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CaleuLatlon of the fnitial Phase
of the TraJeetory in the Pltehfug
Plane of the Velvet Glove Misgite
wben lar.rnehed fran the CF-10O
Alrcraf*L.
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Prel.lplnary calculatlone of ths traJeetory of the Yolvet
8love mlEelle uhen launchad fron tJre present under-Ylng posltion
witJr zero ttp-off dtctance and" 2 ft" of gulded travel ehowed that
the peak pitch osclllatlon of the mlgalle f,ron the fllght path
dlrectlon anouated to 15". Ouldance constderatione requlre that
the maxlrnrn translent rotati^on of the pl"sslle axls must be lass
than + 6o" Ihe cffcct of length of gulded traval, and fore and a.ft
poetrtlonlng of the Lauachor on tlre wln6, on the pltch traJectory of
the mlsslLe has been lnyestlgated 1n t'hle m€morandun" It ras concluded
th,st ttre bost conproalse to give a sultable t:'aJeetory from an
under-vlng poettlon on ttre Cf-100 rae to ehlft the pylon 1ft. farther
a-ft of the ylng leadtng edge than the preeent posttion end use I fto
of ff;tdeti tra.vel wtth aero tlp-off dtsts.nee. It 1s belleveC that thle
ts poeslble on the CF-100 by shlftlng the pylons lnbcerC on the drgu
A proposed Locetlon hes been gl.veno

Some goneral eoncluslons regardirig la-undrar conflguratton
and la,lnehing poeltlons may be nade ae a result of tha traJeetory
eomputattons mde tn thla menorandr:s and thoee nade ln Beferences I
and ?o

(t) Tip-off ehould be avolded lf posslbl"e. If tlp-off ts used
the pltchtng traJectory of the nlsslle vould be axpected. to depead
consi.derably on the ltft coefftclent and normal accaLeratton of the
launchlng aircrafto

(11) A flnl,te length of travel utth the mtselle reatralned in
pltch and yar la deatrable" A lengtJr of gulded travol al}ors the
mleelLe to accalerate to a ftnlte velocliy relattre ts tho laundria6
aircraft before releacao Senco the tlne lnterval tbet tbe nlesll"e
ta tn tbe fLor fleld lnd"uced by t'he lauachtrng alrcreft and free to
bul1d up larga pttch velocitl.eE ls reduced. Ths euouot of flnlte travel
that should be prcvlded Eey vary ulth the installationo A length of
travel of between I and 2 ft. $aena to be the noet deetrable.

(111) Th* effect of launcher ,.ncldence (wtthtn ltrlte) on the
pltchlng traJector.v ts Braall wlth zero tlp-off dlstencao

(t") lhe pttchlng traJectory rnarv ver? sonslderably vi.th ehanges
ln tle fora and aft poeLtlon of tbe urleslle on tha rlug" Ia gemral
lt le desirable to kcep tJ:o uslseila and launcher ae far aft as
poestble on the wing vhere ttre flor fteld Lg mora unlforeo Tbe
nteslle then ha.s ea opportunlty to aeeelerate to a J-arger veloclty
relattve to tho alrcraft before 1t passra through the flov flald near
the vtng leadtng edge tfuere the maJor pltchlng dlshrrba-rtce a occuro
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A seml".exoerlmenteI rnethoC of investigatlng thre effects of
,reror;lnirr:ic i nt,erferenc€ i.nduceC by the launeh{,n.9 plrcraf t o:l the
pilr'iring trc,iector.y nf an alr launched quided mlsgtle wns dese-lbed
ln Referer;ce 1" In.Refe:'enee I t"he:;rat*hoC ras used to tnveetLgete
t-he efi'e,'ts,:rf stoyed nlss1le lncldsnce and tlp-off dtstance on
the pj.tchlng trn.jeciory of the Yelvet Glove rtsslle d:en la:rpched
f ::i::il an r-utder-wing oosttlon on ttre f86X. The ga.me rethod wps useC
ln Eeferen{jrr I 'vt:t investi,'r le the effc-t,s of ti r:,-off distnnce on
';.ne pi" l*;r j irf: t:'r,ie cir,rl,' ct' the Yelvet {l.1ove :rrie el l-e w}ien ia,;ncherr
f :'oni irtlc ..rnclerr- nace-i-le frosi tlons rrn Lh6 Ctr.. iCIO, $or*, ccnclu:ions
c$n 0e i:,4r,6 fror,r tlre above investigations that aay be appliec rvi th
reservations t* Iauncnes from dlffe:"ent posltion* a.nd froar dtfferent
aircraf t,. ihese ar6:

