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Chapter 1:

The Model Rocket

Design Manual

A MODEL ROCKET IS ACTUALLY A VERY
SIMPLE VEHICLE, CONSISTING OF ONLY SIX%

introduction

Centur | publiches numerous technical reports
wihich deal, m depth, with specific pypects
ol model rocketry, Upon baing initlated
inta the hobby, wa're certanm you will wizh
te further explors those fascinating @ bjoct
areas, In the meanime, this Design Manual
is offored to help you got started in model
recketry. Witten in liyman's tarms, thie
hiooklot will instruct you i basic deson and
construction techniguas and will  provide
groundaoak  for your future wantuict into
the aree of custom builkding.
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BASIC COMPONENTS. THEY ARE:

NOSE CONE

A cop for the faiwaed end of the body_ it s
designmd 10 dimect  the  oirfbees amopthiy
argeifid R rocket.,

BODY TUBE

Bpgie rocket nivlreme, All othar party ol ghe
rockel are either atmchad to il or are corsesd
incshoha dn

RECOVERY

Wrguplty conplils o a parachute attachel o
tha body and nose cont By meant of an
nlariic sock cord.  Epscted ot tho pesk
nitlpuche of the racket’s flight, the recovary
By slin lowers the rocket tlowly and safoly
to the pround,

LAUNCH LUG

Guiclet the racket alang the launghimsg rod
until suffickent speed |8 prodeced 1 allow
tha Threk 1o prawich Tlght seabibling

FINS

Located ot the aft end of the rocker, they
e to guide ha rocket ma ctraight flight
path,

ENGINE MOUNT

LIL"'-I-1]1H:1 10 centar angd hald this argins n
tho Dody tube. Ao tnsmies engine thiug
1o the & franne.
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HOW DOES A MODEL
ROCKET WORK?

B PARACHUTE EJECTION

Ejection takes place as the engine
delay chargs burns through and
ignites the ejection charge in the
2 top end of the engine.  This
= quick rush af gazes pushes the
naze cone and parachute
from the Tonward end of
the rocket.

APOGEE \“‘n

Apoges as the rocket
reathos pealk altitude
and begins descent,

COASTING PERIOD

Coott perlod of the {light caused
by thrust produced in the power-
od phasa.  During this time, the
ongine delay charge is burning.

3 BURNOUT

Burn out of the powered fHight
portion of the rocket engine.

2 LIFT OFF

Lift-off of the rocket [rom the _
launch pad. [

L]

i

| ¢ 7 s0FT LANDING

' Slowly descending rocket lands
1 IGNITION safely, undamaged _nr'lrl ready for
lonition of the recket engine by another thrilling flight.
remaote electrical moans,

Chapter 2:

Model Rocket
Engines

Al rocket ongines necomplidh Twa main
[ELELFRT-H it I=thiry prowidhe  power for
bogiung o modsl rocket 1o peak altitude,
and 2—after & predetermined delay thne,
thiey provide the egjecton larcs whikh scti
vates the rocker's recovsry system.  The
standard %A through © category af mardel
rockat engirms coniasts of the !nlr:w.-lnc_'] i
B0 A SR

1. EMGINE CASING:

Maickn of stegodg, Tlightweight rolled pager, tha
cming houzes the engine componants solely
and effoctively.

Z NDZEZLE:

Fofmed fram g specinl clay, the nossly (&
Lllr!ll,:lll:d. 15 prdddes thi mas s num amount
of thrust Trom the progeslant

3. PROPELLANT:

Cardully controlied mixtures of saligl pro-
pellant enmponents s [prosasd e el
high pressires into the cxing tn provide a
wilie, ywot pdeereriul thrust level

4, DELAY CHARGE:*

Mage of an extrmigly twen Buining matedlal,
the deloy chorge diclates the snpont of
time that will elapie bitween the end of the
premirdd phvase ol fiight and the firlng of the
djaction chiarge,

*Boaster typa engines o not contiin e
dielay charge o ejoctian charge. Sod “Thilay
Timog " in 1his clupter.

5. EJECTION CHARGE:*

# lpose granulor chargs secured lyy o poper
can.  Tha chage, ignited tiom i “burn
through®™ of the delay matorial, creates a g
poweriul onaugh 1o force the nest eonp prd
Fecovary system from the rop of the body

inlse,
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WHICH ENGINE?

Madel stchat sngines bre dlvelod o cate
gories bastd bpon the tatal impulse thay
prodises 15 the mEagurémiant ol HH"N'IDIT'
seconds,  (Rofer 1o chart Liebows) Thiia
categorikd, detenmimad by the Natices A wae-
imtinn of ARockeny, are stnndardized or all
manufacturary in He model rocket induestsy
The civegories are divided by the kit
ihidignations af A, A, B, G0, E, and F. Of
frimary conotrn hare aon the A throdgh O
cacefories, (£ and F eogpnes and their um
ore dhistussed in Chapter 10),  Tho angine
wiilh Uhe bovwest caling is tha Y%A elass. From
there, vach sucoecding lettes elaws has mare
power, with tha F class being the mon
povenrrhul  ongicd  vailable 0 the  miode
rockitey Liakd.

ENGINE | TOTAL IAPULSE IN | TOTAL IMPULSE I
EUU'ED TYPE KREWTON-SECONDS MOUND-SECONDS
Wik 0EXGw 1.25 0.15 to 028
TOTAL IMPULSE A 126 tn 2.50 0.29 10 0.56
HART i 251 to 5.00 0.57 101,12
¢ 501w 10.60 11310228
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B CATEGORY|

Further cotagory division of angines is based
upan the averape thrust of th eagann during
itz i timvn o i designated by a mumbr
This categary can bist e explained with
thi Tollowing example: An A-B engine hes
an averpge thront of B Mowtons® while sn
AL gngine has on average 1hrest of anly
5 Mewtons, Since thie enpines pré both ol
the ‘A" categmy (wotsl impulse ol 2%
Mowton sscoralsl, hosy can the averpge thrust
differ? Simple, the A-B angite has a high
thruit level, bat s for naby 173 second,
The A-5 angine, while it haz a lower thrust
hewel, buine Tor 1/2 apcond, 1n athes woreds,
the highes numbersd A8 diging has mibro
“push’, bul bms “push tme” thm tha
e oy burnig A5 enogend.

Anoinir oxamole which thows mare of @
warinnoe iz in the ‘@ cutegiey. A B-14
enging hat mare than hwice @ much marmga
thiust G5 0 8-4 engine. The G4 engine,
howsareer, barns slimost 4 times s lDng as the
hotter B-14. Bath ingined come aul with
thieaene amount of ol impulse; & Neéwion-
secands. Tha reawon that severnl cdifferent
powenr atingt are offered i3 becsiss thn
povetr réquirémants al different rookets will
vary degending upon tha desied altitude,
wenight arcd frontal area of the rockel, 4is,

T ez that a particulsr typs enming will
wink beper in ona rocket than in another
iz mnot meally a subjeet for discussian here,
Later on, T you wish 1o d&lva [nto thie
subiect in depth, mad Cenmn’s technical
iepert TIR-100.  For e present, just
remambies that the warying powde Moguirs.
ments oo exist, The recomunended engines
far Centurl kits vre shosn 0 the cotiog
arel on erory Genturi rocket kit peckage,

DELAY TIMES:
Thi third numaral in a tockel ingense number

6 = & MEWTONS OF AVEMAGE THRLET
B= NEWTON SECONDS TOTAL THRLUST

You wani the parschute to oject just when
the rockel reschos the peak of itz flight
lanogeel. 11 thoe parschutn were o epect
wilille the rocket was still climbing a1 o high
rote of spaad, the chate and shock cord
might ter torn From the rocket and, of
eoiirsn, you would be chested of additiornal
altitude, 1 the rocket werd desconding, the
wwme siwumting (lo & leser dagresl might
wxist. Therefore, each engine fs oflered in
eemparn] diffarant delnys 1o lest motch the
eppation with the onogéd of the Yarkous
rockois in the Centuri line.  You will nole
that sk dngings in tho cotalog carry a
‘0 delay numbér,  Thes erinéd hive no
deluy or ojectien chargs and are intendaed
to bie ussd alrictly et booster engines in
multhstage modsls {zee Chapter 8), NEVER
USE A BODSTER ENGINE IN A SINGLE
STAGE ROCKET.

