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1.0 INTRODUCTION

T™his documen? wis prepared to coapile a source of dedign
informution 1seful to the preliminary or concepturl design engineer.

The intent {s not to present sethods with which an engineer can design
siructurnl fnterface Joints on amissiles, but to assemble in one docusent,
a cross-sec.ion of state-of~the-art designs.

I. i8 recognized thut u design engineer can arrive at « fessible
design of u missile Joint with no ussistance. However, this t;keo a certain
wzoun' of time deperdinge on ‘Le type of Joint and 1iis use. The engineer must
investi,ate the loids, environment, cosi, ets., or else he must initiate &
litersture scarch to see what similsr joint hus been used successfully in the
posz. With th!s document u derfigner vill be uble to select a feasidble, proven
Joint design uéing only gross loads urd envirorment data. This 1s usually
gurffelert ror preliulnory or conceptual dedign vors since louds and environe
meninl dutu are ususlly estirstes at thir stage. In sddition, 4f the Joint
selected s onc with vhich Boelng hus lLad previnue experience, the cost
es.luntor can rore unccurately cost the prépoud design concept.,

The format o1 the docuaent hus been prepared to fucilitate these
acks #c ruch us possible. For each Jjoint u sketch is given with dimensions
1f rnowt. The louds to which th~ joint is designed und the environazent to
vhich he Joint will be subjected are ulso sunmurized to the extemt that such

duta {9 available., A short wri.ten descripiion end project use iw provided to

are listed, {f avallable. Fimlly, titles of puragraphs which contain

‘ descriptions of specific Joints are underlined for the éoumtcmo of the

reader.

give inforuation on wat type of use the joint zight be applicable. References
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N PATLOAD STAGE JOINTS
This section covers the variety of structursl jolats designed to (1)

attach the payload to the booster, (2) separate the payload from ite bdooster,

(3) attach the payloed's ascent cover to the psyload or bovster and (4, eeparate

the ascent cover {a flight.

Flgare 2-1 schematicaily shows the typicul location of the four types
of Soints on w puyload stage., It should be referred to as s gilde to a specifie
ty;e of Sotnt. It 18 not intended that & given spplizatico require all of the
1ndf sated joints or that they be located as shown. For exsample, certain ascenst
covers have "over-the-top" removal und hence have no loagictudinal separation
Joint. Or, veparation snd assembly Juiats mey be integrated into ocne structurel

Joint, For clarity, ali !nsints are shown here as separate {teas for:reference

on Figure :-l.

el ASSEMBLY JOINTS
These Joints serve o provide field attachment of the paylosd to the

booster or the ascent cover to the bouster. The joint may or may not be
integral vith the separation joint. It it is, & cross reference to that

particular Joint in Section Z.2 is made.

2.1.1 SPAYLOAD ASSEMBLY JCINTS

Thess Joints are showvn on Figure 2-1 to be located on e "paylosd
adupter”, depicted aa a frustrum of a cone. This §s typical of satellite paye
loads oo space Loosters and is generslly spplicable to cases vhere the paylosd
has & different diaseter than the bocster. Where diameters are nosinally the
same, the payload say be attached directly to the booster and this Joint mey

be quite uimilar in appearance to booster interstage joints. Loth types are

shovn in tbis report.
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Frequently the post boost vehtcle includes multip'le mstmntation

vacksges or warers (Reference Figure 2-2).

by repeating the basic lap Joint structure es required by the number of peclu.gu

The juint shown scneratically on Figure 2.1.1-1 serves the dual

A tension band is fitted over the interface
The band 1is dram tight by

purpose ¢f acgembly and separation.

uf the butted flanges of the sections to be jcined.

e turnbuckle arrsngement wilch is alvo an cxplocive device. Wwhen actuated, ths

erplosive device releages the band, pexmitting the cectlens to separate. Similar
deriocos were used on Minuteman a1d at the separstion plane ot the Burner 11

rayload., Examples iu more detall are shown on Figures 3. 45 through 3.3-9.
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2.1.2 ASCENT COVER ASSEMBLY JOINTS 8 B
Figure 2-1 locates these joints at the intersection of the booster
and paylosd adapter. Another comson location is direct attachmeat to the
payload itself. Others will becoze spparent as the engineer encounters .
different applications. The conditions of interest are how much of the paye
load need be exposed oOr covered at differeat phages of the mission, how much
protection can be acquired by dusl purpose structure (Intermtu'u the ascent
cover as part of the payloads primary structure), and the desire to diseard o
as much weight as early in the mission as possible.

2.1%2.1 ASCERT COVER ASSEMBLY JOINT (FIG. 2.1.2-1)

Assexbly of an instrumentation package to the Ascent Cover is
accomplished by this Joint in & concept study considered for Minuteman III.
It uses overlapping rings vhich are zeld by the Agcent Cover Clamp strapped
in tenslon sround the ocutside of the assembly., The asgsexbly surface under
the claﬁp is composed sltermately of portions of the inside and then the outside
ring in a tongue end groove arrangement. Tangs om the outer ring .sudo into
matching grooves on the inner ring to precent a continuous external surface.
Consequently the Ascent Cover Clamp bears equally om both rinja. An ordnaace
device coupled to a systeo of cams is fired to release the tension and perwis

section separation.
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releage of the p.yloud or the ascent cover mu thn niun.l. ‘l!:t Joinh ny‘ ’
be part of lntesrnl Joints ccnbinins the mnction or tsmbly lad Nhua,. \.‘ .‘.

.o

in vhick case & cross reference to ABSEMBLY JDIM'S, Section 2.1 vul uoruily
_be made. _ ) T ,.; . ’?“; .
2:2.1  PAYLOAD SEPARATION JOINTS R '

These Joint.s are comonly located as shown In ncm! 2-1 or: at. th!

tionel mechanisms (cprings, ordnance thrusters, etc.) are useﬂ for upﬁm
{npulse. ‘nw.c will not be discussed in this dccument and nention vin bo
made only when neceszary to saouw clearance or t\.nction.ll nasociation \dth
*he Joint. : ' L 1‘“’

?.2-1-1 PALL mcxm! gzé ‘ E. ? 2 1 ) - ' . '» “-..""-"‘.'

This Joint incorporates a commercially wan.able \mll' lock ln‘ao
a device to retein and releasc a paylond, Erergy is suppu'ed by cpringl lnd
ordnatce devievi. The actusting mechdaiss retraces the §is’ Mh Mﬁ
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b 2.2.1,2  PAYLOAD SEPARATION JOINT (FIGURE 2.2.1.2

Ihis joint assembles the post boost propulsion systea (PBPS)
and the third swge motor. Upon actuation of the 1inear explosive, complete
severance of the longitudinal tersion capability is provided vhile retaining
shear and compressive capabilities by the butt-lap Joint between the ordnance

retajner ring and the adapter ring flange uncil physical separation of the

post boost vehicle (PBV) and the Stage 3 motor. . -

Adaptations of this joint provide stage to stage separation

caprbility on Minuteman III (Reference Figure 2-7).
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+ | 2.2.2  ASCENT COVER SEPARATION JOINTS |
Two types of joints are indicated in Flgure 2-1, the circumferestial
und the longitudinal joint. The longitudinal Joint 1s not alvays used, depending
on the mode of ascent cover deployment. Both types of device are showa in this
section. Couments of yuzgnmh 2.2.1, PAYIOAD SEPARATION JOINTS, also apply bere.

2.2.2.1  HOSE CONE SEPARATION JOIAT (FIG. 2.2.2-1)

This detail is of a Joint used to sepurate the nose cone of the
HLREX missile and thereby provide a high drag blunt nose exposure to the air

streanm.

The joint {s an uncomplicated design similar in many respects to s

fabrication joint - two skins are butted together and bolted using bolta end

L8 L.a. o,

: nut plates. The separation {s done with a linear shaped charge vhich expends
its eneryy primarily in one direction, in this cuse outwvard, to cut the nose

cone skin. This impulse {s sufficient to make the physical bresk but not to

e TiPCwma, D,

effect total separation. To do this, a gas generator and thruster is used

JEE U5

to "blov” the two pieces apurt.

For sdditional details of the ordnance used, refer to section 5.1.

2.2.2.2  LONOITUDINAL COVER SEPARATION JOINT (FIG. 2.2.2-2)

™his Joint is « desigu concept developed as part of an ascent’

cover study using Burner II design load requirements. The joint provides

. Lo

longfwudinal separation of the caver rolloved by sepavation and blov off
along the hinge line. .

‘..

I
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A
USE FOR DRAWING AND. HANDPRINTING — NO TYPEWRITIEN MATERIAL

DEZICON LOAD T wy
AVERAGE DIAMETER - N. A.
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‘ NUMBER m-125)11-1

Tee '”‘l”s COUmany REV LIR E.p

#0200 MECTANTCAL EAT SHIELD JOINT (FIG, 2.2.2-3)

T¢ prevent pocsinle paylosd countaminetion, a lincar shaped charge
systen for geraration o the YLeat shicld halves of Burner II was rvled out in
favor of a mecharnical sepnraticn avsrer. Thls mechanlcal system basically
ecusicts of six plie along esch cersration line that Join the huneyecomd
structured heat ghield halven and are yulled by two pyiesuchidce thrusters D’
Ior sezarating. A Pln lelecase Strap counnects the si pins o ~ach s:paration
diae £2 that they respond alsaltanworsly to thirusier actuation,

T escential Joiny comronent of this ¢rotem ig {llustrated sche-

by « The Joint ccroines three elements

matfcally La the L vlews of Fi owe 2.0,2-7
Lo rreviva stretural centinuity hetuveen teul shield halves ac rfoilsws:
a. The Pionrd Jeunts drsirmed to provide ring bending shear
end normal fores econtinuity.
Lo A Dove~Tail folat alang ohe ndses of wne twe halven thot
yrovide ro Lending continulty betvesn the pianed Joints,
c. Muting savieoth plaws at each pinned Joint that provide heanm
shear cratinuily vebscen the two heot shield halves.

The ~vitical decipn coensideraticna jor these loint alenents ere

di~tated ¢ airloads,

The attachel »tiflener anzle along the separation line reduces

deflectivrs duriag thrusie» operaticn,

.

