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THE DESIGN AND DEVELOPMENT OF THE ARCHER SOUNDING ROCKET

Prepared by:
0, J, Geuzew
R, H, Cornett
R, T, Groves

ABSTRACT: 'The Nawal Ordompce Laboratory has designed, developed
and conducted free-flight tests onm the Archer aounding rocket,
Archer 18 an economical, single-stage soundiog rocket capable

of carrying » 25-pound paylosd to an altitude of 100 miles for
IQ8Y studies,

The aerodynamic as wel)l x8 mechanicsl design considerations

used in the production of this rocket are described, Included

in the aerodynsmic phase are the contiguration design, the
investigation of stability and the determination of serodynamic
loads and heating, Structural integrity with minimum weight

and sase of manufacture are prime conglderations in the mechanical
design,

Archer's performance is predicted and comphrisons are muade with
the results of the first two test firings,

U, S, NAVAL ORDNANCE LABORATORY
WHITE OAR, WARYLAND
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THE DESIGN AND DEVELOPMENT OF THE AHCHER BOUNDING ROCKET

This design and dovelopment project was performed at the
request (refersnce umy& of the Naval Resmesrch Laboratory under
Tapk Numbor NOL 825,

The purpose of this project waw to provide a poundiog rocket
with good serodynamic charmcteristics suitable for shipboard
lapmehings, und capable of carrying a 25.pound payload to ap
altitude of 100 wilews,

The authors wish to acknowledge the suggestions and technical
hosistance rendered by the Atlantic Hesesrch Corporation in
the production of this rocket,
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INTRODUCTION

In 1961 the Naval Research Laboratory (NRL) requested that
the Nawval Ordnance Laboratory {NOL) design and develop a
sounding rocket, named Archer, to be used for experimentation
during the Internationa) Cuiet Bun Year (IQSY), Specifically,
this task comprised the work nhcessary to complete three
prototype rockets using three engines and boosters built by the
Atlantic Research Corporation (ARCY, Alexandris, Virginia,
These three engines were glven by the Natiomal Aoropautics and
Space Adwinistration {NASA) to the NRL for their use in
developing u new mmtwrmmw%mtmmmmmmm Sounding rocket, These
engines were left over from program funded by NASA, The
objective of thiw program was to have the AR incorporate state-
of -the-art improvements in their ARCON Bounding Rocket Eogine,
The main improvements to the sogine include: a high performance
Erain; a mew, superior gradn retention System;, & new, supsrior
insulation liner: and anp wdvanced nowsle deslgn,

Perforsance caloulations mude by the NOL indicuted that
Archer would uchieve an altitude in excess of 100 miles with s
25-pound paylomd on w vertical trajectory, Thiw potentinl
performance with a Binglo-stage, easily handied rocket would
make the vehicle extromely useful ay & modium capability
Bounding rocket MWWMWtmmmeMmmmMMmmmmMmmm&m
this altitude range at present, multiple-stage units or highly
axpenslive, ballasted Bingle-stage vehicles, with & higher PRy
lond capability, must be uwed, Archer, potentisally, xnswers
the need for a highly relisble, low.-cost System to wccomplish
modium altitode sounding wissions in the F.2 region,

The technique omployed in the design and development of the
Archer #ounding rocket follows generally the method by which
the Iris sounding rocket wag e igned and developed (refey.
ence (2)). Both rockets share the distinction of hwlog bean
designed and developed in record time due to the urgency of
scheduling. This, of course, limits the time spent in the
studies necessary to produce o superior rocket, Neverthelwss,
it waw felt that the wppeomeh used 1n designing the Iris
mmwmﬂMmgrmemw‘wmmmmwmﬂ;mmwwwuwwmmﬂmmwthmwmmmmwmmmmmmw
success of the Iris vehlcle lsumchings wnd should certainly be
taken wdvantage of in the present program,

BYMBOLS
A R )

Jmm body cross.-sectionn] srea
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planform wres of two {ine

speed of sound
fin span
vehicle drag coelliclent, annm

Litt coefficient, Mﬂwmh

slope of 110t mmwwwiMﬁw%m
W

pitehing moment coefficlent, Mﬂmﬂhm
piteh.damping-moment coelficient, mwmxm(quwvn

wlope of pitehing-moment curve, mwummm

normal force coelflcient, Mwmmm

wlope of pormel-forse curve, mwwwmm

gpectiie hest nt constact pressure
digtapcn from section newtral axis to extreme fiber

slope of 1404 coelficient per unit aren of fin

dung oo

Ty w0 2

nowe cone T,0, at bwme

nose cone 1.0, nt tip attecheent point

unconted powe cove 0,0, at bawe

woconted poss come 0,0, wt tip attachment point
damtunce Trow $in cesterline to fin mounting boltw
theuamt nt sen lovel

mgen 2 demtdon Laetor
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gravity

{»vmhimlw transvorse moment of inertis about center of
ares moment of inertin

ares momant of Ioortis of fin about rocket nxis
vehiclo sxinl moment of inertin

{‘ﬁhmrmul conductivity
radius of gyration
1ift Torce
fin root length
Iin tip length

"skin leogth st Lin root
{:mmmmwummm length of fiberglas
Moch ouwmber
{mmmmmt
L TET
normal foroe
lound
rocket chamber prosse

T B L
nbmompharic pressare ot sen Tevel]

quadieant elovstion
dynmmic prossure
degrees Bankine
Bowe g L alss v by
GRS T
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‘{tMWMMmmwm
veloclkty
fin thickooss nt root
digtance to the center of pressure measured from base
along the axis of symmetry
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X distamce to the center of gravity measured from base
'8 Wlong the axis of Hymmit -y
diwtance aft of nose tip or fin leading adge
{ﬂWMmmmw T o e
¥ #pan dimtance from root of fin
¥y spun distance from rocket axis

