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PREFACE 

This i s the th i rd Progress R eport on a program which covers the design 
and c onstruction of an a i rborne v ehicle designated by the C om.pany as 
A VR O CAR l, and by the U.S. Army as V Z- 9AV. 

T h e program was calle d for in the Statement of Wor k , 58RDZ- 12743, 
date d 1 May 19 58 and the Company's interpretation of it is set for t h in the 
Av rocar Program Planning Report, 58RD Z -11206, dated 20 May 19 58. 

To the extent specified in the abo v e documents, this pr o gram covers the 
design, component de ve lopment and c onstruction o f an exper irne:ntal te st 
ve hic l e of the A VROCAR type by June 19 59. Later the program will be 
extended to cove r 0 ~a d em on stration of the basic f ea sibi Li -ty of this typ e of 
vehicle. 

Reports on the 1 / 5 Scale Avrocar Mode l and Simulation Study p rogr ams , in 
this publication, are being discontinued to avoid over lapping and possible 
confusion in reporting. These spheres of work form part of the USAF 
Re-Directed System 606A program and as such are covered in the Bi­
Monthly System 606A Progress Reports. 

Formal progress reports supplemented by interim l etter reports are 
published on alternate months. The formal reports cover the previous 
two-monthly reporting period and the interim report summarizes work 
for the preceding month only. 

The present formal report covers the work period from l August 1958 to 
30 September 19 58 and the cost period from 1 February 19 58 to 3 October 
19 58. 
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Satisfactory progress is being maintained on the overall Avrocar program. 

Des ign of the Test V ehicle is almost comp l ete and stressing of structural 
c omponents, powerp l ant installations, services and equipment is we ll 
advanced. Tooling and manufacture i s proceeding at a s atisfa ctory rate 
and i s ahead of schedule. 

The Mock-up structure i s nearing c omp letion and a l arge percentage of the 
e qu1pr:nent ha s be en fabricated and installed. 

Research on the 1/ 20 Scale A v rocar Model is continuing and further s tudi e s 
have been comp l eted on a se l ection of control configurations . T h e model 
was modified for the purpose of improving the flow characteristic s in the 
radial diffuser. 

Stressin g of t he Fu ll Sca l e Wing T ip Segment is complete and manufactu re 
is well advanced. Insta llation de tail s have been fina l ize d with Orenda 
Engines and preliminar y checks have be en carri ed out at th ei r Nobe l, 
Onta rio te st facility . 

Inforrn.ation on the Orenda Engines turborotor c ontract is conta in ed in the 
Appendix to thi s report. 



S EC R ET 

AYRO A I R C RAFT LI MITED 

7/~Af/!ft, 
4 Y • O CA II 

PART 2 

TEST V EHICLE 



4Y/I O A I RCRAFT l/MITEO 

2. 1 

z. 1. 1 

z. 1. 1. 1 

z. 1. l. z 

2. 1. 1. 3 
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Engineering 

D esign 

A structure cutaway of the Avroca r te st v ehicle is tliustrate d 
in F ig . 1. and has been includ e d for reference purposes . 

Structure 

A number of major stru ctura l sub-assembl ies consisting of the 
centre base, wing se gments, wing tip, partition bulkheads, 
t runk co mpartment doors and c anopy d ecks were detail e d and 
re leased for manufactu r e. It h as b een found ne c essar y to 
provide for loc a l stiffening of some structural members. 
Drawing modifications to incorporat e this stiffening have been 
finalized and issued for produ ction. Des ign of the transparent 
c anopies is now comp l ete and manufacturing drawings h a ve been. 
released. 

Powe rp lant 

Detail and assembly drawings for t he engine air intakes, engine 
c owlings, exhaust bu llets, turbo roto r casing and turbine exhaust 
boxes have been re leased for fabricati on. Detai l drawings on ly 
have been re l eased on t he turborotor intake. Installation d etails 
are comp let e for both the turborotor and engine throttle cont rols 
and the majority of drawings have been issued for production. 

