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STATEMENT OF WORK ~ :..-i 
1
_ 

PROJECT 1794 

18 December 1956 

PART 1. Engineering Program 

1.1 The Contractor sh.i.11 conduct studies and test progra.ws as outlined· 

below to supplement those previously c~mpleted under this contract and to support 

the AVRO P.V. 704 program. The Contractor shall also construct the test rigs, 

manufacture or modify the models or other test items, provide instrumentation and 

furnish the facilities required t ~. accomplish this program, except for certain 

Government furnished test fac ~lities as approved by the Contracting Officerj Hq 

A}fC, when deemed necessary for the advancement of the program and to be in the 

~ st interest of the USAF. 

1.1.1 The Contract~r 5hall conduct tests of wind tunnel models 

to more completely define the aircraft characteristics throughout Mach number 

range of 1 to 4. 

1.1.2 The Contrac:.or shall : onduct tests of ~...nd tunnel models 

to determine aircraft cha.racteri st:ics in the transonic speed range. 

1 . .1.3 The Contractor shall conduct tests of subsonic wing tunnel 

models. The problems of trim and balance and control sha l l rece i ve particular 

emphasis. 

1.1.4 The Cont rac:or shall ~onduct tests to invsst i gate hover 

and transition to forward flight. Stability a.~d control as well as performance 

characteristics shall be incl~ded. 
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To: Headquarters 

1512 H STREET, NORTHWEST 

WASHINGTON 25, D. C. 

November , 1956 

Air Research and Devel pment Con:rr.and 
Directorate of Syst M3.na.gement 
Wright-Patterson Air Force Base 
Ohio 

Rr:rz.SBA 

Subject: 

I.ANGLEY AUOfHUTICAL UBOUT0R1' 

LANGL.r'f flE.LD , VA. 

AWES AERON..I.UTl:AL LAIGUTOIT 

MOf"FITT fl[LD. CALIF. 

UWIS FLIGHT PfiONILSION LABORATORY 

21:iOO BIOOKPAU ROAO, CLEVELAND II, OHIO 

Reference: 

Visit 

AROC, #1, RDZSBA ltr Nov. 5, 1956 

1. In respons to your letter of November 5, 1956, the 
Committee would be pleased to have the follo'Wing persons visit the Langley 
Laboratory on December 5 or , to discuss technical aspects of test programs 
to be conducted under USAF reject 1794 in investigating the AVRO Vertical 
Take-Off Aircraft. 

2. 
for this 

, l>njor William R., Detachment #1, Headquarters 
AROC Wright-Patterson Air Force Base, Ohio 

John C. M. , A VRO Aircraft Ltd. ( Canadian Citizen) 
, John R., AVRO Aircraft Ltd. (Canadian Citizen) 

, T. D., AVRO Aircraft Ltd. (British Citizen) 

As proposed in your letter, the detailed arrangements 
. y be made directly With the La.ngle~r laboratory. 

Q-
) \ 6 

11 VA / 
'--"Vv(.9t,.._, 

1 J. W. Crowle;r, 
Associate Director for R , earch 



Exhibit "111 (Cont ' d) 

1.1.5 Tr:e C~n~ra ;:;br s t1 a~:._ :::<:"n ·i.:d studie:, and test ,_ lo invest .-

,"'?.t~ the a.ir and exh.at:at g'ts f1ow- !.r.torna.1 t,,.. t he 11irorart to ind•:·~·"-'1 

1. 1. 5. l !.,take eU ldrn~y 

1,1,S,2 Diffu 'jer effi~tency 

1,:,5,J Compressor 6!!iciene7 

1,1.~. ~ Nci'l.le d'!kieney 

1,1.~,5 E:i-hau ~4.. 9 y 1tel'l',.1 

1,1,5 1 6 Contr-ol ~hutte~ operation 

l,l, 5, 7 T!vnpc.n•Ah.11"6 prc"lt'ila determination 

1, l, ~, O Ovor! 11 prornl:5ion isy-atel!l ettioienc1 

l,1,6 n-.e C,lntractor ah.\ll eonduot an an•lysil ot thtt propul:sion 

s:,cs t 0m tn include dei,ign point• c !t da:d&1 po fat and transient operation, Opera..­

t i on of the propuls ion eys tem as a nrnjet Un the "hot" condition) will be 

i ncl d -=- rl. , t• -.:dhri r with cons id~ration of the effect on performance of the ducted 

fa n ~ystem during this phase. An o1;.a.ly:1is (')f the pMpulsion control system 

.~hall be ir1cluded. 