(i) ii;r-Erff siiciu:.d iro avotded" l.f groseilile, If tip-off is rrsad
the pitchind tra.lectory of ihe mj.sslle vouid 'be expecterl to rlepond
ccnalderai;iy on ilf,t c<;efftr:iont and nornai a.ccel.ernt,ion of the
)-au:: tli:i.ng rri reraf t.

iiii A firrlte lcngth of travel 'riti: the nlesl ie re.qtralneti tn
1,1.'Lcl: and ;;'trw is Ceslrnbie " A ien6th of Sirided trayel al lows the
riil ssl" 1e io acseLerate to a f inite vel.ocity reiative ta the laurc.hing
aircraf t befure reles.se. Henee the t"tse Jnterval thst the rr i sstle
is in the fI ow f ielC inCuceC by tha La,.rneh l ng alre:"ef t entr free to
b.l1 Ld ur pltch velocl ttes j.s reduced.

(i11i {he effeet of lsunshar tncldence on the pltchlng tre.'iector}.
is smnll r*itkr zer:o iLp-<lff dlstancoo

the investtgat{ons given tn References I and 2 shoned ttrat the unr'er-rlng
posltion on the P85E and the r"rlder-nacelle nosltlons an the C!"-I00
were sattsf,ectorJr fron tha launchlng polnt of vlew ,-istng zero ttp-off
C i s tance r,"nd rr:ric ed travai cf tvo f eet.

An unCer-wing nosj. tlon for etowlng fo,rr Yelvet Olove mLss{, 
.}.* 

s
has fl-go bFen 1,.roi:ceeo ic,: the ;'i-LCO" 1t r*ns felt tllat, the s,:l tebl11l,y
of tht irnr:l *,r"-*itrg liositi nr: shnrild he i.nvestirlstei fr.,l, a launch'!.ng polnt
cil rriev ln tire sn{ne i.n.nner as har'l been done for the fB6E r;lder-wing and
Ci'- i00 r:.nd er-rrriceile posirl ons.

I
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fhle mercrandutr presente prellulnary results of thc tnvestiEeti on

61nce lt vas found thet ttre present posltl on nas uner-:itabLe wlth
uero ttp-off tilstance and a.6rlded t:'ave1 of tvo leet," Recoumendatlons
&re aade for re-posttlontng of the under-vlng mlsglles to glve
traJectorles having tnore d€sirablo cherecterlsi'":*o

2O DESCRIIfIIO}; OT }'ULI JCAI.8 I}[S1'AI,IAIIO},i

Pertlnent mleslle ph;rslce.1 anC aerodynamlc eharacterlsttrcs
are given ln Reference 1, The distence the missile travels rrltb
roar 1u6e only on the ral 1e hag been called tlp-cff dieta-nce as
deflnerL ln Reference I and rnay be varled from 3.54 f t'"to 0 ft"
Ehe lnltlal gulded travel of the r;iisstle with tuo sets of luge on
the::a11s (restralned 1n pitc&r a.nd yav) ls 2"0 feet on the preeent
lnstalIatlon" Thls my bs reduced by provldlng a thlrd slot tn tJrc
foruard part of the rails for the flrst set of 1ugs"

The locatlon of tbe nissiles ln the stoned poelti,'in for '

both ttre under*nacelle and under-wlrg lnstallailons is shovn tn
Flgure L" The launching ratl dlrectlon is parallel to ttre f,usela.ge
reference line (*1.5" to the rrlng chord) 

"

