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^) tlto eurect dralgn end srnufrctuft of tirc Avrocar Lnvolvcr a }Lgfrt,
rll_rring, cryartneotrl vahlcre ol clrculrr planforn rlth wol erp-
rblLtty.

Crau rccstodetton conal,stc of tro rlngle-cert csbr, eeclr enclosad
by r traarpercnt crnopfr the ptrctta clb fu ]ocetrd et thc f,orrrrdlcft hend clde of the rchieh, rnd thc cttrer rt thr forrrd rlglrt
hrnd cld.. fhe vchlcle prorldrc for thc ctonagr of oergo rnd igulp-mrt La tnrnkr mclosed by dctrohrble panah.

ftrc pomrTlent of the vahlelc eonelct of, threc snall gu trrrblss
rngl.arr *rtch act er gra gsnsrrter to drtrc r c*rtrerlSr loartcd
turbl^or cq1attcr oorH.netlon, bomo rr the hrborotorr The cngtaearrc srrrngcd trngcnttr}lr end r;rmttrtce[y ln plrn. lhc cstauat
E&r.r cro dlrco&cd onto the t*bl.nc bhdcc of thc t,urbcote.
hoguSrtonr fltght control and. horrrlag rrc dcrlnd tloq tho tr:rbo-rot'c etr bclng fcd lnto dlffurc &retr, fornncd by thc pnlgr,:r
strueturc ead r4pellcd rron erulrlg nozarcr rt thl rlngprtpirery
md la thc undersurfrce of thc rrhtclo. rhe dlrectlon-tn utrichtlo r1r 1r dcf[qetpd at thc rtng tlp fu eoatrollcd by porltloning
ryolIa r{,ngr }ocrtcd l-n tho tlrroet of tha pcrrpherei irozlla.

r9r lrrerlngr cloce to thc grotrd rnd tn tlea rir, thc per{.phcralrtr (Ior 1r dlreetsd vert1cel1y dermardr. trrnsitlm i1.orh6r9er-
+g to ior.rd f:"lght 1r eccoryllrhcd by crrrngtng thc dl.rcctloa ofthr ed:{[or fro vrtlerl. to ncrr tror.rrqrtrr trnercby t-uard.ns r
fc*mrqd rotlor to thc rehl.crr. r. th. wloclty of, ltc v*lti; ln-
!re.lct, convsnttoael rLrtoll ltft 1l dsllop{rd lnd the ttrnrst urtdfor hwrrlng 1o .ryloyrd fo purryubton lnd nreht oontrol.

It thr p'rcrcnt rtrg. of danlopnat t,l.c Avrpeer ir coildttod torect t&c ElnLtr pcfmrrncr requl,renratr d€flrrd ln tbc re}r-nrnrryStatast of lfor* rlhlcb s. Ir follorro
1. ?hc vohlclc shr'tl trkc-off urd hover at e r{n{qrl hcllhtol rir fert ebovc titrc grornnd f,or r'dr$ftr tluntlon oi!.n irgrt€r rlth e pry,lord of loo lb. ,.nclnd{rg ths ptlot

tnd crr.
2. tbr vahlclo ahell tak&otf, rccaryIt sh trensitlon to for-. nrd f,l$tr etr4r thc rborr pryIoad a dlrtencc of 25nrutlerl nllec, rnd land rlttr tha pr*orC undq. rea iryel

atsrderd con&ttlonr.

3. ltro vrhtclc rhrll .tt&l.n I drrlr'r futerd. rlrrpccd of 25

i. Inotr la reo rlnd.
e.*$* p_rovlrlonc rrre neda to enabla tlrther derelopoent of thcrrtdch. lihea daclopcd thc ruhtcle fu irtcnded for operatlon-rd.trr_
r.a too ft. of tlrc grsEna'orcr tc:raln of not rorc ttrsn'lor0oo ft.Gtitudc, d.th r gpcod rangr tto O to Z?O lootr.

-i

SFCSFT



AvBo/sPc/TlB, 25t+ 5EC RET

^i

^) ln outlina of devalopment to date hag bcan tntcgreted rlth the
deeer{.ptlon of the dcclgn contalncd ln thta rcport. F\rrther
devclopnent rtlt bc drpendcnt upon futura contractuatr, pr.or!,alonr.
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2.L OencrqX

Ihc esttnted perfauaoe for the Awooar, rhen dcvcloped, lr ahora
by }lga. 2 to Ll ead lc batcd ot-
(1) Paerplsnt perfounac rpaclfl€d tn Scotlo 5.?1 and Flga. 1?lo 29.

(tt ) rctghtr dctatrcd ia ltrt 3.

(fff1 nGround cushlmn anit ttrruat augrantatia deta rpaeltl.ed tn
?eahnlcal Repct *ro/src/n" Z&.

(fv) Drag eocfflcl.ant, CD = 0.01,6 + 0.312 C[2.

(v) Fl"t, fe,ature -reesverlr data eontalaed ta ?eahnlcal Bepct
Avro73rc7tn a66.

(vl) Sct thrnrst obtaL:ned by reduelng gtoss thrurt b0r Iof to alI*fc Jct drag and aozzle losgeg.

(Y11) Fucl transfer capblltty c Ln f,Llgbt eng!.ae start, drrLng
tuo cag:Lne parfom,rce.

2.1.1 Elt*ht Lld.Spt{oop

& cdrr to nLntaln tha alreraft rmtgbt *ait tha curttngurt atrclrlng
oorXderet!.ons nlthln lreacrlbcd eettnatat tbc foBartng parfcina:rce
llr{tatlmr bcye bem fspossd a the trhicf,.sr-

tfudurn lervcl ftl.ght apeed 225 f,:notc EA,S
lh:duun iltvtng Bped Z?O f,notc EA,S
lhrlum lcd facte fuc m,noeurre

tt 225 Knota EAS 4.0
Ittninu led faotor ln Eaoerrrrre

*i 225 finotc E/LS -2.0ca{lrrg (aborc cs, lrysl) forOOo fcet

Lcd factcg at other cpeeda are glven la fig. 35.

Ia *tght starttng of the englnea ls not pecentl5r gonldecl,
nc la fusl transfer fuorn ary tank to anSr eqgfue. ?heae featrres
car be lncorporat€d tn a Latar developaat.
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FIG. 6 ESTIMATED RATE OF CLIMB
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General

the airfreue of the Avrocar, sec ELg. 13, ts an asscnbry of trp tSrpeaof stnrcture, primarjr and secondanr, supported on the ground, by a
fixod tricycle tlpc altghti-ng gear. tt:s prlnary stneturc coniistaof a eentsr besc and three rrlng sognenta narled into a slngle plat-
foru xirlctr carrLcs the secondarxr structurs ard eqrrlpment. Tt" -

secondary structure eonatsts of a rrlng tlp, turborotor caslng, tur-
borotor air lnlet, corupartment partltlons, doora and corltngi.

4

4.1
^.)

',-*

b,2 Prlaarrr Strueturc

l+,Z,L Csnter BeEe

The center base forns the hub of the vehlcle and ls a fabrlceted ctnrc-
ture of eluntyrn aI.[o;. It conalste of a pedesta). a]reped apLnrdng rc-
Lnforccd by sLx equldlatant ghcet nctal r{.ba radlatlng- fr"or a eesf,
cycltnder, and twelvc riblets. Thc gtructrrrc 1g coveicd by top and
botton skLns of alunrtnrm aIloy. ?trc caatlng provldsc the nounttngfor thc turborotor shaft aseenobly whlle the radlal rLbg and gklna
provlde for the transfer of loads betyecn the three rrlng segnent3.

l+,2.2 Wlng Segaentc

Eech of the three rlng segnents conslsta of flve mal,n radLal rLbg and
twelvc intcrmedletc redial rlbg. The rlbc are covered by a top and
bottom skln to fora separate channels or dlffuser ducta itrrougir lfitchelr fron the turborotor is moved. the Lnboard end of sach 'qain ribcarries an anti-srlr1 vane located betreen the rd.ng eegnent and the
uppor coatour of the center basc, (beneath the compresior blades of
the turborotor). Thc outboard ends of the ribs ternlnate in trotoroldal sl:aped rlms formed by the sklns end the r{.b ends. tbo oc-
heust nozzle guide vanas are attached between the r{.ms. An upper
and a lorer rlng tip gulde vane are located betreen the ring "'
rtms and the rlng tip at the nozzle outlet.

An engl.ne inlet duct ls formed betr*een each segment upon narrying
thc center base structure, the wlng segnents, and three additlonet
nain rLbs. Each duct ls centrally dlvl-ded by one of the thrce rlbs.
A guide vane asseably ls incorporated in ttre dounstream end of eachduct. Thesc vanes turn the inlet alr lnto the elbow ntrich connects
wlth thc-englne empr€ssor casing Ln the cngine corapartment locatedabove. ?o prevent conten{natlon of t}re ongine inlel a5_r, a false
top skin and fairtng is incorporated in ttre r"oof at the upstrean endof the duct. Ttre skln and fairing provide a separate blfurcated pas-
sagc *rlch carieg the engine atrauet gas to adjacent ducts.

The outboard end of the nain rlb ln each englne ai-r inlet duct, outboar.'dof the guide v€rne assembly, ls relnforced to carry a landing giar 1eg.

The bottou sklns of the vehl-cle incorporate e centrslty located annul-us,
together rlth a fairLng, yhich forn a central nozzle.

,--t..\
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l+,2,2 f'Jing Segmente (Continued)

The top skins of the segments fonn the floor of the secondary structure.
These skins and the bifuracted exhaust passages are of stainiess steei, 

-

the rernalnder of the rlng segment structure ls fabricated fron alumlnrdralloy.

4.3 Seconclarrr Structure

l+,3,L lrllng Tip

lhe rlng tlp, rft1ctr surroundg the vehlcle, ls di.vided lnto nine segnenta
each of rshich is a fabricated box conetruction ef slrrmlnrrn alloy rfbs
and skins. .Each ring tlp. segment eonslsts of an inner tip, (*iit, aecrles of air inlet holes) and an outer tip bolted together to form a
plenum ri.th upper and lor*er aLr ouLlet slols. lhe lnier part of eachtlp segment ls attached to the r*ing segnents by bol-ts and spacers toform a blfureated outlet for the diffuier ducts. The bolts and spacersalso carry the ring tlp guide vanes.

4,3.2 Torborotor Casing

The turborotor casi.ng assembly is a continuous stainless steel ringfabricated fron rolIed angles and sheet netal. The loxer anglc ofthe casj-ng is secured to a colIar surrounding the entry to the d1ffueerducts. The turbor"otor casing assembly, ni.rie[ segregatls the turbinc
lhroud from the three engine comlrartments, is prot"cteO from thermalradiaticn by flbrous s11ica blankets.

l+.3.3 Turborotor Air Inlet

The turborotor air inlet assembly is a continous ring fabricated fromribs and skins of a1,,minun al1oy. The assambly is aitached to ttrerotor casing by turnbuckles arrd to Lhe engile conpartment structure
by support brackets, nuts and bolts.

l+.3.1+ Compartments

the well formed in the primary structure above the floor ls sub-divided
into courpartments by three bearns and a mrmber of smaller partltlons.
The three trangverse beams cf alurdnum aJ-Ioy, fora a triangular en-
closure for the engines, o<haust ducts, turborotor and fuel tanka.
the fuel tanks are proteeted from the exl:aust ducLs by stainless steeLflrewalls and fibrous silica blankets, and frcm the cold zone of the
engLne by an aJ.r::rlnr:rn a3-1oy partition. The hot and cold zones of the
engine conrpartments are divided at thc engine cotrpressor fLange by astainlcss steel firer*al1.

?he transverse beams are laterally supported by the subsidiary parti-tions in the left, rlght anc rear of the vehicle, nhich form tfrl crer,
equipnent and cargo conpartments, and by the walli of the fuel- tank and
engl-ne eornpartments.

SHCRET
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l+.3.5 Hatches and Coxlinga

The variout compartaenta_are enclosed by hatchec and corlings rirlchfora ttre upp.r arrrfaec of the vahlclc.

The hatdr of each crer coupartnent ls of double skln alulxlyirs a'ney,
rclnforced by stlffeners and arigJ.as and fltted rrlth a plaxlg]aa
canopy. Each hatch la hlngcd at the rear and Ls aaeurcd at thc front
by tuo latctrec lntcrconnected by a torquc tubc. Orc hetshcc uqy bc
opcratcd fron rlthln ttrc cab and cxiettrally.

Thc thrcd englnc coryartuenta arc encloacd by eoxllngs conatnrctad of
doublc akln alunlnrru a1loy. Each corllng lncorporatea forrr louvsrcdalr venta to pmvldc cooling aLr and ventllation. $ec Scctlon 6.6.

Ite cargo aad equlpocnt eoaopartucnt ,fatehea ara of doublc akln alrn-lntn alloy rclnforccd b]r atlffencrs end edge morbere. lhc Eratchca.
srs secr.rrcd er.ound thelr edgcs by gulck releaga faatcnerE.

4.4

?7

;-)

^.)

Alldrttnq Gcar

Thc vahlclc j"a flttcd nlt} threc landlng gear lagr, cach lncorporatllg
an lntcgrel pncrrnatlc rhoek ebrorbsr and ssUd tran rfiscla r*rlih crcfrcc to caltor. t?rc ]an(tng gGar lega ara eqFrldlrtantly apaccd Erotgdthr v&lc1c, onc et thc front and trrc st thc Fearr

Eacb chockabcorbGr conclcts of a ptcton rctained ylthtn a cyllndcr bye atop lntagrel' rlth- thc platon, and a rctalnlng rlng. An Llrle esrrr-lng thc tnln r&ccla 1a attached to the rorer and of fhc pleton.