The Cont~ac t o~ J 'l:.a.11 acccmplish the developmen~ and teat 

, .f the propulsion system compcnen:..s r;:, qu i rtd to acl:ieve supersonic flight. 

1.1.8 The C,.::,r."~rac:,, r ] hall conjuct studies and tests to dete!"'""~e 

the ef'fact of operat~ng tempen.t. l:..!"as 1 !ncl 1~ding those due to aerodynamic hea.t.ingll 

on the thermal stresses; S1J',;;:gt h ::tru::Lml rigidity and a.eroel.3.stic charact e r ­

istics nf the aircraft. The effect of tt ,mpnr ,.t ure en the flight c ontrol :3ystem 

~ d components shall be incl'.l.ded. 

56RDZ=3TI3-9 
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Exhibit nrn (Cont 1d) 
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1.1.9 The Contra,tor shall conduct anal;y8es and tests to investi-

gate the flutter and vibration r;;haracteri..stics or the aircraft. The effects of 

forced vibration due to the propulsion a.~d duct systewi on structure$ equipment 

and personnel shall be includsd. 

1.1.10 The Contractor shall conduct &nalyses and tests to investi= 

gate the effect of noise and atructu...~a equipment a.nd personnel. 

1.1.ll The Con~racto~ ,hall conduct studies~ analyses and tests to 

further establish the stability and control chan.cteristics ot the aircraft in all 

phases of flight. _Particular emphasis !ha.11 be placed ong 

1.1.Ll..l Reducing ae?'odyr.amic instability 

l.L 13..2 Prcnding acceptable flight safety characteriSti:s 

lol. llo.3 Establishing reliability of pneumatic and/or 

~raullc control systems. 

l.l.1L4 De<t.ermining night limitations due to stability 

ar.d central characteristics. 

1.:.11.5 Investigating stalling characteristics and post 

stall moti,.,nso 

1.1.11.6 Control Systems for hoveri..~gi transition and 

.f-:,rwa!'d flight. 

1.1.12 An imrestigation shall be made to establish crew member 

escape systems and procedu.:'·es. Es~a.pe in the f.-rent of power- plant failu:I'e a.t 

high Mach n..mibers shall be included. 

1.1.13 A st1.ldy shall be made to det-e.:-m.ine ground handling r-equi~= 

ments of the air-c:ra!tj includ.1.ng take-off and landing sul"face req-J.irements. 

5 6ru)Z...J773-9-



Jthibit "I" (Cont'd) 

1.1.14 An investigation shall be made to determine the range of · 

fuel stowage compartment tempe:·ah.res and t.: pr:>'ride ~mi table ~towage conditions. 

1.1.15 Th~ Contractor shall conduct investigations of the cooling 

and pressurization requirements of cr~w~ equiJ::m,ent and structure. 

1.1.16 The Cont-:-·a.-:tor shall conduct studies or gromid support and 

training equipment requirements in accordance with MII.-,S.a.9412. 

1.1.17 The Contractor shall conduct design studies to apply the 

AVRO Aircraft Vertical Take....cf.f design.cor:cept to the following~ 

1.1.17 .1 Re c.onnaissance Weapon System 

1.1.17 .?. L'1terl'.'eptol" Weapon System 

1.1.:;.7 o:3 l'a,:: t.ica.l Bomber Weapon System 

1.1.17.4 Research Aircraft 

1.1.lS The Contra~tor shall formulate a Weapon System Development 

Flan for the system under Part 1.1.l?nle 

1.1.19 The Contractor sha:l a~complish analytical studies of the 

-e:f'ect of displacement of exhc.'L1st jets on ;.,he aerodynamic characteristics of the 

aircraftj will formulate -:es4:. programs -:'.) in·restigate this phenomenon and will 

conduct such tests as are approved by USAFo 

1.1.20 The Ccn-cractor sh.aU condu~t general studies to determine 

performance trade data and to de~erm.in~ limits on performance and physical para= 

meters associated with the type of. aircraft pe:Lng investigatedo 

PART 2 Data 
~ 

2.1 Pro_&Tam Plannb;&, Repc- I''! 

The Cont!"a.C -:.,:,r shall prera:~ a,1d su1:Jmit to t he Commander, Det a c.hm~n t 