ST ENGINEGS:

You will note 1hat 3 sngings in the Centun
ling carry an 5 after the engoed Aumibern,
The 5 designates this s an eopinn with &
“short” cazsing (1% long & opposed 1o
245 standdard longth], Thass “chort™ engEnes
are intinded 10 e waed with o moces
ihe present Conruri (it the LIE' Horcules
sl thae Euelly. Many smoré usd are Tound
wahen you Degin 1o deslgn your own custonm
FOd ki,

Selecting the correct delay
time will insure the
maximum altitude for
your flights

APOGEE

ER

EARLY
FARACHUTE

EJECTION
APDGEE

IDEAL
PARACHUTE
EJECTION

-;]F“ﬁﬁ? o

THRUST DURATION
Eﬁfﬂ Fi.Tdiﬁ'"

fips nothing 10 do with the power af 1hat
prwine,  This numibser indicaisd, in spoomds,

IZHDRT]
SAME POWER — DIFFERENT LENGTH

the delay time batwman burmn out 3nd gjee- - WL R [ ] L
tion, Each Centurl enging s swaddabsl in \Bks | AL
3 or 4 dilferent delay thmes. The reinen fof REGLLAR f el i

|

the differant daliry 1imes s quite ssmple

*A “hewmon' is the matre wnit of foice, o,
i the cas af a rocket motar — “'theust™, [ N

DELAY TIME
TOO LONG




I ENERJET D" ENGINE
EQUALS /] “B" type engines

These are the most powerful engines
evilleble for the standard line of rocket
kits, Tho Enerjet O's are constructed like =
the “Large Scale” E and F type engines,
They use o plastic bound, Rih energy
composite fuel which is encased in & fila:
rvent rainforced plastic casing and featurs
a specially engineored expantion nozzle,
These engines are twice as powerful as the
*C' angine, The Encrict D ergine is the
sama dlameter a5 1the WA through C
emgines. but it is %" longer, 1T will fit
in any standard rocket with the sxcoption
that It eannot be held in place with gn
engine lock. This is no resl problem since
it mey be friction litted into the rocket
with masking tape (many kits, because of
constriction, do not feature an enging
lock)l, Becouse of the 0 enging wieight
ditference, several of the standard rockots
need modilication in the form of add|-

I T e

e

ROCKET ENGINES

Model rocket engines dre produced wnder
exacting quality and safety conditions on
precism and expensive aulomated machinesy.
The engines sra intended for one time wse
and cammot be reloaded by the individual.
Thiz /4 one of the important factors in the
marvelows safety record enjoyed by this
hobiry. Mo propellant loading or mixing is
ever done by the individual rocketesr. To
follow through on satety, you the rocketeer
must abways wse thase engines as intended,
in a stable modal rocket, fired from on
approved launching pad, and abways ignited
by remote olactrical means,

tinnal nose weight anly in order 1o effect
stable 1light {sae Chaptor 3), Tha D engine
is not recommended for small mockets
swich 25 the Javelin, The thrust ol this
enpine iz so high that & small rocket
would go o of sight and you would
probably neder soo it again, The'D' englne
will, howeeer, provide beautiful flights in
larger rockats such as the Nike Smoke,
Orion, ete, It is recommended that you
do not fire a ‘D' angine until you hne -
built and flown several kits using loweer
pawsted angines. Onee you have o litth
experionce, illp an Enerjet '0° into that
fivorite laiger size rockal and swatch it go,
You'll be amazed at the power and
elficiency produced by such a small
peick age.

CEMTURI'S "SERVO-LAUNCHER"
ondd “ASTRO 17 Rocket Kit illus-
tratadl.

O ONIEFINIDNT THNLNID 10 AUYIOISENS ¥




Chapter 3:

Basic Design
Requirements

STABILITY: There are two primary
factors which influence the Tlght stability
ol & model Rocket,

1. Centor of Grawity:  the point @t which the mockel balances

2. Centur of Préssure:  the theorvtical point ot wiiich all lorces

cirectael againit the rocket would cenler.
Live Enging
Installed

In order for a8 model rocket 1o fy stible,
the canter of gravity must be ahead of the
eenter of pressure. Always remember this
rule in designing your modal rockets.
The contar of gravily is quite easy to
determing,  Simply balonco the rocket
{with live engine in place, chute wadding,
ate, installed) on o ruler or thin piece of
woald, The point at which tho rocket
balances is the center of gravity., [Abhre-
viatedd 0G.) The approximate center of
pressure may be foumd by making an
exacl size cutoul of the rocket from
cardboard, ThE cutout is balanced on 3\
the ruler to show the center ot pretsure

{CP}, Note: tha tormulas for determining
tha true CF of a mockat are discussed fully
in Centuri's Tochnical Report TIR:-33. In
order for a rockat 1o hwe a reasonable
stability margin, the CP should e &t least
ont body diameter® behind the CG.

FINDING THE C.G.

Balance Point of Symhaol
Rocket (CG) 9

Parachuto & Wadding
Installed

Ruler
FINDING THE C.P.

Balanca Point of
Cardboard Cutout (CP)

STABILITY TEST:

The easiest way to determing if the rocket
will really fly stable involves the use o1
the swing test, Propare the rocket as you
would for lounching, Use the hoaviest
engine you would aver Iy in the rocker

*This figure applies only to this method
of cilculation of CP.CG,

10

=
; "'..ﬂ:hr-"""-'-

-

- SWING TESTING FOR STABILITY
The rocket must be fully “Tlight prepped™
with the exception of the igniter. Locate
tha balanca point of the rocketl (CG). Tie
2 loop in a 10 foot piecs of cord snd place
around the rocket at the CG point, Tape
the cord to the body so it will not slip
forward or backwaid, Haold the rocket at

COMPLETED MODEL
._'_,.o-—"\

-

Live Enging { | String

Installed =, Balance Foint (CG)
I‘—fTilpl: Parachute &

Wadding Installed

arms length, paint the rodkel’s nose o
the direction you will swing and begin to
swing the rocket around your hesd, A
the rocket picks up spaed, let the cord
out to about 8. If tha nose of the
rockat points in the direction you are
swinging and stays pointod that way, the
rockaet will fly siabla, 1§ It twists, turns
fiat against the wind or if the tail al the
rockel turng Torward, the rocket doss not
heve sufficient stability. Note: on vary
large rockels, a longer cord is necessary,
In ardar toget a reliable test, for instance,
on a Centurl Saturn V', vou would have to
stand on a high platform and swing the
rocket ina 200 arc.

CORRECTING INSTARBILITY:

One way to correct instability is to mova
tho CP to the resr. Enlarging the fins or
extanding them rearward will accomplizh
this, An easier method [especially il the
rocket k& completed) is to move the CG
forward,  This s done by adding weight
to the nose of the rocket. After any
Mterations are made, the rockat must be
re-tested too verify stability,  Aemamber
that the CG will change when you modify

| the rockel, se locate the new CG betore

flying [\ A
B ]
D £

CORRECTING INSTABILITY

ﬁ Wieight
|| New CG
-4k op ——1fel—=CP
*eg T~ |s|CG
| New CP
dp dib b

u nsta;!e
Configuration

@ =0

S Mok Cone iy Flastiz Mpge Cong

Add Weight  Increase
To Nose  Fin Area

To sivance the center of gravity on a
rocket & wead of modeling clay can be
pushed into the extreme cnd of the
plastic nose cone prior 1o Lnepping the
base into place. e



DARAG:

Drag is the resistance creatod by o body moving
tleroudh thee gir, There ore several types of drag
that influpnce the psrlormance of a modsl
rocket,  Aother than g0 inla & prodonged
dissusmion of ssrodynomss drag ol Wil e,
we'll just mention a few thingz ¥ou can dao 10
reclecs drayg an Yo madel reckel,

FIMISH:

& goad Tinish oo your rooket (see Chapier 71 is
Impartant in reducing te frection expssinnopd
in Tlight. Thio barter tho finksh, the higher the

flighn.
MOSE COME:

Altnough tests show tis is ot as critical as was
oned thought, a paratiolic shaped cong s thi
most optimum shepe Tar reducing drag on
subisanic flight madels.  [See 1ap of page 13.)

