f'C3rfili:"!:r·mca tostd7 £Ld ccq.l.otion of 
tile milit.<117 .'.lJ;.E,li.cation stutli. 0-!J 5hould durin.:,; 1956 percit a deciaion 
as to ~"tlel:.her the i.dti.al nircr,lft should be i:ure4 n reuoo.rch or test 
aircrai't or ti.il.JU.W provide n :-~~J i.:-..ar,J euzJOOUity., (~;~T) 

(e) rrime problems requiri:lg resolution are: 

littainDEnt of the ground cushion ai£ect TAilich peiv.its rertical 
take-o.ff at mch lower thruet/ueiejit. rat.io3 tha."1 ot.:-W.n-r.ise possibl.t: 

(SECRr.;T) 
Detomination or the feasioility or the r2dial i'lov <l:lGinu l:Jhich 
provides tha hid1 aircmrt thrust/i'rcntal aro.::. rat.io c.nd gyro 
stabilization or tm A.VP.u propooall> (~"T) 

(t) An outline or too .(.,I"OgrCJ::1 plunned anJ a breakdown ot the major problems 
to be invest4,;cJ.tod durin~ tha first phase rlf this program follouaa. 
This µ-ogram ,-dll i,rovide tre basis ior the .f'ormulat.i.on ui the dota:ilcci 
YOri< st.ateamt \d.th the contractor 0 . (UNCLASSIFIED) 

A• l.nalytic:Jl .itudiro ~d TGata will include; 

lo. Invootigution ~f ~w1d cushioning effect u~in:,: peripheral. 
jet:J. 

2o .... 1•.f;jrn.ru.cu., st.~bility anu cont::."Ol C.:mmctcristics of 
hOVldr.iJig fl.ighto 

3a, Trc,.ruJiti.).."'l fr.:m hori~onto.l to hcr,rerlng flic-_ht ov-or a dosirnc 
poirl'i:.o (SECRET) 

,20 ~est,;J :iill :;e ootle o=i .1.a la~e a model as possiolo (cc.:mcnsurate 
:dth air $tlfi ly) ,.o detomine static lif!. as a .t\mction of 
di3t:-;nco f'r.xt gl"'J'J.!.xi i'ar various rat.ea ot noi:, forces and 
moments f:,r 'J'oriO".l.;l '.'!I1gle1:i of fitcb, the ef .ft30·i;, oi' ,d.nds I llila 
the c::d.t, lo:JeGS ~-iioa utilizing an oxi t sinr:1ar to ·V>Mat or the 
propoaed aircrafto (SECRET) 

· '. \ ( , LA(,,' S ! FI r D L, : ·J ,J C. 



BClX. 30r(2) Cont 7d ,.. SECRET 

,i.o Raclitl Flry.;1 31zj,.,e Feasibill tz 

~• Analytical Jtud!es and ri~~io1s will ::ie made to investigate: 

lo Air bear~s ca1:.able o£ 1JCrlormance wider the gas 
preaaurest mto:tial stresa1::G and 11.4)1 t~re.ture 
di!ltorticn conditions ex:LstinG in the full scale aircraft. 

2o Ducting design and a.f :iciency 0£ air intake s,stom. 
UnUorcity of fl.ow at t.le CDJllpressor antqo .Ef!eci. 0£ 
now distortions on blade vibration cmd ccmbuStion fnel.· 
air ratioo 

'.3o Ducting of o:;:h.::UJt gases., 

4o Aircrart-ongine structural detormations and seals 
suitable for high t.om1--eratures and i;:ressures resulting 
£ran use 0£ outer skin to cont.ain eng:lne µ-osaures. 

Se Compressor stage seal and stater construction tor 
adequate strongtbo 

6a Rotor ba.lmicing requiranenta and means to a:wure 
acceptable vibratitll levels Wlder conditioos of non­
unif'orm teci1.:eratures and µ-assures• and structural 
fl~o 

7. l'o~oible control vsne flutter problem due to use o£ 
jet exhaust !or control. 