Ne. 1, Hq Air Research and D<:'lf ~o:)m<:>n!. Cc:nmand, ATTN ; RDZSBA,. Wright~Patterson 

)~ 

5 7 MCP-5-Si-l 
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AfB, Ohio, for approval, a Pr<:.g.ram Planr..lng Rep.or-t for the work required in Pari 

I. The P~gram Planning Report shall in~~ude s de3cription of methodologyj work 

definition, time scheduling., and co~t and manhcur data by sub=pa.rts. Ten (lO) 

copies of the Program. Planning Report 3hall be furnished as soon a~ possiblej but 

no later than 15 March 1957. 

2.2 Specifications 

2.2.1 The Contractor fha.11 submit to Hq Air Research and Development 

Command, ATTN: RDZSBA, tor approval, detailed ~pecifications of the tests to be 

accomplished under Part I. Test Specifications will provide information on test 

objectives, facility requiremer..t.:-.11 model characteristics, test conditions, 

instrumentation requirements, data. cclla~tlon a.nd r-eduction, etc. Test specifi-

cat i9ns will be furnished in accordance with the time s~hedule of the approved 

~ -~ ,gram Planning Report. 

2.2.2 The Contractor shall submit to Hq Air Research and 

Development Cormna.nd, ATTN~ RDZSBA, for approval a General Design Specification 

for the propulsion system components to be developed under Part 1.1. 7. MI1-E=8220 

(ASG) will be used as a guide in pr,eparing and presenting P&rformance Specification 

Data, Specific information required is: 

a. Design informa.Uon necessary to def:;ne the componentsj 

assemblies and systems to be de-vel:pedj including drawings,, weight 

estimates and material requirements. 

b. Variations of inlet cor.di.ti ,::ins (temperature, pressure, 

and Mach number profiles) appearing at the burner face during the more 

significant phases of engine operation. 



~ECRET 

c , Specif:~c c;oir.jus ec0r p6rformance including combustion 

efficiency and stability 11.mite. 

d. Engine thr,_..st a.r:d epe..;ific fuel consumption. 

e. Significa..'l'lt pa.ram-=":".ers to be ,.~ed by the fuel control 

system. 

This design spedf.:.e:at.:l. on will be furr.ished in accordance 

with the time schedule of the app~c,ved P-z-cgram Planni.11g Report 

2.2.J The Contractor shall sui::mit a General Design Specification 

and Development Plan for the Resea:r;;h " :.r""raft to be studied ·:mder Part 1.1. 17 .4. 

USAF Specification Bulletin N._, . 59 w::.1..2 apply a!ld the development plan will 

~ lude the data required by Part 2 .4.2 0::..lo ,Submission of performan~e data shall 

be in accorda.11ce with MIL=-C- 5011A. ::::es : gn :niorma.tlon as defined in MI1-D=7579 

and M.IL-D-17984 will be pre.:,ented to u:c'j_ud~ the data required by Part 2 , 4 , 2,7.1 

thru 2.4 .2.7.16. This report wi~l be f~rnished in accordance with the tlme 

schedule of the approved Pr~g:a.m Planr..:..r,.g Report. 

The Contractor shall f '..L.""!'".d.'=b by the 20th day of the month follc,wi ng 

the repo:rted two (2) month perl.Jd, -:.8n , L-1 ) ..:-cpies of Bi=Morrt h:,Y Prcgres~ Report s 

presenting a sUIDIIJary ofg Wcr-k perf1.i rmed pen:entage ..;,f task a. c::,omp:.iehed, resul t s 

obtained1 problems encounte!"'ed and t!l-s !:,1dgetary si:.atus of the progra.m. B.i.~Mcn t hly 

Progress Reports wil;l be deliv$red -:;:, H,;_ Al!· Research a.nd Development Comma.nd i) 

ATTN: P.I)ZSBA. The first Bi=M:-r,~hly P:,, g:-".:se- Report w.:.11 be due 2C May 1957 . 