FINS:

The shapa al the fins has scime eflect on drag.
A wempt back fin with rounded comers will
genarally prodiess a litgle less drag than a fin
wilth sharp corpess, DF groaes impormance In
reducing drag {especially in the cass of a light
weright rocket] s the cross seation shape of the
fim. & geEnily rounded Ieading edge amd o
rapored trailing sdge onoa fin will procuce bins
drag 1han a fin o sehich ol pdges ane square or
just rounced, DOrsa i alse produced in thearea
wihere the fims jorn e hody fuba, Fillals slong
thi len-kady joints izee Chapter G} wall reduce
thi=z “intérléranca drag™,

BOAT TAIL:

Curving the rear postion of he sesSal imsord
will mecfuct bate drag at thizs point. This £ of
coursy, oy poiible on rackols that have on
inmede body diameter largoer than that af p modal
racket engine,

ROCKET COMPOMNENTS:
FINS:

Blany differsnt fin shapes may Lo isod lae @
miogdel recket. Centuri®s fin pottern shest s an
wxcellent sourcs Tor Tin desigon, | you desing,
yau may punchase sheets of balsa Teorm Canaure
waith Tin elasigns primied right an the balsa, &
rule of thumb in determing Tin arma 8 that each
fin showld be at least 1% times lin boilk
dirgsisne the diaseter of the bhdy. Fins can
iz cut froam 2 simgle prece of balgs, or may be
made up o Tz or mare balm spctons,
RAewiomilbser Al5pr tha grain g should alivays
run paralle! with the leading edgo ol tha Tin,
The fing shoubd be pasitioned 1o e exirsms
e of tho rockof.

Fia shguld nat be ploced near the frant ol
Hal foskel dincs 1his mnds te move the certer
of pressure forsard ood rédiucas R gaknling
margin.  Small, decorative fing may be placsd]
Iarweardd, Grdy iF s mdin TiGs fre guiie large,

Fillets Reduce

l’;-ﬂd J’/J ;l‘tl'-‘l

Fin Cross Section Shape

TR

Batter  Bost

Dirag Hoae

Balsn Boat Tail
{Centurl V-2)

Pagprer Boat Tail
[Centurt MX-774)

) U

Body

Enging Tube
Pam'r Wlaunt
Eoat Tail

| ﬂ"‘-ih

Typical Fin Designs

|
= e
10| I
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NOSE CONES:

Mot corgs are dvailablo oo veide wariany of
Bidid @l Aliaged, The choica i up 16 ¥oai. In
terms of porfarmance, the relative efficiency of
thin shinpne are shown here, Centue paocdsce
Iaqh belsa sntl plastic noss cones. The Canturi
plostic nose cones have o snap in base wihich
nikys  the cone o e used ag a1 payload
COIMERATErmEnl,

BODY TUBES:

Centurl bedy nibes o made of o specinlly
ralled, hi-strength kraft peper. The wall thick-
ress of most al iheso rubas B 022", This i
Wlzal fod mlmom strengeh with thee lightest
weight, Cenuei bedy tulss ore finlshed witha
poly-glassans  coaling which produces novery
snaoth finish and provides o good band with
glug or paint.  Body tubes ore avadlable in oo
waristy of sides [s= Chapeer 5l A #7 tube
|, 76" dinmeter) is the smallest tubse in owhich a
mpcnl rockor ongine will fit. Body tubis are
aéailabld i feweal lengihs nndd also may be
mamily cutl o any desired longels, 16 deggning
vaur first rochets, make the lergth of the bady
at lemgy 10 timee the dinmeter af the tubae
Short rockels oller el dasign probinme ned
the balance ismoee critical.

ENGINE MOLINTS:

This giisipleds engeid mmaunt 55 8 Theust rang 4|
into & ¥ T bocly tube, In larger bedy tubes, a
A% long ¥ 7 tube with thrust ring & used to hald
the enging, This ube s centered in (he largar
tube with sentering ringe 4 a ring and sl
ocombination. |n soeme cases where a @ 13 & 16,
of & M} hody tubae 1§ used, the anging moint
can s racaad an ineh ar g0 indo the Gady e
heelp increaze the stzhility, margin,  (Moving the
gnging. and itp mount forsard moves tho ©G
Forward, 1

CLUSTERING:

Clustering imvohees the uwe of twa ar more
ungines, fired serail thndously, to bhoodt b racker
which would be too Farnge and heay for a single
enging.  Canterits Sourm 18 (2 engines) and
Saturn % {3 sngines] are good sxamples of
clugter “hingds’”, In order 1o hawes shmalenreaus
sgnalife, it it absolirely nacassRny TO USSR SUMM
Shot fpniters and a herey duly peseir Supply.
& chister micune is relacively simple ta build,
8T-73 onglnno tubes are fitted with thrust rings
gnd thie fubag are glued agihor o farm the
chuster.  Twa or Hhrie dnging Gluskes modn i
wiill fit nicely into o0 #18 body tube and o Fatr
anging mavnt will fitemslily into o 020 mbe, Be
sure o reded Cantien’™ Technical Repan TIR-G2
YAeliabin Clester lgrition'™ before prsssging
Imench of & cluster rocket

WOTE: Gops betweon dluster tubes must be
Tilkpd winh Bxplgn aF corobaprd DR poovon L njection
g Trarm escsoing Lo the rear.

2 Engine Mount

Body tubes available in lengths up to 18",

Thrust

)

Aecessed Mo
More Than

% Body Dia.

Balsa

"'F

i
&

In# 16 Tuba

Blocks

Hing? e

)

# 7 Tube Enging Mount
Spacer Tubse e

—r
By

Canterimg

Ring Mount

For # & & 10 Body Tubes

Rings & Sleavs Mount
Far # 13, 16 & 20 Body Tubes

B L—. x_j_*
Recessed —»

Engina Maount

Spacer

TR-7

3 Enging Mount
In & 16 Tubs

-~ Hings

Thrust

A Engine Mount
In # 20 Tubs

3



RECOVERY S¥STEMS:

The most camman recovery system ussd on
sl rockets |5 the plastic pamchoce,
Birrara! OEhar Typed o recovery syaters
are wied on cerinin rockets.  They are
| el haero:

A, FEATHERWEIGHT RECOVERY:

A upry  lightweight, small rocket which
uman ojectan of tho spent ongine cosing,
falH ganily hack o e, The Lil Harculgs
15 an =xample of thiz bype of rocket.

B. STREAMER RECQVERY:

A strearmer is a lang ribbon made rom crepe
paper or plastie,. Upos ojection from thi
Fackob, Ll 1ails of the streamar fulles in e
bresre ond clow the descent of the rocket
Marmally wipd an lighwseight modalg gach
os  the Micron, streamers moy be used
ntarchangeally with porochutes on karger
madela Tae i i a snll wind, Sinca o
Etrgpmer ollows the rocket to Fall sirsight,
thare i< less chiance of drift on windy doys
than with & parschute,

C. PARACHUTE RECOVERY:

The parachute ajects,. fills wath air and
lowers the rocket gently to the ground,
The ¢3¢ ol 1the presniato vories dopomling
an the wmight of the rock=t, Largs rockeis
may usE Pedr ar penn thres porschutes foe
TGOV,

D. GLIDE RECOVERY:

T model glicles 1o esth like s conventional
girplane. The Swilt boast glider is an
examola af this, In the case of tho Swift,
che nrsgire id located in o soparan posf wihish
recawers wailh o parschute. Ejection aof the
pad leaves the comnventiansl sopsaring, Hgh-
waotighi® glidir High in the shy o wheel and
tisrn pently foward the earth.  Hoost gliders
can stay aloft for contidrraliln amaounts ol
pirmst, liv g rdcket plong sach as the Mach-10,
the engine remakns in the plane and the glsde
iz similar te but fasier than that of the Bwafr,

E. RETHO SPIN RECOVERY:

The rockot & desigred im such o manner chot
drag surfoces are doployed by the anging
medtian charge,  These deployed surfaces
canise the rockst to spin ond thus slow its
descent.,