SR
> Ordnance Engineering Associates, Iae. Feport Nn. OAE PN 2066100-1,
Rav, J “"Acceptance Test Report for Pilot's Hoteh Thiuster, dated .
Sert. 26, 1u6C, .
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MECHANICAL SEPARATION JOINT,

~—% B0 in-1be/in Limit
DESICN ILAD: 3 100 in-1bs/in Ultimate

DIAMETER: L7 in (approximately) at Station Shown

MATERIAL: See Reference Below
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3.0 - FOOSTER M JOINTS . e
This section includes the wvariety of -m& aou:u MM ?’ "

(1) enable the assembly rud disassembly of missile segnents tbr Wl of
manufacture, transportation and asintenance in the £1e1d and (2) mbh' th.

3.1 ASSEMALY JOINTS
The assembly Joints described in this section are those used 1'-0

connect segments of the booster to mh other, through interstages or not.
Tis connection might be purely a shop fabrication assembly or “. night be

.mxocd stages. If so, cross referencing is done.

3.0.1 mnsm OR BOOSTER ADAPTERS
This section covers the assembly Joints made between one boolm

stage and another, usually through an interstage. m:ouumumm
ntorﬂdtou"ubpurmp mdemnurmmmcnmutmm

my be integrated vith a separation Jeint 1f ﬁ:q Location is qo Mm

1s desiradle. DBoth types are coversd Mere. L .
ot .
‘SHEET 1.5 o7 : ..' -:l«t --).l.f‘: ‘& : "‘;. .
. PR SV S e g & : P
. . . . - an v : "_",\. l(. ’P_' / .
L RITEAYITR Y Y BT - . , . : PEIL ISR A

o v

steging separation necessary for the missile's mission nzat m. . ‘\ M*‘(;

Figure 3-1 ichemmtically shows tho typleal l.ocauon of the Joua *

on & missile booster segment and interstage. This is representative of w . \flv':

stage. It s not futended that a given application require all of the mmm I

Jotnts or that they be located as sbowa. As sa emaple, en iaflight uxnuttnu i
mnctlon and & field joint may be tntegraud into a oinglo structural mng, .ﬂ;' 4,; .

Yor clarity, all Joiats are indicated as separate ‘{tens on Ncm'! 3.1, ‘ | H,

a field operation done many tises. The joints may be integral Joints asin ° 2

mesufacturers (Reference Fig. 23). These rings may bo purol: un-bl.r a- -
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. 301.1.1
This Joint detail is a sceuon through a circunremtial Joint m-r

or the Minuteman missile.

Stage 2 interstage as are the dlameter and cross secticnal area. The ring's

characteristic chape ic also typiecal of the Ltage 2 - Stage 2 mtcrstage on

Minutemar. For reference, the numbors in parvnthesis partain .o that ring.

The ring is a duel purpcse joint. It pemmits both field assendly

and ratricatlon ssaemdly in the shop. It also functions as an inslight

separaticn Joiut (Ref. Sectton 3,2.1.1).

Tvo bull eircles are provided in the juint, hoth to be uged with -

bolt-nut plute cembinations. The lowar boltc are yrinorily tfabrication

fasteners and are backed with standard nutplutes. The upper bolts are for

eld ns umb y and dlecessembly and are backed wi't.h floating nutplates. Cork

%2 replace insulation removed during dicassembly. . -

s

Plugs are coumonly used

Structurally, the main ordnance carrying ring is not the primary -
Compressicn loads are reacted by a butting together

The Joint is

lcad carrying member,
i the Intepstage skirs, tension loads by the tenaicn sie.

des'gned to react all boost flight loads as well es aﬂo cverpressure.

. ' '
INTERSTAGE ADAPTER ASSEMBLY JOINT (FIG. 3.1.1.2)

This Joint is designed for assombly of an interstage (or other .'

2.1.1.2

The aseemhly
‘Iba rins

structure such as a test module) on top of a booster stage.
operaticn may be dons in the manuracturing tacuity or the ficld.
is typical of that used on the Minuteman (F-Miuila) pmgrm to Join tho

Autonetics Cuidance and Control module to the third booater gtege.

- . . o

INTERSTAGE ADAPTER ASSEMRLY m&m._.au) - i

P\" .

o
.

The dizensions given are typical of the Stuae_l -

v
| .

e

&
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3.1.1.2 (Cont'a)
The ring itself is riveted to the 1ntersﬁn lumun' and foru

an integral component. The aassembly operation u done tm by Iem ot ﬂu .
bolts and nutplates shown. KRuts may be used 1nntoud of nutplates, d-pmduc'
on the acceasibility and "dropped-nut" consideratiocns. Cork plugs arc emh
used to replace any insulation removed during disassesmbly. '

The joint 15 designed to retain its structural integrity throughout

boost flight loads and silo overpressures. .

3.1.1.3  STAGE TO STAGE ASSEMBLY JOINT (FIG. 3.1.1-3) X
This detail is a section through a circuafereatial joint used om

the HiBEX Missile. It 1e used to assezble the upper stage imstrumentetiom
package to the booster. The assenbly operation could take place either ia
the fabrication facility or a sunitions field facility.,

‘'he ring 1is riveted to the lover missile stegs, vhich is made of

loads.

SMEET 28 -

AL uoluu LV, eaer ' - R Ve

S rmet s A nee tarwn e v e e mtn
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'

fiberglass in this application. The upper stage ir attached vith bolt-nutpuﬁ

o«

conbinations. The joint is designed to resist extremely high boost woceleratica |.. .
', .
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‘( 1.1.2 MIDBODY OR MID-INTERSTAGE RING Jon:rs . _ "N
L, . .! _,.’.t,.:._‘. ." '.. 5
Thece Joints sre almost entirely used 1n-eon.,\mctton l‘l& a -mu&f o

separetion Joint., Their purpoce is to assamble the staeed oegmtnto, uutu:

in a fabrication environment. , : . o o o

5.0.2.1  INTERSTAGE ASSEMBLY JOINT (P}L}_Lg:___) L :

Stage 2 intorstage. : _ ) S

™o ring is a dual purpose ‘eint. I{ peraits: both tield usunbly

and trahrication assenvly in the shcp. It aloco functions as an mtlight. o "

stoging joint (Re:r. Sectlca 3.2.1.2).

T™wo holt .eircles are provided in the joint, designed for bol.t.,-nut;_

USE FOR TYPEwRITT o MATERIAL ONLY

{ N RS
¢l beltenut plute combinations. The lower Lolts sre primarily tabrienﬁou. _
. ,‘JJ .l» N ’
fasteners and are backed with rtandard nuts. The upper bolts sre also - . L SRR
fabricetior sscumbly fasteners but axe backed with floating nutplates. = "*1."/&-53
. [ 2 A RS,
- i Ry
PO R
Structurally, the main ordnence carrying ring ic not f.he primary oy v
load carryin; wember, Compression loads arc reacted by e butting tognther ei‘ o
the interstage ckins, tensicn loads by the tension tie. The Joint 1s deugngq
‘o react all boost flight loada as vell as sllo overpressurcs. A stif_tﬂitr . , ‘._n
ring providos incressed rigldity to restat'bending loads st the Joint interfick, ~§ iV
. o T s .
1122 m_ww_&g.._.m- ) . |
™his Joint detail is @ aecuon throueb 8 cirmxmfemtm Jomt Mé .,. " -
on the Minuteman missile. The dimensions given are typicel of the Btust ?-
( Stage 3 interstege, o o
;o SHEELB2, . Tt el

A NKIT IR I YR ;l
S e+~ LR
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. LA

v IS

2,1.2.2 {Cont.) .

-

and fabriceticn aseemuly i the shope I4 also fuactions as.an inflizht

staging doint (Ref. Sestion 3.00.3.%).

Two bolt cirel.s grv provided ir the Jeint, erploying dilferent
fastaner eanuinations.  The lew2r belts ars primarily fabriention facterers and

ore rackad wils standare oo te,  The urper balfz are also fabrication acgenmdly

tars mers Bt sav baclked wish Aleatinge vatpleaw:,.

Streeterully, the matin ordrence earrying ring 1a not the primary
membe. . Compresnion loads A gwucled Ly a butting wogether

Lnd varrytng

oo pme lpserruece ching, Lousien lonls iy the vston Ll The Joint in

.

caplrad Lo rveear atl becst ipku locde as well es ciio cnTYessured.

SHEET 33 .
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The r.ag is a dual purpose joint. It per-its hoth field ascembly | ' .
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C: 32 OPARATION JOIFTS . - e ..,-a
:
¢ {
ot integral jeints cambining other fun~tions. \dhen this is thc case, mn
referencing to appropriate sections vill be made. ' ‘
3.2.1  STAOING RINGS S RN
These rings function .to eitlxér "stage"” an expended boostcr ncmt :f
> from an niewpended one or to separata an mtersta.ga from a boo:ter- i‘izure ,3-1‘
3 shows typical locations for this type of Jjolnt. In some Anstances they ore 7 f.?; ,
g used in conJjun~ticn vith longzitudinel Joints to cepasmte and- seeuent m 1nt81'-k |.1 s
(- S stace, This 4is covereld in more detail In uocti:m 3.2.2. o -'“'~
§ 5711  LNTERSTAGE ADAPTER POQSTZR SKTRT REMOVAL JOIVT (FIG, 3,2,1-;) B 2
§ Thie Joirt detail is & s-ction t.hroug,b a circmtermtid Joiné uua 4, ,
g om the Minuteman micaile. The dimensions given ere typicel of tbe M:e ": w»H
- Stage 3 interstage as are the diameter and cross snction tma.A 'mo rina'l |*‘% »l
cheracteristic s"‘apc is also quite typlcal of the Stage 1 - sueo 2 mmutm ”. g ‘N_
on Minuteman. ‘ o . R L ;' u,,,‘ v t;d
o The ring is a dual purpose Joint. It pmvidei the m:’light. !.nhr-‘ g :";
stage ckirt removal function, working in eon,junction vith the l.ousitﬁd'inu r ) f‘
| joint siuilar to that described in Sectisa 3. 2 2 s .
g ficld asessbly Joint (Ref, Section 3. 1. 1.1).
' hot gas into the :Btage 3. sotor arca. '. "-_'.1 : -f"k
C
]
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- 2,2,1.1 (Cont'd) e '
!‘ The separatiun impulse to provide t.m required mm't!.on conu 'rra:\
a lincar explosiva charge. The ring is designed to conuin eny partiolu A
Tragrentation from this charge. This functlon is enhenced by the uce of s’
rubber-1ike paterial, PR-1910 (B 5.G2) vhich can contain swall Trognents, 4:
The primary function of the material hovever is to absorb much of the shoek .
of the evplosiun,. ) | ' ‘&f i;};
Struciurally, the rmain ordnance ca?%yins ring is not the prin.fy lo;d _-ﬁi-%g;
carrving wepber, Compressirn loads are reacted by a butting together ofitﬁe. | ‘i a?ff‘
sta,e skins, tension loads by the tension tie. The Joint Le desigmed to ua'& ' AJ s‘( :
» | ali buoet flight londs as wrll ae silo overpressurer. ' ' :f'f
g f
g For addlticnal detallsc on the crénance used in this Jéint, refer tb . :
z Seetion €.1. '_
tE .
é 2.2.).2  RCCSTER STAGIUG JOINT (FIG. 2.2.2-1) o _:';- v
E This Joint dntafl is a section through & circumferential Jjoint used
S on the Minuteman miss'le, The dimensions given are typical of the SQaé?’l - «1"
4 . . ..

