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INTRODUCTION 

li .»61 the Nifii a#i©arch Liborntorv (na^  i-««.,-.»*»^ *.*. 
th« lifil Ordntract Ltboratnr^ cmn  ^1 ^ {     .    ^W®**^ that 

Tb««« thro, •nilna« wore .l.m h» ih. i...      ,  ! ,lr«1"1»- 

■leMlopliuf • m li.t(ir..<ll.t«-r.nge .ound ne rock»?     ««... 
«si«« «n, Mt „»er („^ , „„*„. :;"°« I?!!«   ^ 

jr.ln; . .„, .Up.rlc,r J^ "'."ion ««..■. n™ ''•r'or:,°C" 

taJJ^^^Jliri:*.1«; •K4.1'' *'"•"»i-^^t- tut «B    :    wwuiu atnieire tn ■llifMt li ««::©•» of "KM) mil«« with « «5 - pound D* ill o*d o MI m ««*».«• .««iii   »-.-J       '.«am m AW mines, witn a 

thl« ■l.tltwli rang» »t pnWMt, ■iiltl,rt«:-itttl unit! or hLi!"?. 

S iSTfifi^iSS1! t^*    Arch9r'  P«f«tl«ny, TnlmrB 

«di«. altitude mm4im mimim I  tlli JS »fSii!  

?L!      "'^ rockt:: fö"«" f mnllj the »ethod bv wh rh Arch.tr aaundti)« rocktt f [lows | no rally th» met hew 
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This,,  of course,,  liiitg tl 
^»istldf'f to produco t ■iiif>i:rtoi 
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c vthlcl« trinsirtri# »ouent of Inertia about cent« of 
pflfitl 
irta lomnt of Inert in 

tret Mitent of inertia of fin about rocket axle 

vehicle mxltl »OHiettt of  latrtia 

thwnial conduct If ity 
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fin root length 
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noMittt of liif'tli is function* if time «r« plotttd In 
Flgurtf 2, 3 and 4» 

A MM-oim drtting and photogriph tppttr im Flpir«« | and 
6-1, .r«tptctif«;if.    Tie no«« cMii MM ■trauftcturid of IltarfSM 
Vltl an nbl»tlf# l«y«:r of «poiypolyt-ulfId«.    The not« con« in 
uopmniurlMd and It I« planiwd to Jottltora It «tar apoft«, 
■«poBlmg tb« instruatut packag«.    TM,« will !>• acco»pllthod by 
■nanu of a tlHiif and hmity spring arrangtMnt.    Tit no«« con«, 
■ «iBinuii drag »ecant o|if# with a htMiiphtrical tip,  in 28.7 
incb« iMf and bm a 0.200 ioch thick wall co«po«ed of 0.100 
inch fibnrglan and a •urfac« coating of 0.100 inch »poirjrpoly- 
•ull'Mt.    Total wolglit of tht noa« con« Is 4„31 pounds.    Tb« 
ftlmi mlllU« for InatnuitntatiOB in »id« th© mm con« li 
roughly litt of a con« fruatrw whoa« liiiftl i« 18 Incht« and 
whmm major and minor diamirtora ara 6.S10 and 3.675 Incbaa, 
r«»p«cti¥alf.    An additional 10-inch cylindrical «wetion 1» boing 
»dd«d to tli mm mm by tli Ita'til iUwil« Cütttr, Ft. Mugu. 
California, to m,ak« room for additional instrumontatlon poculiar 
to tht tmt firini«.    Uli addition will not, bowww. appear 
in tny Arch«;r prwluctioo rocktt:a. 

k dm 
li« 
06 

I« 

imi IINI; 

) in 
■«a 
(I'll 
pill 
pro'l)' 
itiiii ■ 

i c 
I«; 

Imiiifei 
Art 7 
■st HI: 
• llio 
hioimi 

ng of 
»i P« 
long 
•IM I 
iDttr 
Ituruit; 

To 
In Is 

Tin,  
Fipii 

tb« 
rftMt 
and 7 
S :Ud 
Dill   p 
of 1 

ill lljfl 

Arch«:r (Bin jiIMI li shown li Figu.:r« 6 whil« 
«ra art llattd in Tabl« 3. Tht »otor is 
iMtoi in diamtttr, with tb« cat«, htad 

• of httit-t:r«at«d n1:««l.    It oparates at 
«• •■»««"« of 1200 pit and d«rtlopB an a wag« 
III pottndii w»r a, |;| wicond burning tin« 

■• it 411,01)0 pownd-Jiscoiida.    Tb« pro- 
Awll I '127 11 „, ana iii:iuilBli«d, plaetisol 

pi 
•i f (Miuirt 

•»»ill '  c« tinr of ii M'ity If i fimllü of tlm« 
m lil. 

jiijiii' 
lniMl 

9 

in»  
of a jiioli; 
IIIOldllNl-ill 
in■ Id» iiiiinui'fiii 
irrtgaiaritJ 
lintr in "UM» 
ritqiilrtd phy 
lUIIKl«!" lOtOt 

la lin iii 
111 (Mill 
liai 
I li 

TIM 
otor i 

11 p 
tic« 
o« o 
«a 

ilttiNl froiK tb» | 
41 IPO aalMMtc 
bail til« iiidTUt 
iinotor ind 

prtnur« mo 

ill 
|}.r«iiiiu:riiii 

»"op»:iliiat lltiit by 
m plMMlii linar. 
if 

"tht 
Tb« 

ut 

• of conforming to th« 
thiiii tllmiaatlng any ?oida and 

of th« lintr Itavtii tht 
adtr a iliflrt ccnpraiilii, rtdttdnf tb« 

sal proptrtita to withitantl radial dafomatlon 
sat ion. 

'Tha ArclMir rnwktt BO«»:!« li of a ;iightw«ifbt d.««iip 
fMtwiii th« moat adfiuctd mat iriill know-bow atailabl«.    Th« 
inaitrt li mad« ol higlii, dtnaity graphita,  'ITA," aanultoturtd b 
th« Mttlonal Carbon Conpaai..    Th« Inaart and ''ATJ" grapbltt as 
con« in losulatad Iron, tht iitttl nonl« «ball by tirconii- 
pboapbat» »ittrülii, wbllt tht aotiil« «ntranc« i«otlon la 
iBiulitti wlt::h Oun-diii  I CoipoimiHl d«¥«:iop«d by tb« AEC. 
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A It« drawing and pfcotofrtph «pp«ir In figarm 9 and 9-A. 
ri«i««ttf»l|.    Th« fins wtr«i bwllt-up, rather thm hoing aad« of 
«olid ■attriil In ord«r to kmp tl« weight dcwn.    In cross 
•«ctlora,  ihm tim »re «tralfht fitilf with «tdg<».«hap«d laadlnt 
•14 trailing wdfas.    Tht planfom iitcludt« a W umpt Itadina 
•i|i with a p»:rp«ndiciilar trailini tdgt,.    Subsequent production 
flna, d«p«ndln| om tht dilflculty of iiaijufactur«, might includ« 
a doubl« convoi cro«» sttctlon and a »wopt tralliag edg«.    At 
fin« »r» «ad« of 0.075 inch thick aagMnlua akin with an 
iblatlv« coating of «poifpolyaulfid« and Includ« a 0.0IS inch 
thick stain!««• at««! cuff to protact th« Itadlng odg« fro« 