Ruocket Plane
Glide Recovery

Feathar Weight
Hecovery

Parachute
Resovery

Retra Spin

Streamer
Recovery

Boost Glider
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PARACHUTE DESIGN AND ASSEMBLY

Centuri offers o number of different
sizag of colorful printed parachutoes
should you wish, howsver, to make
wour own chute, the construction meth:
ads are showen here,  Thess mathods
cam ba used with @ variety of materials.
Hecently introduced, chrome mylar is
ttcoming gquite popular, The mylar is
stronger ard more heat resistant than
plastic and {5 much thinnes {0005
which allows it o be folded into o
smaller chute compartment. Another
advantage is the mylar's reflective sur
face swhich makes it highly wisible
durimyg doscont, Parachutes are ocos
sionally mede from silk, but dus to it
grester bulk and cost, this meterial is
generally restricted o the Mini-Max/
Enarjet fiald,

SQUARE

FARACHLUTE SELECTION GUIDE
APPROX, PARBRCHUTE SIZE
I.IET-\::I:II%:I‘“ET“I y SCARE HE=ALGLIN | OCTSGE0N :
1 mz, D=4 U"'l:;'--” El=]
2oz, :1-1;-:" r|-1-'-'" O=16*"
T Aen o2t | Deap [ 205"
o, O-28 | pegn Depar

"' s the wikdth dimonsiaon of the parachito
canopy pi Eoven balaw.

FORMULA FOR CUTTIMG PARACHUTE
SHROUD LIMES

SHROUD LINE LOOP LENGTH

SAUARE 2% TOITIMES "D

HEXAGOMN or L'ICTJ".GDI'JI 2 TO 2% TIMES *'D*

HEXAGOMN

OCTAGOMN

Thrae basic parechute shapes will be dizcussed here, They are squere, hexagon, and
octagon, Tha table abova shows the approximete size of the chute required for rockets
af differant weights and the recommended length of shrood lines,

SOUARE:

A square plece of matarial s out to
the desméd szd. Shroud lines ars
attachad to the cormers with lops
discs.  The shroud lines are pulled
tight and tied to complete the el

Saudre Chute

Tape diss,

Press down
firmly




HEXAGOMN:

Cut a square plece of paper to size
=0 that each side eguals the desired
dimension (D) of the chule, Fold
the paper into @ right triangle. Mark
the paper with a 30-60:007 wizngle
grd fold the legs ovar as shown,
Cut acros the folded paper 1o
completa the pattorn. Lay the
pattarn on the chute material and
cut out, Attach shrowd lines and
tie ends 10 complete the chute,

OCTAGDN:

Cut the piece of paper as above,
with azch side squaling the desired
0" dimengion, Fold the paper in
half @nd fold again to farm a sguare
cne-fourth the origingl size, (Sce
below,] Fald this on a 46 degres
angle. Mark length “B™ equal to
lengih A", Draw a line across and
cut 1 complete pattern. The chute
i cut out, shroud lines arg cut,
attached and tied w finish tha chue,

Tha mothed af attaching the chute
1o the rocket is described in Chaptar
G, Mote:  If the rockel tends 10
drift during descent, a small spill
hole can be cut in the center ot the
parachute  While this makes thao
rocket come down faster, it also
reduees thie drift,

L[]

Papar
Pattern

30'|  30-60.90°

o |
i""'.
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Pull Tight & Tie
Shroud Lines
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Chapter 4:

Building Tools
and Materials

Im order to build good models, it s
necasary to heve the cormet teals, The
tacls needed to build model rockels are
inaxprnsive and few in number,

& Cmust’ item iz a modeling  knife,
Listed in the Centuri cotialog ars 5 name
ber of knives and knife sets. These knives
arg speciolly designed far delicate mode
work. They usa replaceable blades which
can be dizcarded when thay beeome dull
& word of ceution:  Always handls the
knife carefully. Sherp bledes will cut
Fingers a3 well a5 balsa, 1f you ever drop a
modeling knlfe or if it rolls off tha Table,
naror—never ey o catch it This may
saind funny, but it is o natural instinet G
try to catch somathing when it falls In
this case, a natural fenction could produce
a nasty cut an the hand,

A maetal ruler which cen be used for
mersutng and a5 & cutting strokht edie
is B necessary tool, A mnding block,
pweezars, and scissors are also very handy
to have on the work bench, Confurn's
“padel Rocketeer's Tool Kit™, Catalop
Mo, ¥C-00, forms « very good basis tor
any rocketeer’s tool collaction.  Once

purchased, tools such o thesa almost
nevar waasr oul — thay are a lfetima
e stmient,

Whethor youw are working at 4 workbench
or the kitchen tabile, a eutting board s a4
standard item, Mot only will it prevent
mrarring of the table surface, but it will
prodoeng the use life of the knife blade. A
pleca of heavy saolid {(not corrugated]
cerdboard makes an ieal cutting board.
12 % 18" s o good comveniant siee
Discarded “stand up®™ type signs such as
fhe ones used in grocacy stores anea good
source for heayy cardboard,

Sandpaper i5 reguired anoa varicty ol
grades, Sandpaper is graded by the “arit"
or relathee semoothnass.  Listed hers arg
ihe ditfaremt “oriis” nesded for worious
ks

180 & 220 GRIT SAMDPARER: Llesd
for Yshoping’” and rough sanding of balss
pHIre,

320 GHIT SANDPAPER: LUised  for
interim eanding of balsa — betwesn appli-
cations of fillercoat.

420 & G600 GRIT SANDPAPER: Used
far final sinding, Thase are vory fine
grades af sandpaper angd produce smooth,
awan finishes

Addditional matenials such a5 paint, alue,
brushes, tape, etc. will compleéts your
feadel rocket work: bench™.  Thes
materiaks are  diseussed more fully in
Chapters B and 7.




Chapter 5:

Custom Design
Parts System

Centuri madel rocket parts ane pum-
ber ooded in a wery almole and
fogical system A umderstanding
of this system will enabile you o
design customn rockats with & mini
mum of effore

Basic rocket componants are all
numbared according to tha seven
dilfgrent serigs of Centuri body
tulres. These series are based on
1he digmeters ol the varmous tulbes
produced.  They are listed babows:

Mominal inzida
diameater af

Serips: hiody tuba:
F e e e S
w7 naw ] b
# 10 1.0
F13--remmr e 1.3
# 15 1.6
e ST . I

TE

All parts are numberad in & combination ot
a letrer prelix follosved by o 2 to 9 digit
numbar, The first digit (sp of the mumber
sy --:il_'rnil",- the series to which the part
baborgs. The last diglt [4) provide identitics:
tian of the specilic parl.  The letter profix
nives @ dascriptive abbraviation of the part,
Study the examples,  They will elarily the
sisterm mode Tully .

Body tubet are avallalbe inoa wariety ol
lengths, 127 and 18" lengths arm, howeyer,
tha most economical purchasas, Yo cen
cut from thase longer tbes thie eeact lengths
that ywou mesd. The #7 serigs whe iz aglovs
fit for & model rockel enginge  Since the
#5 sarigs tubes are too small in diameter 1o
contain an engine, they are used only as
supplemental tubas or dummy uppes *'stages”
on 8 rocker (See rockeat plans) The bals
and papar reducers can e used to combine
the ditterent series, affering an unlimited
wiriaty of possible rocket shapes. The ex
ample shown here is somawhat axaggerated
in dasign, but does demonstrate the varigly
of possible combinations

CENTURI PARTS NUMBER EXAMPLES

BR7-10

Balsa w10
Riadhucar Sarias tube
Adapts # 7 Series tube

~8T-712

o

~EM-8

iral | Qe l:lﬂﬂ Engine Mount fits

i 8 sovies tub
-Erﬂ: # 7 Bories Al ot

—CPT-134

Clear [ 4" |lang

Plastic tube
¥ 13 serieg

 BE-109

Balsn

Cone gyln @9

& 70 sEries

=3 Fin
Rochet Guido

CENTURI
BODY TUBE SERIES
(ACTUAL SIZE)

Ent-8

rila. 5 Contur] Body Tube

rN-L‘J. 7
| Ilrih]l:l. i]
4 Fin j Moo 10
Rockar Gulde M, 13

Mo, 16

EXAMPLE OMLY TO SHOW
POSSIBELE COMBIMNATION OF
CENTURI PARTS.

iMoot a recommended design. Mo
recovery system included).