3, I'rEfli0D arlli sciti,E uE -INvSSTlGSl-luJ

The natbod uged was ldenttcal to that descrlbed trn Ref,erence 1"
The normal force and pltchlng moment actlng on a riiesile rrrodel nsre
meaeured ylth the nlsslle 1n the vtclnlty of a f/tO scale CP-IQC

nodel at a number of statlons tn th.e nltchlng plane of the t'raJectory"

?he coor{.lnstes of the variout stations a-nd the correspondtng
nlssile effectlve angle of attack and zBro-11f t p1- tcirlng moment

coafflclent sre tatmlated ln tablee I,2 and ] for the lnboard
under-rring posltioo at alrcraft llft coefflclants of 0'118, 0"J71
and 0.7J"

&ra present ne{rorandrrsr presents the results of traJectorlee
conputed at atrcraft llft coefflclents of 0.118 and 0"]fi+ only.
fha effoct of the for and aft poeltlon of the mtsslle on the vlng,
reductlon of ttre g:ided travel fron 3 ft" to 0 ft, n-nd the effect of
adrltng I"?? fL" of tip-off ras investlgRted.

N0TAl irlit

The notaticn rrged 1s tbe lrame aB that of Reference )'' $oElG

vhtch Ls reproduced here for ready refe:'enceo

X = ri lsplaeerent of the nteelle eantre i:f grn-v1 iy ln the

clreetlonoftlralaunchiagrallsre]-B,tlvetoaxesflxed
ln the launchlng slrcrafto

&o

of

a
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X*

=

Z-

horlrrntal Cl splacement of m1 ssl }e .erri?,e r.f 6;revi tyreIatlve tc e:ree ftxed jn t&rr lnunchtrn4 ejrcrnft, tai;er
eqrrn I to t ln tl: i s nenc r.r,lid rrr o

dl s'pra.cement of the misgt le ccntre of grr,.vi ty rela tl ve to
axes flxed ln the launching alrcre,f t anti tn a d trection
perpand l eular to X , po si tl ve C ow.nvarl .

ve'rti cal. r! lsplacenent of the :nt eslle centre cf g::rvt ty,pceltlve deunyard.

O = ang.l1ar positton cf nrisel le axte relative to
- rr11 di.ectlon, posi+,ive far donn,ra:,d rotetj

€J= ani5ular posltian of ml ssl" le axls relativa tofUght Fatr, posltlve for dovnrard ::otatlono

Iaunehi ng
or"

hori son ta]

a.n6u1ar veloclty of ni.sslLe axls tn p{tch plaue, degreea/
eeeoad, poeitive for dr:rnra.rd rotatlono

5, BESULTS Am DISCIjS$ICli

Iha flret traJectory uae conputed uslng the followtng inlttaLcondltlons:

(t) Xncfr n':.rber of 1aunchlng eircraft = 0.30
( it ) f f ti tude of launchlng a.i.rcraf t * I5e$00 f t,(tft) Llft coefflctent cf launching alrcraft s 0.11g(t") LeveI flLght.
(v) Tip-off rrlstancs ,=.0 ft"

(vii -r"*Iunehl ng :"e.11 lneidenc* rrlatlye to fu*elarac dnt,,:-qr line * 0o(vit) A guidad travel ::f, 2 ft" ,iurln51 #rrich the rntssl la ts *estralned
ln pttch and yav.

(vltl) fylon poslilon nornat (tr'lgure 1(b) )

The vertl cal dtsplncernent tf tlle n j qsl 1e eentre of gpF.vl- tyr E' u thenngular ooeitlon of the n, 1ssi1e axl* tehtlve No the hortziltr:I,'r); ;pnd the angrilar veroclty of +J:e mtsslle ax1s, der r are piotttlc for
..lt