2.4 Technical Re_port 

2.4.1 The Contra;;t,.,:- Sh.-1:::.1 f:.;.mish t:.0 Hq Air R.esear -:h and Derrelop-

ment Coimna.ndJ ATTN ~ R.DZSBA ~ -twen':y- f:::""' (25 ) -~ op.:..es of ·~e :.r.n.:. <a :~ '.1.epo:--:s in 

SECRET- 57MCF 5~1 
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..)dJ.ibi t "I" (Cont'd) 

accordance with the time schedule of the apprj·lf:!d Program Planning Report J but 

in any event not hter than 1 October 1958. 

2.4o2 The Technical Reports shall presents the results of the 

study and test programs required by Part I ""nd shall includes but not be limited to: 

2.4.2.1 A clear sta:-ement cf the purpose of the study. 

2.4.2.2 A description cf the method of approach to 

solution of the problemo 

2.4o2.J A statement of assumptions made with an evaluation 

of validlcy. 

2.4.2o5 An e7aluation and interpretation of these results. 

2.4.,2.6 Perfor-ma.nce trade data shall include the factors 

c! e~ed9 .r-ang~~ alt::.tude 9 aircraft weight, ai.rc.ra.ft 

size and payload, together with a dis cussi0L of 

limits on these factoTs. 

2.4~2.7 Design Information and Performance Data. 

Submis8ion o! performance data shall be in ac-cord = 

a:.r1ce with Mll..J'....-50llA a.11d design inforrn....aticn as 

defined i., MIL=D--go:34 and MII,a.,D=l7984 will b':l 

presented for- ea.eh of' the design studies required 

by Part l.1..17 .1 th!""U lol.17 .Jo If not spe.:ifica.lly 

required by these specification, the following da t,a 

w:tl.l also 'Je i.nc:,.ld.ed i 

2o.:i-o2.'7 .1 F=.ot of area distribution cut at !,:::-:1 

2.:.+.2.?o2 l'ab'-ll.1tion of wetted area 

5~3--17:W-

SEClil ~l?mcr--;wsa_J 



ixhibit "I" (Cont'd) 

SECRET 

2 ., 4,2 , 7.3 z~ro lift dr-ag buildup, components 

arid total. 

2.~. 2. 7 .,4 Plot of dCi)/dC12 vs M 

2.4.2.7.5 Plot of a.~. travel vs M 

2.4.2.7.6 Plot of e.g. travel and analysis of effects. 

2 .J..,. 2. 7. 7 Var-ia. tion of dCIJ'd 'C° vs M 

2.4.2.7.8 low speed ai!"plane efficiency factor 11 e"o 

2.4.2.7.9 .Si.:.bstantiation o! drag factors and thrust. 

2.~.2.7.lO Take=offy landing and transition 

._,alcula t ions • 

2.4.2.7.11 Plot of c1 v~ M 

2.4.2.7.12 Mission pr-ofiles showing altitudes vs 

distance 

2.4.2.7.13 Grcup weight statemer.t and weight sub~ 

::'tantiat:.on report. 

:2.4.2. 7 .lh. V~n diagram with gust considerati~ns " 

2. ~: .2. 7 , l5 Thr-ee=new drawings and inboard profilS!s 

witt section viewa. Positions of major 

equipment items as well as antenna ) 

~adome and armament locations should b7 

indicated. 

·2.:o:i..2.7 , 16 Baei.:: engine development data to include , 

tut not be limited to g 

56RDZ=.377.3-9-
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a. Compressor map 

bo Experimental verification of tne 

performance of the compressor. 

Turbine map 

A s-ummary of the calculations for 

matching the components of the pro= 

~, Detail weight estimates for the 

components . 

f. A preliminary- design of the control 

g, A discussion of the effects of non­

un:.form flow thro-;1ghout the system 

ir.cluding the effects of variable 

airflow through individual ramjet 

:c,mbust.ors due to control act.ior,. 

n : A prese~tation of the performE.nce 

at ,,he design point _. off design , a.nd 

i;,rar, s ,;., 0 nt cp':lration; in addition, a 

disc-1ssion of ~-:a ll margins and contra ::. 

action is to be includ~d , 

Data. resul:.::ng from ':.r:e studies required by Part 

r 1 .-=;} J. ja-'-" , .... _ J .-pe cif:. ea tions for subsysteI!l3 or com-

57M~f,9-Y-l. 
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SJeaFT 

a~~oc~.a~I? ._:..;n:ractors or f ·,irT,ished by the· 

Governm~~ under provisions of AF Regulation 70=:1, 

,._-hen exist.::.ng equipment !.s considered inadequate. 