Stage 2 interctage.

»

The Juint has a dual purpose. It provides the inflight booster

functicns as an sssently Joint (Ref, 3.1.2.1).

The separation impulse tz provide the required functicn comes from

staging function, serarating the upper stage from the expended stage., It also

a linear explosive charge. The ring is designed to contein any purticls frag- -

mentation fram this charpe by the use of a rubberelike material, PR-1510 .:: |
(BMS $-62) which can contain amall fragments. The .primary function of the - '. |
material howvever ic 1o absorb much of the shock of the explosion, ,"_."., ,\’ ; v..
. . . - 2y »0--‘} Cir ]
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Stage 2 - Btage 3 interstage. L " . '\ S

The rm.g' 1e a dual m-. Jotnt. It bmvtd- thc um@t boomm-

" fragmentation froa this chlrgv by the use ot a mhbqr-uko nt«d’hi !“3-3910 o
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3.2.0.6  BOOSTER SEPARATION JOINT (PE0. 32,12 L ;.-,.-'.:A_f‘~e‘-“\-

This detail is & section through a urcmtu-mtm aom ud o ,". ,ﬂ,‘ g
RN S A

the HBEX Missile. It functions to separate the lower (mmr) moo !ru- x_ ;

the upper (instrumentatioa packags) atage du-:iu flight. Y -.. “ : "

The joint primarily consiste or 'y c&rcanemtm routw mgw,ug
Lo the inside of the fiberglass skirt. The ring coutains a nnu' dwd m
designed to direct its energy i an outvcrd direction and th.nb: uv.r ﬁc N 38
fiberglass skirt circumrerennun.y. The retainer ring is not designed ¢ ’

resct any loads. It is massiva enough however to sbsorb shock from the DU LAV
explosive charge. o L el . ;‘w;
S

For additional details on the orfnance used in this joint, refee zo.-, 54

.\A‘

Section 5.1
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va VEVEING corveany SR 3 in = VU

REFERENCE | P A
STRUCTURE S
_ ] LOVER STAGR (FISRMGLASS)|

STER SEP, JoI N

7] cork ALY o

AXIAL LOAD = 201K 1lbs
DESIGN LOAD BENDING LOAD = 80 peig APFPROXIMATE
(External Pressure) Az -
AVERAGE DIAMETER - 18 IN. OD, _ R R

CROSS SECT. AREA - 70 BE ADDED N e
MATERIAL = FIEERCLASS & ALUMINUM

TIGURE 3.2.1-2
REFERENCES: RIBEX PROGRAM DG 2539910
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T m-n .}oint.s are used to lepmu an 1n1mm.m or dtlm; himm ; Y
uction into a nunbcr of partn or scgrenta tof mcvn rm t.hc bootm hx._"f 3 o
S| nagt. They are Yongitudinal rather than eircmfcﬁnnhbm umuiy rmcu ‘
- ‘\o ._ L\ |

with & circunferentisl Joint (ner. ‘Mg 31 lnd aecuon 2, 1)

‘ Mo distinction is mede :.n this saction detveen upnntton md o ‘v 'c
.o assenbly Joinu. ‘nuoo Jctntl have one primry i‘\meuon \mich h upun!.t'ou, ,.: \ . \‘
The: must be aasembled , of course, but thio 1- difrorenttatad m- the . ‘A \‘;‘ .”.":5'

asnewdly Jointe diseussed elawhcre wh&ch are used t.o assemble’ nionnc lectrnm. ,

%‘ 3.2.2.1 STAGE. LORGTITUDINAL JOI ?m. 2.2.2:1) L ) i

?;-' This joint is typical of thcse uncd on the Minuteman niuiia to » -'.: l

§ split both the Stage 1 - Sture 2 and the Stage 2 and Sta,ga 3 muut.gq. N ~
( . g It is used ir conJ!mct.ion with the circumferential nepant.ion ,joint dimscﬁd ‘b .‘ ‘
g in Section 3.2.1.1, e &imensions given are the eeme for both utermget, i '

: g the only difference being the 4oim'. length. Mumber in pahnthuu P.nd?.w o ::'

¢ to the Stage & and Stage 3 inwrouge ' \ e " I R ~.‘;'~.; :-i.'...,‘}:.: s" :9("'

The JJint works %muluneoully vith tbo skirt renoval .joint ubich

sepnuees the ekirt from the uppor booster abngo At the upe w-u. tho

providing this function comes from a lincar exp;nu-ng gn.me, m r!n& “
4zaigned to contain any: P‘mm traguentation vith the rnbbar—lm muruf, ; ,'
PR-1910 (BMS s.62). - N R ‘ : , oy

LY e \”1, .-n. S .J"_,.‘,,}
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The ring 18 designed to retuln all structurul inteyrity throughout

flicht louds and 8ilo overpressures.

For uddition.l detuils on the ordnance uoed in this joint, refer

to Section 5.1,
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Te Jotnt concept t1lustreted on Fgure 2, 2042 vas the final ¢
configuration of severel conudend by Missila Structures Orgsnirzation (2-&55)
for the Stoge 3 to Poot Boosat Propulsisn System {PBP3) separation joinms on )
Minuteten ITI. Vartetions cf this final design (referenced above )‘ have been
- uned alsevhers on Minutowan III {s:booster stage Jointa (Ref. 2ig. 2-3) and vo

agcemble the firs* and.usscond stages of BIBEX.

afver a baseline was establizhed, Figures 3.3<2 gnd 3,33 evalunte the

baseline joint illustrated on Figure 3.3«1.
Pigure 3.3-1 1de:ti:ies the lapnotes on Figures 3.3«2 end 3.3-3..
The baseline, although reluced in diemeter, has the came cross
secticnal configvratirn as the Stage 5 to Pust Boost Vehlcle (PBV) Joint of .
Minute.an IT froa which {t was borrowed. Ite desfiin londs axe baced on the
requirarents of the 1 - 2 Interstege Skirt Reroval Joint (part of Fig. A 6750)
ns f-llowat

A. Filrst Stage Irnition:

Axigl - Lbs. 222,100
Overpressure - neig 26,7
Undeyjreseure = pois 8.0

B, Maxdimun Asrcdynaamic Loads:
Pandin: Moment-ineLbs,  2,95¢,000
Shear - Lbs. 2,300
The Loezeline characteristice are therefore qualified by lm.'ilnrtty bo

s jroven, adequate joint design,

The ccncerta developed in this effort provide the designer viti\ a

The sffort vhich ended in its selection saw thirteen oconcepts developed]

thirteen concepts shown on Figures 3,3«4 through 3,3+13 by comperison to the .

{
L riety .f design appruaches and joint details.
SHEET 25
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NUMBER D2-125911 -1
v BVEVMEINEG omwanv : REV TR Y5

FLAGNOTE KEY TO FIGURES 3.3-2 AND 3.3-3

| l 1_> COMPARABLE OR LESS THAN G&C UMBILICAL RELEASE.

| 2 > REQUIRE APPROXIMATELY 4 - 6 MONTHS TO DEVELOP
JOINT AND 5 MONTHS MINIMUM TO QUALIFY THE

ORDNANCE DEVICE.

| 3 > 1. LOCAL AREAS AROUND RELEASE PROVISIONS DO
NOT CARRY COMPRESSION OR TENSION LOADS,
DISTRIBUTION INTO HPC FWD SKIRT QR PBPS MAY

BE PROBLEM,
2. DESIGN OF TENSION BAND TO PROVIDE REQUIRED
JOINT STIFFNESS MAY PRESENT PROBLEMS. (i.e.,
PRE-LOAD, THERMAL LOADS, ETC.)
| 4 > ELECTRICAL INTERFACE COMPATIBLE WITH MGS.

[5 > MECHANICAL INTERFACE COMPATIBLE WITH STAGE 3
MOTOR & PBPS.

l ) > MECHANICAL INTERFACE NOT COMPATIBLE WITH
APPROPRIATE PBPS CONFIGURATION.

[7>> FOR BASELINE DESCRIPTION SEE PARAGRAPH 3.3
AND THE ILLUSTRATION BELOW:

{_._...-. 2.56 In. ..’