thls ease a.6alnst tlc hortzontal <i lspl.rcement of the rlisei la centrecf grnvi ty relative to the launchtng al,rcraf t, x' , tn Fl<u:"es 2(a),2(b) and 2(c) for nalues of X'yF to 135 ft" The *lssllc pltched
upvard to e va.lr:*. of €'= -1Jo2o et X' = 5A ft. rn,.i wri ,{ispla**duprard io Z = -49,5 ft. et t'= l3O fto ns eheyn tn F[p;;pss Z(n)
&nd 2(b). CIFIE has requested that tbe *.ranslent pltch osej.llation

rjq =,{t
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should. be kept to 6o or less 6lncc tlie nleslle smet resaln locked on
the target during thc booet periodo tr'urtlrermre the maxluu-n nornal
acc€l6ratlon experlcaood by the mteslla durlr4i thls perlod anounted
to 189. The present PfY typc vehtcle is onLy stressed to 1 lJg yleld.

Various changee 1n lnitlal conditlons uere trled tn an
atteurpt to decreese the magnt.tuds of the translent pitch oeclllation
of the nleslleo Theee ar€ ahomr ln Flgures 2(a) 2(b) and 2(e)" A

decreaEe of lo Xn the launohlng ralI lncldenca resulted 1n an lncreagc
tn the peak value of O'to -18"4", The oaxinun normal accelcratton
yaa increasad to 21g. An aft novement of tha pylon fros tho preseat
posltlon of tr f t. reduced the peak valua of O'to -12"54 and tha
nlaxlsur norual aocaleratlon to 15"5t. tho grrided traval uas reduccd
fron 2 ft" to I ft. vltb the pylon ln the normal poeitlono Thc
results vare al-most ldentleEl to ttiose obtalnod by uelng 2 ft,. of
gutded travel and poving t&s pyloa aft I ft, One casc rae coupmttd
rtth the pyi"on 1n tha aormal posltlon.2 ft" of gultled travel nLth
tro sets of lugs on tlre ralla and a tlp-off dlstancc of 1"77 ft"
This inpllee that t&e rear lugs rerain on the ra1ls for an addltlonal
L.?? ft,. of travel" Durlng this t18e tJre roleslle is free to pttch
about the rear lugs. fhig resulted tn a reductton of tJrc peak value
of €'to -1I.3o anC a saxlnuq nornal eccoleration of 14"2 g' An

aft movament of the pylon of 2 ft. fron tba prsq.nt posltlon wtth
? fl. of gulded travel. and aero t1p-off dtstanca resulted tn a

aetiefactory traJectory. fiec pesh angular dlaulaeepent of thue

ntesilo axls, O', anounted to -6.5" and tlre maxlarum normal aeeoler-
atlon axperienced by tire misgile vae 8./6o

It seene Ilkely that tha peak valuc of €)'cou1d bs retl-rced by
lnereasing the tip-off dietence bayond l.?7 ft, rt' ls fert, hovevor,
that tip-off should be avolded if poaslble glncc the mlsslle traJectory
vo,.rld be expected to depend conelderably on tba lift coefflclent and

nornal aeccleration of tha launehing alreraft. (See Seetion I and

Refarence,2). A satlafactory traJeetory uas computed tf ttre pylon
vaa moved afl, 2 ft. from lte present posltlon. Thls 1r ph;'slcaIly
iaposalbla rlthout prohtblting use of the diva b-a.kee elnee the t:'alllng
edge of the urlsslle uould haYa to overlap the exlstlng dlve brale
pcettlon" It ras tJrerefore felt tbet the effect, on the traJcctory
of a comtlnatlon of a for.e anc ajt movement of the pylon and s
varlation lu the anount of guided travel ehould be lnveotl6atcd more

thoroughly"

Sho trajectorles oonputed and ahowt ln S1€ures Zta), 2(b) and
2(c) requlro aboi,r-t one reek of couputatlon timo per traJectoryo
It 1lae fett that an apprortnatlon to tha a.afrular veloelty and posltlon
of tb,e nlseile axts aurtng tbe lnterval r*ren tbe nnlsslle la tn the
flov fleld lrduced by tha l^aunchlng alrcraft rould be usefuL tn
qualltattvely arrlving at tbe beet lnttial condltloasoa
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the approximte values of CI and do
JT durlng thl s perlod r;;rn be

calculated. $uch more qulckly l,han rrslng the netlind employeti for the
trajectorles ln rlgiu:'o 2. the proeedure used ln npproxlnatlng o
aod d_Q yas

dt
( i) lira tlne ys. !'iach lu-ulber and t,igre vs, X curvBs ere

assu^laed, to be tho same for aI1 tr:a.iactorles conputed
for the saue Ia'*ncblrg l4ach. numbor, alti+"uCe and 1if t
coefficierit.