80 Vulneratxili ty Qf tJiu engine. 

9,. 11anu£acturing techniques, sld~·L'ing• overhall, and 
maintenance charactcrist.ic9 under tield conditionao 

(~Cfil.'1') 
,h., Tests to substantiate desi.€Jl studies, provide dcoi01 duta 

and resolve prohlano .dil includea 

l. ~all scale booring rig teats <n basis o:t existing rig., 
and ..,.-olimi."lur., tusts al.read¥ can_l;letoe4 Teat::1 ;.rill be 
made on: 

e.. une-tenth scale ~ring rig 

2o Combusticn chomoer test.s consisting ot: 

1111111111-



SECRET 

b~ High cl.titucie tun.-1cl tests through. i'sngo oi' 
o~ratin~ cond:l.tiona to de~nnine flmre £J·,abillty 
limts cteo 

c41 Investigntiun or ~ccl.e ef'toct.s. 

3~ Dcsir,n and test. of n beai1.ng and radial llCN engine ut 
a acalo cas:mJrul\L""nta ,-rl.th fZUct.ical fabrication aud 
efficient O_!..-er:!tion 0£ components, and su£f1ciant.ly 
large to produce preseurea, distortions• lt0ishta, and 
tani-eratures repreoentative of the ful1 . size engine. 
Soa levol static tests t1ill be made wit.'l this engine. 

4'f/ Inlet model. tes~ in a large size miparuonic 'dnd 
turmel e.t auooanic e.nd sur...tirsonic Sf-OOds to provide 
inf'or!'!lation tor the p:reosure recovory and £low dis­
tribution investigation 0: 1·aragrE9h (a)(2) above, 3Eld 
a.a.ta regarding e>..-t.Gmal drag of the inlet.so (SEClti!.'1') 

:~ Aircraft Fli Flitt 

A~ Studios and test investigation will 1.nclooe ~ 

l~ Co:itrol effectiveness forces aai ros1-onse rates tor 
st: bilizat.ioo9 ~ ..... .1.m, ruid nzneuver. nndor all .f'l1ght 
corm tions u."'ldt:r tho e;rroscoµc stnbilizatit11 and 
r~recoGoialal moment.a actions 0£ the radial i'1ow ~'la, 
nnd aircraft motions thr.:>ULT..)lout the night. range. 

,<I f I • 

. 2·o f-rovisioi1 . of dynnm.c atnbility ~u,.:,oontation ayt3ta:w 
to: (1) a~t the damping of botb the snaking and 
mutational mooes of oscillation ,iith wro stai.,ility, 
(2) praride sut.iafact.ory (Jpec l815a, bancil.ing 
characteristics :.d.tnout gyro 3tabilizaticn. 

3·• Aeroctmot:lic c}:;:;.r.~ct.:.:ti~tic:3 £or a.; .:urota 1..rediction ot 
per£o:m.ance9 uet<.:r:nination of thruut .roquiranents, and 
comput:ition ot 1,er!'o:rn:.ance an baaia ca:;ipnrablo to other 
USAE airei'"afto 

4o. Pilot rtsibility 

' ho Tests will utilize thG verticcl tclca off i11V€stigation 

.30r(3) Subtasks 

model in so tar f£S J.X,>Ssiille to invasti;~ato c.na ~unt.rol., 
trim, and maneuver under flight co:.c.ii t:i.~ns o ~b~o:dc and 
su1.ersonic ~'in:i tunnel t~s~ ;-:ill 'oe 3uio· t.u ~-r:.>vide six 
component oorodyn.:;mic Wlt&o 

UNctAssrrrrrr 
............. 