Linear
s { o Explosive
! L
I "~ Al. Alloy Ri
lol 'nl 1'- .....l....-/ M-{ °y M
PO o . - s S
_o.6am. |
™= - — —— Separatien Line
*» Guil.. -;.
NOTE:
G&C = Guidance & Control
HPC = Hercules Power Compary
PBPS = Post Boost Propulsion Systam
MGS = Missile Guidance Set
F'w. 3-3"
U3 402 1433 REV. 6/08 SHEET 4 &
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TURNBUCKLE RELEASE SYSTEM)

DESCRIPTION
' ' . " JLAYOUT MDUS
INTERNAL FRACTURING — no | REV. "A
LINEAR EXPLOSIVE 0-68
JOINT SYSTEM D10 11-17-68
— — e —— e e . [—— - a
EXCEEDS
BALL LOCK RELEASE , :
-] JOINT (10 EQUALLY SPACED) VERY LOW LI Ty
INTERNAL BAND SEPARATION .
JOINT (SOLID BAND WITH EXCEEDS
2.] ORDNANCE RELEASED OR ,~ VERY LOW 2.1 | ENVELOPE
|| ORDNANCE ACTUATED . ALL AROUND
RELEASE MECHANISM) :
EXTERNAL TENSION BAND
SEPARATION JOINT (SOLID EXCEEDS
3.1 BAND WITH EXPLOSIVE > 16.0 | ENVELOPE
BOLT RELEASE SYSTEM) LOCALLY
EXTERNAL TENSION BAND
SEPARATION JOINT (SEPARATE EXCEEDS
4.| BAND WITH TENSION D> 15.6 | ENVELOPE
SHOES WITH EXPLOSIVE LOCALLY
BOLT RELEASE SYSTEM)
EXTERNAL TENélON‘BAND |
SEPARATION JOINT{ SEPARATE EXCEEDS
s.| BAND WITH TENSION > 16.0 | ENVELOPE
SHOES WITH EXPLOSIVE LOCALLY
NUT RELEASE SYSTEM)
EXTERNAL TENSION BAND '
SEPARATION JOINT (SEPARATE EXCEEDS
6.] BAND WITH TENSION > 15.6 | ENVELOPE
SHOES WITH EXPLOSIVE o LOCALLY




-|pas
- Rev
INTER- | SCHED~ ' c " ORDNANCE
WEIGHT | enveLore | [EEF ULE STRUCTURAL | RELIABILITY | ORDNANCE |
i e o - A e ey
PERBOEING |74 > - QUALIFIED
LAYOUT MDUS 0999
B0 11068 Rev. A" _ — piddd smmlw
10 11-17-85 | [ 5 > ! |
D— e — P ————— e . ———— |
- EXCEEDS > LSty B QUALIFICATION OF
31.5 ENVELOPE (2 > DISTRIBUTION LOWER ORDNANCE ACTUATED
ALLAROUND | [ INTO, HPC DEVICE REQ'D.
> | umeas 4
EXCEEDS AND BAND DES!
22.1 | ENVELOPE 2D WITHREGARD TO | simiLar
ALLAROURD 5> STIFFNESS MAY
L PRESENT PROBLEMS
EXCEEDS 4>
16.0 ENVELOPE (2] 32> - | smuwe
LOCALLY >
EXCEEDS [
15.6 | ENVELOPE 2> o SIMILAR
LOCALLY >
I
16.0 | ENVELOPE 2> 3> SIMILAR
LOCALLY 3>
EXCEEDS 4>
15.6 | ENVELOPE 2> 3D SIMILAR }.
LOCALLY [D

FIGURE 3.3-2




' Ip2-128911-1
. ‘Rev. B
D= N
RA ¢ ORDNANCE ORDNANCE
] STRUCTURAL | RELIABILITY QUALIFICATION LOADING
*‘;‘\ BV - - — OO, T ﬁ"'" v o oo w—— s o -
9999 QU‘&,'F'ED " EXTERNAL
‘ ‘ SIMILARITY LOADING
“-% RIF --  —— o—- e e ——
NoengON 'L'o:o QUALIFICATION OF
> | SistRIBUTION LOWER | ORDNANCE ACTUATED INTERNAL
INTO HPC DEVICE REQ'D.  LOADING
FWD SKIRT | ;
oo J
ESIGN :
WITH REGARD T INTERNAL
O[S TO [ simiLar LOADING _ 5
STIFENESS MAY
PRESENT PROBLEMS :
EXTERNAL ‘
>l 32> - | smuar LOADING
S > EXTERNAL : o
o 3> SIMILAR Eéfgmé
EXTERNAL
> (3> SIMILAR LOADING

FIGURE 3.3-2 SHT £7 |__ l

e e
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[ ETRATION]

" DESCRIPTION SHOCK EFFECTS wz’uez | enverore
mm - P —
| EXTERNAL TENSION BAND ' a2 ) "
SEPARATION JOINT (SEPARATE
w |
7. | BAND WITH TENSION SHOES > 16.8 mﬁ'l'c'fn
WITH SHAPE CHARGE RELEASE . g
SYSTEM) 1
EXPLOSIVE BOLT RELEASE [EXCEEDS
8.1 SYSTEM (10 EQUALLY SPACED) (1> a0 | SNVELOPE
AROUND
- . EXCEEDS |
EXPLOSIVE NUT RELEASE ~ ENVELOPE
9. |
SYSTEM (10 EQUALLY SPACED) 0> 24.0 ALt
'- AROUND
|0 | ORONANCE RELEASED BONDED ;ﬁ:,_ﬁﬁ“gfik%‘é N ‘WITHIN
| SEPARATION JOINT NO BREAKING OF METAL| |- | ENVELOPE
| .60 LONGER
REVISED LINEAR LESS BECAUSE OF mANcp,gEseENr
11.J ORDNANCE CHARGE JOINT SMALLER CHARGE & 16.6 ENVELOPE
(BASED ON LOCKHEED REPORT) | REVISED JOINT ON SKIN |
LEG ONLM
REVISED LINEAR ORDNANCE
12.| CHARGE JOINT USING LESS BECAUSE OF 12.9 e:wz}{gqrs
SMALL CHARGE (5 - 10 GR/FT) SMALLER CHARGE
LESS BECAUSE
ha SHAPED CHARGE ORDNANCE OF SMALLER CHARGE. "o WITHIN
1systEM THE FORCE IS . ENVELOPE
DIRECTED LATERALLY
WE! FOR KEY TO FLAGIOTES SEB FIGIRE 3,31




- 7 | . MR ) "' B 3 &
INTER = !scnso- ' , ' . ORDNANCE -
’g:. T | ENVELOPE | 'pice | uLe STRUCTURAL I."‘“““m’ QUALIFICATION .
X e = N, PR e — e o =
« . i , N
. ‘ - . } 1 "’
(a> | QUALIFICATION OF
WITHIN . . ..
5.8 . 2 > ( : > SIMILAR | ORDNANCE ACTUATED
' NEED VERIFICA—
envetore |L 4> TION ON 104D
1.0 ALL > 2> Rl LOWER
AROUND FWD SKIRT
NEED VERIFICA—
N TION_ON LOAD
1.0 ALL @ DISTRIBUTION LOWER
> INTO HPC
AROUND FWD SKIRT
@ OEV?LL{JACT'ONL
' WITHIN F STRUCTURA _
-60 ENVELOPE |5 C2>] “sonp oN SIMILAR
TENSION MEMBER
.60 LONGER
THAN PRESENT | 4_ D
N ENVELOPE [_2_>| NO PROBLEMS SIMILAR
ONSKIN |5 >
LEG ONLY
WITHIN (4>
9 ENVELOPE > (L2 >| NOPROBLEMS | SIMILAR
WITHIN L > ‘
1 [[2 > NOPROBLEMS | SIMILAR |
ENVELOPE @ _ !
— {

FIGURE 3.3’
. R SRRAC M
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RS

Semmmm—— e e v e

‘Rev. B
ORDNANCE ORDNANCE
AL [RELIABILITY | gyaLiFicATION LOADING

ERL |

. | QUALIFICATION OF INTERNAL
SIMILAR ORDNANCE ACTUATED LOADING
DEVICE REKD. '
-
INTERNAL
N LOWER LOADING
T
3
X | ove P
T
N
RAL INTERNAL
q SIMILAR LOADING
MBER
EXTERNAL OR
MS SIMILAR INTERNAL

LOADING

‘MS SIMILAR

EXTERNAL
LOADING

MS SIMILAR

INTERNAL
LOADING

FIGURE 3.3
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; . S ' BALL-LOGK DEVICE " |CONTAINED DETO?
| - | RETAINER . i . | AROUND PERIPHERY
: - : OR GAS LINE USIN
h < G ENERATORS TO R
_L . - | BALLLOCKS
6128 : AN — ﬂ w—en FWD s
\
1.8 ___‘_' SECT. B-B
' (SCALE 1/1) ‘
# o 90°.
BOLT '
, . CONTAINED
. IR . |DETONATING
R O 1 FUZE BETWEENM BOLTS,
- =1 INITIATED AT BOTH ENDS
pusEy & 3 . - -— . .
-JJ*UN~ sm=FW0 : '
RETAINER : \
EXPLOSIVE NUT SECTION B-B -
(SCALE 1/1) AL, ALLOY
H9 J8ATH TUB &
EXPLOSIVE BOLT FITTINGS B
—— RETAINER ‘
CORK | V ] ' L
INSULATION — ——4—H-- \_ -
. ] LG ]
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. ' B ’ ‘..
. 2 ~ \ e —_
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SECT. B-B -“-'W&t:b
) ' (SCALE 1/1)
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CONTAINED DETONATING FUZE
ARQUND PERIPHERY OF SECTION
OR GAS LINE USING TWO GAS
G ENERATORS TO RELEASE

BALL LOCKS

90°

PBPS SECT,

LEFT SIDE VIEW

{ BETWEEN BOLTS,
TATED AT BOTH ENDS

AL. ALLOY Y
BATH TUB (TYP)
FITTINGS

_¢——— REJAINER

CONTAINED
DETONATING

—~= AL, ALLOY RING

"
o.

SECTION A-A
(REAR VIEW REF)
(SCALE 1/10)

FUZE BETWEEN BOLTS,

WEIGHT ESTIMATE (1as)
1. AL ALLOY RINGS & BATH!

2. EXPLOSIVE BOLT & ORDN/
INITIATION SYSTEM

- 3. BOLT RETAINERS
4. 10% GROWTH ALLOWANC
TOTAL

" BALL LOCK
I. AL ALLOY RINGS & BATH'

2. BALL LOCK RELEASE MECH
ORD, INITIATION SYSTEM

3. 109 GROWTH ALLOWANC
TOTAL

1
1

{

_LOAD/BCLT

CONFIGURATIO

FIGURE 3,3-4 © EXPLOS}
- BALL Lﬁ
SYSTE

. SHEET &7,




A.

x)

WEIGHT ESTIMATE (1)

LEFT SIDE VIEW (NO SCALE} <3 FWDE="=3m

15.2

1. AL. ALLOY RINGS & BATHTUB FITTINGS
EXPLOSIVE BOLT & ORDNANCE
INITIATION SYSTEM 4.0
BOLT RETAINERS 3.5
10% GROWTH ALLOWANCE 2.3
TOTAL 24.0
BALL LOCK
| 1. AL, ALLOY RINGS & BATHTUB FITTINGS 17.5
2. BALL LOCK RELEASE MECHANISM &
0° ORD. INITIATION SYSTEM 11.3
iCTION A=A 3. 10% GROWTH ALLOWANCE 2.7
t VIEW REF) —
ALE 1/10) TOTAL ‘315
LOAD/BOLT 7500#
CONFIGURATION 1, 8, &9
BOLTS. : ‘ '
FIGURE 3.3-4 : EXPLOSIVE BOLT, NUT &
- BALL LOCK SEPARATION
SYSTEM
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CTION D-D STEEL BAND