■ÜS'^r!"10 h«*tll»l-    r^ Wlit apan la 8.750 inch««,  root-chord 
M.M5 inch««, amd th« fin tap«» fro« 0.500 Inch at th« ha«« to 
P.1M Inch at th« tip.    Th« totil w«:lght of four fin« 1« 
■ppro«i«at«lj 10 pound«. 

iMODYMAllC DESIGI 

Th« four-callher-lowg ««cant-ogive no«« cone waa uwad 
haoaua« It fulfilled the InatruMatatioro ffolmii requirtMent a« 
••11 •• tht r#quir«««ot for a low drag contoyx.,    fibtrgla« wm« 
dtcldtd upon •« a »uitable aattrlal to »ett th« following ntad«: 

1    to allow Inetruatntatlon •Ignals to paaa through th« «lim. 
m  to b« «tructnrallf ttroog,  (3) to be light and (4) to wlth- 
«taud raaaonablt atrodynaiilc htatlng.    Subsequent dttailtd 
aarothtmodynaaiic wtudioa indicattd hlghar htatlng ratt« than 
!!:.. .!! l0rlg*:?'i1Z »"'J10^**^. '««ultlng m a ■ariinal condltlou. 
This waa raatditd bj tht ippiication if 
poly«ulflde which ■blatts at high 
ttuptrature of tht fltotrglaa low «nough 
•tructural Inttgritj.    Anothar ■odiillcition to th« original 
design «a« th« rtplactitent of • tolld nlminum noat-oon« tip 
t'itifi, a aolld libtrgla« iMmUpbtrlcal not« tip. Tht« change wan 

atrodynaaic heating con« idem ion«. Th« final 
i« »how la Figurt« I and 8-A.    trtailtd 

diicuaalon« r«lating to noat-cooe •«rodynanlc htatlng, load« 
and «tructural dtalgn tod aaaufactare are trtattd in later 
«tctlon«. 

i «urfac« liftff ol tpOiiy- 
teaptraturtn and k««pa tht 

to maintain it« 

alao mad« due to 
not«-con« deaign 

Th« ntit it 
conclud«d that 
margin of two c 
for the Archer 
applltd at burn 
critical. Burn 
fittiill trajactory 
«ati«at«d wtight § 
rtaulttd in tht lo 

tm to ht dtttmlntd wa« th« til dtalgn. It waa 
a cruciform arrangtmant with a minimm  «tatlo 
alihtr« would pro?Ida adtquatt atatio itablllty 
aoundlni rocktt. nil« Amiga  crittrlon wa« 
out oondltioM which art contldtred tht ■o«t 
out condition» lit« obtained from prtllminary 

calculation« uaing the Ifif drag curwt and 
tht total ftfttolt üoififuration which 

IlO'Wini condltioM: at th« dtalgn point: 

f 51» ft, nee 
85,000 ft 
f/ft - «.13 
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»i'tiaililtlili of Hit lln are» bated m the comdltlons 
MMtlMlM above wm tccompllshed lu tbe following mmmr: 

The erltwioii for adequate ntntlc mtftblllty has be«n stated; 

 1 _L >  9 
I; '""•" tin". 

The cimter of pufftf, I   , of the vehicle wa» calculated 
to be, baaed on the eiificie mmtm of gravity and probable 
wight of the coBpoiieut«, tpproiiMtely 8.S caliber« fro«» the 

The center o:f premture i« e:i:|):r<i>«sed bf: 

v       (CLa)b(XCp)|)+(CLa)f(Xcp)f 
xp 

ic^b 
+ (CLjf 

(II 

The bodj  lift-curve elope,! Cj  , , vaa obtained, by the 
1  % b 

extrapolation of vind-tiiBnel data fro« ■iaiiar MwMfMiiil« 
ihape«.    Thia. yielded t value of C.   - 2,ÖS/r«d. 

'    a b 
iSliilarly, the body ceöter of preiwure,,  (I   )  ,, was 

«>btiinB-d fro« tlwi ■«■«> dita MKI cm leu la ted to be approxinatelv 
li,l calibers fro» tli i I; IM, '' '     ' J 

The fin center of preinnir i wea det mined to be about «it 
ciliber frai the bain«  

Combiiiuf •quatlona (i)  m I (2),  the stabflitv criterion become«: mmwmmm 

(C,    ]   ::::((::, a in 

(,XCp)ib     i X, j 
Hi 111 ii '"' 

\   C, 
 • d 

Acgi         (A pjf 

  

(3) 
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ÄJid when ti« «bov* vtlue» are m&d, 

PtJi s4.2;0/rad (3i) 

It WM tlw» 4mMm to urn» tfo-diiMisloB»! tlitor? to eitftbllfflib 
tht lllt-curvt slop« of ti» lira«,    flit mothoA la btMd on th« 
"«nimptio» that «Hi Mufawtbl« atlmt* »f tip lows«» will b« 
bmlMctd by ti« flfWiU« «fftcti o:f body upwajb.    This MM 
11 *l|»i«i, wmi for tin» IfH Soundlaf tooktt (»firtnc© (13), 
wit 'iqiu.lt« mm 
It'll   Wit   flftlt 
writt Ct.t..  6 

«ti in p«»dieting the wlmd-tui»«! mmlU for 
in  tfidftiM |4),    According to tb« aba?», m 

: ' 

'i i *1 
A I, 

4 cos A 

vVcos^A- (I) 

wlhitrt Ij im th« proj (»ctflHl mm of two ftm. 

Mtm 
OUlllM»:!",,,   .Jit 
tittl of m d«i|;r«!i©»((  A,,  from, th» '< urtictl.,    Now tquation 

coos Iddiration of the 
tti docidioil to mrnm 

ich UM at: th« dciip 
th« iMidint tifi of the 

and (4), toietb tr with"the den1go Mach'Dumber 
:p;iin:fo;rii mtm of each fin ho: 

fins a 
(3a) 

require tbat the 

A if 

2, 
(3.811 ft Ci> 

This was the JMMBU used to cteeifn a one cm lib« 
vhlcb yielded a "I:« 
It wilt stigipsteil by th < ARC Ithirt th« ipuiB be 

tit ■ in 

r span fii panel 

app 
dyn 
lie a 
.1  

in M 
BO 

ilber 
a niq 

flUMi! 

ures 
lied 
nuiilc 
ting 
late 

dded prote« 
CtlllD 

raitu it 
:r# f 
dii| 

a 
o 
eat 

it" 8 ii«: 

Util ft i ifli of threei ctllb««,    SubsequeDtly,, 

 1 

iijcreawd ««©wtaiit 
Iti« ipliat b:iin, ketlng: t:ff«cti,    8i»o« there 

i: 1 9 
the 

DU: 

rtit 
wl to e 

per p 
WMiilder 
A,    Flu 

riet: Ion iigiiiiinirt Increte 

oads and at 
tiOfllltll. 

irii p 
Oe 

an I 
ta 

ach 
me 
int i otii B 
iial 

log the span, 0.25' 

Ell IB 

I,!«:  

aiiid tlm ti 
19 8 ul tec 

Ji i coa tin 
as in auMeii: 
dlicassloi 

111 
P ül.    Thi  wide the final are* close 

l Bpari 3.5 calibers, 
fin design shown in 
»xypolysuifide was. 