See Box 30k . ,_-1&1• - • ~"' 



Bax ,30r Cont'd 

Labor 

Trav0l 

(4) Other Inforrnnt.ion 

lo General 

2o 

a<> 1'he NACA ~J.l be rE3Guired to i.,rovide !ncilitics 
and r.:ersonnol for ~cir.ation in trio i,i.nci 
tunnel nnu l)O::lsibly engine tef:lt fl'Oti.,Tilt'!a o ~ent 
of effort requirod will be determined a:'tsr for­
mulation ~f the detailed InQdel test frogre.mso 
{ UiJCLAi3 .ilFDW) 

b. Hq AlIDC Technical Requirement //3 Parngr:iJ;h Vb 
indicates that aey contract ~dt.h AViliO Cannda ld.ll 
require that c:o:-ies o! all re!-orts be l-!rovided 
the CMadi:m Oe!cnse Research 8oard and F.oyal 
Cunsdian Air .Forcoo (i.iiiC.l.A;:i.,jlFlli.U) 

Co The US Navy (~er) is greatly coucemeu in the 
developnent of a. VTO aircraft, as evidenced by 
Navy davelo1,1:1Cnts noted in rarai;rnph .3()b1 and 
obvious al,":pliaat.ion to shi~oard use. Ii.. is al.so 
considered. that the US f!.arines md Arr:q liround 
Forces tdll be interested in this type vehiclea 
(SECRET) 

Funds 
li.22 ~ mz ~ ~ 

i l250u :Iii 20000 ~ 2500() ~ 30000 ¥ 25000 

2500 4000 sooo sooo sooo 
Contract Services 249400J 6000000 12000000 6000000 2000000 

Total R & D 

t1atur1als 

Hanhours 

2509000 

0 

$ 2509000 

5000 

(5) Background Historz 

See I-aragraf-h ,30r 

(6) References 

6024000 l.2030000 603SOOO 2030000 

0 0 0 0 

6024000 1203()000 6035000 2030000 

80uO 10000 12000 10000 

lo USAF Ltr dtd 26 d_{.;ril 54, .:,uoject (.:iliCRET) Project I 
(Ao V. Roe, Canada Ltd) 

-----.._ 

2. USAF Ltr utd 3 July 54-, ::iubjoct (~CRr!.T) rrojoct I.ad¥t. l 
(::>Belli.~) • 

3. (Unclassified TiUo) Hq ARDC Technical Requirement {3 
dtd 13 J\UQlSt 54 (Jecrct DocunJ;'lnt) 



Bax: 30r(6) Cont•d SECRET 

g,I) (~cret Title) A9 Vo Roe Canada Limited Develoµnent 
Proposnl. 111-roject !2" (Jocrct Hei:.ort) 

~o (~crot 'l'itle) AoVo Roo Canada Limited .Brochure No. l 
11rroject I2 Flc.t vertical. Take-oft -,uporsonic Gyroµane" 
dtd June 54 (Secret R01--ort) 
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SEOIRITY CLASSIFICA,TI0,1f SECRET 
ROB PROJECT CARD 

T'l'PI: OF HPOIIT 

New Project Report 
~3 COlt'nOL S}'IIBOL , 

ARDC-D4 • I 
1. l"flOJECrTITL£ • L KCUalTY 3. l'lrOJECT- lftAl8£R ,--

(~ecret Title) AVRO Vertical Take-Off Aircraf ~ SECRE-tf I7Q4 . j ,. 
Code Name Lady.bird (Secret) 1-,-. -,ND"'-=£x~-=8£R:;.:;;;..__,..-+,s-. -=-R£='=r~011~T,..,,0'""AT"""£--,-----j 

a. BASIC Fl£UI OR !IUL1£CT 

~e~hnical Developr.~nt 

a. COGHIZANT AGENCY 

, lt' Re_sf!ar•::h and Development 
Co.rul 

•-· oiRECTIN&· M.DICY Wright Air De-

7. SUllf" I ELD ea SUBJECT 3U8&IIIOUP 

~i rcrart ~ Eng i ne s (01} 

l L CDNTRACTOa -.al Oil LABORATORY 

Ao V. Roe Canada Ltd -
Malton, Ontario 

... v~e-=l=o'""1o=m=e=n'""t=---C-"-=e=n"""t""'e-=r ..... -_______ • 
OF;;,;;;m_ re;;£ 