SALE 1/2)

AL. ALLOY
RING

, AL. ALLOY
210° II.OCAL R/W SHIELD —{ FITTINGS
‘ (MOD 7 ONLY) ITiNG
view B-|
(SCALE 1/

CORK COVERED
ACCESS DOCR

'AIRING

. ALLOY FITTINGS é
/ D
EXPLOSIVE BOLT

View B-B
(SCALE 1/2)

N ’

im) . STEEL BAND

- 6.50
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N
CORK COVERED -
+ ACCESS DOOR -

LOCAL R/An SHIELD
(MOD 7 ONLY)

STEEL BAND

AL, ALLOY
RING

AL. ALLOY

l0® LOCAL'R/W SHIELD —-{ FITTINGS
(MOD 7 ONLY)

view B-B
(SCALE 1/2)

CORK COVERED
ACCESS DOOR

STEEL BAND
OPTIONS TO CONFIGURATION 3

FIGURE 3.3-7: OPTIONAL METHODS
- EXTERNAL TENS 1ON
BAND SEPARATION

SYSTEM
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(SCALE 1/10)
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- FWD —

+
ste view C-C

SECTION A-/

30° (REAR VIEW RE
==>- B (scatLe 1/10)
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et e 3 .1
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| 1.18

TENSION SHOE - AL. ALLOY
50 LONG, 1.00 SPACING
BONDED TO BAND

" STEEL TENSION BAND

SECTION B-B
ISCALE 1)
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SECTION A-A

(REAR VIEW REF)
(SCALE 1/10)

3.55

LOCAL RACEWAY b secmoN D-D
SHIELD 4% (SCALE 1/2) _
(MOD 7 ONLY) \/ ¢ 1/2DIAEXPLOSIVE BOLT .
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NUMSER D2-129911-1
REV LT .

-
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EXPLOSIVE RETAINER

STEEL TENSION BAND

WEIGHT ESTIMATE  (138)

BAND &SHOES ... .......3.40
FITIINGSONBAND .... .....70
EXPLOSIVE BOLT & RETAINER .. . 1.00
RING STRUCTURE . ... .. ... 7.40
LOCAL FITTINGS @
EXPLOSIVE BOLT U Y
10% GROWTH ALLOWANCE . . .. 1.40
TOTAL WEIGHT . . . ..15.40

,CONFIGURATION 4, 8, & 6

FIGURE 3.3-8 EXTERNAL TENSION
BAND SEPARATION
SYSTEM

(BNEET S
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ORDNANCE

DETONATORS
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FWD (SCALE 1/2)

DETONATOR

view C-C
(SCALE 1/2)

(DETONATOR LOADING AREA)

RETAINING FTGS

——— DETONATOR RETAINING FITTINGS
H
’. - )

WEIGHT ESTIMATE (1a8)

ORDNANCE LOADING PROVISIONS .30
RACEWAY SHIELD .20
RING STRUCTURE 9.50
ORDNANCE CHARGE 1.40
10% GROWTH ALLOWANCE "1.20
TOTAL WEIGHT 12.60

RING

CONFIGLRATION 10
FIGURE 3.3-10: ORDNANCE RELEASED
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WEIGHT ESTIMATE  (Las)

AL. ALLOY RINGS 8.6
MAG RINGS ° 3.3
ORDNANCE CHARGE 4
LOCK BOLTS 2.0
ORDNANCE LOADING DOOR .8
10% GROWTH ALLOWANCE s
TOTAL WEIGHT 16.6

CONFIGURATION 11
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ano°

WEIGHT ESTIMATE  (133) .
RING STRUC TURE 9.3
ORDNANCE & LOADING PROV, .8
AFT LOCK BOLTS 1.4
10% GROWTH ALLOWANCE 1.2

TOTAL WEIGHT 12.9

|
E1/10) STAGE 3

CORK INSULAMION

CONFIGURATION 12 j

FIGURE 3.3-12: REVISED LINEAR ORDNANCE |
SEPARATION SYSTEM
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SECTION AA
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(SCALE 1/10)
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WEIGHT ESTIMATE  (Las)

RING STRUCTURE 5.3
ORDNANCE & LOADING " 12
SCREWS & NUTPLATES 1.2
RETAINER FITTING 2.4
10% GROWTH ALLOWANCE 10

TOTAL WEIGHT 1.1

CONFIGURATION 13
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" BTFIVED i | C L REVCR e ’b“.,’_':H

s CWLL NS JUINe ST e .j,'.“. .'f‘ R

!ommuummo:u-mw“m»wmﬁi;@‘ } ?
18 lixited to the Lam-strstegle sissiles; Whis rectivn 1s reetrietos u,pm '?' 7
designe for wissiles of MO ineh dlamter or lews. : _- .’ - e-j"," ¢ J m*

Becsuse 80 much of the total effort of wiseils omn mﬁ:&l‘dn! ﬁ,«‘*
renge, this section permits the Aesigner wmw Joiot mmw ‘ §
deatgn Jouds, Nunction eod anvirommntal cousideraticis simtlar o Xis o, r0- _~ "
quirements exclusive of the larger strategie venicles. RERE Nl

A ook 1a greater fepth than ususl, s talem st the jotmte used cn --'»QJ" “a
A-69A, both because it represents current dmumu ia the mw “"’
and beceuse it provides sn cverall picture.of aa aypromsh t0 Jolzs deaige as - Y | :t\
applied to e particular vehicls. - C : R ’ A'_’ :}

Supplenenting the AGH-69A concepts; are represcatative Jeints weed oo ‘4.
other tactical and ruﬁrch duuu. B v |
B AX TXUCLS DESIGH ADFROACE (a0m-69) - \ L ‘EE'

The AGH-69A vas eonﬂsuud {nto four sections to r-cmuu -mfu-eam, 3! i
assexbly and maintenance. These ssctions ere the Paylosd, Guidance, Propulsics :
and Control sections (Reference Figure b-1). ' o | ' \',: ‘“F."
V.11 THE PAYLOAD SECTION o : - tk‘:f'-'v

This section, of monocoqus constructicn, is provided a circumferential 7 ';j‘b
ring at cach of three separation jointa. Its structural parts are:

1. Impact Puse Body ' :

2. Porvard Nose Shell .

3. Warheed Section “

5.1.1.1 _IMPACT FUSE RODY JOIN? b.1.1-1)

The Impact Fuse Body interfaces with the Forwvard Joss Shell. The aft
end of the fuse body has externmal interrupted threads to permit installation and
removal from the Forvard Nose Shell by rout;ug the ispact fuse a quarter turs.
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v MVMNEINED coneins REV UR A o it
4.1.1.1 (continued) K o '.._.__.*" "’ l
Riveted to the forvard end of the Forvard Nose Shell is a mx ring mumd to * :
accept the impact fuse interrupted thresds. The ring is uaesblod to the lhe.ll . :
using o sealant on the faying surfaccs and fastened vith monel riveis installed u.
using a wvet primer. A nylon 1_merp is installed in a longitidinal groove in the 2
steel ring for locking the impact fuse. T |

The Joimt is sealed by means of s synthetic rubber O-ring locatd in an N

annular groove provided at the base of the fuse body. Fuse body 18 torguad to_' 3
96 to 110 inch pounds. | . 5
.. b
3

'
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JMPACT FUSE ROLY JOINT
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« NUMBER DL~ (.S V: "'W

T~e .”"’”B Coumany REV l‘“ ﬁ l ."«

8.1.1.2 PATIAST SUPPORT BULKRPAD JOINT (rig, 4.1.1-2) |
To the inside of the forvard r].ange of the cn‘culfennthl rown'd

Warhead Ring 1s bolted the Ballast Support Bulkhesd Ring. Thres 1/4 duch

diameter shear bolts are assombled through the ballast and warbead bulkheed

flanges only, and fifteen are assembled through the nose section shall as well.
Nt plates are riveted to the inedde of the ballast suppert bu'ihead ring to
recsive these bo].to.‘ About the outside surface of the aft flange of the Forvard
Varhead Ring, 1s riveted the Warhead Section Shell using 24 monel rivets.

Access to the eighteen bolt fostaners is provided by a plug in the silicone

insulation over the Lolt heads.
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ISE VYOK TYPE AR, TTFN MaTCKIAL NLY

NUMBER D2-125911-1
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o.1.1.7 DOUBLE TAPEY.ED SPLINE JOINT (FIG, %.1.1-3)

Thias Joint was dnalgn2d to support the werhead and to wechanically

o1 a quick direcanect ‘sint, Tho joint cerries the loads associated vifh
supporting the alt end of tuv warhead. In addltion it satialics the dasign
con:lderations shcwm on Flpure L.2.1-3,

This teint zendlguornticn ures inteinal iavolute cplines to transfer
<hear and terclion loads to metehing ext‘.err.a.‘. involuvte splinec of the foyward
Elect:.ries dectirns  Antal lowds ave transd-rred by removable circumt'erential
tapered spifies vwiicn seat themselves ia an annular croovn fermed after the 4
Payl.ad Seeticn {a Jolned to the Elnctronlis Secticn, Thepe removable uplines
are inztelled threich an aerivre provided dn the att steel ring at clocking
sncle US®.  An arrutement la provided jor indexing one spline ond the other
iz driven irde position usirg an axiel forev of 100 lhe,  To mwvent spline
becing, & Luing O the spiinc ccver plute cnguges the troncvers? serstion
vpoviged uY e end of the spline,  The spifne access »wver rlate is tolted to
tne Su.uard Electroni~s Sect!sn Ring by.a s nele A28 bolt. An O-Ring in

tne oY Warasad Section Ring foyms an environmentael seul after the Payload

Suetion 15 comhiand widn she Elestrenioer Sension.

Intevraes with the misslle at the {urward end of the electronies section by meons -
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For Desizn and Materials Data
Sec Table 4.1-3

DOUBLE TAPERED SPLIKE JOINT

Reference: AGM-69A Prograx , .
D2 ml“&l, Para. "'02-102 . S [,‘ " »

Figure 4.1.1-3
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%.1.2  ELZCTRONICS SECTION umhh rrc\m V) t . &'.;A_“'.*‘-“:,-'-"" R
™his sbction is sotually & unahly of o m: th w
Chell forvard and the Motor Skirt. Ex*encion aft. The structiiul Joim eaupanm
are identified as follovs: | ’:.,,.' ‘ Ay
1. Electronic Section Shell with sn inmtegrally machineq fittisg e 1-

the forvard end to eccept payload sections by uuna of & quick
d4sconnect Joini. ‘ '

2. Motor Skirt Extension

3. Racevay Fairing «nd Usbilical Cover 2| §
M.1.2.1 ELECTRONICS SECTION FORWARD JOINT (Figure b.1.1-3) " R
The internally machined ring &t the forvard epd of the Elactronics B :
gaction Shell is designed to mechanicelly interface vith the Puyload Section gs | S

part af the Double Tapered Spline Joint described in rarugrsph 3.1.1.3.