¥ controld distance from rocket axis
i angle ol wttwek

o tokal angle of nttack { e w 1)
R nogle of yww

o herodynmmic mimnldgoument

mw Ehoewst mdmal Lgnmont

MW oo ewnnt wpgle

¢ i, o 4w 4t
M Tl wwewpbnek g Le
Mm niwrollimg dempiog constant

it} dumping constant due to rell
o e m ity
2 R REY Iroguency

Wiy e )1 Ny Troguency

Submoeripts

1 by o Lo

Tyt body wiith 1inw
o O,
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ARCHER DESCRIPTION

An nameab ]y drawing, photograph and wpoacifications of the
Archer vehicle sre whown I Figurss 1, LA and Table 1,
respectively, Tota] length of the rocket i 133,45 tnches
(18,06 culibers) mmd Ehe £in wpen is 24,5 inches (3.5 calibers),
Total weight of the Pl el ercluding paylosd is Approximately
204 pounds, Vehiele conter of gravity, transverme and wxing

i
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moments of inertin as fuoctions of time mre plotted in
Flgures 2, 3 and 4,

A nose-cone drawing und photograph appesr in Figures 5§ and
Y-h, respectively, The nose copne was manufactured of fiberging
with un ablative layer of epoxypolysulfide, The nose cons ls
wapressurized and 1t ie planned to jettison 1t neay ApoOgee,
expowing the instrument packege, This will be Accomplisbed by
moans of a timer and heavy spring scrangement, The nose cone
f ominimum drag secant ogive with a hemispherical tip, im 28,7
inchos long and has & 0,200 inch thick wall composed of (¢, 100
inch fibergine aod s surface contiog of 0,100 inch BpOXYpaly -
Bultide, Total wedght of the nome cone is 4,37 pounds, The
volume available for instrusentation inwide the nose cone i
roughly that of a cone frawtrum whose length 48 18 inches and
whose major and minor diameters are 6,810 and 3,875 inches,
respectively, Ao additional J0-inch cylindrical section is boing
wdded to the nose cobe by the Nawal Missile Center, Pt, Nugu,
Califormin, to make room for mdditional instrumentation peculinr
to the test firings, 'This sddition will not, however, appesr
ko apy Archer production rockets,

A drawing of the Archer engine iw shown in Figure 6 while
the operatiog purameters sre listed in Table 2. The motor is
106 fnches long spd T Lnches in dismeter, with the case, hesd
wnd nozwle shells made of hent-troated steel, It aparates at
hn swerage interosl prossure of 1200 psi snd develops an average
son-lowel thrawt of 1375 pounds over » 35 second burning time
(Figuee 7)., Totel impulse is 48,000 pound -weconds, The prow
pollant grain do cawt of Areite 437-B, sn aluminized plantinel
propollamt, 'The emgine center of gravity ss a function of tiwe
Ao wbhown tn Plgure 8,

Thio come Lo fnsulnted from the propsllsst flame by the use
of n wolded-dnwplace, 41-RPD Rubouton-phenolic 1iner, The
molded - Lo-place 1iner hus the mdvantege of conforming o the
Lowidw wartsee of the motor and thue wliminnting sny volds and
leregularition, The pressure molding of the liner lemvem the
Jner dn the wotor under s wlight aompression, reducing the
required physicul properties to withstand radisl deformstiop
umder wotor pressurietion,

The Aveber rooket nossle is of a Tightweight dewign
fonturing the wost wdvanced witerials koow-how available., The
dnwert im wade of high deowlty graphite, "2TA," manufsctured by
the Nations] Cerbon Company, 'The fowert and "ATJ" graphite axit
cong are ipsulated from the steel nomele shell by zirconin.
phoaphate materinin, while the nozxle entrance section is
Josuloted with Gumnrdisp 1 Compound developed by the ABC,

i
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A fin drawing and photograph appear in Figures 9 and 9-A,
respectively. The fins were built-up, rather than being made of
#olid materirl in order to keep the wolght down, In cross
section, the fins are straight paoels with wedge-shaped leading
and trailing edges, The planform includes u 60" swopt lemding
edge with » perpendicular trailing edge, Subsequent production
fins, depsnding on the difficulty of mapufacture, might include
& double convex cross section and a gwopt trailing edge, The
Tine are made of 0,075 inch thick magnesium Skin with an
kblative coating of epoxypolysulfide and include & 0.015 inch
thick stainless steel cuff to protect the lending edge from
herodynamic heating. Fin blade span is 8,750 inches, root-chord
42,825 inches, and the fin tapers from 0,500 inch at the bame to
0,150 inch at the tip, 'The total weight of four fins is
approximataly 10 pounds,

ABRODYNAMIC DRSIGN

The four-cmliber.long secknt-ogive nose cone was used
because it fulfilled the ipstrumentation volume requirement ap
well ae the requirement for s low drag contour, Fiberglas was
decided upon me a suitable material to meet the fo)lowing newds:
(1) to allow inmtrumentation mignals to pass through the skin, :
{2) to be etructurally strong, (3) to be light and (4} to with- 5
stand reasonable aerodynamic heating, Subsequent detmiled i
aerothermodynamic studies indicated higher heating rates than
had besn originally anticipated, resulting in = marginal condition.
This was remedied by the application of n surface layer of epoxy-
polysulfide which ablates at high temperatures and keeps the
tomperaturs of the fiberglas low enough to maintain ite
structural dntegrity. Aoother modification to the origina)
design waw the replacement of a solid »)luminum noRe-2one tip
with & solid fiberglas hemispherical nose tip. This change was
Almo made due to merodyoamic henting considerations, The final
nose-cone design is shown in Pigures 5 and 5.A, Datailed
discussions relating to nose-cone serodynamic heating, londs
and structural design snd manufacture are treated in lnter
woctionw,