:ital 
1 ID 
:II if 04 
i P 
) 8 

riiicltiiiral design and 

it 
re r 
■a 

(M: m iiigalnst itro- 
ating: to fin aorodynaaic 
Bill met;ure art treiited 

.STATIC STAB!hiTY 

* l/IO'th iB' .aI« lit lei,  Pip» e 10, of the Ar .her Sounding 
Roch1 t was design«; i in I bulin ,t th.  NOl fc :• wind till ml 
test Inmi: t i det rnn tit th« it  11 stabj. 1. 

a 
ity ciilMiracteriatlci of 



 "■■ Hill i.  

the ffiilili, it will 
ilMW 1« ft con«, tin vn 
final fttRllii of th« 
poritus a htiliplwric 
h.«atin| rtlbiiifl, it 
down, would not ylold 
chtricttriatici. Ill 
fro« tlMM iiftttipt 
it M*cb ,numb«r». ol 0. 
«öd 4,.,8a. 
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bt not«d litt tbi mn  tip of th« modnl 
prtscribtd la tfli tjrlflitl d«»ign. Th« 

ArcMr aouadlnf rocket nnm cone incor- 
•1 tip which Mi Includad for «erodyBtMif 
ii believed thtt tbli detail,      
«pprecitblf Alftuniil etntlc 

■ report includeu the reaulti 
Ion« cooduct«« 
«, 0.93,  1.03, 

when scaled 
»titbility 
obtained 

i In Supersonic Tunnel Ho. 1 
Lit,  2.28, l.fl,  4.14 

A two-canpo «it iBternal atnin p|p balance iMtH (refer- 
mmm designed mi built it the N0,L ». mM InllVilinl 
tb« aerwl/ynaaic fo«»» and mommU lotiif m tlila for f ruraf inn 
The t«t; conditions in li.ted In Table 1.    D» a U«   It« «?* 

i "TZL    !      '    1 i.m11 im •  sc:h ll€liri«,n Plwtofraph« miig a 

were mmn during, the tasti to i; xxvide tnlormatioin on th« flow 

rejr«;i:J!rfl
,!:?::,lar*:r™Mcu' ^^n^um9 

repie«»,native achlloren photo«.rupl« of tlw «odel wmtimnUm 
tlijH at zero «d 10 degxeaa .„g,!,; o! attack to i!S iJSKi 

ü^JK IiI*IIf? d!ti mm T I,,:i,,lc 1 t01 ll:rt f<»:"«' »I'd pitching MMnt coefficients iccordt g to «twdurd •erodyia.ic co" 
S1ÜI! fjf» «tthl»J«1«'»'ttF. tlw ilop«8 of these data (Figure« 

and used in the calculatio,» which «pj; Mir in this report. 

sectl«LrirlirUJTJrl0. cmtiicim^ ' '  « «-ed m body «». 
 ü,-"«>« "m «»«I the bunoout;, cent r of , -iwilf wns used as the 

.ned 

>ositivo mill refer en if center for the data reduction,    A 
«nd^ 11 IfT! iti

+?
esl«i:,r!;edl « •  Crtrerturning IM St"*«  the »ode.!,, is at i pmitim uglt of atti A. 

Figure II is a plot < 
coefficient;,, baaied on wii 
conilguratilona,,  IBISSI a trnt 

I  the ast iiiiKiiii t.ed plt:cll:i Iiiiiplag mommt 
»d tun a a 1  leasuriHiit« of s :1:K :l, lir 
tim of iti h MialMr. 

figures Ii and 17 show the ?#hi le lift :JU, ve slope and 
*::i;lc stability margin «« » tune km < I time, ' ' 
it is interesting to note thirl; the IIIIIIDIIIIIU« stall: 
mrgia occurs at burnout and ii «quuil to ipp«« 
calibers.    This ei,ce«ds tl:  design crJt« 
to | the subsequ it leugtheirirug of the tot: 
3. ffi ca 1 ,lbe,r8,    Furthei*,   it is gT« i ifyi,,g 
stiiibillty iwrgin of ipproximat«!? B CM 11 
is expected to piss tin: 
at approxl ii,ttl| 21 sec 

rio und is due,  ID otrt. 
il fli 
to no 

beirs 
•ough pill :;l!:i, roll r 
M ids of fl:i,g:ht tJLiin »,    T 

son in.] 

refirpectively, 
lc stability 
Ijiiitely 

i spiuj fron 3 to 
»ti a static  

when the vehicle 
ce 'which occurs 
bis is,  perhtpii, 
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II« «Mt orltictl portion of tht f|:|fM it tklnl tili « Kood 
■■:rffti of itatli «ttblllty tond« to toUff tl» rock«t fro« 
■Mialil higb miglm of litMl «nd Iti tttaiüat •im fore«« It 
tl» •tpiMtrltal roll pMitioiii,    incrttaod «id« forct i» of 
taportioot whM tho pitch frtqutney of th« mUcU 1« tqudl to 

tlttti« In«!«!« ■ conditioo ttrmiod "'lianir ■otlooM «ay 
lit 'till fiifht oiiiitlie, li« ■«■§ «id« of tht 

ImjM tmm iiiiird for mj mgU of ittick »ad Urgm 
MMJ rmult (rtftMN« (7)),    Th« Btthod by rtich 'tht 

IM »iMociittd with pitch-roll rtsontnet art to bt 

it« roll 
trlit.    'Dm 
vtliicl«» • 
ym tngle« 
iifflcwlt 
IfOi idtd in tht prtsmut dtüpi 1« d:l«cu«««d ii tht follwiii 
■•ctloiii »hich (Itiiili itlft dpi«.!.  ■ttbilltj, 

Tht dra.|| cO'tffic 
oat dtttridniKl for t 
«td dtviilcpHi'iit prog 
t drag cur?« iKwir a 

it atrodynii,!,«!*,: 

.itnt: cmrft i| 
ht .Irin «ound 
run.    Du« to 

Itiifilaf rocktt 

hat tht 
urtlitr,,  It tiMi 
itf'ffiCitBtJIi •fell 
ould,,,  In ill pre 

of tlit «I «iiiit tin if c! 
If a in, 11 ft r to the 

ich UpfMn in Flffuro 18 i« the 
Inn rocktt daring' it« dtsip 
th« (llfllculty of MtlbUthing 
, it lii ftlt that tdttatag« 
rif data for tht Irit ■fhlcih 
Archtr, 

rMiiiotntd 'tbiit: «ay 
'ih might tiltt b«i 
Jlntbiiltty,,, lb« of' 

MiUIHtd 
«inu>. 

It hi« btta 
drill cocfllcitatui for1 Iris and Archtr «:rt tht 

dilftrtneti in drtf 
tiiMMii tht two conlig'uratloii« 
tl» ••■« ordtr •« tht trror 
Itttlj am drag cur?«,.    Coo«t- 
ur?« « aiivlngi in tin« wm 

rttlintd by tl» imiwdilatt abilitf to tak« cticulatlora« atctMirj 

t:roduc«cl 1 i •■taMJjMng • coup 
iüitlf,  with Hi tfiilalilt idrag c 

for tint iiKriliiiiiiitiJiry ii;iii»l|pii:. 