Ttrc uppcr and of the cy1:Lndcr 1s ettached to the rclnforccd outcr cndof thc naln r.l"b rtrlch dlvldcs the cnglnc atr lnlet duct.

a char8lng valvc on thc top of thc cyUnder pard.ta ground charglng ofthc aliock abrorbsr to ,oo psl and ig accescttrc ttrrough the ongino
eoupartrnant.

SECRET



^\

SECRET zB

rvno6re/rnest

PTBT 

'
FOIXEPIIXI

--\

--)

SECRET





I tiEt ttrrliltrlfl l] [][flIII]lIllitl

SECRETAVno/src/T:R 25tt

5.L
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-_.)
Gsrcrel

rhr porrrTlent of ttro Avroesr, rar tlg. 14 , conatatr of thrcreouvxrtloru'L gea turttaa cngtnrrl tJirJr diurt ductr' e turutnc
dr"Lvan Eoqprcrlor, brom cr-a turuorrotorg t&ric arar [rn*, ,rta'fircl cockt rrd plptsgi. thrtc Tet,e o11 f,enkr rd.t& ptplngi rturborotor oll t aL, tircr rngr.nc rlr inrct d.borr,'"io flir aglnccontnola.

t_tc !}rr-r-c ger turbtnc rnglnca prrfora a! ga! gcncratorr to drlvcthc turhbrotor rirtcb rupipLio coaprccacd err t,o thc mzrrc; att&c pcrtphcry of thc rrrng rnd 1n i:hr und*rirfaec of thc rrhtch.

5.2 C'rncrql &rrlpirgcat

ltrec Contlncntrl J69-T-9 turboJrt cngl36, rl|1r s n{Iltary t}rrtptretlng ?f ?p lU "! ZZr?N r.prl., rsa amengcd tangcntlelly rndrJnnnrtrlc.llJ 1n plan obout thr turborotor. -?hrcc [u*-*railod duett
conYCIr thc axheuat garcc to a turblno nozzh rlng eacob\r iocatedabwc tttc turblne bladca of tlc turborotor. ?trc-nozzlc rilg dLrcctrthl ctraurt gaaca onto trc turblnr bladca to drtvc thc turbcrotor.
Ttrr coryrcttor rectlon of t&o turbor.otor provldcr for tJrc lnducttonof enblcnt etr through tho l"nlct ln tlrc trppcr nrrfrcr of grr vdricS.rtrr dlffirrrr ductr, rrthln- tbr prLrrry rrliri rtm.i*.r-pr"or1fu fortLbedcllvcrT of elr fml t'hr tuiborot6r to t}r nolrlci.ha a tl.mglne cafiprartora through tlrr $g{rlc elr lnlct <luctr'.

l nr.l trnk tr locatcd bttnaa crch cngln. coilpsrtr.nt rnd t;r trrrbo-rotor rla tn131. Etcb tr$-lr protcctcd by rn'elrrLntr rtt6y pertl-tlon rnd r rteinlctr atrl firinll.
An rrglnr oIL tank tl loeetcd Ln ractr cnglnr cqartr.nt and 1e uountodon thr ltnrctur. bctrccn thc cndr of thc trenrv.rar h].khcrdt. Aturborotor oLL trnk tr runtcd on thc turborotor chefb recab\r.

,,2.L hgtnc t{orurtlng

Ercb rnglarl lnltr]]rd rlthtn en urglnc conper*ocnt, 1l aocurcd ett&c -olq trunnlonr by r Sokrs Jo..f.l,s. w, iura rt tir rcer by rftttlng rocumd to ttrc floor to ttrc icfrtcir.
Eech yoke la r febr{,cated bor ooactnrctlon sf {rn{nrp rtlef. ltclhorr1dlrr of rech yoko lncor;nnte hlngc plm erd. aphclcel- bcarlngrr.blcb src rupportod on tro edJleat eoarltucnt perifteonr by erpplahourlngr uounted on rrlnforeri *mcturL *ppori.. -fu. louirqg'lapr8rl drtactrebh to facl1ltatr cnglnc rmovd. ftrc }rgt of cecb if.-lncorporatc pleln bcar{.nga *lefr carr1f t,hc tro cnsbf rr.ln cupporttrrrnalonr. &c rlght hend trrrnnlon ir frco to pcrrtt trantrgar
cxpanalon of tbc rngl:rc.

Thc rcer rnchoregc for trch mglnc sonalrtr of e atalnlcra atrcl
febrLceicd bor *rlcb 1c attechcO to thc floor atructrri and carrlcre ltocl fort .cnd {ttlng. Ibc atcc} fork acconrcdetce g rnqt 6 flttbg,rttechcd to thc undnrrldc of thc mglne turblnc inlat f,Langc, *ltctl

-\
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5.2.1 Enginc liorurtlng

lc saeulcd by a pin. To faclLltate engino renoval the pJ.n ta
lnserttd through a reeeased aperture ln ttre adJacent compartaent.

5.2,2 Enginc PireHaLI

Ttrc hot and coLd zone of each englne compartnent is separated by
a transveree fl-rcwaIl of stalnless steel. The flrexall ts fl.ttedrlth a silleone nrbber seal around its outstde edge wtrich locatcg
against metal rubbLng strlps provldcd on the adJacent strttcture.
The flrcrall is attached to the cngine compressor caslng flange
by brackets.

5.2.3 Engine Air Inlet ELboy

Each anglne air l"nlet eIbow, see Flg. 12, convcys clean atr from
the air inlet ducts, integral rith the pr5-mary stnreture, to the
englne coxrprcssor, see paragraph L,2.2. Each elbon 1s fabrlcated
of resln filled glass cloth vith an arigle attachment for aecurlng
the elbox to the floor of the vchicle. A noetal rlbblng strlp on
each cugine comPressor engagee a rubber seal attached to the elbor
to perrlt longitudlnal expanslon of the engLne.

5.2.1+ Exhaust Ducts.

A tusk shaped duct provldea for thc trallearlsslon of hot gae fron
each englne turbLnc to the turbl.ns nozzle rlng curorurdlng the
turborotor. The ducta are of stalnLcas steel rtth an lnternal
englne, turbine uheeL fairlng, and a rnachined ring for clamplng
the inlet end flange to the engine turbtne shroud. the exlt of
the duct is reinforced rith tuo cxLcrrral flanges xhlctr engage !.n
clrcumferential grooves, provided in the upper surfaces of the
nozzle guidc.ring to pernlt heat expansion.

5,2.5 Turbine llozzle lllng

fhe stailless steel turbine nozzle rlng assembly consistsof 18
segrnents, each of uttich tncorporates 6 blades. I?re assembly fo6s
a nozzled duct to guide the exhaust gases fron the e:chaust duct
onto the turbine baldes of the turborotor. Each segment is attached
to the upper {!.ange of the tu:'borotor casing, see paragraph L.3.2rxhila tlte lower edges are fitted uith rnetal seals to minimize pres-
sure laakage at both the inner and outer ralls of the r5.ng. the
attachnents are designed to permlt differential heat e>cpansion.

5.2.6 Turbine Shroud

The turbine shroud is a st&inless steel machined ring xhich en-
cases the rotor turbine blades. The shroud consists of ninc
segrents supported on brackets and attached to the inboard ends
of the eighteen maln structural rlbs. ?he attaehment of lhe
segrrents Lo the brackets provides for differential heat expanslon.

31
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5.3

5.3.1

Trrrbine Extrauat

Itc hot gas edtauBtlng from ttre turblnc florrc lnto 18 snhauct boxer
Located 1n the rntry to the dlffusar ducts 1n the prluery strrcturc..
Ttrc atalnlccs atecl e*auat boxsa lncorporate radlal lnlct glridc
YBn€t and a Eerlcc of slx outlet duets. The boxea arc attactred to
thc undcrsidc of thc turblnc shr.oud segnents and to tha lnboard por-
tlon of thc floor rkln betrccn thc nain r1bg. Thc attachncnta pro-
vldc for differcntlal haat arysnston. A scrlee of holea are loiatcd
cl.rcunfcrcntlaLly ln thc upper rkin at tlrc dtffuaer ducts for cool-
lng pqpposea. Scc flg.30 , and paragraph 6.6.1

FucI Svatcu

Ganeral

ltc t\rcl ayatm lncorporates three lnd1v1dua1 fucl tanka, t}rac
clcetrlcalJy actrratcd lou prossurc fual eock6, arld thc raspectlvc
fircl Bncs and flltera. Eech tank pr.ovi"dcr for the nrppl,y of fusI
to onc cngtnc tlrough ttr reepectlvc fucl cock, rhLctr lc nountad on
en adJeccnt conpartrcnt partltlon tn e protcctlve sheet meta.l box.
Fr.ou tho L.P. fircr eock, fucr lc dcllvcrcd by ftrc realatant hocc
to thc lnlct conncctLon of thc anginc firc} eontrol rurlt. Ttrla unlt
lncorToratca a fuc} fl-ltcr end firc1 Frrnp.

hrcl Tenkr

geah fuct tank har e uccablc capaclty of approxtnat.ly ,? U.8.
Erllonc end 1a conctnrcicd of usldcd ahulnru aklna rfilch erc
braccd lnternally by atlffrrorc and baf(Ic platcl. Brtcrnal
rupportr Er. proyldcd for attachlng thc tanka to thc adJeccnt
coup&rtacnt partltlon, Each tenk ia prorldcd ytth a flIlcr ncck,
a rtrrlnqr end e flllar cap r*rlch Lc vcntad to atnoapltcrc but ln-
corlporatcg a floet valvc to prcvcnt fucl ]cakaga. An outlct con-
ncctton lt locetcd ln a rccctccd pancl ncar thc bottm of thc
trnt( rltlt rn lntcrnal lc lccl dc}lvery plpc. On thc bottol of
cach tanL a draln valvc lc pr.ovlded rhldr 1e opcretc{ by 8 qpr{ng
Ioadad plungcr locatcd ln thc top nrfecc of thc tank.

Eech tenlc houcca a caalcd, float t;rpc fircl quantlty trenceltt,qr
rhleh nay bc remcd lor crrvlclng through r pancl ln thc cldc of
thc tank. A rcctang!}ar &cccm pancl ic alao pr.ovldcd ln onc aldc
of tlrc tank for lnspcctlon pur?o!*,

Englnc FueI Dral.nc

Draln plpca frou ttrc cnglnc fucl purp teal, ttrc enginec eoutnratton
eyrta, and thc a:Orcust duct ln cach anglnc coryartuent are con-
ncctad to an ovcrboartl draln.

5;3.2

,--a)
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5.3.3
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5.5.L

&qlnr OtL Eratr
lactr mgtnc la provldcd rrlth an lrdrpcrdrnt oil r;ntrn. I tsnk r.lttl
.t ol.I. aepacltJr of 1r8 U.E. grllwrr .nd ra qrad,on volruo of 1.2
Srt. gellon! lt l-o.trlrl[ ln .tcb aglnr oolprrtmt.

I vsat plpr fru croh tcnk tr corurcct.d to t&c tbrort of, tho dl"ffrar
&rctr ln thc prLr.ry rtnetrr.. thllr pipee ero l,ntcrcoancctod nltib
thr fr.ont and r..r eglqr br*thcr plpcr.

E €h trnk fu provldcd lrltn r conblncd f;llle orp md dlpatlck.

trnrlno Controlr

ltruttlcr
lhr lrglnc coatrrol co$r,rtr of t&ru thr.ottk l.crcr norrntcd ln r
tihrpttlc box arcabl;r locatcd on thr left bend conrcIc of, tbo plIotr r
ctb. Eech lrycr 1r oonncctcd rcchrnl'oe,lly rdth ra anglnr fucl. con-
tprl urlt by r tdcfls crbh urd eordtrlt. A 6rlclt dlmonncct ooup-
ltng k prortdcd at uch rtglar co*rrtmt prrtttloa.

Erob t&rrottl,c lalrr l.r prorldrd rlltl en .dJnrtrbh ltop rt t'hr sed.un
lrrglnr !rp.!r pordtton ard r 6etr et tIo ldl$g lrprlo porltloa. Bacr-
rrr{ rvnsrt of *ch bvrr throuCh tha gftc alorce t&r f,.P. fircl coclt
ln thr rngtnr coatlol r&tt r&tcb qrtr t}r flrl arpplf to tJrc or61no.
Drr box 1r egrrrd to lndlcetr !rd.rr, ldl,a, rnd otf podtlonr;

tturborotor tlroblf
tbo turborotor aruah\r corryr{,rcr thc turborotor and e ttatlonerlr
oonpound lhef,t ucoblJr conrlrttn8 of en crtcr:aal rhcfL, en lntcr.ael
lbsfi rad r c*trel cqrtrol drtft. 8co flg.16 . fhc top of tic
rhaft urohly 1r frLrcd b5r a lullrt.

I\rborotor

Tbc tnrborotor, lrc f;19.15 r 1r febdcatgd of rtrlnlcar atccl r*ltlr
r bub eerrlcd on tp tepcr rolLcr bcarlngr *rleh !trG locurcd on thr
c:rtcrael .h8ft by en lntcrporlng rpecor end rctrlnlag utrt, BEdleU{f
dLryorcd ebout tJrc hub am s. coqprcrlor bLsdct rlth an outcr r{.n
cerrytng L24 turblnc bledre. I?rc turbinc biladcr erc nadc up ln
;cgnanta of four to fec{Iltctc rcpla,c@nt.

thafU lsacnbly

Ttrc atartrel dlrft, on r*rreh ttra notor lr nountcd, 1r conneetcd at
thc uppcr urd rrlt}r thc cosrtral contrpl *raft by e flcnrel dtaphregn
lltt1lc thc loucr urd lc f,lsrcd to eccmodatc a rphcrLca} bcarl.ng
carrlcd W the lntcrnal rhaft.