The next item to be determined was the fin design, It was
voncluded that o cruciform arcangesent with s win e static
margin of two calibers would provide adequate static stability
Tor the Archer sounding rocket, This dewign criterion was
applied mt burmout conditions which are considered the mowt
critienl. Burmout conditions were obtained from proliminary
vertical trajmctory osxloulations using the Iris drag curve and
satimatod welght of the total wehlcle configuration which
resultmd in the following conditions st the denign point:

Vow 5080 1/ w00
o= BH 000 £t
Mow ¥ o @, 18
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Determination of the fin ares based on the conditions
mentioned above was accomplished in the following mannexr:

The criterion for sdequate static stability has been stated:

Xog ™ X
Zeg %o i

m e |

The center of gravity, Mwm* of the vehicle was caleulated
to be, based on the engloe center of gravity and probable
welght of the components, approximately B.5 calibers from the
bage,

The center of pressure is expressed by:
P

(Cug )p (Xep)y + (Cug)s (Xep)y

M%} - - — (2)
- (E )m WI(MLm}f

""""" ‘!:Mdfimw" m
extrapolation of wind-tusnel dats from similar werod yoamd o
shapes, This ylelded a value of/C, Yy = 2,56/rad,

b, h

/
‘lﬂ}"{u""

The body 1ift-curve mmmmmmww“w v wag obtained by the

b

Similariy, the body venter of premswee, 8
¥ ) y

ﬁwm}um W

obtained from the same duts and culeulnted to be approximntely
Wb calibers from the base,

The fin center of preswure wis determined to be about one
caliber from the base,

Combiluing squations (1) and (2), the stability criterion
bec om e ;

Wy oy

A W w “‘I) :

/

wnﬁwmmm” (
)

lllllll

(3)
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and whows the sbove values are waad ,

(Cp,)e = 4.20/rad (3n)
Chady

It wag then decided to use two-dimensional theory to establish
the 1ift-curve slope of the fins, This method 1% based on the
agsumption that the unfavorable effects of tip loeses will be
balameed by the favorable sffects of boddy upwash, This same
spulysie, used for the Tris Sounding Rocket (reference (3)),
wuk qulite mocurate in predicting the wind-tunnel results for

Ivio as given in reforence (4), Avcording to the above, we
write (e,g,, 5):

Ay 4cos A

qwmler:m (4)
e “‘ | 31 " " | ‘ ™
LA Ay VATLETTLY .

W%WWMMWﬂMﬂWMWWWMMMMWMMMWMMﬂ?mwmw%wwm

Aftter conwideration of the Mach line at the design Mach
mumber, 1t was decided to wweep the lending edge of the fins a
totml of 60 degrees, A, from the vertica)l, Now equations {(3a)
mnd (4), together with the design Mach pumber, require that the
plantform sres of esch flo be;

w3 0,81 F12 (5)

uuuuuuu

This waw the nrea used to design s one-caliber-span fin TN
which yielded a totel fin spen of three calibers, Bubsequently,
At wns suggested by the AR that the spaw he incressed somewhat
ne an wdded protection against blanketing effects, Since there
wish no mechanien) restriction mgainst increasing the span, 0,25
callber was ndded to wach panel, This made the finsl ares close
to & sguare foot per papel and the total fip gphn 3,5 calibers,
The preceding considerations resulted in the Iin deslgn shown in
Flgures 9 and %A, Floally, » conting ppoxypolysullide wag
mpplied to the Lin pang i oo sgalost wero.
dywamic heatiog, Dota o g o Tl serodynamlc
henting, londs and structurnl design and mapufacture are trested

o leter sectlons,

N e T
A 1/00th
b om
T TV |

wosle model, Figure 10, of the Ay
3!

her Sowoding

pred and bullt at the NOL for wind-tunpel ’

rmdne the atatic stabllity characteristics of
]
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the vehicle, It will be noted that the very tip of the mode]
nose 18 & cone, as was prescribed in the original design, 'The
Tinal version of the Archer Bounding rocket nose cone incor-
porates a hemispherical tip which was included for serodynamic
heating reasons, It is believed that this detail, when scaled
down, would not yield apprecisbly different statie stability
characteristics, This roport includes the results obtained
from these investigations conducted in Supersonic Tumnel No, 1
at Mach pumbers of 0,49, 0.93, 1,03, 1,862, 2,28, 3025, 4,14
and 4,885,

A two~component internsl strain-gige balaoce system (refer.
once (6)) designed and built at the ROL was used in obtainlng
the aerodynumic forces and moments heting on this configuration,
The test conditions are listed in Table 3. Data wore takep at
angles of wttack rangiog from -5 to +20 degrees for each Mach
number tested, In addition, schlieren photographs using a
1/100th of a #ocond exposure time and a tungsten Light source
vere taken during the tests to provide informetion on the flow
characteristics peculinr to the vehicle. Figure 11 contains
represontative sohlieron photographs of the model wondiguration
taken at zero spd 10 degrews angle of attack for Mach VLY
1,562,

Strain-guge dats were reduced to Yift force and pitehing
moment coef ! icienty hecording to stasdard nerodynamic cone
vention and, subsequently, the slopes of these data (Figures 12
through 14) through zers degroes angle of attack were datermined
and used in the caleulations which Appenr in this report,