18



Chapter 6:

Construction

Techniques MAKING FINS: e Iuliding o scole mocol with fine of 1 Sandpapar

Once a fin shopo has been decided upon, finished shape at this time. Chapter 7 s
Tl el S
The simplest method of cutting a body wemplates),  Using a soft lesd pencil the balsa fing for painting after they are Edge Square - T i
tube is 10 wrap & piece of peper sround trace the outling of tha template onto a

the twbe where the cut is to be made,
Flace p pencil against the edge of ths
paper and drmw o ling around the ubs,
Lay the tubs on a flat surface and rotate
slowely, cutting alang the pencil ling with
a sherp knite. Use light pressure and do

perfect cul every time, To cut differant
digmaters of fubes, modify the jm by
placing flat pieces of wood on the base
plate 1o serve 85 spacers,

balsa zhaol.  Remember — the eading
edge (top) of the fin should always be
parallel with the graim of the balsa

Balsy is soft and easy o cut, but a Few
Basic rules must be Tollowed (o producs

The fins must bs zanded smooth bafore
bring attached to the rockel, Squarg up
all eddges with a samding block.  Lightly
cand the surface af the Tins and round thsa
leacimm and trelling edgas. |1 you with to
have a stroamlined fin shape of |F you

attachad to the rocket, 1, however, you
are wsimg fing that hava compound angles
and special shopes, iF would be more
praciical to completely “pre-dinish™ the
fins belore proceeding to the next step,

ATTACHING FINS TO THE BODY:

Sand

Farming stralght tapars on
a "Seale” fin,

Fin

Ftl:lll.llll:l.---q
Edgas

Taper

- _ﬂfing Block

| -Rest Edge in table

7 I AR A A T
L is | i pofirst sleg | fis i Flat Surface
not try 1o cul through the tube on the consistantly good results. Alwiys use a Thu first step in attaching the fins is to
first pass. Onco the twbe s cut, dres metal straight edge s 8 cutting guide and mark the fin locations on the hody tubs,
denwvny the end by sanding on a flat peece always use & sharp knife, When cutting All Centun kits come with tin location
of fine sandpaper, gut Tins, place the siraight edge so the and alignment guides, When vou baild a Fin Marking
A Fdster @nd noater method for cutting knife blade cuts toe the outside of tha fin, kit, save these guides for futurs custem Gujda %

bracly tubes ipolves bullding a simple buat
afficlent eutting ji. Meke tha jig from
any available wood to the approximate
dimensions shown,  To use, place the
body tuba in the jig, position the knife,
blide up, on the edgs of the jig at the

I the knife slips, you will only nick the
scran balza, not the fin. Haold the knife
straight and cut in several light passes,
This results In 8 neater cut with less
dulling of the blade.

building use, A% an aliernative, use tha
hody tube chert in Chapter & to mark the
tube, To extend parsliel lines along the
tube, place the body tube against the lip
af a dreswer, a flat piece ot wood or other
material which has paraliel sides and o

Body Tube - Fin Guide

on Page 19

- : - ek imately % the hod I
desired cut off point. Rotate the tube If wou are cutting very heavy bals, o :":1::?55 I;::Lrapulumnlll,'.' AT ¥ P—— . T
dlowely, keeping the knife point pressed raror sive is berter than e knife, Razor = RIT [ f= Marking Fin |II'I'HEIII.:.'
against it you bold the knife fiemly in wmws hiavi a wety thin blade and véry small For gluimg the fing to the body, we | e !

plecia and hold the twba firmly against tho
stop plate, vou should come out with 8

Pager Wirapped Arowind
s Body Tube

_-::’"-,f rockats. F e, &:"
£ e Pre-gluing will provide the strongest joints i
It is done In the following manner: Sand Pre Gluing
2 Raotate Tube the oot edee of the fin to ramove any
fillar material (il you pre-finkhed the E
EWPEIMh fing). Run a IE‘;|hr"lI t-r:aLII of Superhond  Allow glue to dry with
II"- 33 T‘:-"thh : 200 along the roat edge andon the pra-markar  finin horizantal position.
e S Rotate 457 1 line on the body tube. &llow the glue 1o
D e M R | 3 became almost dry, Aun another basd of e
e 17 1o -IEFI i . L 4 '__.r-"

S e e
. -\_\\_.‘HH.

Leading

e - Edla%',

taeth, making them perfect for this type
of work,

Cunting Edge |
Templata as Curting QEI.

highly recommend the use of Cenwri
Superbond. This glue is specially (ormu-

: S
e and = the strongest glua available L"”
Use Stapl Ruler far this PUrRasE. White Hl“'n takes o riear Flat Pieca of Wood

to dry, but will work 85 a substitute.
Modsl airplane type cements are NOT
recommendad for wsa on flying model

Superhond atong the fin root edps Snd
press in place on the body tube Check

:-":--.__\_h- - _._-'-L:_"_’_,_,_.-o-"

.y

™,

Fim Aligrmment
Guide

tha alignment of the fin with the alion-  Boaok, e-m.:‘fur a wenight
ment auide, or with the body tube guids

in Chaptar 5. (1T the fins mctend below

the end of the body twhe, the guide in

Chaptaer 5 doss not work very well, 1T Chack Alignment
yil e B0 “accurete sye'” you can of Flnz J
‘cightalign' the fin with rasonoble réa s -
Whan you are satistied the fin is properly 1
aligned, set aside to dry.

P ﬂ@
o B St s
>-_.\~.:-‘~'—""

FRONT 7 S g
Smallar Body

Cutting Side Up—,
g- P a-_HHu:am == = Tube

ik =—=l——== Spacer Strips




After the glue hes thoroughly sat, repeat
this process with the remaining fins, ane
at d times,

Thie Tl jolnts cen be greatly strengthaned
by adding fillets of glua. This is to be
done ocnly after tho origimal glue joints
are completely dey, Run a bead of glus
along both sides of each fin-body tube
joint. Smonth the glue into een Tlikets
with sour finger. 5ot the rocket aside in
a horizantal position end allow the ghae
toodry, Mote: 1 you stand the rocket
vertically, the fillots may sag and ook
unsbghily,

INSTALLING ENGINE MOUNTS:

ANl Centur custom engine Mounts come
complata with assembly instructions, so
wa will net go Into that here, st
remember to glue the weging mount in
seciurely; the threst of the engine against
the mount con produceconsidarsbie foree,
I you wish o add an enging leck 1o the
maunt, it is a very simple process, Con-
cealed engine locks will normally work
only on # 10 through 0 series body
tubes. Tha # B zeries tube does not heve
anough clearance for the gpring action
of the lock to function. An angine lock
can be installed on a rocket which & buil
from the # 7 series twbe, but the ongine
leeck wrill b wxpozed. The engine lock is
secured by simply cutting 8 slit in the
mount @t the hass of the thrust ring,
inserting one end of the lock into the sl
and securing in place with the mylar lock
ring. (Centuri Enging Locks EL-T mclude
myler lock rings.) 10 will e necessary 1o
cut cleardnce slots in the anging mownts
as showwn,  IF ywou wish to wea an engine
gk an & & ¥ tube rocker, it must be
installed BEFORE the fins ara attached,

The engine mowunt is normally positioned
weith the aft end of the mount eoen
with the af end of the body, In some
imatamees, especially with  labper  body
tubes, you may wich to recass tha mount
e the bedy for o short distance to
provide an added siabilivg marging, (Ses
Chapter 3.)

P

ATTACHING THE LAUNCH LUG:

I the came of o straight single dipmatar
rocket, the launch lug is simply plued
Iigh'l 1o the hody wbe, The lug should
bie attached 5t the approximata CG of the
rockar, After the lug is positioned on the
bLindy, sight along the launch lug toinsure
it ig parallel with the body wbe, Once
tha glue 15 dry, you may wish to run a
amall fllker of glue along the launch ki
binchy joint for added strength.