(f ti I'ha :irlsstle cen-ure of 6;:"avlty posltior. is glven as a
frurcttr:n of tisre (Referenca l), fhe nsu.traL polnt
posj_ticin l.s glven as a functior of Fiach nunber but
can be converteC to a f.urcticn cf tlme ,.rslng (1) 

"Eancc the misstle statle nargln nray tie eomlnited ag a
funetjon cf tlreo

(f1f) rfhe zero 11ft moment coeffJ-cicnt, Cn. , end t..ffectlve
angLe r'f atteek, Xe , es obialneC frou the vjnd. tltnneI
neast:.rer.entr ls s funcilcn of X " Ttlls date ee.n be
cc,nver ted tc a firnc tion o f tl r'.:e antl eo rre e ted f or
lcn;resr1l,l l, itl' usln{ ( 1) 

"

(:(

(:"; The Cynnmic pressurer ?, can'ba
of ti rqe rrslng ( 1 ) 

"

(v) the nrtrsBjIG moment af inartia,
of tlme 1n Referance 1o

obte.inetl as a functlon

TI.a, ls glven aa functio:

(vi) The ase.:uption ie then r:rade that the angp.lar a.ccelerat,ion
of tire nl s: i l.e axl s 1 s 41ven by

d'o = *\: j,. r\,il1.t
.l t' r.: i-, I ' '"" J

rhere 5 anC ,t are tir* wjng reference area ant, uing
chord respectire}yo i'ire moet lnpcrteni aeu,iuil.rtj"on mada
iti the ai:ove eq,ie t 1on i s tir.: t the nil ssl1e angle of attack
I"s glvan by,d". o The rilssile enirle of attack shouid be
given ily { e (J .1rlus a corr?4tion fc r the deviatlon
of the lnstantaneous f)"i6fit pat& dlrectlon froar tjte
lawrching rall dlr-ectlono In deterriintng e duri.qg the
t-rarioct that the s,i" ssile is i-n [he flow f ield. 1nc]rrcad by
'"ht krunching atrerafto the term ( et* r(. 1s generrlly
smal.l. *oarIlnreC tO ( rr. o l{ence ihe net effect cn

i) ln ruaklng the aircve asi;t:'sint,lon ls s*rali oa
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{ vll.i A simplo grnphi cal inregra tj on of j 1l as =. f unctton
.l a'

*f Llr:e -;ivr.= {9 , r:nd a geccnd integratitn givesJt
e encj e' " The E::a:ul.ar posit j en anc angu.Lar

velocl ty of the mlssl lo axl s a s the uri ssl 1e leaves the
fLow fi*li l^r",diieed h;,, t!:e 1au*ching alrcraft uoey be
used in n quarltative 

'"&*re:" t' rngicate vhafirer or
.,? t the j,eak anl3rra:' cr g)lacerq:nt cf the ml ssr ie nrl swi.l.] ue iargeo 0n),;r abr:.r:.t, one Lrr),f ria3,rr ec,nr"ur,e tlontirie ie required to eonrute dlJ and e for a glven

set af in,t,1qi corrdjtjons lsjng il:is mcthoco

the:'etul ts of the investleat1ons rs.:e usi16 thie relhodare ghorn in l'igureu :(e), 3(b) fcr .q ll rt eoeffietent oi r"llg andtn Ftgures 4(a) anC 4(i:) for a l1ft coofflcient of C,l?l+. In alI
ease s the tip-off d! etance was trken E.s ?r:)io. 0f the cacas corrr1irc6st C. = 0.Llll , four r:yl.on scnf l*r::'aticins res.rl.ted ln e.ngalar veloelttes
of t}te mlsstle axls less then C"B5:-qrllen+ rer seeond uhsn tho nlesllaras frae of the flcw f le1cl iriduceC b;,' the laun*iing alrcraf t (tr'j*:re
3( b) ) . the se rrer6 :