All the aerodynamic costticients wore basmed on bl y o ot
gectionn]l wrea and the burnout conter of gravity was used as the
moment reference center for the dats reduction, 4 positive
pltehing moment s deslgnnted aw ap overturnlng moment when the
model is at a powitive bogle of attaek,

Figure 15 is a plot of the B b L e
coplficient, based on wing "
condigurations, as a funet i

Figures 16 and 17 show the vehlcle 1ift-curve #lope and
static-stability margin as 8 function of thme, res Lvely,
It is dnteresting to note that the micimun static.stab Lity
margin ocours st burnout wpd i LT ') approximately
calibers, This exceeds the degign criterion and iw due, in part,
to the subsequent leng hening of the total fin span from 3 to

3.8 culibers, Forther, it is pratifyiog to note & static.
Btability margin of hpproximately 5 calibers when the vehicle
18 expected to pass thrg pltech-rell resonance which oceurs
&t approximately 26 seconds of Tlight time, “This 1s, perhaps,

= =
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the most writicel portion of the 11ight at which time a good
mirgin of wtatic stability tendw to kaep the rocket from
assuming high amgles of attmck and its attendant side forces at
the asymmetrical roll positions. Increased side force is ot
lmportance when the piteh frequency of the vehicle is equnl to
its roll frequency because a condition termed "lunar motion" mey
urise, During this flight condition, the same side of the
vehicle always faces iowanrd for any angle of mttuck and large
yaw angles muy result (reference (7)), The wethod by which the
difficultios awsovinted with pitch-roll resomance are to b
aviplded dn the present desige is discussed in the following
soction which demls with dynamic stability,

The drag cosffiolent ewrve which appenrs in Pigure 18 1w the
one determined for the Iris wounding rocket during its design
wnd development progrom. Due to the difficulty of establishing
g demg curve for n burning rocket, it waw felt that advantage
should be taken of the eximting demg date for the Iris whioh
i worodynsmionlly similar to the Archer, It has been s sumed
that the drag coelficients for Iris and Archer are the Bame ,
Purther, it wias reswoned that sny differences in drag
confliclents which might exiwt between the two configurations
would, in wll probability, be of the same order as the B
imtroduced in establishing » completely wew drag curve, Conse-
Quently, with so aveilable dreg ourve a savings in time was
renlived by the imsediste ability to meke calculations NeCoESNry
Tor the proliminwry desigmn,

DYNAMIC STABYLYTY

Dymamic stability coloulations were concermed P b 41y
with the avoidance of piteh-roll coupling, Specifically, this
Involved the determiontion of the patursl piteh froquency of the
veblcle wod subsequently the calouwlation of roll programs* which
would crosw over the descending wide of the pitching frequency
warve prior to epglee buroout (Pigure 19), This type of roll
ulld-up nffords w single polot cross-over s opposed to the
possibility of the roll rete following the pitching rate v
on the ascepdiog portion of the curve with its o 5 e £
resovunce problems, Three roll programs, all sweh that Lhey
croused on the descending side of the pitching frequency curve,
wero detormlood wod exumioed o the light of other considerations
such ne magyificntion Taetors, Wl dgoment problems, etc, Ag a
consequence, & fin incidence angle of 15 minutes, which ppened
to be optimue, was welected, As shown on Flgurs 19, thie fixed
the croms-over point at wpproximately 3,15 pycles per second at
wof1ight time of abowt 26 seconds,

bt angles which provided specific roll rates at specitic
Tlight timen

10
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The pitching Irequency of the Archor configuration was
culeulated according to the following equation:

| Jﬁ%ﬁm%ﬂi Cw (8)
“ eV |

using the nominnl trajectory data shown in Table 8 and plotted
in Figures 20 wpd 21, In gemeral, the nntural frequency
expression conteins damping terms, rolling velocity and longi
tudinal sceeleration; however, for a first pproximation the
kbove expression was considered ndequate,

The fin-cant angle required to produce the deslgn roll rate
of 3,15 cycles per second was determined using the dynamics
equation for rolling moment, neglecting roll damping terms and
correctiog fw by assuming a 15 percent loss im roll rate due
to damping, This was hecomplished by taking the following
equat fon :

[(Aw)-< f?ﬂ; ...... %Jf” -Cgaacy dy+4 f 8;CepacCydy=0 N

and assumiong {(C. ) to be constant ower the entire fin and
y .

“t ‘ Y
making the simplifying namumptlon that &miﬁﬁﬂmunuﬁlr ;
|
4Gy, 4

Equation (7) then reduces to:

Bw) 2 Yy o Ay 8
fWW """"" yocdy = WMWM““”H (8)

el

(9)

-
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Then by definition the following equation results:

A
A%ﬁﬁuxf =8,y 1§i (10)

and solving equation (10} for fin-cont angle ylelds:
_Awly
3=
V? M«AJM
2

(11)
AERODYNAMIC LOADS

In order to determine the moximum losds encountered by the
rocket nose cone and fin Bgaembly, it was nacessary to predict
the angle of attack history of the flight, The total angles of
sttack (Muw0) resulting from the entinated misnligoments (Figure 22)
vore computed., Alwo, the trim magnification factors in the reglon
of pitch-roll resomance were computed for three fin-cant aglew,
The total angle of attack at Earo roll rate multiplied by this
mignification factor Elves the total mngle of attack with roll,

A study of the oguations of motion indicated that, 1if
wmmlmmm‘mmm damping torms wore neglected, the tota)l angle of
mthf:‘{wmwmﬁw exproswlon reduced to the Tollowing moment
oouat Lo ¥

oo T \ .
'%mem@m“ﬁfﬁw """" Mbdmmm(mwﬁmm”m (12)