5.6

5.6.I

33
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FIG. 15 TURBOROTOR ASSEMBLY
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RETAINING NUT

SPACER

TURBOROTOR HUB

OIL TANK

CONTROL SHAFT
ACTUATORS

AIR INLET

SPOILER CONTROL CABLES

CENTRE BASE CASTING

rIG. 16 TURBOROTOR SHAFT ASSEMBLY

FTEXURAL DIAPHRAGMS
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,,6.3

Strrft Asacubly (Conttnucd)

?ha lnternal shsft la Located ln the bore of the axtcrnal shaft and
1r a}go connacted at ltg uppgr rytd rrlth thc ccntral contr.ol shaft by
a flcxrral dlrFfrregn. Itlc lorar cnd of thc l.nternal ahaft lt loeatcd
end securod 1n 'tibc ecntcr basa cactlng of thc v*rlclc prl.oary struct-
ll.f6o

Thc ccntr*I control &eft, lc houcrd tl tirc borc of thc Lnternal rheft.
lhc lnncr cnds of thc trp (Lexural dlaphregns erg locetcd on thlt
rhaft b! a atcp, spacer, col-lar and rctalnJ.-ng nut. lltc lorer cnd
of thc control shaf,t eccorcdatca.a rpJ.dcr aesenblgr lncorporattng trc
groups of lntcgral lugc. onc group forrns tbc aitachmcnt for thrce
control shsft sctuatora rtrlla thc othcr group forrlr thc attacbrrcnt
plvott for alr flngcr lcvqrg to r,ftlcb o" Eorrpled 18 control cablca
for oporetlng thc noezlc cpolJ.crl.

I corLar st thc upp.r crd of ttrc crntrar contror ch&ft for-sc thc
nountlng for thc nozllc rpollcr trln control actuator. Connceted
to tbc actualor end houEcd ylthln thc bora of tha ccntral control
drafU, 1r e control rod, thc lor* erd of *lch ceml.ea a rpool to
loceta thc tlpa of t'trc alx flngcr lcrem co that rovcmnt of t}rs
actuator re5r bc trenafcrrcd to thc contr.ol eablcc co1.lcctlrc\r.

l\rbor otor lubrlcetlon

A chtct nrtrr doug[nut tlgc o11 tenk 1r rcuntrd et tbc r*er crd of
tltr stErnr.l Clrft nlti r grr,fSltc qra.l loaetrd bet*to t&r tenk ed
thc rotor hub. I cmr rlttr rt:dbrck rasl lc ettechd to thc top of
tltc stcrrrel rheft rborr tlc rotor bcertngr et Urt hub. ln otl fl.Ucr
crp k lecatcd ln t}r srclr ln ovcrflor pl.pc laedr frol .thc tlnk to
dtachergr rt thr botte of ttrc vrhlelc. t auhcrgcd rcctrenlcel prrnp
drlvst bl tlrc hub lnJacta oL[ vte en Lntomar plpc ryrtr**to a spnJr
dcvlec loeetcd bctrccn thc bculnga.

.

Lcedlng Dhcnalona of Engtnc

t?tc fol-lotdrg conttltutc tlrc prlnclplc dl-uanrlonr and aerodynarnl,c
gnntltlcr et tJrc drclgn polnt for thc cnglnr.

,.7

j.7.L

lurborotor ?cprrrturc Rtr ac
I\rborotor lbu FIgr
l\rborotor gpccd (rarrnn ret!.rg)
trborotor Innrr D[ructtr
llrborotor Outor &Luctcr

Englnc Spccd (rerf.urn retrng)
Englno Xacr flor

9.LLoc
5l& Ib./ccc.
2r?0 R.P.x.
2O.18 Lnr.
6O.OO Lac.

ur?w B.P.N.
53.72 lb/ecc.

)

,'-.')
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5.7.L L.Edhg Dtlrnrloar of lagla.
-- Ccti.rJ. lanrrlrr troalh lrcr (rcturl) ?00 lnr.2

Prrtptrnt trorgk lnr (ecturl) ZrUt ,.n .2
Ccatrrl lmulrr trorrh trcr (rffrattvr) &r.B !nr.2
Pcr{phcrr.l f,orrk lm (rftrctlvt) !.865 tnr.2

5.?,2 lr*4rt..lonr

.J

In or{er to rtrt.d e lcgtlly prograr of rtchlag celculattmr, threo
b*ala r nrytlor rrr udr
(e) lor v*t!.srt trt*off rd horctng bstleccotrrl ed pcr{,ptcrrl

rcrrlrr rrr l.a oprrtloa. Itr for=rr{ nfdtt thc oantrrl notg}c
!,r clorcd riltn on$ tlc prr{.phcrl noarb tn opcrrtlon.

(U) lhr horrpom dryrlopcd by tlc por.r pleat varlor rlti thc
thru.t end rdct p!.sanr. of thc J69 agtrrc, md ttrrc turtorotcr
B.P,tl. ttlr ary br vr.tttsr er folLorrl

E - f,.I.X.
?3

l*rcrc I 1r t&c thnrrt drvrloprd bf t&r ,69 cgr,arS P3, thr
pnlrrttr, rt thc trrnborotor orrthG; X, tlr turtorotor B.P.X3
I, r rLd.lrrlty ooattot; rrd IIP tbt drvclopcd horttpom
of tfrr aglnrr.

(c) lor tho drct flw lorler lt rrr u$nd ttrt AP/IJZ 
"VZr-rtqrd conrtent for rl1 yrlucc of ([w. I]c ratur.I yl1urr

urcd ln thlr aalculrtl,on em

(P3 - P$ /1,/2 sytz = g.]lpr[9

(P3 - P4) /V2 tY32 = o.ro5l€

Thcrc arc ber;d rccpcctlvc\r on offoctLvc trcsr of 1869.5 ,n.2
sd 5?J.? Ln..

5r?.3 Suurrp of Sca lryd Stet!.c Prrfomenct

Batlnga at atandar.rl Sca Isvcl Condltlonsr

firnrrt ftrborotor En.glna 8.F.C.Batlng lb. n.P.U. E-P.l{. lb./lb.,/hr.

l{aduo 6r'p[-. 2$rlo n,r?w a.L7g8
}{fl:ttari 5rA4O 2]8O Z,Ctr O.5Zl2
}{otrs]. lrO/+O 2r72O 23r0m 0,5539
W l{omel l*r5& Ir94O ?sr]po 0.61&r+
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5,?.1+ Off Dcatgn Pcrfonnrnor

\ Ihc off drd.gn ptrfotums 1r prormtcd tn tlc fom of nou--1 dlncnrloaal cuFyer ln lt3r. zorillr &,22 urd thr turborotor, oFerrtlnt chemctrrtrtl,ct ln trtE. 23 , thc tor 1*!1 prrfou_
encc dron- ln !l,gr1 18 &t9 nar ce.lculrtcd for tbc prciaurc
rrrcor.r? drm ln fit. 1? .

iz'-r.1
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6.1 Flis]rt-Control 9Ystetil

6.1.I General

Fltght control in hovering and forward f1lght ls derived from
an appropriat,e\r directed stream of air expel-Ied through annular
nozzles around the periphery of the vehicle. These nozzles are
designed to utllize the Coanda principle of jet deflection in
conJwrction n'ith a bor:.ndary layer detachnent control xhlch is
provldgd by nozzle spoller rlngs in the throat of the nozzles.
See Fig. 25. The spoiler rings are connected to the turborotor,
see Part !, r*rich, in turn, 1s connected xith the control colurrt
in the pllotts cab.

For dcscription of ttre pnerunatic system and ttre pneumatic conLrol
at the base of the control colr:mn see Section 6.5.

6.1,2 Pitch and fioIl

The pllotr s control col.r.rmn eonsists of a hand grip connected by.
e fle{Ura1 ghaft to a pneumatic control at lis base. (See l'ig. 25-
detal1)
Deflectlon of the mntr.ol columr ln a fore, aft or lateral directlon
alters the pnerrmatle presEurc in three }lnes aupplylng al"r for
operatlng the control shaft actuatora. As a re$rlt of these pres-
sure changcc !,n the llnes, thc actuators dleplace the base of the
control shaft etnultgneously producing a dl,fferantlal movement to
clghtacn apoller controL cables througlr ttre flryar levers attached
to the opldcr aesaablY.

T'he contr"ol cables are connected to the spoi-Ler rl,ngs by bell cranks
and tla bare ao that the dlfferentlal movenent of the eables effectg
a 1ateral sxashplate actlon (ln the plane) of the r{nge, deflectlng
ths alr fLor tn the approprlate dlrectlon to obtain the requirad
amount of pltch andlor roll.

6.L.3 Trin

In order to apply trin to the spoller ring mechanism in pitch and
ro11, conventional control uheels are provlded on the Pilotr s left
hand congole w'!th flecdble drlves to bias the neutral position of
the pneumat5-g controlr_W tlpplfrg.the top assembly aqalnst the
waehplate. (See Flg.'2f - ditail)

Yaw

pirectlonal control of the vehicle is accomplished by trlstlng the
hand gri.p on the contro} colum,t. Partial rolation of the ff-exural
shaft alters the pressure 1n the pner.uoatlc lines xhich supply air
for operating an aetuator at the }eft and right sides of the vehicle.
Each Lctuator positlons a set of yar controL vanes in the throat of
the perlpheral nozzles located below the actuator. The vanes deflect
the alrflou at these points to produce the required amo"rnt of yar.

5a

A

a\

6.r,&

SECRET

-]



5EC RET 5t
AvRoisPGlT? 25\

6.1.4

,-{
Indepandent trl"'m'{ ng of thc yav contr o} nay bc I'ncorporated at a later
date for htgh rpecd f,Llght. Heanrhlle, the band grlp provldea for
lnchLng thc controlr'

--\

6.1.5 Hoverlng and Trancltlon

&rc hand grtp of thq contr.ol colrrnn i.neorporatcs tlrce ard.tches for
aelcctlng:toi"rf"g and for tranaltlon to, and fr"on, forvarrt fIlght.

A pal,r of puah button type lnchtng arltchca lc located on the open
gldc of tfrl Uena grlp. - !h"ge are .eonnected to a nozzle spoller_trin
actuator rountcd on top of the turborotor shaft, aee ftg.16 ^. Tttc

ectuator 1g connectcd to a control r"od, housad in thc centra.L control
ahaft, ntrlch carrlss a cpool at lta lowcr rnd supporting the tlpa of
thc slx fJ.ngcr lever5. lihen the lorer sritch l,s dopressed the actuator
lorrcra thc apool and allors the apollcr returt cprtnga to oovc tha
apoLler rtngi Lnto the hoverlng posltlon. t{hcn tho upper stltch is
dcpresscd t[e actuator Llfta the apool, Md ttre flnger levers ard con-
trll cable6 BovG thc spollsr rhgsto the fornrard flfght posltlon.

A togglc typa inchlng sritch, located on the top of ttre grtp, la
eonncctcd wttt thrcc elcctrlcal actuators thlch control thc position
of a rlng tlp slide hous.d in ttra thrEc rear lrurer rdng tlp segoente.
For hoverlng the syltch is selected rean*rdg 8nd the rdng tlp olldc
ia lgovcd to-r.urcover thc cerlea of holes (aee paragraplr 4.3.t) rfr:'ctr
allor patt, of the perl.pharal al,r flor to snter a plenun cbamber ln
the rtlg.ttp. Fr.on the plenum the &l-r tacapcs througlt trs ilota, onc
nsar thJ tolr of the lnrer rlng tlp, the oiher aear the bottom, to fora
a5.r tpo!,1srl r*rlch acclet the vcrtlcal dcflcctlon of the al.r for
hoverlng.

For forxard fllght ttrc toggla cyltch Ls aelccted forrrard and the wing
t1p clldc ta ratr:rncd to ihe closcd posttlon to perult rearryard flow
of thc Jct. 

.

In addltlon to thc perlpheral al,r flov e centrel ctresl of a-tr l,a
provldcd thr"ouglr an lnnc annuLuc ln ttrc bottoa of the vehLcle. thls
central aLr rtream pr^orrLdcs e coLurnn ebout '&lch tJre aLr from thc
pcripberal noazlca ney ltabtllze and coe]66s".

hrturt developoent of ths vchlcle rrtl1 lnclude replacment of the
nlng tlp slidc and air qrcllera rlth trm transltlon control ringst
sce flg.2$ , locat,€d ln the rlng tlp slots.

For hovertng the control rlngs rlIL be centr*]'ly located to assist
ln dornrard deflectlon of the an:nuIar Jet.

For forward fllglrt the control rlngs 1111 be di.ap1.aced aft, resulting
Ln rearsard deflactl.on of the annular Jet.

Tro electrlc actuators, together wlth sultable coekplt eontrols hdl-L
.be lnsta11ed for actuation of the transltlon control rings'
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6.2

6.2.r

Eedlo Cmurlcetloa

0cncral

Brdlo eomrnLcetlqr Lg prorldcd by tlrcrrfb Eedlo Corporetlon typl
12 cq,rlpont,. Tttc !,nrtelletlor provldt-l f9r coanqntcetlon !r?
enplitudc rcdqletcd algnalr on ! clrrnncll !n t&l YllF brd .d I
ahaandr 1n t&c llltr brad.