[Sae |Hustration Paga 23.)

i S
Froshly gluad fin —
in upright position

e

R-’!{;:'_ﬁf =

Applying
fillats

Check alignment
with guide

Adapting an engine ock to
an EM-104 enging mownt

Adapting an engine lock to an
EM-13, 16, 20 enfing mount

MWylar
Lock Ring

Cut shot
im this ring.

Adapting an engine lock toa & 7
hody tubs (Exposad]

My lier Lock
Hing

If the rockei hes an enlarmed paylosd
capsule, the lunch log muast be mounted
on & balsa Ystand-ofl”.  The stand-off
must e wide sncugh 3o the launching
rad swill not rub against the payload
metion. I & rocket is quite long, it may
require two launch fugs, Thess are glied
i place near the top and bottom of the
rocket body,  Usa a launching rad o
align the lugs and keep them in aligament
wehile the glue is drying,
SHOCK CORD AND PARACHUTE
ATTACHMEMT:

By Far tho best ond exsiest way Lo attach
g shock cord to your rocket = by wsing
Canturi’s Bhock Cord Fasteners, Cat Ko,
SCF-1  These Fasteners ara very strond;
they ara heat resistant end have & perma
ment pressure smnstve backing, Toinstall,
simply remove the backing mataerial, loop
the shack cord through the holas as
showvn, &nd press the Fastener in place
inslde the body wbe  Moke sere the
Fastener s far snough insida the body
tubse ta clear the noze cone base when it
5 %01 i place on the rockel. The shock
cord s secured to @ balsa nose cong by
means of a screw eyve. The sciew eye s
inzeitad [mto the base of the cone and
turned until it is seated all the way into
thes Bilss, The sorew eyve is then removed,
gluee i5 sguirted into the hole and the
sormw oyt i5 teplaced.  This insures per-
manent anchioring eainst ejection shiock,
This shock cord s tied to the screws eve
i a firm, triple knot, Smeas @ litthe glue
on tha knot prévent it rom loassning.
With Centuri plastic nose cones, an attach-
fent lug is cast into the base, Simply tie
ardd glue shock cord w attdchment lug.

Parachutes may be attached n twooways:
The shroud lines moy B tied 1o ihe screw
oy Of noge cona lug, of they may be tied
ta the eye of a snap seived,  The snap
swivel can then ba attached to the nose
cone,  Thi snap seivel not only keeps the
shroud limes from becoming tangled, but
allowes quick interchange of parachutas
Tram different modets,

FITTING NOSE CONES AND
PAYLOAD CAPSULES
Mose cone and payload capsula basss
ghoubd e ehecked to Insure a perfect fit,
The Ligses should it snugly bt nit tightly
inth the body tubsa, & tight fit may causa
malfunction of the recowvary sydatem, A
lir thist s extremely loose may allow the
cone B0 comda off during the thrusting
phase, IF the fit is too tight, a litls

sanding will take care ol the problem, 1
the fit 15 too |loose, Wrap a Turmn ar e of
tepe @round the base, In the chs of

paylosd capsules, all fits excopt the one
that sockets into the body twibe must be
Ahght o prevent the copsule from coming
apart during the “snap back™ of the
shock cord

Launch Lugs

}
| About ¥ to 13
on = times body length ¢
S~ Shock
Standaff / Cord
| J'|

Vi
S ¢

Enough distanca to
clear noss cone base

L

Shock Cord
Fasteners

Tie & drop
glun on lknot

Sheroud Line Snap

attachmant Sweivel

Tight fit

Tope if fit is too loosn 23



Chapter 7:

Finishing
the Rocket

In order to have a smocth finished appear
ance after heving been painted, balsa wood
must be filled and sonded before painting,
The fiollowing steps ere ahsoluteély neceassary
if vou wish 0 have a really good |-:!l|:|'|-u|'|!]
maodel. Since you hiwe sanded tha fine o
shape prior to attachment 1o the body, it s
only nmecessary to lightly sand the surface
with wery fing sandpaper, Mext, the fine are
painted  with o special Tiller prepocation
{Cenwri Fil-Cote). This preparation tills the
grain lings in the balwa and dies bard In
30 minutes.  Apply two coats ol Tiller o
interdls of 15 minutas, After 30-95 minutes
hinre elapsed, sand the fins with mediam fing
samdpapor.  After sandimag, apply another
coat of filler, let dry and send lightly o a
smoath glassy Tinish., |11 the balsa is very
porows it may be neceszary o apply. moro
Hller 10 obtain the desired finish, 1 yow are
using & balss nose cong, it must be prepaned
in the same mannar as the fing,

Centui| body wihes need no preparation and
should not be sanded, They heava a poly-
flassing coating which is vary smooth yet
accapts all types of paint easily, The choice
of paint 15 up to tha model builder. Model
girplome dope will work well. 1t brushes
gasily and dries hard in 15 to 20 minutes,
Enamel is wsually thicker and heevier and
takas much longor to dry. 1t iz genecally,
henwevisr, meore duralsla than dope. A word
of esution: Do not paint ey plastic parts
with dope or lacguer bass paints. Chemicals
in thasa paints will couse the plastic to softan,
krinkle, and In some cases, sctually melt
LUse only enamels en plastic parte o painting
with dopa or enamel use a good quelity flaf
birush, Fun e Brush strokes inane divesticn
and do not go back over an aree which has
just bean painted, Figure ot least three costs
al dope ta produce a good finkh, beo coals
of anamel. Alliw the palnt o diy bateean
each coat. A faster amd better way 1o finish
g modal involves the use of speay paint
which comes in peroscl cans. Spray paint
prjuces a wery smooth finksh, but must be
done comectly to avoid runs end sags, Before
spraying, you will peed to build something

24

on which to stend the rocket during painting.
& wery simple holder can be made by gluing
twio expended engine casings end to and and
gluing these 1o o waoden base, The rocket s
slippad onto tha top engine case and i% feelet
firmly |m placa inan upright position, Select
g clean weedl ventilated area in which to paint.
Spray the model with even passes of the can,
Lo ot stert o Stop spraying wihen the sproy
iz directly on the modal, Zpray a light mist
coal and STOPF — Blloww the paint to dey

This is of the gredtest importence, Do not
try to fimish the painting in ong spaEymg

Chances ars 10 to 1 you Will ruin the finish.
The first mist coat will lesve the model with
a lightly colored appearance. After this coat
diies, another mist coat isprayed on. Aftar
tha =econd mist coat dries, the model is
ready for final soraying,

First eoat of til-cota
g i] I:_-'l"'lll

Biilsi

2nd coat of fil-cots

Afrer sanding

i ] iyl
L)
drd coat of fil-cote '
"||-| T |_'-I'_ I'.II

After final sanding

."-----
‘s - Painting Stand

Brush strokas in
same direstion.

Wood Basa 57x5"

MOTE: Plastic noe cones do not
hawver to be painted, Vigorods nib-
bing with a soit cloth will produce
a hi-glo= finkgh to the pro-colored
plastic.

The third coat it Known &5 8 “'wet coat’”
and requires more care in application,
Bove the spray can up and down in
clower ares, Bllowing a heavier costing of
paint 1o be applicd,  This haavy coat will
have o wrel alossy sppearance,  Gorg must
he taken not 1o deposit oo much paint
in one area or runs will result, Ones the
wat coat hos been opplied 1o the model,
allow it 1o dry for 3 to 4 hours before
remdling. 1T you did the job right, the
paint should dry with a glass-smoath,
hi-gtoss finish.

¥ the model = o be a owe color jab, it
will have 1o be masked before application
of the sacond color, The maodel shoulkd
b allewed w0 dry for ab least 24 howrs
haftore any masking s done.  Othorwise,
the paint may pull loose when the masking
tapr is remowed, Betore apphying masking
tape to a model, press i1 against a pioce of
glazs,  This will remove some of ths
adhesive and reduca the possibility of
litting the paint. The masking tape shoubd
be appliad carafully to the aress wharg
the color change will occur.  Large areas
should be cowvered with peper which is
carelully taped in place, Ee sure thare are
no breaks or open =eams i tha papar
throwgh which the soocond celdér migh
sift and couse an owargpray condition.