5.1.2.2 MOTOR SKIRT TON k,1.2-1). ‘ SRR A
MOTOR SXTRT EXTENSION (Figure b A o

At the interface of the Rlectronics Shell forward and the )b‘cor Bld.n :

Extension is located the ..sec‘rontc ﬂupport. Pirting (iee ltem Jlo. 2). Thu oL 5

n.mctuul mzbev provides a mounting swrface for electronic equ.ipnmt and is ' F M N
machined as an mgml part of the envirommental and umbilicel systems. Its- ) ';. " "‘
circusferentiel flangs is fitted vith nut plates to permit attachment of @ con- | -l

ventional bolted spline joint. A sizilar joint less the support fitting provides’ i~
the interface between the Motor Bkirt Extension and the Propuleion Seotion.
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PART NAME/NWMTER

(20A2L00% )

' .

(2) " Motor Skirt Extension

(25A28087)

Motor Case, Pwd Dome & Skirt -

Electronic Support Casting

Steel ¥ A ‘
Sh33svy o v
CMrpMelt,
Vacuuz Degassed

 H.T. 205-225kps .

) .- .

. Bteel . o Lot
b3gM IR ¢

MIL-5-£699 AR R W,
B2, 160-180kst SRR EL

Aluminm

356-T6 S ok
(25420296) QQ-A-601 b
;’l:\ ) ' Electicnics Section Shell Steel: : o
: bazew '
(25428612) MIL<S-3699 . o . N
R.T. 160-130kei - PR
Q ) 5/1% frich Belts ‘BAG B37ELS5-16 AT
o (2 places) : A
BAC B3OELS-T
, {27 places)
(E ‘) 1/4 ineh Bolts  liAD 1504-L o T A
— : (L3 places) D I
(7) Unbilical Suppost Bracket Steel . c L
. k340 T o
(25A29260) AM8 6359 L
R.T. 150-180ksl
DESIGN CONSYDERATION .
Critical condition is misoile ejection v‘lich produces: Co L O

-

1, Ultimote bending load of 175,000 in Ib at 282' F. mu tMlp ) “R

2. Ultimat: Sranaverse chaar 108d of 10,000 lh at 82* ?.,
Shell temp. ’
. . . i ' ;4 ‘5:...,_{' ]
’ e SHEE 72- v
vy et tasi by, 2808 LA e T
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rne MVETEINES ornrny . . REV LR B N
This secticn lnterfecns vith tie Prepulaion Sectlion rorvard and the
Tall r‘"{‘(‘ 0"0«&-“‘ a!t-
L7 AFTTE MCTCR SASE ASSEMBLY JOINT (FIG, 4.1.3-1)
Tz Jofat provides the rechanical faturface for attaching the '
ConLre® Snctlon to tre Prepulcion Seetlon, Tt ccucists of a ferged rirg
velded t¢ ¢he aft end of the neter enciag, The Hydraulle llanireld is mounted
stosre dnglas of the forzed ring art flunge and the Coubrol ention Fatring
s mouaned ap the setalie o she same Ylumre.  In addition, she lNoczle Shell
i noted Lo tie AL Motur Oase Ripg sad mecianisnlls a0ld oy a thiweeded rataining
Vil
Potvna RCiE CLoSIRE (FIS, bL.1.3e7

A acrnie clustre is in~ludeld o the Bt eal ¢t nne nosule snell
whish neals e mtse Lo ralnteln the rroyelleat in a contwlled énvironmoent
prier SO oLy :h'.fne-. The Qoo re is deslpned to rurture cleanl: whes the
mMeLor chanber presavre rizer o 170 25 peioot first pulse {gnltinn, The
cliei s handed o the qorzle shell vith an epovy adhesive, "‘he siurface
which ropms e ouer perl hory ot tie rozrle olosure forms an interface

vivn e Cntrol Seotion Falrln
weloh TAIL QONE GECTION

™e cingle Jeint N the Tail Cone Sect!lon provides the chhonical

sterface vivs the Contrel Section.:
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A. Part Name/Mmbder .

Hydraullc Manifold Forging At -]
® . s
~ - GR-4-367
@ Pairing Shell, Control Section . - Alm
(25426080+110411) L 6061-0 ;
' ' . ' o QR-4-250/11
(3) 1/5" Bolts - o lame 7 o
) (thru W3
1"‘0’ Silicone Insulation (PIag) S
\s> Motor Caee Aft Ring - Stewl L
~ (20A1400L ) . B339V, Alr Melt
Vacuus Degnsond
ReTe 205.225Ks8
;‘é:) Fozzle Shell _ , - geme s (B)
' (\ 'D Motor Case Retaining Ring - . Sae a8 (9

{9 “0" Ring Seal

B, Deei~ “onatderations

P«"f\ '.111.15'123162.1. PQ!'I. 5¢3t802
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T+ Tail Cone is an ac: ulynanic falr'ng sutached to the aft end of
the ACM-rOA migsile Lo reduce drap turen during extermnal carry ty the car. ter
acreraft.  The tall emne renalns uutsched te the misnile until rocket motor
tgal ki occurs duriio fauach.  Motor igaltlon causes pressure buildup withina
the Teil Cene ghell, and ab apnwyvimsately 22 pounds per square iach (rst)
inLernal preesure, the Ta.l Coae attachmoent tushings shear cut, resclitiag in
seraration of the Tall Cone freny the uiusiin,

'I‘hmw:;x-drilmll heley In eacy of Larce leneitudinal dopreassiors {n

tre foprvmid mortlien of the spo eholl, provide aceess 4o Tall Cone fasteners st

clocking sngle €, 190 and 300 icgrees, for the acucmbly/disassembly function.
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Scoale: None “
For Design Considerations and Naterials
Data See Table 4.1.7
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e DOEING o - UREVR B Lo
: 4

4.2 SELECTED SMALL MISSILE JOXNTS
Sma’l nissile joint applicatione vhich differ from approaches used ‘ : 1

rer AGM-FGA are peesnted in tals scr~tior. together with such design data as
was svallable,

bl THE X003 : B

<=

A three stage sounding venicie, the Excs started with the jlonest

Jehn for tts rfirst stage. A ground-to-sround artillery mcket, Houcet J-&!m

yleles wery Llsh thrust Yor cver four seconds. The gecond atage uted a Hire ;

bocrier, Thisd dtus <35 provided b a version of the.'l'.‘_xio'ko]. Recrutt known ‘

05 tne Yardb!rd, waich had or. accelarntion carability ¢f approximetely 80 g's.

§.21.1  BLAST DIAPHRAGM SEPARATION JOINT (FIG. '.2.1-1)

> ,
- R
: The oduy used betwean the second and third stages scrves bolh es an .
; assembly and as a separaticon Joint. The rlnnd.éld_rt on the forvar? stege end ‘
.. g the coryliug casting bolted to the aft ozn}rc ere coth threaded an the outaide :
E of tho olast diapkrags. Uren forward (third) stsge 1snition, tho pveum.re
§ af the ¢xiting a8 bows the 4 uphru;y. RO that the thycade bm.ome dlwm_wcd .
‘;J rom tixe fla:vd skirt, and a clean japid semrq.ion CaCUrS. :
2 i

Thls sraten 18 geaerally uced Leotwesn stages vhith are fired in
suveession without a orest period, ¢y avnld large drog losses caused by the-

relatively large skirt dimmuter and the bumed oul preceding stape.
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SEPARATION JOINT
. . <1
COUPLING {
: _ BLOWOUT ;
YARDBIRD - DIAPRRACN ;
SKIRT NOZZLE . i
Lo
1. : i.
, T |
. 7 e -
\\ \ [ & .‘
'\\\ \:".‘-\ ';:'\:. L ‘]
! 4 | ApPROXIMATE ;
! DIA. 5.8 INCEHES !
!
wzzLE '
CLOSURE IONITER
P, .
B BLAST DIAPERAGM SEPARATION JOINT Scale: Fope
]
]
References: Bxos Sounding Rocket, 8mall Sounding Rocket Symposium,
' Iaternational Astronautical Congress, -Vol. I!,
Stockholm, 1960 , :
_ FIOURE b4.24-1 °
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. NUMBER D2-125911-1

L2 TIE JOINT 3ELKCTION PROCESS (SMALL NISSILES) «

4.?.1 An exemple oi the process which permits selnction of o candiditc : I
. |
1

Joint for a particular application wags the sulection of the Double.iipgred Splin§

Joint (Ref. Fig. L.1.1-3) for the payload clectronic section interface on

AGM-61-2
An advan:ed study produced a seriec of candidate loint concepts, showm !

b,7.2
by Fig. L.%]. Eech Joiu% was compared against & weighted limt 42 design

consiierctions having e total numerieal value of 1C.0, Thus the numcrieal

assessnment indicated thut the prelindinary sclacticn was Concert 9, the Sprfng

Loaded sheur Ker. Hovever, in the ewlution hetunen concept ond deslign,
doverned by more watriclive greund rules, new candidate decigns wveyre develcped

(Fig. 4.2-2) and a ister selection was made, namely the "Tapered Spline Joint".

Tre: prime considerstions for selection frem this matrix vare weipghu, cost, and

evrinasion tor compatibtility with miccile syoter requiemente.

Conmegquently, it can be reen thnt while the Bolted Joint hed the

lowast ~2iyh% ond c¢o8t flgures, the uirnile cyeter reainirement for warhead

interchangeal-{1ity vithin carrier alrcraft homb bay, dictated the selection

USE FOR TYF¢+ aRiTTEN MATERIAL ONLY

0 %he Tapeved Spiire Joint deaig:.
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by slo ts and holea in the reapeetive ringa vhich are theﬁ cnwmd hy a sia,gle ‘
plute which reatcres the exf.ernnl contour of the body shell. 'Ihmo.deé t;oiea A
in each ring pernit the ussembly ot a spenial tcol. (Reierence ngm h h.1.2)
gquired to pssamblc or disasaemble the sections externany.
febricated from 4330 MOD stecl, huat t;elted to 160,000 to 180,000 psl.
8.4.2  EVALUATION | ' _

 Tue ccmceoc vas submittcd to Organiution 2-5560 (Air Carried Miunce -

Stmcmwes) for a pregiminm evaluetion, the results of which are prcvdded on

whe follu....., pace.
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- ©. syladrical section of the missile. Alsg & miesile with this Jom ccnau\d toone .
o nmemqmmu.m«mm muuu;mmy. . T E

. In the analysis of a typical issile joimt .ppnuuon, b4 saximmn, stiess a the
. Joint vas found to in the order of M0% higher than .the maximum #trass 1o a cormal -+ .