-~ O Octob~r 1?5 J 
7A. T£04 OBJ 

SPJ 

a»rTIIACT/W.O. NO. 

as. aa.ana-~ ''(· £ST~ oans 
X-13 (USAF) VTO (Short Bras ~.b. Jan 1q,;7 

10. REIIJESTINfiJ .A&EJK:W' 

H USAF -eadquarters, .... , 
XFY-1 (BuAer) on. o~t 1<'.l~R 

1-N-.'.-A-ct_A_I_CJ_p_A\-,ON-N-. o-COORD-F-~-;-d-,;---, .. -TEJ1-£S __ T ___ --t ~z---.B~~tter) Tt;ST .T111 V 1 Qh'1 

~ ) ~i ~-'f1TT1~....,...n~~~•A~,1~1~el6--,g~l,,P.l---~--~'~------+-~-•-R_~~•~~'.-· ___ --1 C.':lnadian Def'ense Rach Bd C , ... oan'APl"1IOVm v - - , , •• FY :.t,sc:aL ESTs (11,, 
(Includes Royal Canadian --- ~ ,:;i:; _ 2 . 4a :i 
us Navy BuAer (I) 3 July 1954 
US Marines (I) _ · · c::.n 6 • ~,oo 
us Army Gr<?und Forces (I}_ ·· •~ n~;°:~TY j'.. _ §~ 1~:6S6 
u . L 

No prior report -

tzo. R£CIUIAD!Efr IM/J/oa JUSTIFlCATION 

This project is directed by Headquarters USAF letter dated 3 
July 1954 subject _, "Project Ladybird (S)" and Technical Program Requ-t r t:: ~ 
ment 1-2 dated 7 October 1954. .. • • 

21. a. Brief 
. . 

Objective of thts program is the de·veloprnent at the earlie1ftt 
o-.:-s~ible date of a flat vertical take off SY.personic airc:raft wh i ch 
--·:pl oit;s the design of AVRO Canada o (SECRET.) 

.-·. 

ZZ. RDB 

'"' A t)i'.Y:' 0,3 (; h 
• -

( l ) ?reliminary ':!~rodynamic and power plant testing wil: '.J :: 
accomplished to insure to a reasonable degree tha.t the 
configuration first fabricated will fulfill the objectives 
o: this p~cgram - ~rime emphasis will be given to the 
;g..,~airuneni:; of the vertical take off capabili t.y p:r ::,p :: -::· ·r 
l:¼\"}w:Q Canada o Initial power plant develop:.1e1,t e.f f >r ~ . - -~ ~ 
be: directed towards the AVRO Canada radial f1 m; t'.'n~ • ~;., . 
l1c~.!t~v ~1 r~, ,31.terna t.f !f'. :~ t n .r~ 

•. . l, !' :) ' '. • . ' ( ' ·.: : ; 

ICAP l.JL\l.\JU iv •1
' 

. t ~'-,·'Z~, .•.~-t't~• ~-.:J-~·.-: · :.:.'T-~\ -~, 

x. I. !c. 
! 
' 

PAGE l OJ' () 
.,I 
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~ _ rl ,_ J~ sz / _ __ _ _ -.' -.1-ot - MAY e£ usm. __ ,./ 7 ;, .. .,. __ _...~.....,.t., 7 4 ..-r J :_ . ..:.. !..-, - ;;- - ; 
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10 OctotJer 1954 
COGNIZANT AGENCY 

21. 