(wow Figure 22 for notation), It was felt that this simpli.
fication wae permimsible for eBtimation purposes, particularly
Bloce the omission of damping terms gave conservative answers
from a wtroctural design gtandpoint, Figure 23 shows the totel
ingle of attack (pww0), o, computed from equation (13),

The equations for the mignification factor (reference (8))
ire relutively complex for the genera) case; howewver, for the
LR Ty cont igurat Loy they may be Bimp s ied by making the
following st Lo g '

it

iy Axial moment of F TR o E) MW <¢ transverse wmoment ol
Inowtia ) '

b, Damping constant due to roll AL <= non-rolling
constant ﬁm

¢ Holling velocityddw << flight veloeity v

12
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Consequently, the magnification factor is:

M
¥
|mm(ihﬂj
Wo
" f= (13)
? ‘ ® $ ' Y]
JICe) e 48 T+ (- 82
WW“ h W ‘Wm I
" ;‘m
This expression may be reduced further gince )” LA
KT
()
y y * #
: ) j ) T
then f = (|4“ﬁ%ﬁi), (ﬁm%) ‘wm(hmm%%w) {14)
| Wy Wo \ o/ |
. ‘ b .
The ratio of roll to piteh frequency, T in the region of
0
interest, 1s approximntely equal to one, Using the same
assumptions as discussed above, the axpression Lor
A
m@- {referesce (B)) reduces to:

s, : - (15)
/ Cog /G
"4 - d':m. W Il v N iy

/ Cy
1 oy
v n|»|m:u|wnun:mulu'mnci;«mmummmmmnmmn { ‘M ' l""‘ 'le ‘]‘
dm/ph P‘ d
In the solution of equetion (15), 1t was assumed that
ey = 0 Oy
MW (0

Pigure 24 ahows the magnificution factor for the three roll
programs considered, Figure 25 shows the resulting total angle
of attuck(dw ¥ 0), f&, for the three roll rates, The equations
waed to determioe the nose cone snd Lin loads were,
respoctively:

M fev % g {(16)
WV”“leMLmMth

'u
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R = »;,«!w q Ay (ww). : fa (for one fin) (17) '

L%

The Litt-forece slopes weed for the nosw-cone load calouyw i
lutions were thowe for the body alome vonfiguration, This
afforded » conservative estimate for design purposes, Figures
26 amd 27 indicate the lomds obtuined for the three roll rates
lavestignted. As Indicsted on the plots, the maxiwmum losds ob-
tuined for the crosmover point selected (26 seconds of elapsed
f1ight time) were D25 mnd 620 pounds for the mose come apd finme,
rewpectively.,

ABRODTNAMIC HEATING

Aeyodynamic hewting caleulations were performed st the NOL
usiog n program involvicg numericel approximations as desoribed
io reference (B), The solutions took the form of u time
history of temporature distribution, Loca) Mach pumbers and
pressures wers used ond the Reynolds number of transition was
set at one million, The Archer trajectory, Table 8, and
amblent stmosphere were spocified,

Rewults of the pose-cone heating ocalcoulations are shown in
Figure 28, The temperature histories plotted are for a 0,150
ioch thick fiberglos wall at ap axial station 2.5 feet from
the nose, At this station the nome-cone wall was divided, w ¥
through the wall, into three elements of 0,030, 0,090 and 0,030
inchew snd the tempersture celeulated st the center of each
elemant ne 8 Tupction of time, & was consldered a oritical
wrem, being in the approximate reglonm of the nose-cone juncture
with the rocket.motor casing, Tuble 4 specifiss the nose-cone
material apd Lts therma) obaroeteristios,

eulations which
ng 1500°R, & hand

In nddition to the above machine ou
lodicated wurlace tenperstores Rppros
calenlation (reference (10)) indlcated that the miximum stage
patdon polnt boewpera 1 t reach 2500°R, These caleu-
Latdons, which indiceted higher heating reates thean bad been
ordginally anticipated, 1 that ' nose-cone design wis
marginal from the standpolpt of merodynamic heating, It was
reagsoned that the temperitures wure conservatively high because
hbluthon would certsinly oceour, but just how much cooling would
be renliwed from this ablation amd how much f£iberglas mat
‘ lanable, Tt was conelude
uddes would be needed in oxd
ablation and whether special

; ary, The

ull

ore, that additionn] s
mewdne the offect ol 4
Blatdve contloy
Wl ] % e

wte the

:I. "!m:
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severity of the ablation and temperature problem using the 0,150 inch
thick fiberglus materinl specified in Table 4, The specifications
were that at least 0,060 inch thick wall of the initial fiber.

glus nose cone showld be mpintained at » temperature (760°R)
sufficiently low so as to provide structural integrity., The

time schedule required that GE investlgnte concurrently the
possibility of applying » special ablative coating to the nose

cone in the event the 0.150 inch thick fiberglas material

proved unsatisfactory,

The GE ablation and temperature caloulations were nocomp)ished
using & one~dimensionnl cooduction solution with surface melting,
The first group of culculations wus performed using the fiber-
gles thermal properties s specified by NOL with a parametric
variation of melting temperature (1000 to 1400°R). The results
of these calculations all imdicated that the original 0,150
inch thick fiberglas nose cone would be asdequate, 'The data of
Figure 29 are typlowl of these results and show the thermal
response of the nose conoe using & melting temperature of 1200°R,
¥hile the above results sppeared to be sntisfactory, GE made an
ndditional computation using whet they estimated to be the
correct thermal conductivity for n highly glass-filled plastic,
These results, again for a melting temperature of 1200°R, are
shown in Flgure 30, In this case, it is noted that some high
temperature difficulties will ocour, and that the temperature
1imit of 760°R at the 0,10 inch depth will ba exceeded,