\ -t

A recoomended changs in the Jomm.-mmnpomumummm ,“-
4 all sbarp corners to prvvent zood. stress concentrations.

et *
. . . '-A,“

A more detailed m-m .nnym of tbis foint conoapt vould a.m on tu -pomu

)‘ configuration, weight Alatribution, and stiffoess of the xissile 4n which the- doint 48 . -
~ to de used, Proa this the mods shapes and frequemoies oowld be found apd, thus, the ...
" effect of the Joint on dynamic loads, coativl mmn, dhntnu qu!dna
cmeezmu oo\u.d be dederained, -
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© stoge soparaticn of an axpended bocstzr and revcoval of the'uppar stage booster

5,0 DESIGN CUNGIDERATICNS

There are many d2sign rejuirewents and connicdecations which must be
kept {n mind when u'.-leet,‘ng a Jgodnt deeign tor misallen, These are usﬁnll,v
arlque ror vach appiicativv bu% usually fell intc one ¢r nore of the Tolloving
sategories: "

(1) Ordnance Feparat ion

(2) Racowars

(2) Sealing Joints

Each «f thece areas could be the subject of an entire doownant in 1tuu‘l_
Congnquantly, no nt,t'::r.;‘t. Wil be gale to tell @ cunplete story, However,
certaln penoal inforaation 1o wse ™I for the deciim englr2er to censlder
when rabi: hlic seleatlion and hwtd ﬂ',\'i‘-‘..j: 1t3 [mas!tility,
L CRDALME SEPARATICN |

Informetion precented in this gectlion is largely derived from the
Avelr Research Doacwaent D7-C2LOLZ-1, "Crdnane: Componentr and Suhsystenms,
Duglpi delda,”  This dorument ghould Le rederved to for nd«:itior.albdet.a'ﬂa or
4y DANG .M.
Yelol T{PICAL CRIIUICE TRAIN

Filgure 5.1.1-1 sihous, schemot,rally, ur sranance train used for

skirt. (Psjer olso te Pigure 3-1). This £lsure alio ldentifies some off the
ordnance crmponentc fav;lved. They arc Jdi:zcugsed in Sect.on £.1.2 and

pi~sorially shovn cn Figure Y.1.1-2,
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NUMBER D2-125911=F
REV LTR 22

ORDNANCE SUBSYSTEM STAGE SEPARATION AND SKIRT REMOVAL

1. SAFETY AND ARMING DEVICE
2, DETONATOR

3. BOOSTEK ,

4, SAFETY AND ARMING DEVICE
5. BOOSTER

6. DELAY BOOSTER

7. LINEAR CHARGE

6. LINEAR CHARGE

9. LINEAR CHARGE

NOTE: FOR COMPONENT IDENTIFICATION
SEE FlGUﬂE 50‘0"2

R

MISSILE SKIRT, CUT INTO FOUR

SECTIONS TO REMOVE

ﬂGUﬂ: ’50‘_0""

U3 4802 1433 REV. §/6F SHEET 9?_
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meant to be mtvarul. It gives an idea of the i.anuencing rnctou involved '

$.1.1 Contlnued ' o ' : ERGE
This train is a unique eonriguntion for one Qppucntuu m 1s nm fe

in an ordnance separation joint design.
The 'sequence of events vhich take place in thuﬁpu.-ticinuf d.lim.il“‘ .

a. Blectrical signal activates the Safe and Arm Device (1) vhich
ignites the detonators (2).

_b. The detonators (2) explode and ignite the nnur charge (7).

¢. The linear charge (7) explodes and separates the lovor ouso
booster from the skirt. :

4. As the lover stage pulls awvay, it pulls the luylrd'on'.t'lu Safe
and Arm Device (4), arming tt. |

e, Safe and Arw device (i) ignites the delay ﬁoocten (6)'.

£+ After a delay period, the delay boosters (6) ignite the primary
booster (3).

g+ Booster (3) explodes and ignites the linear charge (8).

h. The linear charge (8) explodes thereby igniting the ‘ooom"' '(5).

1. The boosters (5) ignite the charge (5) which explodes and
breaks the 'skirt inte four panels which are ejected by the force.

.

of the explosion.
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- The Safety and .\mm (a & A) mxce 1- . mmxu s'gm; émtmxu
the nke ond bruk ot continu.tiy of. electrxcu ﬁrlnc cimqitl nd t’be uxg
TR

snd breah or continuity of the explouve trdn of an oldbancd whmtm. Om

a9

T R . .. .,\

rmtund by an tuumn u:yxndn gbxﬁ ‘!'bo nyMn m ll um\,!,y ;
. 5
o high oider u‘mt.!on saterial eitber 'pn'-nmuy Losted MM&N&RM' s

(T u"o L

T explostve bolt au.mmhuwm&ms; RV
S e

"c
.‘l“
(‘4

applicstion of each type is noted belov. o ;, . ,f-;"?'_".
PR [ I )
. . e - ' ww "'. ,» ! 700 -“ﬁ . ';, . .3' ‘.,‘".’
e mmm mu‘ 7-" '\ ‘. . \”'..‘. \.4,{ "‘\’,‘ _.. ‘K 1‘1
. N 3. ’ V)‘

vcmtion of thin Gucript m s tor v amm dwice ccntuning m ezpm-ln_ 1
or pyrotechnte ‘material, Buch . eeuce hu been mmmc a asto and A;n w
wicch, Am-mll.m Nechanisn llnd Safety Bvitch, 0.11 perforhing th. sae r\mctlm .
of eake and bresk of electrical unng circ\nt-. N o , o T ~'.~ s
5.1.2.1.2 APPLICATION . . I *?A:' : ”
The 8% A devicn 1s incorporated Lnto an o:&nanee luhcynuu Mch, L
1r ndverwntl.y act.ivtted, vould result in s cotutrophic 1nc1.do:* vtt.h .’" ! '--';"f-‘"
possible lon of lire and property. ~ : ', SR ‘ :‘fil’ ‘ 2
5.1.2.2 mosmmmmmxsu L ST
- l:rplouw rcleuq wechanisas: uroct. nleuo of -trwtunl ncctou,' \
penels, doors, podl, ete., by explooin or m pmsm mm- of. nwd;u; ek ')
hardvare. The common relesse ha.rdvm used in expmtw mla-m m"dbmxn g
bolts, upontton mute (eu or oxploctn uct.unecd). linear cm “ m'_,:"m‘
ohaped charge. nu dncriptloo of ‘cach type cf rchue hnnaun, onﬁ om “r*"‘_ "
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configwietions of explosive bolta, most of which have cconiderable bdlast

! ]
!

and fregmentatiou when actuated. A fev mauufacturers do state that t.!uu"
explosive bolt vill operate vith no blast or fragmnemtation. '
&+ APPLICATION

Explosive bolts are used to relemse tension end u&ur
loada. The application to rvleace taskas requiring simultuneous actustion of
aore bthaa four release points Lo nat recommended becsuse of rgliubnit.y ‘
POPRLLSes, '

Design for explosive Lolt application should include
ovalnation of Jond ratings ve. weight and envelope of the bolt, veight and
qttvelope uf structure and for shock and blast effects of the particular ‘
bolt being considercd. The deaign should also provide for installation of
explosive caniridges after bolt installation is complete.

b, SEPARATIOR NUT
1. DEACRIPTION

The snparation nut is decigned for installation in a
manner similar to @ regular nut in structural joining except that it Avill
relense the load vhen actuated by an explosive or gas generator charge. In
tho preferred configurstion, the explosive or gas generated charge {a contained
in & geporute romponent to be installnd after the aseembly.operltion is complete,
There arve several configurations of release nuts renging
betweon the rolesse of gas and frectured sections of the nut to those wvhich ,:
release no gas or frectured sections vhen actusted. Each type vill perform

A satiafactory release.
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$5..2,2 Continued
2. APFLICATION

The release put must be used only.to releaas tonsion loads.
Clearance holes for the mating bolts are required to allov bolt pull-out vhen
the reclease nut {s actusted. Shear londs must be concrouea by shear pins or
sizilar means.

.'mou release nuts actuated by high. order detonation vwill,
in most cases, releass some explosive blast to the surrounding area but are
relatively free frow haraful rmm;nmtion. In one application such a device
has been 2nclosed {n a light weight container and qualified for use in an
explosive atmosphere., Release nuts sctusted by gas preuufe vill release
very little, if any, gas and will generate no shock.

Release nuts will normally be load rated in accordance with
the load rating of the mating atandard dbolt.