Adter all pamting s completed, the model
is ready for decals of frimoming (wsing
colored tape dasigned for that purposel
In applying decals, fallow  application
instructions primted an the back of the
decal sheer,.  Be sure 1o press all oo
bubbles frem the surface of the decal and
and remove Bny Sxcess water by gently
blotting.  Trim tépe |5 quite eacy fo
apply.  Sinee it has an adhesive backing,
just apply the tépe w the model and cut
off whers desred. To présaida tha finish
arsd 1o prevent possible looseming of decals
or trim tepe, i edvisabla fo aive th
completed model o codl of cledr spray
paint, This should be dong only ofeer the
decals are thormsgily 2t and all water bas
evaporated from the serfsce, Clear spray
paint somatimas takes longer 1o diy Tkan
colors, 3o it 05 & good idea to lot the
model dry overnight before handling.

—AD —

Aopplying trim tape,

Watch Tor runs

; 2 Color to be
in these areae

Y = applied hare,
( NES
e
J P Masking Tape
A =<

'?LT :..--'

apor

First piect of
masking tapa
Second color to be
applied here Magking tapa applied

carefully betwasn fins.

e

L Papear wwrapped
around body

[Cenwri Pro-Stripe Tape}

Remove all alr bubsbles by gently pressing thein to
thi decal edge with a soft cloth.

2%



Chapter 8:

Multi-Staging

This gyanem uldizes specially construciod rock-
ats wiich [eature “broak-nway™ boodter slagis.
Engines are fitted into tha gtesss and coupled
to fomm a “sock".  Special boaster engines,
hgeing no clelay o diection charges, am s,
Tha Tiring af a typical three stago rockel vold
vk o3 lolfows:. The engines ang inseried into
rI-_:- stopes and beld A @oce by friction fitting
wilth mpo, Notice that the op or sustainer
sthgn conthind o regular deloyojection e
angine. With all engines in plsos, the 91ages ars
eaupled tegether and an ignitor is aftached fo
the first stoge prging. The rocket i sct onothi
pacl ol he glecirical leads conneeted. Lpon
inmitian, the rocket lifE ol wiglh the throsi of
the first stage ongine. When this sngine “wurms
thraugh', bits of hot fuel are retra-ficed vpinte
the nacele af the second siees angine, cmising i
o dpridte. Yhen 1he secend stage engine Beging
1 hrust, it pushes the first stage sy, The
lirgl stope with i1s large fins mimbdes salely to
marin,  When the secand stage reaches burnaun,
{IAuEG-ighites the third stage, The soond Teg
b opjocted ol recouernd (6 e ssess mannoer os
the first stage, Tha third stage behoves as o
dighe Sthge rocket, thrusting for nodkmo chen
LORITNG 10 anoper whern 100 recousry sy otem o
efecied Tar darmad parpchuts recoy .

Rulthstaging s an excellent way too agmin
lnigh sltitudes with o model, The aambee ol
stages possible & lmdlisd G0ls By the asailable
bodast pavar ol the fmsk stage engine fihe firs
Elagd anmine must Be abile to life tha wiight of
all the stmes and cheir Ardlire) . Four siages is
profiahly e maximum and this would requin
FRLreme carg in design anod congirection,  For
best resufts. hoasier fagas mugd be kepr ta
no mare than 37 iy ength Large fins arm
rocjiirad for pdequate dability and 19 slowe 1ha
Srupbie’ speed during roesvery . 5o caunling
15 irmpartant sac Connic's R Mard Seaging
System®™ B oo mui far effective autosgnition,
Hest all rovind rosalts are abenineo fogam rockae
uig & # 10 suries bady tubg, Ong Teafere of
midti-sdago rockels [soacially 3 stagers] i ihe
tondlancy 1o “wanthicock™,  Bocause of thn
large pmcunt af fin oren, the rockes teads 1o
bt crvprslabile.  When flown 06 Draesse, this
oer-stable constitlon catiete e reckel (o fum
into o weinel, Tl hsder the wind. the mor
the mndancy 10 “wemhercock’,  Far this
ropson, 11 g sivientde 9y mulli-stagers anly
ir el want i

TYFIGAL THREE 5TAGE CONSTRIUCTION
EMPLOYING CENTURI'S “PASS.PORT™
STAGING S¥YETEM®

AFT END|F
THT B
Thtiart Hbsj

TYPICAL
THREE
STAGE
MUDEL

N \ AT 0

Erprs
irrgaler === Fexig b el
il el 3
14 fhimdnr Lrapre
T e
— Py b

-

i Liaasiid Fimguist
B i W. 1P
= Fiad wa dvul

[

“Paient Application pending. Any Individhail sbo wishes to constrect anssembly iResrorting the
inuantion covered Ly this pendipg spplicaticn and any paten shich sswees Blereon o0 8 non-pralit,
neneamarsareinl bags s hereby granted a rovalty=frea, nan-axcluster licenss to practice this insention,
sSuch ficamn s nof granied §o persons o Tieme wibich prectics this inventicn o induse the prpctics af

s inintion for profitoc on o commaercinl st

At

Chapter 9:

Large Scale
Model Rocketry

Largir Sealn mocdel rockels ste termod those
which sre powirsd by the E ond Foglose of
Minl-Max and Enerjot unginm. Hecause of the
size ol tha orgines, rockets in thiz calegary are
rathar large ord lsey. L0 camparizon, the
Conturk Saturn W = behed Ran many ol the
Y Lorgs Soale”™ rockets, but s is disgided 10 1y
primarily with 1he G0 type engines.  IE s,
thernfore, not consiered 10 b g U Lange Soaie'
rockat,  Aeskas In chis advonesd calsgoey s
high performance tyepea and must be consEroctod
1o teke much higher thrust lewels than the
regulas i of Concur] rockers,

ENGINES:

Kini-fax E and F enginis are construsted lke
hir gtandard lime of rocket sngines, T:1/8° in
dizrmeter and A-2a™ [E) ar 7304 (F]im length,
gy Fooiure o mourdd  [aper l!l;l*ill'gg. cermmic
nofle antd b pregnllont, deloy, eeEciion aem
wery smdar o the 124 through C sngined.
Thinse ongines renge w0 0 maximum thooe
luwil ol 29 pounds o campared 1907 pounds
maximam: st & e standaed angine cols
niarins,  From this Youcom 60 way Ehis s called
Hobeanocsd ' mcdlal rockeiry.

Enerjet E and B epgeas ang corsirucned of a
fimy Type progeflant which @ Bondea oo a
filament waund, epoxy impregrated casng, Thi
Expgrdiad nossie and el churge hauging ury
repchiine froom graphite.  While these sngimes
e nat e ad kgl sl 8 madimum cheost poak
as the MinisMox engines, they barn Tor & muosh
larsger time at o high overoge thodst b
weaviding thiin vith ine kighsse atal imoula
figure of any ongine in ihe modsd rockoc field,
Ersdjnt engines are of Ehe shdie dinmeier but
prd gharide than the corresponding MendRlox
engines, They miy be flown interchangeobly
e the langesonls mochuts iy darripdiy MELrCn an
aclppiar  IniG  the gngine  maunt, ki b
Mini-Maz prgines, Engrjet E and B anging ore
intardesd 14 ba used only by the advancad,
knowdedgalile secket enthusins

]
i
i

i
E
:
£

EHITET E

SHOWING ADAPTER FOR ERNERJET

AQCKETS:

Lasrga: soaln rackers differ in construction fram
e standord foekal  ling, Body tubes are
hirptior, mast hared o D90 wall ek ness, E nging
mauntd are more heasily built 1o taka the
greathy incraos] thrugt, T Ting ore of hoeses
balsa amd ore strenpihened  eeigh resnfoesing
malgriol 1o prevont thelr being seripoed frem
the body during initial thrsst,

The shaek cord system eansisis of o slesl
cable in addition to the clastic shock card.
Thie nose cone miust Tit precisaly inta tho body
and the finich muct ba irsooth, Fins, 1o, must
fr corpfully sanced 1o g streamling. shapo
Aecouery pirachuies are mode from melar ar
silk, Projssr fisisials and sonsiruceian methads
are absoluisly nocdssary i thig pelvaneed. okl
af “'Lorge Scale’ Rocketry.