Concurrent with the above, GE computed the thermal response
of the fiberglns nose cone when conted with warious thicknesses
of epoxypolysulfide using the WOL fiberglms conductivity walue,
The k, o anod ww for epexypolysulfide sre spproximately egqual to

3x10™ Btu/ft-sec” B, 79 1b/ft" and 0,45 Btu/1b° R, respsctively,
All of these configurations provided adequate protection, A
final computation was then made with a menr optimum contigu-
ration of 0,10 inch epoxypolysulfide over 0,10 fnch of fiber.
glas using the GE estimated conductivity for the fiberglas,
This result is shown in Figure 31, The final soak temperature
is estimated to be lews than 700" H,

As a result of these wtudies, It waw decided to approach
the problem coonservatively and to wodify the nose cones to
dnclude a 0,10 inch thickoess of fibergles coated with a O, 10
ioch thickpess of epoxypolysulfide, The ablative coatlog was
developed and applied by GE.  Forther, to retard hest conduction
to the main body of the nose cone, NOL changed the nose-cone
tip from & solid aluminum cone to a solid plastic bhemlsphere,

The heat-transfer prograw of reference (9 ) was wlso applied
to the Archer fins, using the therms] characteristics speclfied
in Table 5, and the results sre shows io Figure 32,

1
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Tneluded in this figure 18 a plot of the tepsile yield strength

of the magoesiun fin materianl, Agnin, the strength sppears X

womewhat margionl due to aerodynsmic heating, Fortunately, the
max bmam norodynamie lowds wre experienced early in the flight
regime when the teosile strength s high., Nevertheless, it waw
decidod to apply » couting of epoxypolysulfide to the existing
Lins and assembly ss so added sefoty precaution, This coating
16 particuloely important in the region of Iin attachment where
th mounting bracket and bolts are exposed to the aerodynamic
honting., The leading edge of the in is protected by a 0,016
ﬂwWM thick steinless steel cutf,

STROCTURAL DESTGN AND MANUFACTURE OF CORPONENTS

Th Archer nome oone consists of & solld tip, with a 0,723
Ineh radive, thresded to an oglve failring which encloses the
Lo b vevimen £ ut Lom puehon g,

The nose tip 45 o plastic meterial, Fiberite MX-6500,
produced by Fiborite Molding Products Incorporeted, Wlmmmm,
Mﬁmuwmmmmw whiceh hag an ablntion tempersture of approximately
as00° v,

The oglvs faiving s an opoxy-base, glass-phenolic materia]
whioh wis manufaetured by helleally windiog continwous-length
glose £ibers, oowted with Wwwwﬂw apoxy over ap dlumloum mandrel,
The completed winding was cured, then machined to a wnlform
Q000 dwek thickness, The falelog was then covered with an
whelotdse conting which was discussed proviously,

A noso-cone Tosd of 325 povwnds wae obtained twmm the data
wf Fhgoere A6,  This MMmM wa amsumed to sct at 27,208 toches from
the Juncturs between the nose and motor tube, Huuh L]
MmmMWMIMMm remul ted An conservitive stractural ostimutos,
Stresses in the fiberglas (see Table 6) were computed, assuming
me Lo would e ocarried by the ablative coating, scoordiog to
the Lol lowdog eoqunt Lo

P '|: .‘l 'L"” Iy / 2 m (18)

s d*. ""m;”" 20236 |b/in®
, llb
a7 (45-dt)

Thee woms come e deld agecdost o showlder on bhe motor bead
plote by o steactore, paselog theongh the instrument mmm&“m“
whioh wtthches between o point oo the nose near the front (mee
Figure 5) apd the hend plate,

With the nowe attached to the motor through compresaion only,
At wam necessnry to apply pre-losd which produced stresaes

16
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equal to or greater than the wtress dus to the serodynamic loads
in order to prevent separsation, Conmequently, thw stresses in
the fiberglas smounted to 2236 x 2 = 4472 1b/10*, The pre-load
NOCOBHEATY WA

P=2236 - (dg - df) = 4821 b (19)

The pre-load of equation (19) produced compressive stress through-
out the nose cope with the moximum being vear the front esd
whoere the wron Ls wdo .,

" 9442 b/in®
wm ( s M} 2442 Ib/in 3}
) do —dy

The point considered most critical fn the nowse suppret
gtructure was the explosive bolt which will be fired to reloease
the nose cone, This bolt was loaded in tension and must carry
both the pre-load and serodynsmic loads, Thus the lowd oaleu-
Tated wis:

'y

Ww:wmm%WWanmmwwMﬂWMJ (2)
d, /2
o

Th mmplmmﬂwm bolt used, Wolex, Ipc, poart no, R506-14, will
support a tensile losd of 14,000 pouwnds,

The Archer Lio (Figure D) wes fabriconted mem B e
#lloy (Dow Chemical Co, MI S1A-H24) which malotaing good
strength properties ated temperstures Mnmm Table 7),
The sty ] bd boge ber oaod solid lesding
hod trn o (0,07 dnch thick) was
- Etruts, 1orlveted to
weer ad

Lond between the
yoa thin (0,015
] sheet for hest protection, This
JTomdhoy adge strut,

&=
==
=
;F.

| | :miw of & w
Alding edge strots, A

thin )
welded to the Lront awd tralliog e
the bage bar, Two stdlLanern weres MMMWWhMW%U

6y
riveted to the owter skips to dismbribute the
3
;|

gides, The leading edge strat was covered b
inch thick) stainloss i
mosrer wis riveted to the