ARDC 
b. (continued) _---

(2) The 1nten9e effort to be directed towards the reso­
lution or clsr1f1catton of many· of the critical · 
problem areas -of this type aircraft during the first 
year will represent the first step of the program 
required for development of' th_1s aircraft. Since 
approximately one year will be required to yield 
sufficient test results to determine any appreciable 
change in the probability of success, or significant 
clarification or the development problems it 1s 
not considered desirable to initiate actual detailed 

__ .: design or fabrication ot tbe flight aircraft and 
··-engine prior to this time. Initiation of such work 
-after the first year will still involve acceptance _ 
or a calculated risk, since many basic problems, in-
cluding the radial f'low engine, will remain unsolved 
and controversial tor an additional year, and other 
problems will .remain unsettled until the full scale 

. aircraft and _engine _is _developed and teste_d. _(SECRET 

(3) - By January 1956, test results should permit reso­
lution of . the gr9und cushioning ef'f'ect and further __ . 
clarification of' the engine and control problems, •• 
al.though it 1s doubtful, that tests of the large 
scale air bearings and radial flow engine will be 
completeo A decision will be required at this time 
to determine whether the results available and the 

? urgent need or this aircraft warrants the risk of 
?ull scate development before the engine problem is 
resolvedo If so, it will be neceesary to decide 
whether to proceed with radial flow engine aircraft 
or adopt an alternate configurationo A decision 
m_~de at this time will have to be made on, the basis 
of the small scale (and controversial)-radial flow 
engine tests which will have been nearly completed. 
(-.SECRET) . 

(4) 

(5) 

Results of the aerodynamic and performance tests, 
and completion of the military application studies 
should during 1956 permit a decision as to whether 
the initial aircraft should be purely a research 
or- test aircraft or should provide a military cap­
abilityo (SECRET) 

PLJNCL~SbSfff Erfquiring resolution~ sre ~ 
, j. _ ~ f C4-22032 
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SECRET 
SECURITY CLASSIFICATION 

PROJECT TITLE PROJECT NUMBER 

(Secret Title) 1794 
AVRO Vertical Take-Off Airnraft 
Code Name Ladybird (Secret) 

REPORT DATE 

10 October 1954 
COGNIZANT AGENCY 

ARDC 

21. b. (continued) 

(a) Attainment of the ground cushion effect which 
permits vertical take-off at much lower thrust/ 
weight ratios than otherwise possible. (SECRE'l1 

{b) Determination of the feasibility of the radial 
flow engine which provides the high aircraft 
thrust/frontal area ratio and gyrq stabiliza­
tion of the AVRO proposal. (SECRET) 

(6) An outline of the program planned and a breakdown 
of the major problems to be investigated during the 
first phase of this program follows. This program 
will provide the basis for the formulation of the 
detailed work statement with the contractor. 
{UNCLASSIFIED) 

{a) Vertical Take-Off 

- 1.. Analytical Studies and Tests will include ~ 

!.o . Investigation of ground cushioning ef­
fect using peripheral Jets. 

Performance, stability and control 
characteristics of hovering flighto 

Co -Transition from horizontal to hoverin~ 
- flight over a desired point. {SECRET) 

Tests will be made on as large a model as 
possible (commensurate with air supply) to 
determine static lift as a function of 
distance from ground for various rates of 
flow, forces and moments for various angles 
of pitch, the effect of winds, and the exit 
losses when utilizing an exit similar to 
that of the proposed aircraft. 

(b) Radial Flow Engine Feasibility 

1. Analytical Studies and designs will be mad~ 
to investigate: 

uuc\.ASS\C.IE.ll 
a c Air beari~ ~,~~l>Je,. of ; p~rformance 

under the gas: pressures, • ma teria 1 

·; .·:..•...._ ,t... • •. v :-'~ ,.... . -« ~ 

§If C t i& -• · .i -~~ 
C4-22032 
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PROJECT TITLE PROJECT NUMBER 

(Secret Title) 1794 
AVRO Vertical Take-Off Aircraft 
Code Name Ladybird (Ser.ret) 

REPORT DATE 

10 October 1954 
COGNIZANT AGENCY 

ARDC 
21. b. (continued) 

PROJECT REPORT CONTINUATION SHEET (R) 

b. 

stresses and high temperature distor­
tion conditions existing in the full 
scale aircraft. • 

Ducting design and efficiency or air 
intake system. Uniformity of flow at 
the compressor -entry. Effect of flow A 

distortions on blade vibration and com~ 
bust ion f'ue 1-a ir rs. t i o . ..1 

Ducting of exhaust gases·. 