TYPICAL ENGINE MOUNT

Fan 2

Thruir £ g

= Ereriel P
ik b I st v bl

B wphos Wit

TYPICAL LARGE SCALE

Srewld wbid e,
b —

Frire lnng
ek oo i Ml

&
_.'- L Hedwey thils
§ ek e

beadu ke

I i ﬁJIr:_'__,Tllf :
o

Nakilorcieg
el
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Ch 10 e R
ﬂpfﬁ'f . Theo following rocket desgns demon- ”BTTE"-'“ I'-I'J'? i;:?f'!:ﬁl::-':';."Ti;;j'gdtl'l::l?i}:; ACHILLES
he wse of compong i gral construction techniques doscribe
4 Mﬂ[lﬂl H[":I{,Ets :{;IEUI”Hr:m;;;;ﬁ;ﬁ:fﬂgﬁ‘ﬂﬁ inddu:liuil it Chapter B {Construetion Fsaﬂdﬂ scafe Mﬂdﬂf

in this booklat, Technigues] .

You can hbuild

THE BUG
Flyweight Model

FARTS LIST
1 5773 By Tulss—eut 10 2 long
1 BFN-E Boles Fin Matorial

T LL-2 Lounch Lug

1 BC-F0 Moze Cano

Lion paint amd gkl of your choice

PARTS LIST

ET-712 Body Tube—need plece 8% Iing
TR-7 Tlarist Himg

EL-1 Enginn Lack [aprimall
LAH-7? Mylar Lock Ring loptionsl)
PRNC-76 Moo Cone

BFM-10  Balis Fln Shoos

SC-1E Shock Cord

BCEA1 Shock Cord Fastunur

RS20 Streamupr

LL-Z2 Laierieh Lug

e palmt and decals of yoor choice.

=il el e el

it =

|__ S
[ T i Mn.: -~

n Cut bady tube &Y long. AI;.|:.|-|| il
1o Ineats of fubo ot 2-102 depih,
I.I:inuhuu ATy ErRing Lpting, pash
the ahrust ring down into the midse
until the engine casing 15 eatended
ITES,  Raimgve casing imemadinmly,

E Flace 4 fin location marks an boady
b by uzing guids on Page 19,

Mark 3 fin lacations en Bacdy
uEing guida onfage 19, Extend
tin location lines aleng body

H Mirk sapropriate Fin patbern on the
baben shipor Iy ing the ACHILLES
lin template fesniod on Back cover.

2 8 VRl i A
- et

r= 1
LAR-7¥

IDFTIONAL) Cut a short slit bn the body

tube at the bage of tha hedst g, Insert

Attach fisg, launch lag |""l:' & ane end of engin® lock intoalit. Glie tha
=t

.-‘-' | and shaek ¢ el mwlar lock Fing ower onging Mok and

Hlilun nese cone into body,

a2t the approgreials distanca,

ﬂ Caqd &gl Tlakgh fims.  Paint
and apply  decals 10 modaol,

n Liing the approprate Tin template located
an hack cover, Transler fin pastioms an to
balss, Cub out ond sand to shope, Hound

Fl-rl thir ACHILLES with the
afl polpes nxCEpT FOOT kg,

follawing tr e

YAG-d  BA-G Bl4-6
Y Tie free end el shack cord to nose AR5 BG-G OB

Fly the AUG with Talbows — cone boik,  Assemble Ereamer and
m;'.fmfu"" unmu:;“m albow Adiach fins and Iawsch g, , RE20, klI|I5|=I::_|||-|-;‘.“J||11ET|I Atfing o nofm Cono
YAG-25  LAG-4A5 Final bilus jaarts. poin ancd [t e B
8 H apphy decal, iF desinetl oy P -"rf_,r") e




PAY DIRT
Payload Carrier

PARTS LIST
1 5T-1010 107" Bady Tubn
1 EM-10 Engine Bount
T EL-1 Enging Lock
1 LL-2 Laciisely Luig
1 BFM-10 Balia Fin Material
1 BTC-10 Balsa Tube Couploi
1 PMC: 106 Mo Cone
1 CFT-103 Fayland Tuls
1 CP-Z0 Parachuts
1 GC1B Shock Cord
1 SCF-1 Shock Cord Fastesr
1 BE-12 Sarew Eve
L= paint and decals ol yaur ehaicn

nl“':t:u; thruess ring Mg end
ol &ngnes mpunting tube,

Thrust Ring

E Amsembile enging maunt with
micdification” Tfar engine lock EL-1
25 e AL righe,

e i
Cut 1/8" sgment |5y p
Fresmy Betiom ring. 'k

Mark & fin locntang o0 an
ST-1010 ps-ciil £, Frnh_:r
T Dagige #1 Taf illyatration.

e
Glus enpine mount intg Bady ﬁ g im
fube s illustraned, . ,_..-——"‘-'-'-

E Liging sprproprinio fin 1ermplate e
lacoted an back eouwdr, smark o o g
binz on balss shael as shown, =000 Lo
-'.... \- - .-
S
BalsA— e

Glue 1hn 2 fin pleses rodothe I —

1a farm eampl#gd Fin. Check ) i 5 T - T
flignsteent againgt stimightpdge,  — 1"»..
=
Glue firs to hogh, Arieeh
[ TET) g BT R [ ek cord. BE.17 _l||
LL-2 EC-18 b,
o JE=RG, -
|~

SCF-1

soply decols 1o madal,

Ely the PAY DOIAT wiih the
Pl o g e mis

E Sand and finish fins, Paingsad L )

anther, -ALTach Soems oye and
th Tres ond of shock cord
Ta the bose of tube coupler,
Aszemible poraochuio and
sroud limgs 10 fordw Sy

CPFT-103

HTG]i_rr‘”ﬂ+-ﬁd___-
k1
2 ..ﬁ:'!!

—— Eﬂu-:l.ﬂ fube coupler, paylond
- egapsule, and moss cone -

.

WUsing apprapriape fin iemplaie |ooated
af lnck eaver, mark fine on bolss fles
s s, anel & ool

/
.-"l s &OF-1 Sl

mrmuh bales s, paint and spply decals.
Fly ths CLOUD BUSTER with the

Fatloveing engines:
AR-2 Bd-d BbA

CLOUD BUSTER
Sports Rocket

PARTS LIST

1 57-138 Body Tula
1 ST-Bi1Z Body Tuhe—nud piscs 4°* lang
1 57812 Bady Tubo=nesd piecn 35" lang
1 EB-13 Ejection Ballla
T PR:T13 Pagier Reducer
1 SCFA Shoelk Cord Fasionu
1 BFM-10 Balsa Fin Material
1 CP-2) Parachuto
1 BC.54 M o Coone
1 BA-8-13 Balsa Reducer
1 BR-5-8 Halsa Rastlucar
1 LL-Z Laumnch Lwg
1 8E-12 Serew Efn
1 5T-73 Engine Minting Tube
1 TR Thiust Fing
1 8C1B Bhoclk Cord

Usn paint and deoalks of ¥our choics

mmt:. of H‘
F-7-1a, l' {
EGIUE thrusa ring into end of
praging mawnting ke 1 ,
Thrust Hlﬂg»—{ u
o

H e e gina Tudee bnbo the st peue
maunt of the PR-F-13,

Agnimbla the fwo
ihe paper rstducir

Ghus papsr  neda
postd portion Gl julhe

El?-;n ST:138 or ocug B Dodly
b from ST-1318. Mark 3§
fim [ocalicng using Qusk o0
Fage 19. ——

ﬂ Glun ongine munt ino body o 1 ST-138
tube.  Craw fin location lines r']__.JT-_._—l—‘
an bedy nrsE Loat il Radhucsr Soam
e

Asembly Ejsction Baffle and .4 L e

Oyl -

s inte body tube, | ———=r |
. : EB-13
5T-8 g
AR-B-132 - "\ N BC-54

SE-12 _=-\--"E"

E Anach fins, lawnch lug snd thoek cr_unl

Cut @ 5 and ¥ B body tdees 10 kangth,
sockat tibes snd reducers logehor 16
larm upper body. ADpch ey el Lo
BR-E-13  Asmemble porschure,  Attach
chige shraue Hoes and frew end ol shook
cord Bo ser e 2,

B145 C65 )