Flutter safety estimaten were mnde using an
described in refereoce (11), This method was

samplings of & large amount of experimental date, !l

1

‘‘‘‘‘‘




NOLTR 63144
the configurations into safe apd upsafe groups based on the
following parameters: torsions) stiffness, taper ratio, aspect )

ratio, thickness ratio and pressure, The above parapoters for
the Archer fin confliguration (Figure 9) were:

b, Tuper ratio, .- = 0,530

b Aspwot ratie, .. w 0,581
E n“‘”‘ ‘Mm

b Shear modulus = 2,42 x 10° 1b/4n® for magnesium

Frow these wolues and the graph of reference (11),

lllllllllllllllllllllllllllllllllllllll

LA o
g ( Ly ) Xz 07 (22)
/

Lokt .Mﬂ -------- wo o owhioh wm MMW‘MWWWWN‘mwmwmwwr«mmmwiﬂrmme:Mmmmwlxww
g p ! »
i)

% ow 1,008, Again from graphs of reference (11), this value of
* required a thickness ratlo of 0.015, A 1,50 safoty factor
wis added, and the required root thickness became: 1,80 x 0,015
% 42,625 w 0,498 ipch, FPor convenlence this value was rounded
off to 0,500 inch fin root thickpess,

Strength calculntions were based on o fin load of G20 pounds
(Flgure 27) which wes sssumed to be gqually distributed over the
fin wurtace,

Py
Thus the prespure, p - w&;w*m ...... amounted to 4,68 pounds per
square inch, Ap/2

The symbols uwed In the Tollowing sealyticnl expresslon for
thiy bendimg moment sre ioeluded in Flgure 9,

;]

L’» =2239indb  (29)

’!Ilw "’"l‘ ﬂl‘
WMWM mﬂ
0o\

"y o m
p u LiH

N" LV M| [
i J| ydy eyl tan A+

)

"

I wam copmervatively assumed that the two side plates carried
the entire fin bending load and that this load reacted ag

16
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tensior and compression in these members, The stresses developed
were ms follows (see Figure 9):

o

s= 200 o431 1b/in? (24)

If inetead of the previous nssumption we consider the fin ag a
beam in bending:

bl M‘m b

H o =-=5654 Ib/in" (25)
I [w-(w-21)]

Bending stresses in the fin mounting lugs were cunlcolated
from the exprewsion:

M (e~ %
¢ mgm*@ (H 215000 Ib/in® (26)

At the time in Flight that this max dmum bending load oeours,
lowds due to drag snd meceleration are low mpd may L
neglocted,

The tension lowd on the 1/4winch 28NF fin mountiog sorews
wig based oo the tension load resulting from the predicted

herodymamic lowds plus the load due to # 10 Anch-pouwnd Lo
used in setting the fioe and is:

tonsion m'$ﬂ '''''' 4 preslond = 821 pounds (27
te

The wllowable tensile lomd is 5500 pounds for Allen cap serews,

Fin bapd stress was onlculated baged on the bapd CRreying
tenslon only, thus:

|||||||||

S: 5556565 - 1852 Ib/Int (28)

19
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where the 0,75 inch and 0,062 inch were band width and thickness,
respectively, The fin bands are clamped to the motor casing with
No, 6-40NF (two per band) Allen cap screws torqued to 5 inche
pounds, The tension force in these screws was:

4 w-meuww pro-loxd = Kog pounds {29)

6e(2)

The sllowable yield load for these screws is 1500 pounds per
BOLaw,

TRAJECTORY AND DIBPERSION ANALYBIS DATA

ALl of the trajectories for Archer were calculated upder
the sesweptions of a rigid body model through susteiner burnout
wpd & particle model theresfter until impact, Rigid body
trajectory caleulutions were based on the aerodynamic
sontficients determined Irom wind-tusnel tests mentioned
proviously in this report, Due to the small roll rate, nero-
dynamic coefficlents associated with rolling motion were
neglected and the piltoh-dsmpiog-moment coefficient was esti-
wited {(Figure 1%)., The mominal trajectory variables sre listed
i functions of time iv Table 8. This table includes velocity,
altitude, ground range, flight-path sngle, acceleration and
gross welght at l0-gecond time intervals spd at burpout, The
altitude and welocity mw well ms Mach number are plotted as
functions of time in Figures 20 and 21, respectively, In
wddition, the dynamic pressure as a function of time 1s presented
in Figure 33,

Table 9 lists the offects of Q.E, us well a8 head, tall and
cross winds on bursout altitude, burnout range, maximum altitude,
Ampact raoge aod Impact cross raoge,

Wind-weighting factors as o function of mltitude layer are
proegented in Table 10, The wind-welghting factors were
deternined for range winds aod were assumed to be valid for
cross winds, This sssumption appears to be reasonable based on
other publisked resulte, Table 10 also contaios unit wind
eftocts in feot of deilectlon per It/sec of ballistic twil,
bewd aod cross wind, respectively, as well ss the Q. K, and
wpimath corrections for range winds and cross winds in degrees
por ft/sec ol ballistic wind, All negative sigus in Table 10
Imdlonte deflections opposite to the wind direction,

Table 11 listw Live major ceuses of dispersion and the
resultleg deflectlon to the pormal lmpact point caused by a 2o
smd do waristion of these csuses, In four cases these quantities

wi
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wore estimuted and are so marked in the table, The remainder of
, the data was determined directly from the trajectory results,
In every case the deflection data are conservative. The gquantity
demeribed as "launch errors and mulaligements" imcludes the
effocts of tip-off, thrust malnlignmeot, fin melalignment and
other possible sources of apgular error, At the bottom of Table 11
are the total dispersion data which are simply the square roots
ot the sum of the squares of the individual deflectlions,