Egt1lFMt,

t$6 ta;tdletlon conttcta of thc coryonratr llrtd b.lor rccor{lng to
locatlon, follorcd by an accorurt of podlflcattonr to *rndrrd lt'aar

6.2.2

.\

Equlfacnt Coryrrtcnt

YlIt Trrna!.ttrr
YlIl Rccelvor
UI{f/VHf trrnrvrten (ltenlftttr-rrcalvon-

. oorncrtm)
Orclllator rd BalrY Urdt
Jruratlqr Bor
kmr Brly

Crbe

Control Unft (Pllotr r crb flrft)
Jrck Bq
Ilrcdrct (bl|h lrycdenco)rltn fol

d,crophonc (crrbon)

lntsurrr

YttF lntone
UHtr lntcnnr

T-L[B
n-19 (Ulth ogarrctor)

rr-10
f,-r3
rt-13f
ltr-33rGl

C-!3 (rcdl'ftod)
J-10

m-$

A-12
r-16 (rcd1ftcd)

Cr.;rrtelr - to locd rcqulracrtl. I orrd llrtlng r1'locatcd radlo
froqrnctcr 1e locstrd ln tho ptlott a ceb.

Contr"ol Unlt C-r3 la munted ln en tnvcrtcd po:ltlon, to rfford
clrerrncr for nenlprlatlon of tic trxfug hand).r, lnd la fltt.d ttlth
r r;-arrangcd facc pletc.

To fuprovc pcrfotmancc tttc UHF lntcruoe urcd !n tbr v&lclc lc I
nodlfird vcrrlon of thc l-16 Antcnnr ln rtrlch thc A-16 baac aarlblsr
te rcteincdHqt thc I-alrapcd rod 1l rlplac.d }3r e 3trdgfrt rod of
r1unlnun glvlng an orcrell lcngttr frou tho vchlcb *ln of .gpltor-
laetr\y ]f lnchcr. Thc UHF end VHF rntcnnat ltrc locetcd to tbc
lcft rird r{ght rcapcctlvaly on ttrr uppor rqrfrco rt thc fnont, of
thc vahlch.
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6'2'3 Contr.olE
/-\ ) Contro1 tntt C-53 !.r located at tho laft of ihc pllotrs eab snd

provldcr *" pdlt rrlth eontrol of tunlng for both tranEnLgclon
and rccsptlon.

Bclcct1oo of ltrc rcqutrcd Yll! or UIIF channcll for tranamlcslon 1l
by a rotary 6ndtdl dn ttrc Control Urdt salsctlng_poaltlonc I to I
f;r UfiF trinruhsLon end pod.tlona I to E for YIIF trenollslon.
poa!,tlona F to O, r*rich arc cvrllablc for sddltlon8.l YllS freqroarcy
trenruisdonr, and Potltloa P f,or Lntcrphont, 8tro not utl}lzcd.

Rccotvcr tunlng for both thl VllF 3gd UHf rlgnalr t6 by-mana of
e crenkcd bandlc rlrtctr rotatos en assoclatcd ealLbratad dl.al and
dravar the trurlng anclranfun ln thc YltF recelvsr vta a flld'b1c
cab1a. Depreaal[n of thc turlng hendle bringr lnto effect e hcad-

. rat rfitrtlo ton; rilclr pcrultr tuntng of thc rcEalvcr to tttc trenr
mlttcr frcquoncy prcvlora\y sclcctcd.

,-a)
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Instrrrncntatton

Genaral

tro follonlng lnatruretrtE rc tnttallad ln tlho pllott ! ceb. Scc 3tt. ?,

55
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6,3

6.3.L

6,3.2

Inatnsant

llr-ryccd Indlcetor

AItlnctor

Cfro Hor'l,ron
Indlcator'

Dtrcctlon lrdtcator

l\rm rrtd B8nk
Indiartor

Etrrdly Cryau
(ratn dsvlrttoo
errt)

?olt/Amlrr

ECrurt ?qr. Gnryot

Iypc Brngc

Iolhen fyPa [3 &0 - lO0 qb.
Iocrtlon

Iteln Inrtr. Pand

l{atn Inrtr. Pancl

lletn Inrtr. Pena1

llaln Inrtr. Prncl

l{rtn Inrtr. Panrl

llrln Inrtr. Panrl

rll ,?60-ll.8

lI 5?36, rtr
drdrcn gno

N 5?37-?A 8t
dr{rrn gno

t{, 2t}oA1-1,
26V D.C,

N 
'766-\,rrgnrtlo

frr $gl-r-r20

18 em6-2

0 -5or0o0 fb.

-

-

F - 360e

Brgtnr Bltl Indlcatorr lG, 28m-1

2[Y-UXC ry.
0P - lrO#o

Prnccn0agr

e - lro0rpa

llel.n Inrtr. Pencl

Erg. Inrtr, Psnrl
hft land onrolc

&rg. Inrtr. Panr}
l.fb htnd eqrroh

ldatn In*,r. Penc1

Hrln Inrtr. Perel

l\utorotor BPll
Indlcetor

}1rat Ourge s"lpf.)

Orfids
lrmo66

r00rln

Pltot-Iltrtlc 8y;ta
I convcntlond pltot-rtetlc qrrta le tnstlllcd ln tibc Yctrlch. &r
pltot-rtatte pFob lr.looetsd ln thc ad of r boo proJootlag fru
t&s ftqt ocntrc of tzhc vdrl,clc.

&c probr lllacr rrnr cooncct d tf (lsrhlc Lorr to tir dr-rycrd
lndl.oetor rnd rltl.rtc on ttc i.lit lnGhtErtlpenll.: Drd.uslri poldr
sc prwldrd I'r botf, Fltot rnd $rtlc LLtro..

Yacru Eyrtr
I eomrrtloarl y.cutr ryrtr 1r prortdcd ln thr v&leIc utll:lllng r
&y rtr-vreurr pry luteltcd tn Xo. 1 .ngln.. Frol thc pry I ptpc
LLnc oonnratr nltih trhr (Id.blr borcr fron tlc ggrro hor{rur lndLeator
and t.trr dlroetton Lndiertor. I nrctlon rcll.cf vdvc, rct et -3.?5 *r.
t"a -t+,?5 ln. Hg, 1r lnrtrll.d ltr tlrc plpr }[ar, togrthar rlUt a 88utG

SECRET
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. 6,3.3 Vacurn S3reta (Cont{nurd)

r-' ) Iocatcd bsrcatlr tJrc rnglne coatrol prncl.

56
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6.3.L &rbonotor B.P.l{. Smror

Thr tarrborotor rp lurcrr eorpllt! ol I legnltlc piok'up on t&t
turbor"otor rfilcb frldc lryttrrca to tJrc lrdlcator tihrorUh en

drpllfLe-rrctlflc tYatu'

-. 
I
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6.t+

6.1r.1

Electrlc&1. Srrsta

Gcncral

Thc vahlcle electrlcal cupp\y conslets of a 28V D.C. systa rlth
autoraatie euccessl.ve changeover, under failure condltions, from
maln to etandby gencrator and ttience to r'uandby batterT. Englne
startlng lc fron-en exterlnsl liourcoo for clectrical rlrlng d1g-
gran! gcc Ftg.28 .

Pover Supply

Tbe cl,Ectrtcal aytta drarg appr.oxLuatcly 35 anpa at 28V D.C, undcr
rtrsxlqgs operetlng load condltiona and le srrpp[ed from a I0O ary
coablncd itarter-gcncretor uorrntcd coa:de$r at ths etr lnlct ard
of !{o. 1 cnglnc. In ttre svant of gcnerator fal1urc, all clcctrlc
Loeda dll be autouatlca$r. tranaferred to en ldentle&l gcnerator
mounted on No. 2 cngl.nc. Cencretor fo{lurc r!I[ be tndlcated by
tro yarrrlng }Lghtar-(onc for cach gencrator) Iocated on ttrs Baln
lnatrrmcnt-pancl. Fn{lsyj of botb gencratora rlIL cauoc autonstic
crltchlng to e 28V I0 AI{ sllvcr-zlnc alks}{qe battery whlch pro-
vldcs arr (Etrganey suPply at nad:nrn load for appro:dnata\y 15
d.nutce.

t togglc nrttch on t&o netn lnctnrnent pan.l perurttr aenual cc-
Icctlon of the gencrators as 8n altsrnatlvc to autoqatlc changc-
qvcr. A galvanoneter on the aans peaol 1r aclcctcd by a mtarlr
crttch to raed generetor-arppUcd load current and aloo gonarator
eud bur voltegca. A *rtteh easoclat.d rltlt thc lnatmment setr
lt to rced voltt or BEPI ar rcqulrcd.

Yoltagc rcgulatlon 1r provldcd by a csrbon-pllc voltagc regulator
ln aech gcnarator elrcult. Thq carbon-pllc regulatorE arc located
ln ttre conpartnenta adJaccnt to No. I and llo. 2 cnglnee.

6,1+.2

5e

.i-.)

.r-"-.)

6,1+.3 Grorurd $rpply

A rcceptaclc la lnota.tlcd ln tlrc lcadlng odgc of thc rd,ng to pro-
:1{c for comrctl,on rlttr en cartrrrlel clcctrr.cel ground pomr tuP-
plgr rouriri. Src grorudr/fal$t a.ltch on t&. srglne control pancll
85d r r.lry on tlrG rclay erd r{,d,tcr penal lrt tltc aqulprcnt con-
pur.tnutt conncct ttrc arpplgr to thc vctrlelc D.C. tu!.

6.11.lr Englnc Control Pancl

An angtnc control pancl La located to ths rtght of the naln
tnatnucrt pcncl. In sddltton to thc gr.orrndr/flfght aupply st ttctl
*rtch, f,or englnc ctartLng, lc sct for tha s:ctortrel grotrrd ;upp\y1
tt lneorporrtcs r ttart, a.firal ,rfry and an tgnitlon arrLt,ch.
Thcgs erq rtdtchcd to thc thrac cnglncs tn turn by an cnglnc rc-- lactlon rotary trltch. Thc start condltlon cncrglzea threE stsrt
rclayt, onc ftr 6ch cnglnc, locatcd on thc ralay and llolter pane).

ln thc cqulpant conpartoant. Poalc englnc at,artlng current ta

SECRET
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&glDc CstrcI Pend (gontfnrd)

npprcxlnrtrly ffi Iplr &ru rltchcr csrtrol tihr Il furl soekr
for tbr thrc. lrglant.

InSlnr Iartrunt Prnol

h thc Ggt;tc lnrtnnat prnd r1.r prvrldcdl for ordr cuglnal nrn!-n$
t"ndleatlar of 1or o11 prcruurcr bf lndlcetor lopr rltn latcgrel
Fnc6-tp-trrt frcl}Lty. In rddltlon, E8ut r rhsr rnglnc RFI{ (datoctod
h taob-tcrclttorr) .nS r&urrt tapcratumr (atred by thanloc'orupJlcr
vir edJutlng redrtorr). I gSugr rradlng turtorotor rao ll_l9ertrd
on t&c-r6n Inrtnrosrt prartr1-lr tooo 5.3, .sd ou tblr P.n.I lldlortor
laryt rd.tt prcr-to-trrl frsfffty Slvr Errrtl$gl for trrrbonotor otl lcvcl
rnd ;rrcranrc.

fl:Liht Goatrol

Srltob;; for fltgtrt oantrol gr locetcd on thc oontrol coltstl. l
thror podt!.oa toggh lrltch, r&an rrO to tlrl lorrerd fltg[t rnd thc
hovc poAttoa, trrgl.r6 trc rrlrp, on. tor c.oh poaltl'oa, t&tatt
controi tAr nlng tlp-r}ldr eaturtorrr ict psrgrrpb 6.L5. &c upper
of tui Ir... trttcbcr caplrtll r clrault d!.rcct to t,lto mtrl.
ryollcr- trlr rotuetor et tbr tap ol ttrc turtorrotor thrfb to rct lt
to t&o fe*ur{ llt$t po.Ltton, rnd t[a lere Pl!a! crdtctt r.vortot
thlr aatrlrtor to tlrr bovcrlng podtlon.

ttrl lrdtoatl.on

I filort-$7o firol qtrentlty trgraltt.r lt ln t lttd ln aaah of ttrc
thro f,ucl trnhr erd ir connrot.d rlth r tr{plc ftul oortlntl grugc
munt.d m tto nrtn tnrtrtr.nt prn l.

50

.,'--.-)

,--.)

6.Ir.Ir

6,[a.5

6.f .6

6.1+.'l

6.I+,8 &l,rc Dctrcttsr

9tx fln drtcctort .r. loort.d ltr ceoh mglnr coprrtEcttt'3 fcur uc
Euatd on tf,t mer fror of thc fLrfi.It rnd rrr rct to drtcct ,moCr
and tro rrl locet.d ,,n front of ttrr tLrrrrllr rdJromt to thr fircl
prnp rnd tic fircl ntlo coatrol vdrc, erd ca rrt to pPC,

tlerntngr uc !lvm. by aonbtnrd lrry prtcrrrrttdl uri&t (onc for cach

-- ang!.nc coupertlont) *rtof am locatrd qr tic rrtn lnrtnrurnt pencl.
Erm tlrc pr.r! arltohcr aonnrotton. lrc trr{lebiLr f,or oontrol of
lrr sttngulrtrrr ryttl (ft Sush aD laotallatlo 1r author$ad).

6.t+.9 . Clrctrtt Bndtor Pracl

At thc lcft of tbr pllotr r crb la looatrd a reln d.latrlbrutlon ccntrc
erd clrorrlt brcekcr prnel on rtrlob ar. $irangod uenual rcsot clrgur.t
brcakcrc for tltc* clactrtcal dlstt{.butlon rylia"

,'-__a 
)
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6.I*.10 Bondt&g

An extendcd colt sprlng attached to aech landlng gear lcg pnovldcs
for dlschargo of atatlc alectd,clty on }&dtrrg tho v*tlc}c.