A meeting was he l d at WADC on August 26 to discuss the intro­
duction of twenty-five minor modifications to the Continenta l 
J69-T- 9 Engines. All but item 18 of the proposed modification 
l ist were approved and late r confirmed by AMC, Wright-
Patter son Air Force Base, Dayton, Ohio in their l etter of 10 
September 19 58. A revised modification proposal for item 18, 
insta llation of the exhaust bullet, was requested and an alterna­
tive scheme for mounting the exhaust bullet on six guide vanes 
in the jet pipe assembly is being prepared. 

Servic e s and Equipment 

The des ign of the pneumatic system , flying contro ls, oper -
ato r 's instrument panels and footrests, cockpit conso les and 
engine controls has been completed. D esign of both e l ectri ca l 
and radio systems is well advanced. A large percentage of 
detai l draw1ngs for these components and assemb li es have been 
re l eased for manufacture. Schemes for the operator's seat, 
harness and armrest installations have still to be finalized, 
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2.. 1. 3 

2. 1. 3. 1 

2. 1. 3. 2 

2. 1. 3. 3 

St r ess 

Structure 

'll lJ Al II ll/14,­
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The preliminary stress ana lysis of all structural components 
w as comp l eted unde r the in1ha l l oading assumptions. St ress -
i.ng of some details is c ontin uing and a numbe r of report5 are 
being prepared. 

Powerp lant 

Analy s is o f t he powerp lant, engine exhaus t duc t , eng ine c owlings 
a nd firewa ll s i s comp l ete and repo r t s are bein g prepared. Wo r k 
i. s c ontinuing on the rotor casing under r evised rntake loading. 

Services and Equipm ent 

Ana lysis of the pneumatic insta llation and modifi cations to the 
c entra c ontro l mecharns m ha v e been comp l eted , and the resu lts 
incorporated i n AVRO / SPG / T R Z27 - 'F li ght Cont ro ls St ress 
Ana lysis Report'. 

Work 1s continuing on the pi lot's consoles, instrument installa­
ti ons, radio and e le ctr ~cal s y stem det a ils, and crew furnishings. 

A erodynamics 

Stabilit y and Control 

Ana ly sis of the electronic a na log and d ig ita l computing programs 
is continuing. For further information on this phase of the pro­
gram refer to Part 4 of the Sys t em 606A Bi-Monthly Progress 
Report No. 9 . 

Propu l sion 

Wor k on engine performance estimates is com:1nuing and a 
Pre l iminary Engine Performance Report, A VRO / SPG / TR 188, 
i s being pr epar ed. 

Refer ence shoul d be made to the Appendix for information on the 
p rogress of O renda Engines turborotor c ont ract. 

L oads and Weights 

Z. 1. 3. 3. 1 Loads 

Wor k on this phase of the program is pro ceeding slowly, The 
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lack of w ind t unnel t est data from the 1/ 5 S c a le A v rocar Model 
has retarded progr ess. 

Present wor k centres about evaluation of c h o r dw1se sur face 
pressures and l oad distributions at three s pan stations in 
trimmed manoeuvre and a t gu sts of 1 2 0, 225 and 27 0 !rnots EAS . 
Four cases for symmetric fl i ght hav e been comp l eted usin g 
a erodynamic data e v aluated from the 1/ 6 S c a l e Model t ests con ­
ducted under USA F ProJ e ct 17 9 4. 

Othe r loa d data passed t o the St re s s s ec t i on du rrng ;:h e p e riod 
was based o n rough assumption s . No forma l report has y et 
b een prepared as tt w as hoped t o introd u ce aerod ynamic dat a 
from the 1/ 5 Sca l e A v rocar Model which had b e en anticipated 
a t an ea r lier date . 