!1
(it

/rii

\ 1r,

Pyloa moved aft e f?. rlth 2 ft" of gulded traval.
Pylon noved af,t 1 ft, wltJr 1 ft, of gutdcd travelo
Fylon novsd fort*rrd I ft" tctth 0 gutded, trevelo
Pylon lu normal poeltlon rrith 0 gutdsd travelo

tJ:e olher trrro :ilses conpute<i, trre pylon rn the norselposltion snd J f t" cf 6 r5.Ced traval- and the pyle,n noveC forrrarri I f t.rtth 1 f t" of ,qriided ir-'r,vel ;leve val:_res of .lor;rtlron 1.6 to l"g when
the nissl. Ie r,rrrs free ui'tlr* iltCuced flon fieldo

0f the four cases above, c&se (tv) u:"tir the pylon tn
tha rrorr^.ial poettlon and_2610 gtrlded travel Eey be dlscarCeC slnca the
varrre of o' repctred L5" d.urlng the lnltial pt s.s, of t&e treJectoryo(I'iepre l(a) ),

At a iif t ,x;eff 1cj.et:t cf Cr. jplr, tha resu1 tant engrrler
veioci ty of the mieslle axj.s $as less tJral 0o5o radiqns pei second
for all cRseso The values of €' at ( { = 0.J7+ renged frcm -4"7o lo ?ofor *l"i csses excapt that fc! aero &rlded tr-avcl '*j.th the p;rlon tn
the nor&nl posl tiono ?he value s of .J,o an*l L.r' for these ce ses at

(', = 0."]!b are givar in Flplires t*(a) anC +(ir).
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0f the pylon conf lguratlons lnvestlgated", the oaee t&atlndleated tbe.t the t,raJectory chera6tarlstics youli bc sul tablc
uera;

2 f t" of gu-ided travclo
I ft" of gr.:kied travelo

Yt th 0 €uld ecl travolo

Flgures 3(a) and 3(b) shoy thot ylth
€'and dr) Lr€ very dependent on. the

.J f
UL

the pylon" e chenged by 1ll" ard dQ o, r"I+ radrans per Eecond
dtr

vhan the pylon cras rhiftad I ft. for.tla.rrlo Eancc thls type of
launcbar 1s probably rery sensltlve to fore and aft, morementa of thellor fleld veloctty couFotrGntBo $uch moveuants my bc expccted athlgh l{a.ch nusrbers and have not bren taken lnto aoeounto the phyrtoardlfflau}tlae tn raovtag tha pylon aft 2 fto bava been qrtsoresed
prevlous\ro It vas eoncruded, therefore, that ttra best comproulscln lauaeher conftiTrratlon voul.d be es.ee (rr) rrrth tha pyloa moved.
af t I ft. a,nrl onty 1 ft. of guided travelo

lfhe poeslbtlity of re-pocltlontnq the pyron on the cr-100
alrcrqft to areet the requlrenento for caee (tt) vas invostlgatedo
A proposed locatlon for the uader-nlng pylons 1s glven tn ffgurc 5"
The pylone havc bcen shifted inboard fron tho pr"csant poslttoa end
mey ba shlfted aft 13 inchas and etlrl aralntaln gro,:nd eleranca ln
the crltical la.nding. condltlono It 1s f elt t&c propoeed posl tlog
rala.tlve to tjrc dlve trakes 1c probably more farduretle than tJrs
present locetlon fron tha point of vlan of posslble blagt daua6c to
thc dtve brakcso Eo contlderatlon rae givan to t&o stnretural dctatls
lnvolvcd. ln attaehing the pylonr at the proposed locatlon"