IDWAMIC STABILITY 

Dyimalc it tu 
•ttJl ttiii» «foldl: 

 1,1 it y 
net w 

In ¥0 
▼ th JU 
WWII I« 

Iftdl, tl» d«1ttriiiii:i,D,iii|;::l,,oa of tht t 
1« and nubiwiqiufiirtlj 

croii» 
Mirti prio 
MI ill id-ii, [> in, 
»••IWll 
:» 
reiac 
roi 

war« 
■ucl: 

iHMH 
IHMl Dili) 

HI; tu,« 
in in» 

IM» II 
intac 

•id 

■d,tt 
IM 

COBlltfU/IWICt,   III 
to b« optijiiiiuii,, 
the era«it 
a fllgiirt 

■ 
r 
If 
f • 

mm 
to 

nil 

ctlii: 
II 1,1: c 

1   tl» d • III: 
ififlit bu 
i II «111] 
iie nil 

; ipHonlMlionii 
In IM      Till 
dotctodin 

d nod txiiiii 
J'lOitiii fm 

fin liDcidenc 
wait ■•liiotid 

•Oftr poilot ■ 
in« of iitMMt: 

llMg'D 

u 1, a, t i on ■ m r t c on c • ra td f r In a r 1,1 y 
h »11 c«»tt|) 1 Int.    Sptcii'ica 1,1 y, this 

*t,u:r,ll. pi tell fMfMMf of th« 
tl«i cal mlttlii of roll .progra««1 which 

»c* Will «Idt of tht pitching fwiiqutDcy 

«i1 

8 
iiitd 
ctor 

a, p pi 

o 
di» 

C'lll 
1,1 pr« 

o'f 1 
ii tl i 

-'" oirt, {fiipirt 19),    'niig typt of "roll' 
• point croii» of«r me oppoitd to tht 
rat •   
of t;]!» 

i 

lollowitg tht pitching ratt upward 
r?« iltfe Iti constquoat 
>ii!:ra,iiis, ill soch that thty 
I»» pitching" I'Mqutncy curft, 

,• o 

light 
tligaiumt pm 

a < 

IS miiaut ■ ng: 
As 

(»iiljiiiittly S»'1I eye 

I'oblBiii, tit,,    Ag, a 

•hown on Piguri 

thtr coBtidtrations 

«•. which, apptartd 
II, tfeii fixtd 

,20 teecwids „ 
it« ptr •incond at 

fin cant a, a gits vfa: 
fllilftit: tiiatii 

'* prorid' I tpii »iflo rol 1. ritt« at: «pecif ic 
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Th® pitcMng IMfteitf of the Irclwr comflfuxatlo-n 
liiMUM iOOifitog to tho following oquttlonT 

WJBi S 

tUir 
2fr 1 

(6) 

ita1!^.1!!«] rn^^I iIt! "K11 :iB Tablw 8 a:nd P«« 
tMlMl ■cctlentloBi however,,  tor a li«t Ip,'o iLHor. ?L "' 
■lift •Mprmmim mm coi.lcltrid tdtqutte.    nppioxlmtlm » 

„* ü*?! ,1"::c*Dt "I1« WKplPu to product tho dmign roll rat« 

A!!!!?!      ! wllln« IWllüit,  iiilwllail roil dttpiog ttfM and 

XISSÜ ' imiB acC0"p:i:li*h j ^ tAi^ ^ following 

I(Aw) ^%fc^c%^^IBf^<iH^=o (7) 

and Miuiiing (C. )  to bi mmitul over the mtim tin ud 

«ilking tb« ilnplifylng ■;Mru«ii|)tioDi tint   »I (A«)      

Bquttloi) (T)  tlwiij r«du.c«ni» t;o; 

fiAm} 
» 

mi 

4C(,  q 
< < 

(S) 

Aw r 
y;dA 01 v cliA, (9) 

];, 1 
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Then hf  definition the following equation results: 

W t  ft «• ^f — If - Sf y y 

««id tilfilii tflliti« (»)  for fin-cant ingle yieidi: 

Aw If 

(10) 

8 
y 2 

(ID 

AliJtODYNAMIC LOADS 

In order to d«rt«ri,:in« th« mmimm load« <inco«iittrtd bw th*. 

of lii'S^!!' '     1,0" ^ tri" ■«»•i«t«it4«i ftctJr" "tho KIL!) 

.afaiiiC.tio! i«c:iort;;i\t:hr^ir1Lgr;roriJt1JLltt:ifj J:};( 

«lllfÜS ?f t:l,i T-*1"- 0:f mtim Andicat.d Ulf,   if 
«iiici iutoi-0) «pre»«ion mdiifwi »« ti,«».#«<.;    T       "■I111 of •gurtioio: r^auteu f« the following «w««!: 

FSLXcr8liF |"/)VaAbdCMai(a..-1Sa|) = l0 
:i2} 

.KL o« «t.ck (^.'.t .7^% fiirq^STu^ ,o,'l 

Jollowmg MwnptlaM; »l-plllled by miking tho 

'».    Axial iBioment oi ln«rtlji   I    «  I^H.^U„  tnortl« I """■"• ijj       cnnntrn «(want of 

*>.    DanplDB cobatant due to roll   « « » 

C#    lto1111 ■ wIlooltjMlatt « :fi;1||;tlt ?el(>cit:y v 

ISfil! Jl m 



Iih in Hi .inn • • i 
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CtaMllieflFi  t*i «gnilicrlloo factor It: 

I 
f := 

(All 
(13) 

M7^)']^'-^ 
x 

;0  ,a 
This 8ip:re«»ti<» Mf be rcKluc«! fttrtiif iliO«     )t   << 1 

■ ''  WL *'' 

IhM    f Z i-mkhi^) i 14) 

Tto« ratio «f roll, to pitch fmqwDcy, 
Aw In tii rtfion of 

iratertst,  1« approxiniitely if «ill to on»,    »lif th« mat 
tstUBptloni li ditcuistd, «bo*»,  tii «presulou for 
X 
Jt   imtm'mm (•))  reduc«! to: 
wo 

- /2 

Wo 

•C Mq 

911' i /, 2tk/dJ' \^J 

V 
i - 4 - - --■ - - 

(15) 

'N, 
(h/d)1 

I» the iolutloM of (BHiiviiatic i  (1.5),   it ms assuiied that 
i» «"' ("•      j, i  
1 N  L'L    ^   ^D* 

a     a 

Figur© 24 ihoiii th% iiiii|ii:lfic*t:iOD Itctor for the thr«» roll 
pvtp'iati coBiidemi. Figmre 25 »Mm the «»«ultinff tota,! ugli 
of itt»c,k{ißwf',0)lli ftt,  for tilt thrt« mil rttfi.    The «quittion» 
u»«d to det«ri«ine the nose c rue und fin Io«di wore, 
reipectivoly: 

P«^Abl{< ,.,,)„ f (it 
(16) 

I,:} 
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Pf = -jr-qA|)i(ClLa)[ fi   (for one fin) (17) 

Tlw Lift force 
1 atlous wwe thou 
tfiofdid i co»»er?n 
•I nil 27 liKiicit» 
InV'tttigtt««!. 
ttiiitd for tli.« 
flight tlm) 'tiire 
ini»pi«liftlf, 

•loj; •• li-iii lor tut noie-co»« load, ciilcu,- 
for lit body alon« co^fipritloo.    Ills 
tl?< e«t:liiat<iif for djslgij purpoaos,    flprtii 
the litii obtiliued for tlw tbroo roll ratM 

I« liitoatnl on Ihm plot», liii ■■xlBiw lotdi ob 
DViMfftf point MlwM (26 i«cMid« of elapsed 