2 . l. 3. 3. 2 Weight, Bal ance and Inertia 

z. l. 3. 4 

z. z 

AV R O / SPG / T R 125 - ' Weight , Ba l anc e a nd Iner t ia R ep ort ' has 
been c omplet ed. 

Performance 

Investig a tions on vehic l e performance were confined to cert ain 
theor etic a l aspects of jet drag a n d thrust :r e cov e ry an d the 
report, A VRO/ SPG / TR 185 - 'A R eview of Lift and Drag D ata ' 
h as been completed. 

Further work on this phase of the program h as been t emporari ly 
discontinued as s upportin g test data on the 1/ 5 S c a le Avrocar 
Mode l 1s not yet availab l e . 

Production Manufacturing 

Engineering drawings for approximately 95% of detail parts and 
assemblies have been received in Producti on Manufactur ing. 
T hi s provides for the re leas e of li27 deta i ls for fabr ic ation, 823 
of which have been c omplet e d and are in St ores . T he t o tal 
numb er of detai l part s have been increased to 121 8 because of 
des i gn cha ng es involving simplification of parts to facilitate 
manufacture and the intr o ducti on of additional stiffeners for a 
n umb er of struct ura l sub-assembl i es. 

Process p l a nning and too l build are re spe ctive l y 9 0 % a.T1d 8 5 % 
c omp lete and i.t is estimated tha t p l anning, t oo l design and t oo l 
b u ild w1ll be s ub s tantially complete a t the end of October . 
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N o serious proble ms we re enc o untered during t he pe r i od, but 
fab r ication of spot we ld ed sub- assemb lies wa s de l a y ed as th e 
ne w spot we din g machine, 1nentioned m the pr e vious rep o rt , 
required rn.o dification by t he m a nufa ctur er t o mee t loc al powe r 
supp ly condition s. 

A mor e suitable metho d fo r cleaning of th e lig ht gauge a lum in urn 
alloys, requi ring spot welding, was investigated a s p r e s ent p ro­
ce ssing meth ods for heavier materials were found t o be un satis­
factory . A successful pilot p lant operation was estab lishe d and 
production cle aning equipm ent wa s insta lled. 

B ec ause of the de l ay in placing t he we lding machine in operation , 
it wa s found impo s sible t o complete its qualification t ests if 
production schedu l es were t o be met. Cer tihcation w as, h owe ver, 
s u ccessfu lly comp le ted on a r e p res entativ e selec tion of test 
pieces in o r lab orator 1es and productio n o f spot w e l ded sub­
assemblies i s proc eeding on sc:iedu l e . Q u a l ification t esting of 
the machine \,;;ill be complet e d at the f i rst o pportunity. 

Test Rig Component 

Assembly of th e rotor te st rig, ref. Fi g. 2, is a lmost c omp l ete . 
T he r ig has be en remo ved from the fina l assembly j ig, re f. Fig ., 3, 
and p l a ced in a floor stand for clean-up ope rati on s and in s ta llation 
of exhaust boxes. 

Centre St ructure 

T he second c omponent for the test v ehic l e, r ef. F igs . 4 and 5, 
h a s been c ompleted and removed frorr, the j 1g for cl ean - up oper -
ations. 

Win g S egment 

D eta il tooling is now complete a nd 98% of d eta il parts are in 
Stores. Sub-a ssemb ly of ribs i s well advanced and the first 
wing segment, ref. · F i.g. 6, is being as sembled. 

Wing Tip 

D etail to o ling for the wing tip structur e has been completed but 
further wor K is r equ ired to improve too ling , ref. Fig . 9 , for the 
wing tip skins. D etai l tooling for b o th mner a nd outer sub ­
assemblies o f the wing tip were c omp leted du r ing the period. T he 
outer wing tip sub-ass embly Jlg is 90% comp l ete. The inner 
wing tip sub - assembly jig, ref. F ig . l 0 , has been c ompleted and 
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th ree components have be en fabricated and fitted to t he first 
wi.ng segment, reL Fi g . 6 , fo :- checking purposes . 