-Aircraft-engine structural deformations 
and seals suitable ror high tempera­
tures and pressures resulting from use 
of outer skin to contain engine pres­
sures ~ 

. . 
... ~ . .. - -·- . -.. ~ . -·•• .. -· , 

Compressor stage seal and stator con­
struction for adequate strength. 

f. Rotor balancing requirements and means 
'. ~ · ·· to assure acceptable vibration levels 

under conditions of non-uniform tem­
peratures and pressures, and structural 
f'lex:ing. 

g_. Possible control vane flutter problem 
due to use of jet exhaust for control . 

~- Vulnerability of the engine. 

1 . Manufacturing techniques, shipping. 
overhaul, and maintenance character­
istic.a under field conditions. (SECRET) 

2 . Tests to substantiate design studies, 
provide design data and resolve problems 
will include ~ 

~ . Sm~ll scale bearing rig testa on ba~is 
of existing rigs and preliminary t eBt3 
already completed , 'I'~sta will be IT'.ade 

Static rig 

PAGE 4 OF Q PAGES ., 



PROJECT TITLE PROJECT NUMBER 

{Secret Title) 1794 
AVRO Vertica 1 Take -Off Airc:•aft 
Code Name Ladybird (Secret) 

REPORT DATE 

10 October 1954 

21. b. (continued) 

b. 

c. 

d. 

COGNIZANT AGENCY 

ARDC 

2. Dynamic rig 

3. One-tenth scale bearing rig 

Combustion chamber tests consistin~ of 

1. Water flow tests of a single 
chamber. 

2. High altitude tunnel tests thr·nu~r 
range of operating conditions to 

determine flame 'stability limits etc 

3. Investigation ot scale effects. 

Design and teat of a bearing and radi:al. 
flow engine at a scale commensurate 
with practical fabrication and efficien1 
operation of components, and sufficLen­
tly large to produce pressures, distor­
tions, weights, and temperatures repre­
sentative of the full size engine. Sea 
level static tests will be made with 
this engine. 

Inlet model tests in a large size super~ 
sonic wind tunnel at subsonir and sue~~ 
sonic speeds to provide infr: :·;-,,.:ition f:.,l · 
the pressure recovery and flow distr~­
bution investigation of Par3g:.,nph ( 1) ;· 1, 
above, and data regarding e:;ternal dr.:::; 
of the inlets. (SECRET) 

(c) Aircraft Flight 

1. 

U:":~[ASSI Ff EIT 
PROJECT REPORT CONTINUATION SHEET (l) 

Studies and test investigation will include} 

a. Control effectiveness forces and re-- sponse rates for stabilization, t~im, 
and maneuver under all flight condition;; 
under the gyroscopic stabilization and 
precessional moments action of the 
radial flow engine, and aircr~ft motion:B 
throughout the flight range" ...... .. . 

~ • ' 

\ . ..v :- • -· • 

C4-22032 
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ARDC 
21. b. (continued) 

C •· Tasks 

c. 

d. 

e. 

Provision of dynamic stability augmentation 
systems to: (1) augment the damping of 
both the snaking and nutational modes of 
oscillation with gyro stability, (2) pro­
vide satisfactory (Spee 1815B) handlirui.: 
characteristics without gyro stabilization. 

Aerodynamic characteristics for accurate 
prediction of performance, determination 
of thrµst requirements, and canputation 
of performance on basis comparable to other 
USAF aircraft. 

Pilot visibility 

Effect of power failures and emergency 
means of escape..- (Secret) 

2. Tests will utilize the vertical take off in­
vestigation model in so far as possible to 
investigate the control trim, and maneuver 
under flight ·conditions. Subsonic and super­
sonic wind tunnei tests will be made to provide 
six component aerodynamic data. (Secret) 

.. . - . 