ISI und §20 pound» for Iht now« con« und lla», 

MlWfiAilC IIATIW 

Aiifiifiiil,|fl In mtiiiig ctlciiiliitiooii »»« p«rfor«od at tlw NOL 
iliiig ■ prcifra» lifolfiii muiarlcftl ippi'cw: 
In referoiic 19),    Hi Mlitloiii took the 
history of taifpierifitiire d:iiait:rll;mt:;li>n.    ioc* 
pniitVii » re «lied and tlw Jltoynoldi :i:iiu«l>«r of trunsltloii was 
■•I it m I ■illiii.    The Arcti <f trajectory, Table 8,  «d 
•in lb i i n t a tin o i p li e re 11 r • • p • c 1 f 1 «K;I , 

iMtloiie as described 
fom of i time 
1 Mach maberB and 

lieiwlt» ©| 
Ipirt 28,    The teij: 
nil thick flbergltii 

tlw iK»e-coi:ie lMtli| ca 
iieratrur« histories p 
i mil at an 

he nose.    At: t 
krwifh the wall 
DCheii und t: 
leinniiiint ui in 

I rtt| 
:lth 
it er lit 

» fi g 1 
the r oclc 

a n cl 

e 
fun 
1 
it  
lltsi 

iS't is 
t  i  
eimp« 
cti<: 
he i 
mote 

tliiei 

MrtiOii) the no 
to 'three elei 
:"• tu re 'Calculated 
i of time,    Tills 
)p root i« at ui;» rtf 
" casing,,    T'liilj 
fBil 'Cl:ii«i:riiiiicte,:r 

culatlons «re shown la 
lotted are for a 0.150 

Mill station 2,5 feet fro« 
■e-cone wall was divided, 
Mil of 0.030, 0.090 and'0,030 

it the center of ©«eh 
was connldered a, critical 

Ion of the nose-cone juncture 
le I specifiois the nose-cone1 

iistlcs. 

indin; 
CM leu, 
ill t !• 

a tit 

In addIt! 
iiated inir 
ilatloa ( 
MI point 
»is, whic 

"y inn rifi ill 
arginal firciiui 
eausooed tluiiit 

«. hi at ion woul 
be reallmsed f 

■t 
d 
ab 

on to t 
fiice t« 
Ptftfti 
iteiipera 
lb iltidlc 
tlöipit 
tlw it 
the tei 

a 

he i bitw• ait c 11 n e c a 1 cm 1 a 11 on i wh 1c h 
■ipera■turei« ii)|:iip:roa,cl:iinf liW li, in hand 
c (10))  indicat id that the «axlimi, stag  

would be' left 
erefore, th 
tennlnei the 
I it If» co«'!; 

MJlsaJI.Ieii aiKll 
CoHpiiiriry,, PI 

d ciiiirt 
roiiii tin 
title 

at a del 
ef'fec 

loge to 
Space ?• 
adelplil 

ml: 
eel, 

ed liiilLgher heatini 
tturi irlglit reacli, 2600 E,    These calcu- 

: ratem than had been 
nose-cone design was 

iiiiilc heating.    It was 
■«fi t If»! y h igh because 
t how «ich cO'Ollng would 

■U 
clpoii 
inarati, 
ly o« 

>,wed that tht: 
it of aercKiyn 
ire'« 'were con 
:;cur,  Itiut Jua 

iJblitiO'ii end liow iiuch fib"« "glas imaterial 
IB'I 

on: 
of 

e 
it] 
thjljii 

'the fii: 
sililcle I 
a yi Pa,,, 

lest 
stud 
s ab 
MiiTIC 

Uxmble, It was conclude 
Les would but DeeKied in or 
„ation and whether specia 
Uiiiii would be necessary, 

I'epaiiirtBeDt of 'the General JBle. 
wtiii asked to Infestignte the 

"l::o 
i:l, 
Itr 
1 
Fhe 
ct ic 

.1, ''l.i 
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■•fttltl ol Hit tblMtlom nil lipftMttff protol«« iilif tb« 0,100 Inch 
thick flb«:rfl»s .materltl sptclfl«! || Table 4. Tbt speclficttloiai 
wort that at iMll 0,050 lach thlcli «11 of th« Initial lib«:r- 
gltf nott COM should bt mt in tallied at i tenpertture (760** R) 
Nlfiilti'tif low m Hi to pro'fid« »truotur«! lnt«g:rit|'. Th« 
til« »chadul« required that (IE lii?«stl|tt«> coacurrently tb« 
poislbility of «pplyliig « spwolai ablative coating to tb« nom 
con« In the «vent the 0,150 inch, thick fil»ifflti ■•tiff111 
pfOfil uniatitfactory, 

Tb« 01 ablation awl t«i.perature calculations were accoipliJhed 
ifiaf a on«-di:iieniional cooductioa «oluti«) with iurface ««Iting, 
The finit froup of calculatione tu porforned ttnlif th« fiber- 
fla« thermal propertitt li ipecii'led by NOt with a ptranttrlc 
ttflilion of iMiting teiptraturt (1000 to 1400°i). 'The rwults 
of these calculatiot»« all indicated that the origiBal 0,150 
inch thick lllwglii no«« cone would, be adequate. The data of 
Figure 29 are typical, of the»© result« 
«tpoafflte of the DOSS con« um log « Mit 
Wblle tb.« abof« r«iu,lti appeared to be 
additional compatitloa using what they 
correct thermal conductifity for a highly glaaf-filled plastic 
Tb««e result«, again for a melting temperature ol ISSOO0!, are 
shoii» In Figure 30, In this cane, it is noted thiiit some high 

and, show the themal 
Ing temperature ol 1,200° R, 
aatlslactory,, §1 made an 
Mtlmitii to be t;,he 

temperature dilficulties will occur,, and that 
limit of 76O0H at the 0,10 inch d«pt,h, will b« 

the l/eiiperaturo 
exceeded. 

Concurrent with t 
of the fiberglas nos« 
of epoxypolysulfide u 

he above,, 01 
cone when c 

sing the N01, 
Th,e k, p  and C   for epoxypolysuli 

P 
ailO^'Btu/ft-s«»; 

ionprnt«1! the thermal, response 
oated wit 
flbergla 

Ida are a 
a. If lb/ft'  and 0,45 Btu 

ill of thes« configurations provided a lequate protection,    A 
final, conputation was the 
ration ol 0.10 inch epoxy 

P iimade with a n«a 
polysulfid« ovei" 

glas using the 01 eitimated conduct ifity for tlie fiber glas. 
This result la shown in Figure 
1« «sttmated to be less ttai 7( W H. 

!)«,, it was decided 
to modify the no 

of :;Ci berg las coat 

As a result of these studi« 
t he p rob 1 em c o n i e rv a t ,1 ? a 1 y a a < 
Include a 0.10 ,inch, thlckoess 
inch thickness of epoiypolysulflde. "Hie •'blttiv 
dtveloped and applied by 01. Fu„rthe:rlh to retard 
'to the main body ol the MM come, 'HOL changed t 
tip from a solid alumiBiiu» cone to a solid plastl 

b varioua th 1 ck,n esees 
■ conductivity value, 
pproxiimiatilf equa 1 to 

/lb0 R, respectively. 

opttaum Milfip  
0.10 inch of liber. 

31. The ifiDJi.! soak temperature' 

I 'to approach 
w conM to 
«i with a 0.10 
"e coating was 
I, heat conduction 
he nesa-cone 
c hemisphere. 