Wing Structure 

Detai l tooling for the first phase of assemb ly whi.ch compris e s 
t he marr y -up of the three wing segments to the centr e suppo:n 
structur e i s 96 % con1p lete . 

P l anning for the second p hase of assembly, which includ es 
insta llation of compartment bul kheads above th e floor, is well 
adva n ced but design changes to imp rove stiffening of th e bulk­
head s are still to b e r eleased. 

I I 11 

The final assembly jig, ref. F ig , 3, w as comp le ed except for 
installation of additional bulkhead locators which are now being 
fitted. Wor k on t he latter details was delaye d as the J1g was 
required for fi nal assemb ly of the rotor te s t rig . 

Rotor 

Manufacture of this component has been sub-contracted and 
reference should be made t o the Orenda Engines AppendLx for 
details. 

Exhaust Boxes and Fuel Tanks 

Deta il and assembly tooling for both t he exhaust boxes and fuel 
tanks, ref. Figs . 11 and 12, 1s 95% complete . Sets of detail. 
parts have been produced for both components and sub-assemblies 
are being fabricated. 

Jet Pipes 

Sub-assemblies are being manufactured and the key tooling, 
comprising the final assemb ly weld fixture and the master 
model, ref. Fig. 13, are completed. The latter is being used 
for manufacture of tooling for the shell pressings. Recent 
de sign requirements for an interna l fairing and support have 
not yet been released. Tooling is now 60% complete. 

Engme Air Intakes 

Two key tools are required for the fabrication of this component. 
One i s an ass emb ly fi.xture , reL Fig. 14 , to loc ate the mani­
folds in the fibreglass moulding , the other is a master model, 
ref. F ig . 15, for the lamina te d fibreg lass ducL Both t oo ls have 

0 
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been completed, t he la tter being used t o provide a two piece 
fema l e mou ld for the c astin g of p laster mal e forms. T he ma l e 
forms are used for fabrication of the fibreglass duct and are 
n ot re-useab l e. A new high temperature p re-preg fibreg lass 
material is on order for this wor k and delivery has been 
p romis e d for th e middl e of Octob er. 

Roto r Intake 

P lanning and t oo l design has b een c ompleted and to o ling for 
t he rotor inta k e is 6 0 % con1p le te . Two large spinning s have 
been ordered and de live ry is promi sed for the middl e of 
October. 

Trunk Door s, Cockpit D ec k s and Cowlings 

The master m odel , ref. F ig, 16, wh ich re presents a porti on of 
t he upper s k in s urface , wi ll be used t o obtain contour and t rirn 
medi a fo r the small components formi ng th e upper surface of 
t he inner w ing , 

Engine M ount ing Yo ke 

Three engine mounting yokes, ref. Fig. 1 7, have been com­
plete d during the period. 
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FIG. 2 CENTRE STRUCTURE ASSEMBLY FOR ROTOR TEST RIG 
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FIG. 3 FINAL ASSEMBLY JIG FOR VEHICLE STRUCTURE 
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FIG, 4 CENTRE STRUCTURE SPINNING CLAMPED IN CENTRE STRUCTURE ASSEMBLY JIG 
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FIG. 5 CENTRE STRUCTURE ASSEMBLY FOR TEST VEHICLE 
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FIG. 8 SUB-ASSEMBLY JIG FOR ENGINE INTAKE DUCT RIBS 
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FIG. 9 FORM TOOL PATTERNS FOR OUTER WING TIP SKINS 
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FIG. 13 MASTER MODEL FOR ENGINE JET PIPES 
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3 . 2 

3. 2 . 1 

E ng in ee r i ng 

D esi g n 

D es ig n of t he M oc k - u p h a s been c om p leted e x cept for s ome 
m i s cell a n e ou s w i r i n g and p ip in g serv ice s . 