Exieting equ.:.pment for subsystems such as fire 

::::mtrol9 bombing/navigation, etc.j considered 

2ati5fact~ry by the contractor should be proposed. 

Sub:-yc:-tems at'.: defined to include, in addition :.o 

tr.~.se installed in the aircrafti ground support 

dnd training equipment de~med necessary to 

::. u,:: ..:: <=-ssful employment of the weapon sy!: tern. 

2 , .. 2 , _.J Genera.:i. spee:iflca tions for new or improved rr.aterials 

.illcluding requi.~ement d.ates and estirna . es of their 

a:ra:.1ability o 

7 . !. 2 , .L.1 Thl:l Weapor1 System Development Plan required by 

Par: l. L 18 3'!'"1a.l..:. :.n : lude the followir.g pcrtions 

- ' - .... ... -
~ ... 4 ~ 1' o l.l.. o -i Weapon Sy~tt:>m Schedule 

3y~ :em Swnmary SchedcLL":' 

!'est Anne.iC 

Air-:raf -~ Anr!eX 

Facilities A~n8X 

Cont:ract Funds 
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CJst £3timate Recapitulation 

~~,,.~ L al data.» in term., o! facilities, 

-:;.::-ility- r,f AVRO Aircratt Ll.mited to 

r:~ i ntluen~e ot other pregranu, at AVRC 

'l'(<; r-k re ,1u iN3d hy Part I and aata ~qulfi•d :.:y Part 2 will be contained primar111' in 

,...__,, h.J.n rma report• 

wh i ~h .::- . ~l·-d➔ 3 tistorical background and statem~nt 

presentation of important results j 

(4) E-valua Hon and interpretation of these results, 

,,· 5 ). r-( •. .., ,.. ~ • • -. °' ... .., ~ "'.,d i i.) mme ,. t 1 ., , ,· .-.a , . .... J.c,u.;, a...a \ U reC-0 n'-4.;_ on..,o 

:2.2..3.2 D<3sign ar·:-i Performance Report = To co;rer work 

1.1.1.t.,~ 1. 1 .17, a nd l.l.20; data required by 2.4.2.1 

5 1 r,reF 5 9-0 1 



2.4.3.3 Aerodynamics Report = To include work required 

by Parts\.1.1» 1.1.2~ l.lo3, l.l.4s and 1.1.19, 

data requ:.red b:y 2.4.2.1 through 2.4.2.5. 

2.4.3.4 Propulsion Report = To cover vork required by 

Parts 1.1.5 9 1.1.6., and L1.7, data required by 

2.4.2.1 through 2o4 o2o5 9 and 2.4.2.7.16. 

2.4 • .:3.5 Sta.billty and Control Report - To include appli-

1.1.49 1.1.Si and 1.1.lli data requir~d by 2 .4,2,l 

through 2.4.2.5. 

2.£.,.J.6 St?"UctU?-es Report = To cover work required by 

Parts 1.1.89 1.l.9l) 1.1.10, data requj.~d by 

2.4.2.1 through 2.4.2.5. 

2.4.3.7 Development Plan = To include work requiNd by 

Part :_.1.18 and data required b:y Part 2.4.2.11. 

2.5 The Contractor- shall furni~h to Hq Air Research and Development 

Co!IlIIlB.nd 9 ATTNi RDZSBA 9 one (1) 1/40 scale demonstration mod~l of t he AVruJ VTOL 

res~arch aircraft or Part 1.1. 7 .4 wh!~h may be disassembled to di~.clpse the 

interior arra..gement of the vGhicle and whi ch will illustrate the pri.ndples of 

operation. 

r:'-:•ntra.ctor- shall preser:t a re:vi'c'lw of the status of' the pr-ogra.m to 

representatives of the USAF and other iriterested organizations approved by the 

,,--.•rsAF at su ( 6) month intervals during the co"!l?ae ot this contra.et with locations 

and dates to be mutually established by the Contracting Officer and the contr-actor. 

~u-
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'loe purpose of the project review will be to sh01' results accomplished.i describe 

current status, discuss major problems encountered, and to determine direction 

of future effort. 

-13- 5 6RBZ-... 3 773 9-
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