(1) Problem areas of this aircraft have been outlined 
in Box 21.b. Approach~ Solutions to each of these problems re­
quire formulation of a detailed development program. It is an­
ticipated that at a later date, certain of these problems will 
be included as tasks to this project. (Unclassified) 

d. Other Information 

( 1) General 

(a) The NACA may be required to provide facilities 
and personnel for participation in the wind 
tunnel and possible engine test programs. Ex­
tent of effort required will be determined 
after formulation of the detailed model tes.t 
programs. (Unclassified) 

C4~22032 _ 
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(Secret Title) 1794 
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REPORT DATE 

10 October 1954 
COGNIZANT AGENCY 

ARDC 
21. d. (continued) 

Labor 

Travel 

Contract 
Services 

Total R&D 

Materials 

Manhours 

(2) 

(b) Hq ARDC Technical requirement Noo 3 paragr,::i.ph 
Vb indicates that any contract with A.VRO 
Canada will require that copies of all report.a 
be provided the Canadian Defense . Research 
Board and Royal Canadian Air Force. (Unclaa~ , ) 

(c) The US Navy (BuAer) is greatly concerned l u 

Funds 

.1222 

the development of a VTO aircraft, as evi­
denced by Navy .developments noted in Box No.13 
and obvious application to shipboard use. It 
is also considered that the US Marines and 
Army Ground Forces will be interested in this 
type vehicle. - (Secret) 

122£ 125.1 122§._ 1222. 
12,500 20,000 25.,000 30,000 25,000 

2,500 4,000 5,000 5,000 5,000 

2,494,000 
,,.. 

000 _. 000 12,000JOOO 6,000,000 2 _, QQQ , V(.,t l 0 

2,509,000 6,024,000 12,030,000 6,035,000 2,030,000 

0 0 0 0 0 

5,000 8,000 10,000 12,000 10,000 

eo Background History 

(1) The original concept of the contractor was to in­
crease the aircraft thrust-frontal area ratio far 
in excess of that obtainable with conventio~~l 
jet turbine engines by rearrangement of the pm1er -
plant for radial flow. Such increases in aircr2 f t 
thrust-frontal area ratio were desired in order 
to improve supersonic flight performanceo De -

. . ~ velopment or this idea as Projects Y and Y2 by 
~.: .. , ;AVRO Canada, under RCAF cognizance, was extended 

to include application to vertical take-off air­
craft when it was dete~ine·d -that thrust/weight 

..,,,,,..,.... ~--."\~, ... 

~~";:.., , _:.--..,_,.ii, ,,• -~_._,::·;. ?j PAGE 7 OF 9 
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21. e. (continued) 

(2) 

ratios were sufficiently high and that use of the 
radial flow engines with jet exhaust at the periphery 
produced a ground cushion effect. Preliminary ingen­
ious small scale model testing by AVRO Canada has 
demonstrated this phenomenon. (Secret) 

During January 1954, AVRO Canada and the Canadian 
Defense Research Board invited the USAF to visit AVRC 
and discuss Project Y, a tail sitter VTO aircraft and 
preliminary aspects of a new flat riser, later-. des­
ignated the Y2. As a result of this visit, subse­
quent briefings by AVRO Canada personnel to the USAF 
A.ir Council and Afmc, and receipt of an .11ircraft 
proposal by AVRO Canada, Techni.cal Requirement No.3, 
was issued to exploit the potential of this project. 
(Secret) 

f. Future Plans 

(1) After the problem areas have been sufficiently re­
solved~ or earlier if it is desired to take a greater · 
development risk in order to provide possible time 
savings, a decision will be required to determine 
the specific type of aircraft to be developed. 
(Unclassified) 
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USAF Ltr dtd 26 April 54, Subject (Secret) Project Y 
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USAF Ltr dtd 3 July 54, Subject (Secret) Project 
Ladybird (Secret) 

(Unclassified Title) Hq ARDC Technical Requirement 
No. 3 dtd 13 August 5~ (Secret Document) 

Hq USAF Technical Program Requirement 1-2 dated 
7 October 54. 
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