-t 
TraJectorlea He"e coaputed f,or caee (11) ae fa.r forrrard ae

X = 130 ft" at alreraft ltft coefflolents of 0.r18 and aJ?4, thesa
are *rown ln Ftgures ?(a), 2(b), Z(e)" 5(*). j(b)" and 5(c)" At
Q. = 0"118, 6'reached a pcak value of -6"5" at f''= 50 ft" and
F' vas -8 ft, at X'= 130 f t" At C. = 0.J/1 , A' reaehcd a peat

value of -7.6'at,X'= e I ft. and Z' vae-l5ft. at X'* t3b ft"
The poarlblllty of foulir:g between tjre mlssila fin and the

pylon ls increased by decreastng the grtded travel to 1ft" rt seGms
doubtfuL tf ttrere 1s any real- danger of foullng erecpt unC-er very
soyore fLt€ht condlttons at the lnstant of launeh"

(t) Py1or. noved a"f t Z f t. wltb(11) $lon noved aft I ft" rrtth
(111) Pylon ro.rrcd forvanl 1 ft.

0 guidcd trsvel the reeultant
fore and aft loeatJon of
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&ra sclectlon of the prrcseat pylon couflguratlon uotng I ft.
of grlded travel and movlng th6 pylon 1ft" aft ra.e made prlmarl)-y
on ths basls of conputatlona done at la = 0.80, altttude = 1Ju000 ft,

C. = O"llQnrfinls repregents the fliglrt configuratlon givtn€
naxlruu q. fir/altltrlde rangc from 151000 to J0r000 f t" The
varlatlon of tbe zero }lft rnoment coefflclent of the srlsslle at a
glven statlon vlth alrcraft Ilft eoefflclent ls not large. Bhls term
1n general 1g of a sueh larger E&galtrrda than the otber aerod3rna^mlc
pltchtng noaent eoefflclante" fherefore the angr:l.ar accelc:ation ln
pltc}t and the angular devlatton of tbe nlsslle erls froa tJ:e fllgt"t
path dtrectlon lc aporoxlnately proportloaal to th.e dynnnlc pressure qo
Eence the aarumptton t&at tho hlgh q. Iaunchln€ ease le the aloet
crttlcal 1s protrably Juettfledo

6o C0HCUJST0XS

Prallnlnary eom;nrtetlonc of the traJectory of the Yelvet
Slove uile slle rhen launcbcel fror the preeent under-wirg posltlon
shored thot for tho l*ur:chlng eaee of Ii = 0"80, a.ltttude = 150000
ft", Cr = 0o118, zero tlp-off dtsteneo,2 fl. of guided travel, the
peak angular dleplaeement of the Elsstle axls frovr the fllght path
dlrectlon anounted to 15o2o" Ouldance eonsideratlons requlre that the
marluun tranelent rotatlon of the mlsslle axls frcm th.e fIlgbt path
dlrectlon be kept vlthln 6o" Poeslble urethods of reduciug the ptteh
osclllatjon of thr mleslla have been lnvestlgated ln thls nenorandurn"
The amount of guldad traveL utth tbe mlsstlc re*tralned tn pitch and
Jray r*es vsrlad from 0 ft" to 3 ft" The fore pld a"ft posltlon of the
ulsclla on the wlng ra.s varleC from 2 ft" af,t of the present pooltion
to 1 ft. forvard of the present posltion, One case ua.s conputed vlth
tha launching ral1 dlrectlon tlecreaeed 1 degrea frour the present
dlrectlon" {he offect of l.?? ft. of tlp-off dletance vith a gulded
trsvel of 2 f t" ras calculated,.

Of tire conflguratlons lnvestigated, t&ree cases gaYe
sultabla traJaciory charaeterlttlcso [hese rrere:

(1) Pylon mcveii aft 2 ft. with 2 f,t". of, gr"!^dod travcl"o
zaro ti-u-off distancco .

(ff) fyton poved aft 1ft, vltli L f-t. of ggiCed t,ravelo zerc
tlt:-off dletenceo

(fll) Pylon movrd forverd 1ft" nii,h 0 ft. ri guided t:'avel..