CONCLUBIONS

Ap initie) design of the Archer pose cowe and fins was
acocomplished on the basis of preliminary vertical trajectory
oaleulations, Subsequently, refinements to the original design
wore made on the basis of final trajectory caleulations using
Archer wind-tumnel data, This led to the following design
sonclusions

u, Static wtability, used us the design criterion, was
minimum &t burnout with the center of pressure being 3.7 celi-
pers aft of the center of gravity.

b, Dynamic stability calculations, vconcerned primarily
with the avoidance of pitch-roll coupling, indicsted that a
fin-cant smgle of 15 miputes appeared to be the optimum and
would cause the vehicle to paus through resonmpce &t approxi-
pately 3,15 cycles per second and 26 secoods of flight time,

¢, Aerodynsmic lowds based on the aerodynmmic
coefficients obtained from the NOL wind-tuonel tests in conjunc-
tion with predicted total angles of attack (bwsk0), neglected
the serodynamic demping terms and sre considered consprvative,

d. wmmMWWWMMMM%mmmmmwmmMmm,MWmmww:Mm
eftects of ablation, were performed on the fiberglas node come,
These indicated s macgionl condition which was corrected by
modifylog the no ude ap outside layer of epoxy-
polysulfide, ‘The ablation of this material will protect the
structural integrity of the fiberglms which requires the maln.
tenance of at least 0,050 ioches wall at mo higher temper-
ature than 760° R,

Heating caleulations on the lins indicated rather
bigh temperatures and as & salovy precaution, epoxypolysullide
wag alwo applied to the Dins and mounting sEsembly .,

@, Strugtural design wis based on aerodynmmic Lol s
pncountered at resonaocs, and the minimum structural salety
factor was 1,3 for the fin mounting lugs., This factor was
baged on the sllowable material strength at 435" F, With the

"
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apoxypolysulfide coating on the fins, the mountivg lugs mhould
not reach 435°F at the point of maximum loads,

. Fimal trajectory caleulations, based on wind«tupnel
data, indicated the feasibility of the presoot system to aitain
altitudes in the vicinity of 100 miles with a quadrant elevation
of 80 degrees,

in
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TABLE 1

ARCHER PHYSICAL CHARACTHRISTICS

Nose cone

length

major dismeter
wall thickooss
walpht

Foorwnrd hwad
waight

Motor tube
length

meomdond oL amo ey
widll thickesus
walght

Ynmulation liner

Temgth
magor ofameter
welght

Propellant grain

Tength

propellont welght
fohibitor welght
total waight

Nozele awsemnbly

length
welght

Fins

welght (per wet)

28,700 in
7300 in
0,200 in
4,37 1b

b.05 1b

100, 53 1o
T.00 in
0,053 dn

38,30 1

@78 dn
i, 80 in
16,93 N

7. h An

A0, 0 1k
T.81 1b

207,91 1h

7,25 in
10,650 2k

10,00 1k
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TABLE 1
ARCHER PHYSICAL CHARACTERISTICS
8. Nozzle cover
walght 0,876 1b
#. Tgoiter
walght 0,50 1b

Total unit welght excluding 293,836 1b
Py load

.....
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TABLE 2
ARCHER OPERATING PARAMETERS

Chamber pressure 1200 1b/in®
Throat arem 0,630 1w’
Thront diameter 0,800 in
Avorage thrust 1376 1b
Burming time 45,0 oo
Total lmpulwe 48,000 lb-sec
Expamnlon ratio 10/1

Bxpansion to 14,7 1b/1n"
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TABLE 3

WIND-TUNNEL RUNS AND TEST CONDITIONS |

Aun N Configuration q{1b/1n*) Re x 10™°
1 0,485 body alone 2,10 3,88

b body with fins

3 0. 825 body with fins 4,85 5.60

4 kody alone

5 1,026 body alone 5,30 5,77

8 body with fins

T 1,52 body with fips 6,05 5,75

B body & lone

B 2. a8 body alone 4,40 4,32

1 body with fins
11 d.25 body with fins 2,08 2,79

12 body #lone

13 4.14 body o lone 1,02 1,85

14 body with i
1% -1 body with fine 0,45 1,35

16 bepdy @ lone




NOLTR 63144
TABLE 4
THERMAL CHARACTERISTICS OF NOSE CONE

Material: Fiberglas (Union Carbide Corp,)

‘.q‘w
Thevrmn ]

1.

Resin--Epoxy BRLA 2256
Glass type B

Contents by welght: 60% glasp-.-38% resin--2% colloidal
Bilica

Curing syetom 0820.28 PHR
Charncteriation:

Thermal conductivity (k)

Temperature *k x 10"
(* R) (BTU/tt-80c ° R)
SO 2,45
800 2,78
TO0 2,08
1004 3.87
1200 4,18

Thormal capacitance {mmvh

»
33,8 Btu/ft " R--comstant for the temperature range
375.-1020 ° R

4
Densdty (p)=-=-1123,8 1b/It
Fmimsivity walue () --,B80

¥ The GE value for k is 7 x 107" and im considered constant
with temperature,
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TABLE 5§
THERMAL CHARACTERISTICH OF FIN
Matorinl: Magnesiuw--HK 31A-H24 (Dow Metal Products Co,)

1. Composition:

Thor i um 2, Bk, 0%
Eiroonium kB, 0%
Mangunene 5% max

Total fmpurities ,30% maxieus
Therma) charsctoristion:

1. Thermal conductivity (k)

Termpa e ture k
(" R) (BYU/ft-soc ° R)
w00 Vo183
T00 LOLBE
BO0 188

2. Thermal capacitance ‘””n}

om0 e e m”m
(" R) Mmeﬁ"m
460 27,0
860 28,7
B8O 30,4

d. Denwity (p)--112,5 1b/ft®

4,  Bwlswivity walue () e, 20
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