For bond!.ng durlng rcrvlclng an appr"oprLrtaly groundcd sterdard
alllgetor if"rp uey be attachcd to eny orrs o.f, the rlng tlp__apaccrc.
Durlng rcfuallng a drllar clary nay bc ettsshsd to the flller
crp attachuant cUp.

t
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6.5

6,5.L

6.5.2

63

,-"--a )

,^)

hermtlc Sveten

Generu"l

A pnerrnatLc systen, B€o Ptg. 29; ls lnstall-cd |a the vehlcLe to
porfa" air pnreasrrc for actgatlng the f}!g!t e6grtrol systcm.

Each angdtt€ compressqr sectlsr faeds ajr throrgh a tapping lnto

"-grff"fo 
pfpe irhlcb tenninates at a dlstrlbutlon ctnnber

tdatea io-tle rlght of the nLn lnstrurrcnt Ene]-. ?hree check
salvea are fltted trato the gaIIerlf piPe. The distributlcn c]ramber

trcorporatee aa erternaL cfrarglag valva and vater trap and ls also
oonnected nith a pnetnmtlc presstre gauge located above the chamber'

Alr tlono the aharnber 1l fed W forrg. plFet to a per:mtlc cmt'roL
attached to the floor at the base of the ptl,otrs ec:tro1 c61rm.
Irro- of these plpee supply lressurlzed aiJ. fdi pltah and roll
operatlon, sd h{o for Jrau operatlon.

the pllotr$ eontrol colwr ccrsl.sts of e hand grip whleh ls
cornletcd by a f:laxrral shaft to the Fneul,3llc catrol uhieh
lncorpeatei ttl|o bleed tap and p3-ate assembll'ea. Oae assernbly
cmpnises three blsed t,apa and a suashpSate vhlch control the
p".}",,r" guprplled to three control slgft actuatcrrg for pltch
ind ro11. TLe crther assembly cmpnlses tuo horlzcrtall'y oqposed

biecd tapsr and a cam and hlrge plate acsenb\r uhlch cotrol the

Fessrae snpplled to tuo ylr eontrol actuatoa.

tfhcn tbe catrol coluul |a la tbe neutral poaltloa tbe locatlo
of the plltel, ralattve to tha bleed !"puf pernJ-tl a csrtlnuous
blced oi' atr if'on tbe tapa thareby ralntafurlng .q,rpI pressrrre Ln

the lLnes to tha acttl'tce.

PLtch and Bo11 Control

Defleetloa of the aotrol coltm ln a forc, afb or lateral
dtrectlqr, (f6. pttoh and ro11) o6s^ngec,thc pocltlm of the
araehplati tlr"r"iry alterlng tbe tap orrtlet srcaBr As a reerrlt,
tUe relatLve presluret 1n tha llnaa to the three omtrol sbaft
actr:ators, uhich dlsplace the nozzle cpoller rLngs, (see Fre-
grraph 5.1.2)r are ctrangad.

Trln, |n ptteh and ro11, 1l provided by tvo came I'n the pner:ratlc
control ai th. base of ihe eontrol eolurur. Each eam is eonnected
by a te}eflax cable to a trLn uheel !n the pllotts cab. Operatlon
o? elther trlm wheel rotates tbe respectlve eam, rePosltloning tbe
bl-eed tep asaembly relatlve to the *rashplate.

^)
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6.r.3 Yar Control

I\rlrtlng of thc controL colrnn 8rlP, (for yaw) rotates the ean

otr the rruge platc essenb\r. l,lovement of the htnge plate
increaaes lhe'alr bLced frm one tap, a,nd decreasec the bleed
frou the other, thereby ehangtng the relatlve P^rcssures-ln the
llnea to the tio 3'ar cLntrol actuators' The -Ptp€ 

llne frm
each tap ig connected rlfh a tee plece. - Ore !:[4e fron each

tee plele ls eonnected to the rod end of one actr:ator, rhile
the other llne 1s ccnnected to the oppoalte end of tha other
actrrator. Br crosa eonnectlng the l1nes in LhLs nanner the
actrrators prlvlde a dlfferentiel novanent for pos{fon{8
the yar cqrtrol Y8nes on the left and rlght hand slde of the
vehlcle. (see ParagrsPh 6.1.4)

,I
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FIC. 30 COOLING AND VENTILATION
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Vcntilatlon

Ocncral

YrntlSatlon 8nd cooltng of pertlcul,rr ercar ln tlrr rchlcLc 1l provldcd
f;; ;t lowrca !n thc forl$gr of t,1-a angi.nc coEpertenta, and ln t11c

canoplo. Scc Fl.g.3O .

ln lnlst end en od.t louvrc alc lnateL]cd ln thc corlJ'ng of the cold
zonc of uch cnglnc conpartnant for vcntl"letlng end coollng ih'
compar"tacnt.

1!o lnlct louyrcl crc lnatBlled ln the cor[ng of thc hot ronc of cecb

ingr.nc cmpsrte{lt to provlda coollr1s et- for tAc conpartacnt e'nd for
a icrlaa oi hol"a locelGd clrcrsfcrcntfef\y ln tbc uPpGr skln.of tha
prtilt" atnrcturc at thc dlfftrccr duota. By cJcctor p1InP actlon,
thcrc hoLea drer Ln thc alr to cool t}c coqert'uart end to cool and

lntuletc thc uppcr rkln of thc dtffuacr ducts doxtstrcam of thc
torUo*tor. li'pr.ovld. coollng of thc turborotor alr lnlet aone aLr

fa elro clreulat'cd bcticcn ttrc a:chauct duct rnd t,l}t turborotor sLr
lnlct.
A uenually adJuatablc louvrc la }ocated ln cach traneparent canopy

abovc ttrc- oceupantt haed. thc rotBl? Iourrc !0ay bG pooltloned as an

ln1ct or 8n orlt for al.r ln ([lght, or for vcntLLatlon to prcrrmt
ulrttng uhcn thc vthlclc ta parkcd.

#

,'-_-a)

-

6.6

6.6ir
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6.7.2

Creu l,\rrniehlnqa

Seet Installatlon .

Each ccat, *llch lc dcdgnad to accomdatc e back fleck perechutc,
la nadc of aludnu elloy. Porrr rttechncnt }uga located beneatb
thc llat pan sr.o accurcd by qutck rolcasc pl.nr to four fork flt-
tirUs nountcd on rctnforclng glrdara bullt lnto thc vrhlclc
atnrcturc.

:

gafcty Eqnlpucnt

A eterdsrd lep-type qul.ck rcleasc aefrty bclt ta anchored to tlre
rcer scet glr.dcr. I ltandard *rouldcr barnars 1g attsched to an
J.nertle rmI r&tch 1r lnstslkd et ttra basc of tlrc coryartucnt
rcar partltton, Ihc harncaa eachoragc cobh parsc! ovcr 8 gufdepr{l at t}rc top of t}rc partl"tlon, tlth e rcleege }cver locatcd on
thc bacc of t&c eonrolc to thc kfb ol thc aeat pin.

Footrcat erd l,mrcrt

I doublr trough of rluuLnu eltoy ls tnatelLd tn {&t floor et tlro
front pf rech ooryartuurt to prrldc r footrcrt.

I fLnd elurcrt tr prartdad ln thc ptlot,t ! cEb. It fu mrrntcd otr
t"hs trrnrrcrr bcea to t&r ddht of tbc relt.

Ceb htrrnar

tbc hetch of cach cro capartacrt la rccurcd by trc ryrtng
latchra lntcreonncctcd by e torguc tubs. I lrqr r*rLch ray bc
lockd to prcvcnt lnsdr.rtcnt opcratl.on ln flJltht, tg furst,llr.d
ln caoh crb tor malacrc of ttrr latchct. Itc latchcc a4r eko
bc rclcead bt en stcra,ll 1rytr rttashad to thc torqua tubc.

&rpportr arc prwld.d to hoLd thc hatehcr ln thc opcn por1t1on.

6.7.3

6.7.\

67
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FIG. 3I TO}\'ING, HOISTING AND LEVELING PROVISiONS
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6,6

6.ti.1

6.9.2

6.8.3

6.8.L Bondlng

SEC RET

Grourd llarldl:lnr Prcv{elonr

torlng, Eoletlng erd tloorlrg

tlrcr }i,gr am ttttcd on thr rclnforord rtmatrm rt ttrc outborrrrl
rb of thc angl"nc oonpartucntr for thc rttaeharnt of cpcclal hfnsql
checklcl for torrlng, holatlnt rnd rccrlng. (Scc l'1g. 11).

For torlng pqrporcr e rhroklc rnd tortng oablc nry ba ettachcd to
rtllr on. of tJra t&ror lugr. fhc v*ttclo nay bc hoi.etcd by }l'ftlng
vcr*,l.ca[7 et eIL ttrrcc luga, wlrg r trlenguter cving].cbar and
epaetal *reck1cr. Tlrr thrcr lugr and phacklcg erc +'tto utcd for
rcorlng tlrc vdrlcla.

Isvclllng Pedr

l?rrcc ftrcd lcvclllng padt em flttod lnstdc thc rser coryartucat
of ttrc vdtlclc, trc arc loeatcd on tJrc trannrcruc hrlldrcad ard crc
bclw thr outcr rln on thc longltudlnel eanttr llnr. Thotc padr
arc postt!.oacd on e planc parallc1 tor,and U.35 lnchcr lbovr, thc
dcclgn horLsontel datrn llnc of tlrc rrhlcla.

Iongftuflnel and latcrrl lcvdt uegr bc ehccksd urlng e t6r-6[r[rad
Lcvc1 ber, placrd on thc pada, rrd rn lnol!.aon*cr.

Porcralant Bolrtlng

Ttrc turborotor rorabl;r la pnorddrd ni.tir uftlng lugr et ltr uppcr
cxtralty to facllltstc !.natrl'l atton and r.crrl' nltjr eonvanttorel
holltlng cqulpurrt.

The engtnc caaabry la provtdcd ylth e l:lfttng c5rr at tha top cqrtcr
of thc tqrbrlnc lnlct f,Langc and trc 1:tftlng eyeo eqd-lpacad tranrv*cc\r oa ltc uppcr acgucnt of tho coryrcmor outJct flangc. I tcc-
Crapcd lLftlry bcsa la uscd for rllnglng the cnglnc.

69
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7.1

7.2.

7.3
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oegqr3l

Bcceuse th6 c.g. of ttre vchlcla ta .centre$r located, a aystem to
asas€ out.+f-balance condLtloru end to introduce correctlve blae
lnto the (Ltght cortrol aSrotcrn 1l rcqulred ln fJ.lght. tha gSno-
tcopic chsaeteriatle of the trrrtorote 1g used to senae the rate
of lnbalence in ptteh and roLL ard to approprtately btas the fHght
eontrol syrtem to etabllltc the vehLcle. A separate yar aenalag
devlee, not yet deslgned, or e cnaLl flxed ftn rrtlt be lnstal}ed
later to lnprove control et blglt speeds.

The flLgftt control ayst€D ls deecrlbed ln Sect. 6.1.

St,abtllty Hodes

fhe notlon of the Avrocar La cheracterlaed Ln general by eererd
oaclllatory modec rtrlch aay bc deaerl"bed on t b&8tc of ttrc re]atlve
frequencles. Ttre hldr tleqrancy urode ls baalcally a control oseil-
latlon r*rleh ls nor:nally hearl.\y deryed by ary rcasonable emount of
dlrect rotor damplng. lhe lleqrency of thlc tnodo varles dlrect\y
rrtth ttre control cyataur qprtng eorrstantr Ttrc latemedJ-atc frsqucncar
uode rppeers 1n the conttlI r5rsten, ttre pttch arxt ro11 anglel ard
the nor"pal acceleratlon, and 1a genera[y lt&tly dary€d for rero rotor
phesc lngle. (notor Phasor fng}e ; Angular dlsp}acanreut, about
t,hc vertlcel exlc of t*rc reht.ele, bctreen tlre toppllng a:d.r of tihe
turborotor and the spoll*).' ttrc danpl4rg tryrovoa progreEsively al
the rotor pharor anglc lrpreasea fron Oo to 9Oo. the freqr*ncy of
thl.r aodc rrrlec Lrrrerae\r rd.tb tbe sgrstcm sprlng constant end ex-
ccsslve rotor dsryfag rl1.l recult Ur tJortrbl}ltyr ln lncreese 1r
lmard apeed l:ccreereg thc freqnncy erd deeeasss tte darylng of
tJre LnLerudlata freqrcney irodr. Yaluea for tho frequeuly of tlre
htgh lrd taterrcdletc trcgucrcry nodcr rre epprod,"urst€\y 17 rnd 1.5.
c,1rc1ec per accorrl reapectlwlgr for e lbcb llu&er of 0.15, 8rd 19
snt 5.5 cycles per reeond rerpectLvaly fqf e l,lach l{ures of O.U
rrtth e aprlng constaat of 50Or0O0 ft. lb/rad. Tbe regults ghory a
trend tesrds a deereesc ln tleqreney { th Lncraese t.n rotor phasor
.nglc for both nodeg. I rclrtlrcly alor oacLllatlon tc l.rt'ro&reed
fror the yaytng motl.on rlt$ r fleqrrency eortrolled by tha dLrectloEal
gtebl"ll:lE€r gainr and dsrryI'ng-controlled naln\y by the yar darnper
galnr thLs node affects pltcb ard roLL e[ehtly. ELna}ly a tLehtly
dsnp€d long parJ.od rcde donlnatot plteh end roLL after the lnttlal
tnaruient :notLons. Flg, 32 shors t1rylcal respollaes to a aharp
efued gust for a Mach Nu&er of O.15 rftfr 39o rotor phaaor ang1e,
and O.i.r rlth 2Oo rotc phasor angle.