Cass (1) 1a phystcally tmpoaellle sinea the pylon anri
nisrqlle woulrl have +"o overLap the alrcraft d1v* brakcq" Xt hps b*an
streryn thet althcugh a $rttabla tra.jeetory nn;r be obialr,eiC b3' -,lslng

a Bero iength lnuneher and novlng the pyion ferr*erd, the correct
fora anti aft posltlonlng of tJ:e urteslle ani pX'Ion 1"4 very erltlcnlo

rl il
: ,-)F

-i:..-'.:1*
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It was ccinclu"{ad, thr,refore, t}ra t the best ccnprorj se to *ij.ve e
srdtable traJeetory y8B to uge confS.gurat:on (1t) " I prelln,luary
!.nvestigntion vas mad.c to see 1f 1t r*s physiea 1ly pos elble to shi f t
the pyLcns aft 1ft" anC stti.L nalntain zufftctent grounC cleerance
nnd elearnnca between tlre rglsells aric dtve brskeso It r'as i'ound
ihat thls was possible by ehtftlng tire pyJ.ons jnbcnrd on tle winlqo
A propc,sed re:l"oeation of the p;lons on the ving he-s thr:"efore baen
radeo

Some genenal cor,elr-rsl"ons rega.rd tng launcl:er,:onfl€i:rat,j orr
nriC launchjng posltlons nay ):e mnie asa result of 'the trn"iecr"ory
acnputa tions rp.de iri th ls nenorpnCun and thcse rrade ln Ref erences
1 *nd ?-o

(l) Tip-r:i'f shoulcl be avotdert if posslbl"e. If tip-off Ls r.:sed
thc rJ.tehlng traJeetory of t&e misslle nould be e4;ected to depend
considerabl"y on +,he lif t eoefflcient anr-l notnn.{rJ accelers I j r:r cf
the l-a,rnchJ n€ nircraf to

( ti) A f ir.ite lengtb of travel ul th ti:e r,:J sslle restre ined
ln:-rttch end.y&w ie deslrable. A Length +f r:JdeC t,.nvel. c1l-ou,s l.he

tulssile to accele:'ate tc e flnl te velrrcl ty relai, lve '"o ihe iaunchlng
alrc:'slt bnfore release" Eence the ttne inre:'vril i,he: the r,issi ie
is ln the fI ora field i.nCuced by the ip.ur:ch ing alrcra r t ar;C 1'ree io
brdlC up large pitch velcclt,i.es ls reducerC. The &&ourt, of f inJ lsl
trsval that shorrLe? be provided uay varl'wtth the insts.l]atjon, A

length of trnval of,'netveen 1and 2 ft" rreeLis i,o bo the rnst
desl^rable"

(ffl) fhc effect of launcher !.aeidence (rlthln llmlte) on t,he
pltchlng traJeetory ts asall vlth cero tip-off dtstaneeo

(fv) ftc pitchln6 traJsctory nay vary consldcrably rltlr chaagct
tn the fore and aft poeltlon of the sledle on ihe vlago In general
lt ts frstrablc to heep the mlaatlo and launchcr as far aft ae
posulble on ttto rln€ uherc t&a flou fleld ls noro unlfomo She
rnleelle then has an opporhrnlty to accelorate to a larger veloolty
rclatlye to t&c alrcraft bcfo:u lt pasaas through tha flox fleld noar
tha ylag leadlng edgc rhero tl're uaJor pitchla6 dls:Szsbanees occttro

Io GOUID, DoGo Hs+"lna tes of the Initlal Phaae of tfue
TraJeetory in the Pltchlng Plarle of the
Yelvet Olove !i lssl 1e when Iaunched. from
tho F85E NIE I,qb. Meeo. fR-5(n)

Eettrnrqtes of t!.e Inltlal- Phase of the
I'r'ejectory ln the Plteirinq Flsna of the
Velvet OLove !1lsslle vhen Iaunched from
the CI-1.00 Alrcrnf t (i.lnder-lincelIe Posl tlon).
llAE Ipu, bemo PR-15{ir).

2u ooum, DoSo
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