'to 
1» 

The heat-t 
the Archer 
Table 5, MM 

rtilftf progrtin of r el'er «nee ( 9 ) was also applied 
ftil», using tine the,nial characteristics specified, 
I the results are sliowu in Figure 32, 

15 
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Ine tu 
of tu 

ded In this flgur« is a plot of the t 
i» aafneaiun fin iniAtt 

BOffliewhat mi arg.ID ml clue- to 
M a i: in um a e rod y n a 11 c 1 o« d is 
re if la« when tiie '(::<»• 1,1« ■ 
decided to apply a coatlo 
fins null tMiabij as no t 
If particularly Ijuportant 
tbe «miDtlni brick«t: aod 
heat in if. Th« leading' edg 
in cb t h 1 ck a t • 1 i 1« ■ s s 1: • e 

rlinl, 
aeirody 
an» e 

tinwigi: 
g of e 
cltied ■ 

Aftin,   the 
nwilc heati 
iporioiitcecl 
h lit high, 
poifpolysul 
iloty prect 

in th« region of 
bolts an expoeed 
• of the I la ii p 
1 cuff. 

««■11« yield llniffcl 
strength appear« 

If«    fortwnattly, Hi 
oarly in the flight 
Nevorthelaiij  It wm 

fide to the «listing 
utio».    This coating 
fin attachMont «h«re 
to th« aerodynanic. 

rotocted by a 0,016 

STRUCTimAL MISIOM AID iANIJf ACTORS OF COMF€WENT3 

Tlw» An 
Inch radiui,, 
in it nine11 

cheir" iricwiie cO'ine coniilttt of a solid 'tip, with * 0.723 
thiMiiadfi'd ti an ogift fairing' wbich MflldiM th« 

jtttion pac'kag:«, 

Hi nose tip in I pluttic »rterial, Flltftt« MX-iöOO, 
p rod'uc • d 11 I" 1M r 11 • io 1 d i n | P rod«, c t • I n c o rp 11 a t o d, I in o o a „ 
M in » e s o t a, v ll::i i ell h a a a a a b 1 ■ 1: lo n t e ip « r 11 u r « o f a pp r ox i» a to 1 y 
nmf r, 

Ttuii' ogife ft:!ring' in an epoxy-baa«,  gltsi-pbenollc Material 
wliich wills niMiruliictuxed by hel ically 'winding ran tin wut-length 
■la 
'Th© 
0«.1 
Bbl 

SIB flltwiMfO,,  cot lied with liquid epoxy over an aluninui mindrel, 
cctipletied wiiiiiiidlnii «a« cured,  then machinod to a uniform 

CM) liiich tlslckiMW»,.    The fa,! 
ative coitliiii wliicb «an dii 

A a oil.«-c 
t f Fig: 
th« Ju 
iiwnuifii 
3'tr «> iw 

firt l 
in ctiur1 

tion 
i-«ni la 

ao lonii'iili wu 

one load of 33A poll 
0,    Tbiiii load 'ms a 
• bttflN» 'tJiiie aoaie 
:retu it;«will la ccMiineri 

be fUiH» 
lid be cmr 

iMIliiia (•«« 
rli II by tl 

tJM' foil, lo»In f iiiiMtiiuiatioa: 

ring was then covered with ao 
CM tied preflouaily., 

n dm wa a  ol) til fined f,ro«   the data 
sanuiied tic» act at 27.20 incbes froiii 
aad iiioto 
at:ive «t 
Ttlile 6) 

r tub«. Such an 
ructural estinate«, 

wer« oon.p'Uted, astuning 
i tblative cottlog,, tccording to 

I [Id ( ' £ .i 

 ■ -  n   ■ 
64 lJci I4 ll 

2 2:36  II lb/in 11 i (18) 

Tllii ti» eone CUM  1 
pi:!,«te limy a Jiltnic 
th Ich at tt ch e ■ lb« 1: 
Fiipirt 6) MKI tl: » 

11: u 
s h«Id ii gai n nt a in IK»« Id «r on tint not or head 
rt, piiiiiiiiiDg 'throuii'l). the iiniitnaient sect:loo,, 
IMIMBD n pullt on tlliwn BOM amuir tilie front («§• 
head plirte. 

lith the nose nil; iliiiiic heel to tbe niotor tbrougb camp ross Ion only1, 
1H: wiii a a e c e sim r y ito a p p 1, y p re • 1 cmd «lb ich p i oduc ed s t r e s ■ e a 

Hi 
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if 111,1 to or irett« llii tlw streiw dm to tit ••rodjmaiiJlc load« 
ti ord«;r to pr«?iiit »•ptrttlo«,    CcwteqiHMJtly,  th« str®ii©t in 
th.e f ibergltj tmoij.iittd to 2236 x 2 - 44:72 Ib/lm".    Th« pre-load 
necessary was: 

P«2236'j-(cl'l-d;l
,() = 482ll  lb (li) 

ffei pro-load of »quition (19) produc« I eiHfriMifft itrtM through- 
out ihi iMi conn» with tit iiMixliiMiii beiog near the froot mi 
whore thi» «ret it m In im um. 

tit« 

A 

p 

\ßo  " Öl i  I 

94 42 llb/iri 

Th« point    conirklerwil »ost; cirltic»! in the ion ■uppo.rt: 
structure was the (iiwp,l,oii?e 'fcnolt win 
the oone cone. Thit bolt m loaid« 
both, the pri-loiil and «erO'dyrimnlc 1 
lated was: 

ich will be fired to release 
1 in teneio» MKI iiust; ctirry 
»elm.    TIJUB the load ctlcu- 

M 

do/2 
+ PRI „Oi ID "; ::;) 17 lb III) 

The eiploslfe bolt uti 
iiupjijort in tensile loac 

1, llolta. 
of 1.4, #0 

1 EM 
fJOl, 

part  x.  2508 14,  •111 
IQClliB. 

The Archer fin (Fipire i) wtit fall 
«lloj (Dow Chejiilcail Co. HI 31A 11124) 

■ at elewted 
liltll of 

■ treigth. propei""!;::!« 
The structure com 
und trtiling edge s1::,rutB 
welded to the f'WMlt itl 1 ti: 
'the baiie bftr. Two ■ttfftii 
rlff'ttd to ttie outer iikiiiw 
sides, The liidlif edge s 
i a eh t Sti 1 c k) s t a I n 1 (in s ■ s t e • 
Cover was riveted to 'the 1 

Flutter safety e 
described in refere 
sanpllngs of a larg 

t» it" i c in il: e (ii :t r oit a. ■ a gn a ■ iiu 
which ajilot:ains good 

t ein« p • r a t u r ■ ■ (■ e e T a 11 e 7), 
■a sol.id base bar and solid leading 

A thin ill IJO (OvOlilS inch IMA) Wti  
Mil ling: eidge «itniti,  thfi riveted to 
lerai we ire iitödwl died bet we en and 

to diJirtribtrte the load betireen the 
it rut was coirered by a. tin,in (0,015 
1, iilheeit for Ilieat, protection,    This 
eJMiiciig iiiKlfei a trot. 

iirtiiMteiiiiii «ere iniidfit usJLnii: 
cue in  (1.1) „    Tl;ii:l.s iiethod wa 
e «iiounit of experiitteinital. 

n empirica 
d'eteriniiD© 

I«. ta.„ It d 

metlKH 
from 

ivides 
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the üonilfuMtions Into nie and UUMI« groups baewd on MM 
followlag fiiniittWii    toraiontl itlffiiM, taper ratio, mmct 
ratio,  thictaeii ratio and pritittM,    The above parameter« for 
tH« tocher fin configuration (figure 9) wert: 

a.    fiptr ratio,  -i - 0.330 
r 

I».    Impmt ratio," - - O.öil 
mm/m 

*     3hmr wxlulug - St., 4,2 i 11/   lb/in'  for upMiw 

Trm tbm§ mlm§ and the graph of rtfüra^t (11), 

P +1| 
K 3 0.7 

\ mtmi' jß 

L 1::tin« j* - 1 **** wa« the noit mmm condition posüble 

■ - 1.053.    Again f«;», gxaplw of referenc« (11), thl« value of 
l required i thichn H ratio of O.Oia,    A 1.50 safety factor 
was added, and the required root thiclaies. bmmm;   1.50 I O'.OIS 

off i!xo wS'' !h S?1' .;rr,,;;?'ir!,niw,ce tbi8 mlm «•«»« on to (J.j'OT inch fin root, thlclaneiit, 

ligiiure iJ)  whl h wile UMitd to Im Bqmillj disrtrib'utfl.dl mm the 
fin ■nifltcf, '   " 

Tlruji t,he P;IP€MBI«II,:IM;!(, p 
square linch. 