Ouct folssnce

Since the aLrcraft 1g stabl}lzed by a derlce r*rlch has }lnrlted poner
(tfre Jet), tt l.e to be erpected ttrat very large dleturbanees rt1l
reault ln dlvergent tendencies out of proportion to the size of the
dtaturbanee. If a glren t5pe of dlsturbance is lntroduced to the
cteady fEght condl.tlon sereral tlrce rdth gradually lncreasing rnag-
nLtrrder the responses for a rrhIle rrlll heve tlhe sano shapee rrlth
rqf'Iltudes proportlonel to t*rc nngnltudc of the dlaturbence. Enent-
ua1ly a polnt rlLL be reaclred rhere one control pararrreter reacheg
the Limit.
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7.3

7.1.

Quet Tqleralce (Contlnued)

Subsequently, the reaponse rrl-ll el&lblt lncreaaing nonllnearitJ.ea,
ard anp}ltudce ln genera)- rtIL bagfu lncreaalng out of proportlon
to thc dlcturbance. Flnel\y s ]1rn1t Y5-U! bo reached bcyond Htllch
the alrcraft dlverges. Thus, thla alrcraft, ln contraet to con-
vsntlona3. aircraft, poEsesscs (for oca,mple) e gust tolerancc dlc-
tated by stabJ,llty consideratlons ln eddttlon to thc nor"ual, strangth
l"lnltatLon.

Ttre roexlJnu vertica.I guat veloclty ttrat thc Avr-ocar can wlthstsnd
nlthout rapld divergence (the gust tolerance) bse boen deterntned
for severs.l fllght condJ.tlone. Three guat tSpaa have been con-
aldered, the flrst 6ei1rg a"abarp.iodged Srstr thc gult vclocl.ty hav-
lng an lnstantaneoug value at the guct onset, and nalntaLrdng thls
va.lue; the sacond type ie a gradod Srstr the guat veloclty follorrlng
a (l-coa) curv6 from zero to ite maxlmrrn velue and then renalnlng
constantl for the thlrd typc the gust veloclty follovg I cycle of a
(l-coa) cutro atarting rrlttr zcro veloclty snd tcrulnating rlth zero
ve1oclty. lbls latter c&se ls raferred to as I corplatc slnuaoLd
gunt. In general thc guat tolerence variea lnverae\r rrtth control
ifgt€E eprlng conetant. Changes in rriight have no coneletent effcct,
ard changes ln gust tolerance due to rotor pharor 8n916 are t@411.
A tf.pical cun'e ahordng the variatlon of guat tolerancs rlth guat
gradlent dLatancc Ls glven ln Ftg.34, . tto n5.nlmun valus of gust
tol'srancc for alrarp cdgcd guatr for e }{aatr Nrmb.r of O.L5 Ls 35
ff../acc. ard for e l{ach Nunbcr lf OrL Ls 5\ tt,,/cec. rlt}ln thc
notzAl rang. of thc tprlng contttnt. the guat tolsrancc varlcc
llncar1y rlth gradLent dlstancc for gradcd guatr, tha value! cor-
rcapondln6 to thc charp edgcd tolsrancc abovc, for r gradlcnt
dtstencc of 200 ft., bcln1 l+7 tl./scc. for e ltsch Iunber of 0.15
End 88 tl-.f sac. for a ltach Nurnbar of 0.4. In the eelt of full
rtx1gold guats, thc guat tolcrancc lc vcry large for shott gultl
drcregrlng rJ.th Lncreeolng gUat length to a mlnJ-rnrn, and LncrcaslnS
egaln rlt& f\rrthcr lncrcstt ln guct lcngth. Ttle ntnfuun va.lue oc-
cura for gusta of gradlent dlstance betueon 20 fb. and 140 fb. thc
lorysct valuc obtslncd for thlg etnlEun polnt Ls 55 ft.,/sec. vlth a
gradlent dlstancc of I10 fb.

Norr+L Ioad Factor

?hc nozanl load factor obtaLned fron atablLlty rcrk on ttre Avrocar
rag baaod on a studgr of ttrc tnotlqn of the alrcraft ln the ttrrcc tlpel
of vcrtlcal gUgt rafsrred to Ln tha prerrlous sectlon. The norual
load factor choya a considcrable decrease ln valuc rith Lncrctro'iln
guat'-gradlcnt, dlatancc, for conatant guat vclocl-ty. Ttrc nonllneerity
of the cSrctro duc to control l{n{ts at hlgh guat vcloclty doea not
havc a large effcct on thc load factor, the load factors belng allglttly
lcas than ttrc llnaar value for ahort gUatc, tbe trcnd belng ren'ergcd
for long gucta. An lncreaae 1n load factor occurs ylth increaslng
tprlng conrtant, thls effcct belng less pronor.rncad for gusts rrith long
gradlcnt dlatancc. Io clnp)"c:'relatlon c:detc bctuccn the load fectora
oUteUca for diffcrcnt alrcrafb ucigfrta, and the effect of changtng
thc control aystca phasc angfc lc $B&11. thc nortal load factor in-
crcnant 1r approxlrataly pmportlonal to the alrcraft fortard cpeed,
for a glvcn gust velocity and-conflguratlons.
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?.1+ Bor:qel loqd,Es,etor (Conttnucd)

It e llecb llunbcr of 0.15 t'hc veluc of loed factor lncrrent lor a 3ult
r.alocLty of l+0 tl.f ctc, 1r appru:d.artclJ'2.2. g f,or e abarp cdgtd tult
rnd 1.6 g for 8 grrrt ol gradlort dlctansc 150 ft. For e lLrch Hqnbcr
of O.IO and thc mnc gurt valoclty tlrc valuct er. 4.1+ I and 3.1 I m-
apcctlvrl;r'. Both erc lor r veluc of a rprlng coortent of 5OOrOm ft.
lb/rad. A tylplcal cunrc alrorrlng thc vtrlrtton of load faator rlt'h
guet grrdlot dlrtenec lc tlvsn ln F1g. 33.

7.' HaadlLnf Qua].t tler
A rotor phaeor englc of 2Oo end a pl].ot pheaor srrgl6 (angular dla.
placaant about thc vertlcal erda of thc el-rplanc, bctvccn iltc.
toppll"ng exlr of thc turborotor end thc pl.lotr a control colunn) of

-tOo prraant\y rppeerr to bc rcat aetltfrctorT for vcttlclc control.

the reaponae to pIlot control show ncgl:l,glblt croEt coupll,ng bctrccn
Iongltudlnel and latcra,l rctlon. tt-tc lntcnucdlatc frcqtrency rcdc lt
qultc hcevlly daapcd and thc pilot can caally eontrol the long pcri.od
oaclJ"letlon ln pltcb. l{lthout autonatlc ctrb&ll,ratlon tn yar, the
pll-ot rould cxperlocc dlfflculty ln controlllng th6 eircrafL at hlgh
apccd. A yav darycr, rrlth a rufflclsntJ.;f hlgh galn anablca the pllot
to lt.rbllJ.ac ttrs elrcraft aaally. t{1th a dLrcctlonal ctabtllzer, hrt
rrlthout the yau danpcr, thc pIlot cannot atebl}lrc thc rc].atlvc\r long
pcrlod oaclllatlona ln yay, evann vlth r hlgh gatn tn thc dlreetlonel
rteblllEcr, al.ttrough rrlthln f}r6 ]{rn{la Lnpoacd bf tha alrcrefb ctabl}Lty
bourdrrlcr, lncrcarlng thc galn tandr to help tbc pllot allglrtly.

,.-\ 
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8.2

8.2.1

GgrcraI

lto rnelyala of the vchlclc atnrcturc r8r baccd on the prellninary
l.oad dete orrtl:lncd ln Psrt 9, on pbr'ltrr{na4r brut dctal-lcd tchac
drardngc lraucd pr{,or to t"trc dctal}cd dcrlgR. In thla uey, lt vea
polllblc to kccp thc ctr:uetural enal.yrlr tn ttap rlth dctallcd dc-
rlgn progrcsa rrrd to provlde raxlrnlr anpport to tttc dcalgn cffort.
Horcv*, lt ucant thet aome letltude had to bc uscd ln applylng thc
rttechusnt losds and ln dotcrninlng thc lnternal load patttlt, 86c
FLg. )5, {n ordcr to rcduce the rcdrrndancLea Lnvolvcd to e toanagc-
abls lcvcl.

In thc Avrocar, thcrc are trrc neJor ctructlral rrnlts, each capable
of carlylng the appllcd loadlng. Drc flrat eonclcts of the centcr
baac, redlal rlbr rlUr top and bottm aklla, end a rrlng pcrlncter
rrhlch for:m the hub, dlae and rlto reapectLvc3g of f,hg lttc6l-11kc
rtructure. Thc cecond conclstc of t'Lre inner rlng tlp, and ttrc trL-
rngular aylta of bearar and coupartnant partltl.onr. Together tltcy
fom a vc4r rlgld, trut hfghb rcdrmdent stmcture.

In ordcr to al-upllfy tle problem, the uheel-ltke structurc rrea con-
rLdcrcd to be the prluary etructural unlt wtth the support offcred
by thc trlangular aysta of beama. neglected, es a flrst approxlnation.
Ihc trencrsrac bsemg and compartnent partltlons Xere daflned ac
tccondary structure prov1.dlng rupport for the fuel tanl(, cngJ-nc, f81r-
1ng, corllng and hatch loadc. (Sec F1gurc75), thc turborotor alr
lnIct, turborotor casllg and outor nlng tlp rare allo defined er
cccondary ctructurc. thc conplete aacondary structurc 1a npported
by t'bc radlal rlbs 8nd rring r!n.

Aa a furttrar c1.np11f[cetlon, thc concantrated loed rcactlona frou
thc sccondery stnrcturc ln Urc rcIL forucd by the rlng wcrs traated
ag dlstrlbutcd loedc over the radla.l" rlbc ln the analysla of the
prloary ctructure. Thla r.ae necsoeary stnce the geonetry of thsgc
hrlkhcads uas not fllra1y eatabllghed in t1roe for the lnltlaI analyale.

Prl-uarv Stnrctr.rre

Ccntar Bace

Thc center bese was analyeed as a thlck wtng subJected to the f1x-
lng rcnentg and reactlona of the r*lng rlbs p).uc rcments, thnrst ard
Lnertlel forcca fr"on the tuborotor. Iocal condLtione due to ttre
lnt,roductlon of the rlb forccs xere algo consldered.

l{lng Rtbc

Due to the thln sktna employed, the stiffness of the top and botton
aklna ln actlng as the reU tf i alsc-type rheel xao lgnored' Instead,

thc radleL rlbe snd effective wldths of top and botton ckina li?oro

conaldcred as llght spokea Jolnlng a ctlff rlm and hub. Ttre elghteen
naln rlbs ,"r. 

"]r,"1dered 
to Ua sncastrd in bottr the uing rlo and

center baee rlth a slnklng support duc to the dcff-ectLon of the basc

relatlve to the rlng r1-u.- Th; thtrty-slx intermedlate rlbs were con-

eldered 8E propped ca-ntllcvers ftxed to the rang rlm and ai-raply
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8,2.2 Wlng Rlbe (Contlnued)

supported et the centcr baaa, agaln rlth a ltnklng support.
Ttre crltical loeding c&ee rac taken to be that duc to a syu-
nctrlcal rnanosuvrc at 4.0 g for the basic nl'salon takc-off
grosc rei.ght.

tflng Rtn

. PL:dng rcnenta froa thc radial rtbc vere ap}lcd to the txo
boxes forrulng the rlng rln'es equal and opposlte radlaL loadc
applled at the rccpectlvc shcar centere. ttrc rLnc Ycr€ con-
cldcrcd at contlnuoug bearu ln carrylng the loeda frou the
lnterraedlate rlba to thc naaln rlbs and as conpletc rlngc under
concentrated radhl loads l"n carrylng the net rlb reuentt.

Sccondarrr Structurc

t{lng T1p

lhc tlp of the rlng raa conaldcrcd ea a rJ.ng rupported by a
rystco of radisl apokca. Both flxad snded and plrmed con-
dltlons for thc apokcs were exanincd. ltre rlng nac acauned
to bc loaded by unlformly dlctrlhrtcd verttcal and redlal
prosEurtt eorlcapondlng to ths nsxirmn lntenslty of alr
'lordtne urtlclpatcd o fortard acgrenta of ttre rlng.

Trenarersc Beerar and Coryartnent PertitLona

Thc beaals and conpartucnt pertS.tl.ont r.rG asfirned to be loaded
by stnrcturc end povor plent rcacttona as thour ln Flg. ]l .
thc cnglnc partl,tS,ona end filcl tank flre-rall"a recalvc end
tupport fr"Om tbc turborotor carlng and tranaverac bcama, thc,:
otUtrt by the bcamt, the radlal rLba ard the upper rin of the
rlng.

Undcr ttrc tlnpllfylng aaaunptl.ona uaed ln the alalyals of thc
prLnary atructurc, lrtcractlon l-oada bctuccn tle tranaverle
Leaas ard thc redlal rlng rlba could bot b€ dctard'nad wlth
any degrcc of rcllabl-lity. Horcvcr, lt rea fclt thai due to
thl flerd.b]'llty of tha radlal rlba and tha rlba to h.rlkhead

Jolntr, these loada rculd bc maIL.

Thc beaea rcrc analyccd both as elngle !p8lr, f,lxed ended, and

as throc-rpan cOntlnuoua bcrunr. Ttrc lattcr rrer. coneiderod to
bc flxed aL cach cnd to thc uppcr rrlng r11, and tupported at
trc Lntcrraedlatc potltlona by compartnent partltl.ona. Bottt
anelyscs rsra aonlrhat scvere alncc ttrcy dld not prov_ldc_ for
ttrc 

-cgpport dc(Lcctlonl xhlctr xould rellwc the heerlly loadcd

Jolnta 
'U,rt tt "y dld provldc an lndlcatlon of the llPper Il m{ te

of lnternal atrcss and reactlon loeda.