Expe r im e nt a i Manufa c t u r ing 

P la nn ing a nd Fa b r i c a t ion 

F a bri c at io n o f t h e M o ck - u p stru ctu re , ref. Fi g s . 18 a n d 19, i s 
compete exc ep t fo r t h e c a no p ie s . 

A ' ar ge pe rcent a ge of t he e q uipme nt has b ee n in s t a ll e d a n d wor k 
i s co nti nu in g on the fabr i c a t to n of Jet p ipes , e n g ine in s t a ll a ti o n 
d eta il s , fo otre s t s a n d p i l o t I s c omp a rtment latc hi n g m e chani s YTI. 
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FIG. 18 MOCK-UP - COMPLETE 
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4. l . 2 

4: . 1 . 3 

4 . 2 

4. 2 . 1 

4 Va O C ,a.JII. 

E ngineering 

D esign 

O r ig inal d es i g n was comple ted du r ing the month o f A pril but 
m o dif ic a tLon s a re b ein g intr odu ced in ac cordanc e w ith t est pro­
g ram requireme nts . 

Stres s 

Str e ss wa s completed during t h e m onth of April. 

.. -\er odvnam ic s 

P r el imin ary tes ts to eval u ate flight c ontrol a nd th rust v a r iations 
with a selection of peripheral ring configu rat ions have bee n 
c ar ried out . The r esult s obtained ind icate tha t a n improvement 
o f the flow cha ra cter i s tics in the ra d i a l diffuse r .,,.., as n e c e ssa ry 
and t he rnodel was rn.odifi.ed . 

The above se ri es of tests were repeated and the data reduced for 

incorporat ion into the fin a l repo r t. 

A te s t specifi cation , AVRO / SPG / TR 175 - 1Test S pec ificati o n 
fo r 1 / 20 Scal e Avr o car Model , I ssue 1 , ' - is be ing prepared and 
re s e a rch i s continuin g. 

Experimental Manufactu ring 

P l a nn ing and Fab ri cation 

Modific ations introduced into the model, reL Fig s. 20 and 21, 
include insta l lation of upper and lower per iphera l ring d e fl ectors 
an d removal of t h e ex i sting spo de r rings . This work was com ­

plete d ea rly in August and the model re- insta ll ed in the Avro 
Ejector Wind Tunnel for further tests. 
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FIG. 21 1 / 20 SCALE AVROCAR MODEL INSTALLED IN AVRO EJECTOR WINO TUNNEL 
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Engineer i ng 

De sign 

Design v;a s c omp l eted in t he month of J u ly. 

St ress 

_Stress was c omp l eted in the month of July. 

Ae rodynami cs 

The Tes t Spe cificati on - A VRO / SPG / TR 182 - was submitted t o 
W A DC in th e month of August, 

A meeting was he l d on 22 August a t Or enda ' s test fac i lity in 
0Tobel , Ontario , to d iscu s s insta lla ti on details , ins t rurnentatior., 
c alib r ation and check - out for the for t hcon1ing test program, 

A. po r tion of t he tes t r ig has been in stalled at t h e '. robel test 
facilit y . Pre l iminary mass flow and ya;,vrnete r ca lib ration 
checks we r e rnacie and the test data reduced for inclusion in 
th e final report. 

Exper imenta l M anufactur ing 

P l annrng and F abrication 

All test rig components, ref. Fig. 22, ,Ni_th the exception o f the 
test segment, trans ition p iec e and stands h ave been sl1ippe d t o 
the Orenda te st fac ility at N obel, Ontario. Test s e gment detai l s 
h ave been comp l eted and the unit , ref. Fig . 23, is being as sembled 
together with t he required test instrumentation. 
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th e Un ite d State s Army. 
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o f t h e United States Espionage Law s, title 18, 

U.S. C. s e ctions 79 3 a n d 79 4. 
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