IP :f 
Af,/':2 

««milted to 4.68 pounds per 

t,  "»• «;r»b«l«» ««Hi i« the following aM|Ttical exprtwlon for 
"»• b« di"« ■«»•Bt lire li -luded. In Flguxt 9. 

M r" /      HI y \ i; i »H
1 IJ>I 

j/y ^ mip^ toiii'T~tiainA+fJ'223i9iWb <« 

J* w 'V1:10 «'e'Tativelly mtmmi 1 that the two i,M  plates carried 
m ' lM'ti«! :fin ■bendl»: if load ar  that tMi Load reacted a,s 

,18 
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»«r# It follows (MO Pigxire   I»); MmMW"mt    im ■«»•••• ditttlopiid 

M 
2;|w-f| 

s = J^LJI,a£243il lb/in1 
(24) 

i^xiir mnmm mttmpum m coMid*r ^ **■ •• • 
i.Mc 

M if 

I" 
I    iKMw^tf] «5654 lb/in1 

&rE!1;!i:!:r::!:ii :1 the iio ■oiuitin«: ^ «•« «I«.MW fro» tin exprtaiilion 

S ■ 
li(s-f) / 

'6e (D-IS; 000 lb/in1 (26) 

flllTÄ i! flilt,t thit t:lliB "t;,t1«« '"«dim iMd occur» loids clue to drag «MI tccalerttlon in low mAwZ Lmmn, 

a«g.l«cted 

Th© tonsiloi loid on tlwi» ] 
«.is based on the ttisiw loan; 
itrodymftindc litdi plus tilt I« 
uaed " 

1 ''ä-incli 28 NF fin Mounting mmm 
I rtiiiiilttof fro« the prodlctod 

tin  mttimm fhi «....       V^ to'i U '  10  iacl:i Pounidl t0'1'«"  in »wiping me fin» and is: 

M 
t «IB a lew - —- |. pre 1 id -821 pmmdn (27) 

T:l:i ' «"««We t Bill« loud i. 5S#0 pmndB for Allei ot  screw». 

• mZ ITj^Zl: ma ml l M l l: md m th  taDd cm^ 

s ■ 

M 
55 n<mi ^JsTomz IW5! Ilbl/Iin 

19 

(28) 

■■ : .| !l 
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ihiVi lit 0.70 Inch »nd 0.0€a inob mr§ band width and thickne»», 
:r««p#ct;lf»ly.    Th* Hu, band« UN» ciiinpod to th« motor catlnf with 
I», ft-ICWf (two ptr bawd) JUltm cap icwwi torqutd to 5 Incl- 
pcmnds.    tit tiitlM foroa la tfcfiü Mtrtfl was: 

M 
•+ prt-load -M»  piiii (29) 

Tl» «llofiblf ylald load lor thts« icr«i la 1000 pomda par 
■ rii'MiUii. ISC«»*1, 

TMJ'ICTIHI MB MIHRSMi ANlLYBliS DATA 

All if tfet trijictorlaa lor Aro:btr wart calculttod ttBdtr 
tlit ieittiiptloiia of ■ rlfid 'bodj »od«! ttooufb auatalior burnout 
»ml i particlo aoda I tharailtor until inpact.    «Igid body 
tflitrtiff calcalatlona wart baaad M lit itrodjraaailo 
co«ffid•uta dtttnlntd fraa wiDd-tuauel ttsta ««tloaad 
prtfliialf in tbla rwport.   IM« to tit Hill roll rtta, aaro- 
djmtalc eotlflcrlMti «aaoclattd witb nylliii lotion wart 
Bfnflaütad and tit pitch-daaplui mommt oonfflclaiit waa aatl- 
■•tad (fipiNi UK    At Boalratl trajactoiry farlablta ax« Uitad 
ii IttBctiou« of tint in Ttbl© 8,    Tbla tab!,« iBcludoa ftltiltf, 
»Itltttd«, frouiid nuftp, fligbt-pttb inilt, accaloration iii 
iroaa wtifht at 10-«mcond til* latarfal« aad at buraout,    Tb« 
aitltud« and taioclty a« wall as Macti rauiibar ara plottad aa 
functlou of tlaa in Fiptiaa 20 md 21, rawpaotivtly.    In 
addition„  th« dpaalc praaaurt a» a function of tlaa la presented 
in rifure 33. 

Iible (» Hit;« tlM» «flact» of Q.E„ M well m toad,, tail and 
C •«•■ 'wind» on burnout tltitudo, burnout rang:», ■axlmii altitude, 
impact nng« and iapact eroai» rMBgt. 

'■lad welihtiiif f»«:!t;ors u a function of »Ititude layer ar« 
«••irted in Tibl« 10.    Tht wind.-weigbtini «actort itft 
ttniteii lor range wind,« »nd were »ismted to be valid for 
mm wind«.    Thl« a«»u:a:ption appear« to b« reisonable baaod on 
her ptibllalitd rtKilt«,    Tubl« 10 IIM contiIna unit wind 
fectiis in l«et >::f deflection per :!t/»ec ol billlatlc tail, 
nd ftid croa« wind, rtapectlfely, as well a« the ■Q.I, and 
iiiutti ccnTectioit lor rtigi wliii and croa« wind» In dafreo« 
r ft, 'aec of hllltittc wind.    All nogatlvo sign a in Tabl« 10 
d.:iai't  deflectloni» Offtiiiti to tbi wind direction. 

T»l:»:iU» II 
reiiMltlitg clef 
and 3o fiiriiit 

I ista five IHIJOI" caunes o 
lection to tb« iioriial lap act point cauaed by a 2a 
loo of these causen. 

2(1' 

In 

:f diapers ion and tlM» 

lour casoa these qutBtltia» 
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HIN «stlMtt'd Md «re m »trktd li th# UhU,    Th« rm&indn of 
th*» dit* tli   dtttmlBöd direotly fro« Ifti tflJiOttrf nnitlt« 
Im mnty mm tbt dtfltctioo dtt«, Iff coMerMtiv«,    Th« quintlty 
iüiifÜM m mUumh mnn md m^laMpnuMt«1'1 itclud«« IM 
itfwti if tip-off, tüfiit mliUpiiiii, tin mUlimmmt mfi 
othtr potilbl« »fiMM of MplAff «rror.   At Uli bottc« of IMili 11 
iffttlM total ilififfilM diti which, tr« ■ Imply H» »qu««> rooti 
ol tli ««■ of th© «quart« of th« Individ««! d«fl«ction», 

Al in It im 1 
accowpliihtd on 

COMCUJSIONS 

.«•ig» of th« Arclwr ii«i cone tnd fiea Wi 
th« btsli of pfi'Mnliifff wtlctl trajwctorj 