8,2.3

9.3

[1.3.r

8.3.2
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8.1+

Trrrborgtor AtL-IeIg! and lurborotor Caslnq

Ttrc twborotor atr lnlet uaa analyasd es a r.Lng on clx supporta
urdcr loadr nomal to the pJ.anc of the r'!.ng, snd ar a rtng- rrlttt
a alnuroldal shear rcactlon end thrcE radlal rastralnts trnder
roeda ln thc planc of tha rfuig, lhrco of tho atx aupports r*erc
turnbucklcc attachcd to thc turborotor eaolng. ttrc other threc
rupporta vcrc arco attachcd to thc caalng thr.ough trro sets of
bracksts on the end of the cnglnc part!.ti.on.

?he turborotor caei-ng vas analysed as a cr.rcular beam on an
claatlc foundatlon fomcd by the radlar rLbg. rn sddltlon to
the turborotor alr in]-et loads, englne loads anc terperature
cffeetc rcre alco eonsiderad.

Allelrtlns"Gcar

Iandtng loadc rere dcvelopad, and the gear and 1ocal attachmentg
analyacd using the crlteria glvcn ln Appendlx r, eectlon re./+.Ths
loads verc derl-ved on the basle of the sncrsr abeorbod. by the
chock ctrute durlng a landlng at the basic nlcslon tet<e-trr
rclght of 51650 lb.
t}c crltlcer ltaa ln the land!:rg gear acsemb\r vere the axrc
gupport tubc errt tlre outer aupport tubc ln bendlng. stresa
lrycla and nlnl-mun narglns of safcty arc dcteiled tn repor.t
rwo/sPc/tB 205.
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9.1 Goneral

In order to facllltate eccoapllsh.Bent of a teleecoped prograq,
alrplane ground, alr and lnartle loads and preaeurc diatrlhr-
tlons for the ltvr.ocar rere detsrrlned ualng s{'mflifled eondl-
tlons. Later, theoretteal dl-utrlbutlona of preasurea and air
loada rare areruated for s't{nr{!,6d number of cases Ln frLght.
?he tbeoretlcal dLstrlbutLona provsd that rtrllat thc tlmpltfled
condltlonc aacuned rgere consenratlvc, eonaldcreble nork uould

' havo to be carrled out to rcflne the loadc to a polnt nhere
all'lnltlal condltLons corlld be consldercd. TlnL and firnds
for such an evaruatlon vcre not catered for in thc present
progrsn slnce lt ras not bellcrrsd to bc cssentlar at thts
pcrlod of developent.

Tbc baslc load crltcria urcd ln thc dcalgn of thc vetrlcl"e la
set forth ln Appcr:dLx I,

63
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10.1 General

Hhen cleveloped the vehicle !s intended for operation w'ithin
l+O0 ft. of the ground over terrain of not nore than l0rOOO ft.
altltude, rlth a speed raIlge from 0 to 270 knots.

Due to departures frcm conventional a;lreraft design u.s.
Mllltary Speciflcati.ons are applied on-).y to a llmited extent,
as "pecifild hereln. Addltlonal daLa have been ralsed to
cover condltlons pecullar to the vehlcle and to provlde load
trLteria rthere fllght experience and reliable test data are
lacklng.

Ttre outlLne is lntended to serve as a basl.s for the establtsh-
ncnt of eoryletc criterla.

The contractor, howerrer, reservea the rlglrt to nodlf)r theee
crLterla nithout prior notiflcatlon if, at the dlscretion of
the contractor, such uodifLcatlons are Yaranted by deeign
developrnents.
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10.2

10.2.1

1o.2,2

LA.2.3

Structure-l Criteria - General

I?re prlmary and seconda.ry structure of the
algned ln accordance rlth the requlramentg
thc foll-orring mdiflcations:
(refercnces are to the approprlate sceti.ons

lppllcable Documents (Bef. Scctlon 2)

Htlght load Dlagran (Rcf.

Y-n dlagrarns ar6 preparcd
of MII-S-57A2 as nodifled

Avrocar L ls de-
of HIL$-5700 wlth

of MII-S-5?OO).

SsctLon 3.5)

tn accordance rlth ttre rcqul.rcmnts
ln section 1,0.3 of thls Appendlx.

ltre appllcable documants llsted tn HII-S-5700 apply only to
the extcnt epeclflsd hereLn.

Elight Deslgn Crlterla (Ref, Sectlon 4.2)

Por strcsslng purpoaes, the Avrocar L is classlfled as a
C1aag 1 reconnaisance alrcraft. 1?:e ualcLoru altitude is
I0r0oo ft. (Ref . Tabl-e I Mr.L-s-r?00).

Iarlng condltLone (Bef. l+.z.t+) do not &pplJ due to pecuLlar-
ltlec of the conflguratlon. Speelal crlterla to cover ttrls
requlranent yllt be fonouLated t*ren controL characteri.etlcs
ln yar are established.

fIight eonditlona, other than yawlng are in accordance rith
the requlrements of !{IL-S-57O2 as modifled in sectlon 10.3
of thls Appendix.

,'--_- )
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10.2.I

fltlght Deslgn Crlterl.a (Bef. Sectlon t+.2) (Contrd.)

Pttching and rolllng velocltlea ara ]{n{f6{ to 2.0 radlans
per seeond,

Grorurd Ioada Crlteria (Rcf. Secil.on 4.3)

Ground loadr are ln eccotdance rlth ttre requtrssntr of
ltU-S- 8598 (ASG) as nodlfted ln rectlon IO.II of thts
Appendlx, and rrith the requircnents of Al,lC-2 to thc octent
specifled tn aectLon 10.4 of thls Appendlx.

i{ing, Fueelqgc, Engtne lbunt and HacelJ.r Ioade (Ref. sectlons
l+,1+. 4.5

lbe rdrrg and firselage of the avrocar r are in intcgrar stnrc.ture. Ttrc loads actlng on and lrithln thLs strrrcture erc Ln
accordancc ylth the rcqul-reocnta of MII-S-5?Ol+r !tILS-5?Or,
ELS-5822 and sectlon 10.3 of thls Appendlx to the aortent-
speclfied ln section 10.1 of thls AppendIx.

EryIr6nnsg6 and Contrrl Surface loadt (nef. 4.51

ilot epplieable.

Control S]rsta loadg (Bat. 1..?)

?hc contr.ol aralal ls dac!.gncd in accor.'dance rrLilr thc rcgulrc-
ncntc of the mdeL apcclflcatlon ard portiona of HILS-5f97
es lrdlcated in section 1O.6 of th!.s lppendfuc.

Ar:nament Ioads (Ref. 4.8)

lbt lpplteablc.

$tructurel Tcsts (Baf. 5.2, j,3)

llot Appl1cab1e.

F4lr*rt Dcsl.en Crltqrla

Lpp}leable Documents

Elglrt crltcrla are tn aecordanee rLth the requLrcmente of
ELS-5702 to the extent spcclfled and as noOiftea hereln.
Subslfllary speclflcatlons ard docunents called up in UII-S
-57O2t do not applif except as noted.

10.2.5

10.2.6

10,2.7

10.2.8

10,2.9

10.3

10.3.1

85
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10.3.2 Criteria - General

Ttre a:ircraft ls analysed for the fllght condltions outllned
beLor*. The rcsulttng loads heve been camled sufflclent\r
far into ttre mal.n structure to aasure that the maximru Load
for each neaber of t^he alrcrafb structurc hag besn obtal,aod.
Befarences are to the appllcab)-e sectton of HILS-57A2.

L0.3.2.1 Atrpiane ConfLguratlon (Bef. 3.1)

.OnIy the baeic or clean configuratlon is appllcabl.e.

LO.3.2,2 lfeig[rta and Center of GravLty Poalttons (Bef . ?.2, 3.3).

?hc follorl.ng relgfrt eondJ.tlona &re consLdered;

,r* = Basic Mi.sslon take-Off Grose Helght 51650 }b.

87

,,---')

,^)

LA.3.2.3

10.3.2.4

W; = Altarnate Mlgslon ilelglrt 1 (Deslgn Payload,r usxl-mru FU€I)

HA^ = Altesrgtc l,[laslon W9lght, ]iI (l{ax. Tekg-off--z 
Groca 'deleht)

*t = Altrnffi"Sili;rietsht 111 (l{ln. r:yrns

6roro lb.

6r9?CI lb'

31600 Ib.
Ut. = Altcrnate lrrl'aalon Wcight fV

4 Hclght, f\tlt fircl)

Thc centcr of gravlty poaltlon and
accordence rlth AVB0/SPC/TR 125.

Pover SettJ.ngs (Raf. 3.4)

(lttn. rlylne
Ilr4IO lb.

al.rcraft lnertlae arc ln

Unless otherrl.ae speclfied rllitary rated porer settlng la
assumed for al.l loadlng condltlons.

Dcalgn spcda (Rcr. 3.I)

The lnveet5,gatlon covers the follorrlng speed.a:

Hover 9peed - Vhovc O klota EAII

Transltr.on $peed Vtr" O to 76 knotE EAS

Ougt & Slov Dorn Speed Vt" I2O knots EAS

Diar. IaveL Etlght, Speod - Vhc 225 knots EA.S

Hax. DLve Speed - Vn"x. . 4A knots EAS

^)
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10.3.2.9

l.o.3.3

10.3.3.1

SECRET

Due to the 1or speada, lneompreaslble fror ls aasungd henec thc
ll xLwtm noraal force coefflclant la conaldercd lnvartrnt ntth
liach nunbar,

nllght Envclopas (asf. 3.IO)

Dua to lack of lnforzetlon on ttrs lor cpeed clrsracterlatlcr
of thc Aynocar 1, the dcaLgn ntnostrvr. anvclopc lc stsuEed
to coinoLde rltlr thc d.ni.ure fllght rctght gutt cnvelopc.
Ghut cnvcloper hsrc besr drera uri.ng thi guit load for.rmu-Ia
of cqetlon ,+.1.2.I MII-S-5?O2 to aect thc-rcgqtraanta of,
csetlon 3.L0.2 XILg--57O2 ubcn appllEablc.

tbele €r_e presont€d tx tJra forn of a conplctc dcslgn errelope
Ln tLg.36 and ysrc rrscd for the uaxlmur dcslgn nfght con-
dltionr Lryosed on the Avnocar 1.

rught CondLtlonr (Rcf. &.0)

&c fllght cordttlons outrlncd belor w6re consl.dered aceordlng
to the svrllsgl]lty of aerodma'nlc data snd tlee atlowed. of
thesc condlttonsl onJgr those considered to be rnoat critleaL
rere 6g+m{nsd 1n d6tr.l] .

SymetrieaL nlght CondLtiong

88
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,'_'*)

,__a )

LO.3.2.5 Deaign A].tltude (Ref. 3.6)

only ttre sea lsvel cage Ls conaiderod for strasslng purpoaes.

LO.3,2,6 t{ach Nrmbsr end lerc-&Lastlc Effactc (nsf. 3.?)

&re to the Lou epaeda, t&e rclatlve\r rigtd atructurc, and the
lack of teet data, sectJ.on 3.7 of UILS;5?04 does not apply.

],:0.3.2.'l Therrnal Effectg (Ref. 3.8)

fbe sffect of tanperaturs changeo due to cxhaust, gaccs ta
conslder€d,

10.3'.2.8 l{axinrn Noruar Force coefflcient I uach Nur&or (&ef. 3.9)

10.3.3.1.1 Stea{y Pitchtng Hsnoeuvre (naf. l.I.I.1)
Stcady pitchtng nslroguvra condLtlons for ttre conbl.nations of
alrcraft wedglrts and speeds lald dorrn in paragraph I0.J.2 of.
thls AppendLx aro gl,ven tn Table I. the pltchlng velocity (C)
is assumed to be 4g radtan per second

(note - 6*ar,. = z ]aa. per sec. ref. para I+.3)

SECRET
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10.3.3.1.1 St,eady Pitching Hanoeuvre (Ref . 4.1.1.1) (Conttd)

) r*here n = Alrcraft load factor

v = Aircraft velecity in feetT'second

g = 32.2 fl-./sec.2

L0.3.3.1.2 Xa.roeuvre rith Pltchlng Acceleratlon (Ref. l+.1.1.2)
I

Due to lack of data, dynarnlc lift coefficlentp cannot be
deterrlned at thie time.

10.3.3.1.1 Guet (Ref . &.1.2)

The alrcraft ls considered in steady level flight and sub-
Jected to the gust intenaities of flg, 2A MIL-S-57O2.

The gust load formula given ln sectlon 4.1.2,1 MII-S-5702
is employed. The caseg constdered are giver: in Tablc II.
The pLtching acceleratj.on due to gust ls assu.Eed to ber

0' = L.1.6-U-l_ n-1) rad.lans/sce.2
l

)-Y
rtrere l{ = Alrcraft vclght (1b) . 

,

n = Appllcablc load factor

Iy = Iner-fle of the alrcraft ebout thc y axis
(aruls fi..2)

L0.3.3,2 . Unrsrmctrlcel Hflght Condlttonc

Duc to leck ol data, ths rolllng pull-out !.noruv?e tpcclftcd
ln I{ILS-5?OZ scct"lon l+.2.1.1 carrrot bc cvalustcd at thta
tLuc, Xn llsu of thlt requr.rcrcnt, aru, abrrpt roJ.Llng
condltlon vlth e r.olllng mnent bclng ba]^rnccd by elrcraft
lncrtl,a forcc, and a eteadgr rolllng condLtlon yig Graelned.
An unryunctrtcal guat condLtlon rrar alao €s.qrl46d.

L0.3.3.2,I Abrupt nolltng l{a,noeuyra

thc naxLutrn avnllabl.e control rcment ln ro11 1r catLnatcd
to be l4a = .lP7 Fo C"

^) rttcre Fu = Jet nomentum thrrrst of the appllcable tpcad (fU1.

Cr = kngth of r.oot chord (foet)

89
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10.3. 3 ,2 ,L Abrupt riolling Hanoeuvre ( Cont t d . )

\/ Ttls moment '*as used to assess the naxjrnr:m rolllng accel-
eratlon to rirtch the aircraft nay be subJeeted. It xas
compared rlth the acceleratlons resultlng from an unbal-
enced wlng loadlng of U5 - 75 percent ag alloved in the
alternata condltlon given ln sectlon l+.2,1,3 WI-5-5742t
and the crltleal condlt1.on appl-led to the flight csseg
glven 1n Table J, a posltlve load factor of I + 2/3 A n
xaa eonsj.dered applleable rhered n ls baeed on the sym-
uetrical l-oad factor for the welght and speed under con-
slderation.

10.3.3.2. 2 Steady Ro]-ling M,anoerrvre

The alrcraft le consldercd to be ln a steady rol}lng
menoeuvre at a rate of roIL of 2.0 radlane per aecond
and a posltlve load factor of I + 2/3a n t&ere! n ls as
deflned above. Slnce the controL moments required and
eerodynamic forces lnvolved cannot be evaluated at thls
tine, the eondltions apply to the poser pLant snd the
lnsta,llatLon of flxed servlees and cquipent on\r. Tttc
ftight condltlons to be consldered are out}lned ln TabLe IV.

L0.3,3.2.3 &st (Bef. l+.2.2)
,.^-a)

Unaymmetrlcal gust was consldered as requlred by sectlon
L,2.2 MIL-S-5?02 for the cases shown ln Table V. An
clllptleal spanrlac loadlng dLstrlbutlon x'lth a dlscontin-
uityaty=0waaassuned.

90
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Ground Ioad Criteria

10.L.2

Take-off l,oads

Take-cff ]-oads for this aircraft are No be deterrnined.

Their inienslty is expected to be such that they wiII noL
provide a design condition for the airframe struct,ure in
general.

LanCi-ng ioads

the landing loads are brsed on the requirementg of !iIL-S-8598:
I"iI LITAIiY SPECI if ICA'I'ION, illiU0TURAL DUSIGI,J REQUIiiEtvlliNTS,
llii].ruoPTrits, the appror-,'iate paragraphs of wtrich are mcdifled
for thla aireraft as follows:

Landing Parameiers

The airplane limit sinklng speed, on lnltial contact
rith ihe ground, is slx feet/second at an alrplane
lIft equal to its weight, at the bastc nrrissicn take-
off grcss neight (Ref . UILS-8698 para. 3,1+.2),

Resenre Engerg'y Requirenents

Pailure of the stn:ctrre wllL not occur ln a drop
rlth a sinklng speed aqual to the lirdt value of
sinking speed associated $ith the landing weig.ht
specified above times the squerre root of 1.5 (Ref.
UI-S-8698 para. 3.1*.b) .

Main Gear Obstruetion Loads

The allghting gear eomponents are assumed to contact the
ground si-rnultaneously. The for*rard velocity is zero.
The vertical components of the ground reactions are
those which rould resr:-It from contact yith the specified
slnking speed anC llft. A load equal to one-ha1f of Lhe
maximun vertj.cel reaction, (at the centroid of eaeh con-
tact surface) but not exceeding the aircraft ueight, is
applied in a forr*ard, aft, inboard and outboard direction,
each in combination rrith the vertl.cal load, considering
each landing gear independently. Under this condltlon
transverse loads on the other units are assumed zero.
(Rer. MIL-S-8598 para. 3.1+.5,L).

L0.4.2.1

97

,'----)

10.4
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1o.4,3 Crash Ia.nding

Paragraph 3.4,7 M!I-S-8698 (ASG) applies with the ultlmate inertla-
load factors as snecified belor*:

Fore and Aft
Tateral J
Up
Down

10.4.4 Ground Handling Ioads

Loads for the design of the Avrocar I in eonnection with towing,
iroisting and nooring are in aecordance rrith the requirenente of
ANC.2 chapter 41 dated October 1952.

10.5 Winc_ard l-uselaee I6ad C{lteria

Tire ring-fuselage structure ls designed in accordance with the re-
quiremente of lfiLS-57Ab, MfLS-5?05 and }.{II*S-5822 to the extent
speci.fied hereln. Subsidiary docunents caJ.led up do not apply
exeept ag noted:

98

,r--)

,--)

6e
48
l+g
8g

10.5.1

LA.5.2

10.5.2.r

OeneraL (nef. I.[LS-,704 $ections 3.1, 3,2
UILS-570! Secttons 3.1, 3,2 )

Ihe structure is deslgned for tlie loads resulting from the flight
conditi:ns out'lined ln sectlon 10.J, the ground conditlons out-
lined in section 10.4 and the engine conditions outlined herein.

The loads include the factors of safety specified ln I'ttLS-57AO.

Press'*re Distribu[ions (Ref. MIL-S-5?04 Sections 3.3 & 3./+
}{tLS-5?05 Secilons l+.2.4. & l+,2.6)

Distrlbution of Aerodprarnic Ioads

The cragnitude of aerodlmern{ c eoefflcients and the spanrise and
chordrise distribution of the resultlng loads yas based on the
results of rind tunnel tests performed on models of an earlier
aircralt design designated the PV.7O4. the initial estimates
were approximations only for prelimlnary deslgn purposes based
on tlie most critical of the fllglit conditions outllned ln see-
tion 10.3 of thj.s Appendix.

?he lift load di-slrlbution nas based on strlp theory uslng a
triangular section saddle baek t1rye loading, assumlng a constant
Apr at the periphery andAp = O at nid chord stations. The
pitehing moment load conLribur,ion was assumed to vary linearly
aJ-ong the ehord, the loads at the periphery varying sinusoidally
according to the relation A p = A p root cos 9. The rolling
moment 1o.:C contribuLion was assumed to vary linearly along the

,^a )
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I0.5,2.1 Distributlon of Aerod]man{c Loads (Continued)

sPanr the loads at the pertphery varying sinusoidal)y aceordlng
to the relation a p = a p trp sin g. rn the above p denotes

loadlng and 0 the angle betreen the radius vector and the root
cbord atation.

l,N +

Pitch: a p = Aproot cos I

RoIl: Ap=aptip sj.nO

10.5.2.2 Surface Pressur€s - Fo<ternal

LO.5.2.2.1 Wlng - Leading and Traillng l)dge

the maxlxr.rur external surface pressuree actl"ng on the rrlng at
stations between 0 and 20F and betrean 80S ana l00f, of the
loca1 wing chord r*ere assumed to be l+.Oq.

L4,5.2.2,2 Hinp - Central Portions

The ma:ci-urr.rn pressures on the exterior surface of the fuel
tanke, ttre duct walls and the lorer surface of the airplane
at chord statione from 20 to 86 of the chord at span stations
from 2rro = _.gO to+.go """ t 1..5g.

10,5.2,2,3 Wlng - Hatches

The hatches on the upper surfaee of the Avrocar are designed
to withstand an arbitrary airLoad of t B0 psf . rrormarl to the
surface and drag loads such thatIz\

99

,,^.)

."-.')

x

vi

D-so/"*, las+.oo35qs

In order
between
surface,

compartments covered by the hatches on the upper
suitable ventlng provisions are incorporated.

-)
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l-0,5,2,3 Surface Pressures - Internal

The internal bursting pressures acLing within the radial ducts
are equal to the difference between the inter.nal totat pressurG
and the external ambient preesure.

1o.5.3 Weight Distrlbution (Ref. MII-S-5?04 Sectlon 3.5)

The distribution of weiglrts for the caees glven in sectlon IO.3
are as detailed in AVHO/SPG/T}i 12!, modlfled to distrlbute con-
centrated relght lteurs over w'ing areas supporbed by ribs.

10.5.4 Ioads - Baste Structure (Bef. I{ILS-5?04 Sectlon 4.L.2, b.z.O
MII-S-57O5 Sectl.on 4.1)

10.5.4.1 Wtng Ttp

the xing tip is designed for t,he unit loads epecified in
1O.5.2.2, and 10.5.2.3 distributed in the lnosl ad,verse
nertner.

10.5.4.2 Ulng Rtme

lo,5.l+.3

the rlr,g rlms are deelgned for loads arislng fr.om the dis-
trl'bution given ln 1o.5,2.L, for internal loads from ttrerlbs and wing tip, and for loads arising fron 10.5.2.2.
and 10.5,2.3.

'r{ing Ribs.

the radiar ribs are designed for loads resulting from the dls-tributions glven in 10. j.2,1, in combination rith lnertla loads
based on the veight distribution I0.5.3p and for ground reactions
resulting fron the eonditions outlined in 10.4. Th" requirementsof MIL-S-57A4, seetion l+.!.2.2. apply.

10.5.4.4 Center Base

eenter base structure is deslgned for loads resulti-ng from
analysis of the radial rlbs and for 1cad" resulting irom
a-nalysis of the rnain rotor and conlro.. mechanisms.

Tr;rnsverse Boaas and Partitions

Ti-e be,ams and pa.rtitions separalintl iowerpl .nt, crew ar,d cargo
eomparLments are considered as secondary struc+.ure. The1.. ar-
designed to carry the panel roacs resuiling frcn tire cislribu-
tions riven in ]0.5,2.2 anc loads res'lting f-r:. rib defiecLir:ns.

The
the
the

,'---a 
)

l-a,5.l+.5
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Ioads - Secondary ftems (Ref. leLS-5?05 Sectlon 4.2)

Crer* Seata

Structura} prnovJ.siong for the lnstallation of pilott o and
obsenrerr s seata are ln accordance wLth the requlrements of
UILS-5705, eection 4.7.1.1 ard ULL-S-5822.

LO,5.5,2 Cartopy loads - (nef . WL-S-5?0! Section L.Z.tl')

On the frontaJ- surface of the canopy, an eliiptical pressure
distrlbution varying frorn p = q at the leading edge to zero
at the normal transverse plane through the vertex ie aesu:aed.
On the rear surface, a constant pressure distribution ap-
proxl-mating that on the rear portions of a sphere is used.

Air Data Probe and Antenna Installations

The air data probe and antenna insLallatlons are designed for
loade oecurring at the maxi:num flight speed andr/or the hlghest
load factors either together or independently whlchever ii
crltica.l. Buffeting is not considered.

Radio and Electrical fnstallattons

Badio and electrical installati-ons are designed for the fllght
eonditions outllned in section 10.3 of this Appendix. For
itens located in or adJacent to the pilotrs compartment roads
resurtlng frorn the crash landing condliioris outrined in para-
graph 10.4.3 also app1y.

LO,5.5,3

1O.5,5.5 Miscellaneous Equlpment

The installatlon of nrlscellaneous equipnent is in aceordance
rith the requirementg of MII-S-57O5, section l+.7.?.

10. 5 .6

10 . 5 .5.1

Porer Plant loads (Ref . I{IL-S-52O5 Section 4.6)

Turborntor Inlet

loads on the turborctor inIet, lnlet grid and nose bur-let are
based on an inlet full condltion at the critical speed for
the in1et.

LA,5.6.2 Engine Cowlings

Loads on the engine eowlirrgs are in accordance rrith the surface
pressres outllned in paragraph 10.5.2.2 of this Appendix.

SECRET
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1O.5,6.3 ?urborotor

LO.5,6,1+

SECRET 102

A)

,,--..)

r0.6

IO.6.L

70,6.2

1o.6,3

The turborotor is_designed in accordanee ,.ith AvHo/spG/i'R r25:D!*irGN sPri0rr'rcATroN roR AVItoc^It runmnoronr"o"t"o Marci,, 19ig.

Engine Instal]ation

rnstallation of the engtnes 1s r.n accordance rith [fiLs-5?oi,sectlong l+.5.A and 4.5.3.

the loads on the. engi.ne inlet, Jet pipe srr'r'rgf and crgtna €D(-haust duct are those due to t[re- pressure and momentum of theflov through the engi'ne at mrlitary rated po$sr in hoverln!flLlght.

Qgptrol Srsten Criterla

General

the contror systenr of the Avrocar is designed to meet the re-quirements outrined in the nodel specifLcation. ror stressingpurpoees, the follo'"ing criteria are used for the 
"orporr"rri" 

-'
lndicated:

GSro Stabilizer System

The systero is designed to provide fulr control deflecLion undera rate of rorl or pitch of 10 degree per second at maximum rotorspeed. stops are incorpo'aLed to support the loads resultingfron a rate of roll ot pitch of 2.0 ,"ai"r," per seeond.

The loads to be.applied are Lhose resi:-ltlng from the requiredeontrol deflection, €yroscopic moment and forees on the tur-borotor and aircraft inertil factors.

Pilotts Controls

The pilott g control colrrnn 1s designed to provide a 2.0 i-nehtravel in both fore and aft, and literal directions rurder theapplicaticn of a 50 1b. force for frr-l.r control. In ad,lition,the-applied pilot's stick loads given in Tabre 1 I'trLs-5?o7 '
app1y.

Yaw control ls provided by a trist grip on the contror colurnn.

The tr+'ist grip is designed tc provide an angrlar movement of
- 25" rurder a 10 inch pound rnoment for full control.

,,.-'\
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1O.6.4 Operating l.techanl$rs
\

Loads on control al:ldce, spollor mechanim ard pllot contr.olled
lteme are Ln accorrlance rlth the raqulred dlsplaceuents and-or
actuator output available.

10,5.5 Cil1de Vanes and Iau Control*Yanes

Ouida vanes and yar contr'ol vanes are desS.gned for the aero-
dytiamlc loads resultlng fron the britical intertrrl flor condltlon.

(--
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