«Iculttlont.    8ub««qutntly,  reflnwBent« to th« original detigo 
were mad« on th« baaü of flail trajectory c» leu lit ion i using 
Archtr wind-tuiiBel data.    Thli led to th« followlni d««ipi 
concluilooi; 

a. Static itiillltf, uaed Hi the deBigti criterion, «•■ 
miuiaium It burnout with the center of prewur« being. 3.75 cali- 
bori If* of tit center of grafity, 

b. Dynaiiic ■tibility calculationa, concerned prlnarily 
lith the tfoldunc« of pitch-roll couplini,  Indicated that a 
fin-cant iifli of 11 ■imitii »ppeired to be the optlmu» and 
iMM itiiM the ?«hicle to pM througb reaooanc« at »pproxi- 
■itilf 3.18 cycl«« p«r eeciwd mi 26 «ecoDd» of tli|:ht tin«, 

c. Aorodynaiic loads based on the terodynaailc 
coefllcitnte obtainod from tii N01. wind taiwl tmitl li comjunc. 
tim with predicted totil iiflii of attack Cto^O),, neflected 
th« aerodfuamic d,ai«pini terns awl are constdered coD»er?at;ive, 

d,    Aerodyniaiitc he 
effects of »blation, w« 

i die »ted, a nai'ii 
lig th« nose con« 
Ifide.    Tlie »blat 

structural Integrity of 
ten an c« of at least 0,050 
«iture than ISO0 li, 

Thase 
modify 
polysu 

re 
□ a. 

1: 

a. ting' Oil« 
per form«« 

cowl, it i 

Mitt Ion a,   in«: 
I on the fitaerglas nose cone. 
li wh 

iluding the 

Ich was < 
Includ« m out,slde layer of «poxy 

jorrectod by 

ion of this imtorlal will | 
the fiberglms which rwpli 

ioclies wall it no hijithoi 

rotect the 
•es the main- 

teirper- 

Heatlng ctl,cu:i«tioniii oi the fins Iwii 
high te:iii|)erat,u.rea'and li ■ safety precaution,, if 
was ilao" applied t ■ the fimi Mid uMiitlif aseeaib 

e. St 
encountered, a 
factor was 1. 
based on the 

cm ted rather 
oxypolyeulfide 
If. 

rui'liiril iiiip waai baued on aeroclyiiamic loads 
t'reeontneo,, and th« iiiuiiKUi s1:;:ructu:ral safety 

for the fin i mntint l«fi.    A4« factor was 
lowtlbl litfrlal stirengtti, it 4.35'"" F.    With the 

n 
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ABCHBR PHYSICAL CiAMCTBRISTlCS 

1.   MOM cone 

lengtli 28.700 In 

■tjor iiMMtW 7.300 im 

nil tMckMi* 0.200 im 

velKht 4.37 lb 

2. Forwtrcl held 

Might 6.05 lb 

3. iotor tutoe 

longtli 100,10 in 

iMlial dliwitif 7.0'0 ii» 

'»ill tllokiMf 0.050 in 

itigit 38.30 lb 

4. Ifliiwulatiop Iln«:r 

iJBg'th 97.6 in 

mjor cIltiieteT $,M In 

weli|ht 16.23 lb 

5. PrO'poimnt ptii 

iMftt ©7.8 in 

p:rop«ll«int weight 200.0 lb 

lnMbitwr welfht 7.91 lb 

total weight 207.91 lb 

«J. ioalt ii»tiiliilf 

leBigth 7.26 in 

Wtlflt 10.60 lb 

7. I'lBiS 

weight (per set) 10.00 lb 
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I«   iomli «of«r 

'Might 

wei|M: 

miTR 63-144 

Tim L"  i j. jijajbr«   j, 

MQIBH PHYSICAL CIMACTIRISTICS 

0,»76 lb 

0.50 lb 

Total lilt ViigU •Mlidiii       til.iai lb 
pay,load 
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TABLl  2 

AHCHhn OPhRATING  PARAHhTKHS 

X* vli'iillP'w*  pT'ilwiillTw 

3, Throat arm 

3» Throat ditittor 

4* Afwfaga thrwat 

A* Bun lag tint 

§, Total iHfula« 

7. Iipaaaloo ratio 

8, lipaislot to 

1200 l.b/li- 

0.630 la" 

O.MO im 

13IS Ih 

3'6*0 MOO 

4S,000 Ib-ffloc 

14,1 lb/i»Sl 

i 



Ruin M 

1 0.48Ö 

2 

3 ftvili 

4 

1 1.026 

« 

7 1.62 

i 

9 2.28 

1,0 

11 3,25 

II 

13 4.14 

1.4 

15 4,85 

16 

NOLTH «3.144 

TA'üt K 9 

fllD-TimML NMI AKD TIST CONDITION'S 

ConfipiratioB qiWin*) Mt l 10 

body iItm© 3.10 3.M 

bodj Httl fiai 

body with flit» 4.10 5„60 

body nloiBi» 

body lliM .8,30 ft. 17 

body wltb fin« 

bmiy with I in« •tM 6,,7a 

'body alow» 

body ilo«        4,40       4,32 

body fitl tilt 

body vitl flB«     2,05       |tfi 

body alone 

body alone        1.02       1,85 

body with fins 

body with fins     0.45       1,„.35 

body il.M« 

-i 
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TABLF 4 

THERMAL CHARACTKRISTICS OF NOSE CONE 

ttlwltll    Flbtrflu (union Carbide Corp,) 

1. EMln—Epoij SRLA 225« 

2. Git«« typ« E 

3. Costtntn bf »eight: 10% |1««»--3W renlii—3% colloidal 
mXi, X'C 11 

4. Curlnf ■fitiM 0820-28 PIE 

Thtm* 1 Chtrftc t«f 1 «t lot: 

1.    tbifBil comductli'ttf (i) 

Titip*r«.ture 

f R) 

500 

600 

700 

1000 

1200 

*k x it 
(BTU/f t-MC " 1) 

2,72 

4.13 

2.    Thtriial ©tptcittmc« (pc ) 

33.8 Mn/ft ''i—coitttit for Uli t6:i:p«:rttur# rtftp 
375—1020 "l 

a 
I,    BmMity <p)—112.0 Ib/tt 

I.    iilMirltf flllM (I)—.80' 

•   Ti« GI fllii for 1: If 7 I 10"* and is couiidered coisttit 
with te«p«:rrt«r«,. 
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TABLE 0 

tMliitt CEIMCTIHISTICfl Of FIN 

■lltffltli    IftfuöeluB-HH: 311-124 (Dow Mttal Product« Co.) 

1.   Coipotitio«: 

Tborlwui a. 0—4.0% 
ZlrcoBiiun ,45—1,0% 
MM:nfan««e . 15% ■«lnuin 

Total tapuritlo« .,30'% nailaua 

Tlwraa l cMncUrUtim: 

I«    Tlitmal coudiictlflty (k) 

Teiftrttwr«» k 

<0i) (BTü/lt-««c *I) 
»0 .0183 
700 ,#111 

»00 .Oiss 

3,    lltriftl capaolta:iic« (M ) 
P 

T«iiipt,rnt;ii:r« ^p 
■il 

(a) (imi/ft   '"i) 
4«0 27.0 

«o as. 7 
Ü0 30.4 

3. Dwiwlty iß) .113.6 lb 'ft" 

4, KB IM If It | fl lit  | f) —, SO 
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FIG. 2   VEHICLE CENTER OF" GRAVITY AS A  FUNCTION OF TIME 
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