- Release nut application to release tasks which require simpule
taneous actustion of more than four points is not recommended because of
reliability penalties. |
c. LINEAR CHAROE
1. DESCRIPTION

Linear charges are relatively lightly loaded, conunum;s,
explosive charges encased in -neunc or plastic tubular containers. The
ligear charge is uloo knowvn es Mild Detonating Fuse (MDF), Prima Cord, and
Low Energy Detonsting Cord (me). The cxplboive specified jor most ilnstalla~
uona {8 lead or aluminus encased RDX or PETN because of high reliability,
law cost, t.eupenture tolerance, safety and a high detonation velocity vit-h

resultant higb energy ohock wave release,
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5.1.2.2 Contiaued - o CT e T
Linear emmiv; 1s used to rupture struetiral fittingy B
ror.sepanuon of missile sections and for pmpnpucn of detomtion. -fm-'
one point to another ip an explosive subsystou. RDX uplonvo nas b«n
qQualified for use at altitudes shove 200,000 feet m the Minuteman nugo
separation lyatu. There has been mo vork dcne, however, to vcdty por{or-‘
mance of any linear explosive aﬁ.er long exposure, (up to one ynr),
space envtronnent. The application of explosives to my tu.k, vhno gxmnd
to cryogenic tempersture, may cause extreme perromnée variation, m
reference &, |
1. DB:RH’I’IO!I
Linear shaped charges are similar to item c, Linear
Charge, éxcept. that the cross section is shaped to focus « high energy stream
{n a predeternined direction to produce a cutting action. The lnear shaped
charge is also known as "Flexible Linear Shaped Charge (FLSC)". . B
2. AperzcAtion | e
bluear sl...pml charge (FLSC) 1s uced to cut . lt.mcturll
nnerul for vehicle destruction and to separate oections rro- a vehiele.
‘l'he explosive cutting performance is predictadble for any qt the common
explosive loads except. at. cryogente tavpemwru. |
. ‘The tnstallation of FLBC is most often acmnched '
d\u-iu nmtunl assenbly because of the requirement’ ror aecurete lout.tou
end orientaticn. The structure, \dth explosive muuod, mt. t.hen be
considered an explosive compooeat and vin. roqutro -pacul rutrtetl.ou

during storsge and uhipptng o , : ) .
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‘I'bo boomr is an lupntm emplouvo or pyrowohntc eo:monont
of -oaemu ocnsiuﬂty. vhich 1¢ uwed {n the oxplouivé or pxmtecb.plc mtn . 1 -

to step-up the emergy output of the primery utmnl to initiate ‘the . ceqnn-»- . . 'V\
uvely insensitive main charge. The boo-ur may be u f.ho forn or pmued _ ‘.4'
peuee. or in ohopod conuinors as requim by a pu'ttcu.hr systam, m ns\n‘o
§.1.1.2 for additionsl example. . ' _ 1
 APPLICATION R | ,_"',"1_&-
. Boostars 4111 be applied to the {nitistion trein of explosive '
g components to stepe-up the detonat{on rate and snergy . rtleuo of uu nmu-
;‘-: ting or donor cowponent to a level required to detonato t.be b.u charp '
§ or receiver cowponent of an explosive tmin. -
g Boosters may alvo be applied w the uu'.uuon train of a ps
é izenemtor or solid propsllant motor to step-up the releuc of hot pui
g and burning perticles into the aain charge for wore rvpm mm tw of -13 E
5 charge gas preuure. ' _ , o : 4 ,_-' A
Ip both of the above syateu, tho booster may be 1ucorponted o

only o reduce the total quantity of unott.ivo, primary explosive u: tho S '“f .

initiutian couponentl. _ . e .
In t.be dnelopunt of nevw cxploun or gas gmeutulc ty-uu, it -

1s often possidle to use an orr-tho-nhclf boolt.or 48 the ummu. mu. ; .

This must de done, bovcnr, ut.h mu coopu-atiou of the mur lumm,ct.n._ ,'__

rer since an ucorucc u.tcction could ea-pm-tu -ym portomn. R . '1 T, .
N '.;'\ ..
r -,
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$+1.2.4 _ INTTIATORS

An initiator is the first component activated in an ordnonco tntn.
It is activated by elther elecirical, gas pressure, or mechanical means 0
atart the chain of ewventa which results in ignition or detomt.ton of the
pain charge. The teru "initiator” is also used to identify some co.ponunu
in a seat ejection system which may not be the first units fired, !ovever,
the function is basically the same as noted above,

Initiators are identified by the following common nu&o:

8. Detomator - An initiutor loaded with a high order Jetooation
material to initiate detonation in aa explusive
charge. .

b. Squib = An initiator loaded with a flame and gas producing
material to 1@ite deflagration type devices such
as gas generators and rocket motor igniters. The
term "squid” is al3d a common slang term used
conversationally by some peéple to identify any
initisting device ox; suall presmﬁ cartridge.
(This use creates some confusion,) '

¢e Priwer « Nomenclature used by some organizations for e}cc—
trical or mechanical nrod” fuvitiators vhieh .
accomplish the same functions descrived in 1 and
2 above. . _ ’ '

There are two dasic types of chctﬂally nmvuuueou,: m -

:. v . L. v
‘, R
. . .

DESCRIPRION . ; o

conventional hot wire and the explosive bridge wire {¥SW) types. The sppoar-
ance and function of each t.ype‘-il.- quite similary m, the control swde . -

[y

-

swEC e’ o
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An l.nittntor 12 used to start mry dntomtug oy mnmamm i BiR

function, It my be pertsmaently nmblu An the pyroua:nu p?«mloun ' -_
train (mch 0 & primer in s rifie cmrid.p) or p:mmu; duimd tor l

{astallation afier the remainder of t'.ho mbmt- has boen mmua or"

Bl

asseabled. . . ' S ' '_;~ :

Every precaution shoum be taken to precludo tbo shmmge ot l 'dm
batwveen detonation u.xd deflegrating type initiators ina amr muumm.

The tvo iunctions are not interchangesble end will prodably ruult 1n a
palfimetion if taproperly applied. ‘ ' .

The application of iniﬁntora to gystems that will 'b.'-t'.q’ond to
space anwvironments for long periods prior to ncf\mtion, can only bo acooR= ‘
plished with some risk, and verificaticn of perfornance following sueh '
exposure may be required. . T ' -

Kleotrically fired initiators are nomally inocorporated uto e | : ‘
suaysten in such a nanner t.hat a dupuuu upability is achicﬁd vhieh

USE FLR TVPEwl "TEN MAT RIAL L H_ -

most often includes cual rourchs of power, dusl svitciing, aual vtrug. 8

¢ual bridzevires. The dual bridgewvires may be tneowomud as tvo bridgwu'u
in ¢ne initiator or two, slnglo bridgevire initistors. In the dno of % I w
single bridgevire initiatcrs, either imitiator must be cupablo of ptrtomﬂ_.ng '

the aomplete function. .
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5.1.2.5 LIST OF REFERENCES
Document D2-24013-1, “Ordnance Components And Subsysteas Design

D2-2L052-1
AMM 127-100
ORDP 20-270
796025
MIL-1.23659
AFETRP £C-2

Machine Design,

Gulde®, snould be referred to when designing ordnance activated separation’

Joint mystems. In addition the folloving references are provided:

Blectro-Explosive Initiation Systems,
Design Guide Linea

Fxplosive Safety Manual
(Air Force Manual)

Propelleant Actuated Devices
(Lidrary File No. U85 P 20-270)

Tast Report, Explosive Performance In
Extreme Cold (Sature)

(U. S. NAVY - BU-WEAP) Initistors,
Bleastric, Design and Evnluation of

General Range Safety Flan
(Air Force Fastern Test Runge Pumphlet)

July &, 1968, (pp 116 - 122) Designing

dith Explosaive Devices - Robert F. Reinking,
Project Engineering Supervisor, Asrnspace
Cowponents Div,, Atlas Chemical Industries,
Inc., Vslley Forge, Pa,
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5.2 JOIRT TRADSS EXERCISE

Frequently the designer 1s tuced vith the selection of a Joint
concept from & number of available ulternatives. The use of a manufacturing
approach to make the Cecision {s demonstrateud by the f'olloving exsaple which
uses case segnented -joint concepts developed !n the Minuteman Program.

5.0.1 ‘MANUFACTURING CONSIDERATIONS

The six Joints shown on Figure 5.2.1-1 have been evaluated on ths
basis of producivility in terms of fabrication iime, field asscmbly time.
and the relat.ve importance of the two. Parta for each joint eoncept are
interchéngeable, : , : '. "
5.2:1.1 SUMMARY _

O the joint concepts consldered, the taper p'n and clevis joint have
been celected as being the mest deeirable in terme of producibility. The
Joint requirvs more installution effort thean some ol the others. However, the
findings indicatec tant fuitiel felrication time far outweighed fleld assembly
time for the progcam concept of which this study wac a part.

Tne praaary advantage of the taper pin and clevis joint design
concept 1s that it scmewhat relieves the requiremernt for close hole aligne
ment that most other designs require., This, of c¢ourse, reduces part
fatrication costs.
8.0.1.2 DESCRIPTION
5¢201.2.1 STRAIGHT PIN JOuID (Concept No. 1)

Joint Concept No. 1, the clevis and straight shear pin, would
reguire both the h&éhelt fabrioation’ time. and:the highest asoedly time of
all the Joints examined. 7The ressons :or thls am the extraordinasy dimen-

tional tolerances that wvould have to bte maintained in making the rings, and
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Sersls2.k Continued
the level of ulignment rrecision required in the loining operation. The
Joint 13 unlike the present Minuteman Joint in that the {asteners carry
ths compreseion load. This requires that there he a close {Claes I) it
between pin and matching heles. The joint 18 similar in conceut to the
tyre of ghear )oint used for Bomarc, tu4 Bomarc hud a 3 foot diameter
wherens thie desién is for a 1C foot di@metﬁf. Of ev-m greater signifi- ' .
anger s the method of assemhlv, Whereas Pomare joints could be assembled
only Wit the ald of elatorate heldlngy fixtures and the mos* careful atten-
tion, thia Joint (Mo, ) on Fig. g.P.I-Z) can be assemblel with a minimim
of mechanical aldr nnd (n & suapended mode,

To inture success of nuasmtly, che dimensional ncenracy of
the rela*2d paris must be nesar perfect, No-mal tolerancer for manter
Lovs vom traction, hoie roordination, axial uligrment and closeness of
i retwnsn 10 and holers matt Yo yltandoned [ favor of super precinjon
worv., Iancresasing geruracy reqairemenc: from thousariths of an {neh to
tenthoucandths of an in~h woaid huve & marked effect on fabrication
-3 20

5.2:J.502  TAPER PIN JCINT (Cozcept N 2)

Althoagh at f{ret appesiuace this design consapt appenrs to he
ahout equal in ccmpleilty to the atraisht pin eoncept, in reality they
represent opposite amndy of the producibility spectrum {n térms‘of fabrica-
tinop caxt4, although there remains core question as to vhether or not the
taper pin 4esign here connideread cnn be made interchangeable, it was
assumed tb;t a eatisfactory deuign can he achieved. 3uch a 1esign would

provide for a positive fit, with no allowance, while at the same time the
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irdividual part tolerance could be relatively large, It is this less

precine dimensional control that brings the cost of fabrication down, and
the positive geating of one Joint riag on the other (as on present Minute-

man) that reduces the asaenbly time,

5¢2.142.3 TAPER PIN, THREADED (CORCEPT RO. 3)

The threaded pia concept is more cxpensive to fabricate than
the sigple taper pin, becuuse of the threads, taps and the need for a

coparate tipered invert. Threaded parts are, of eoufne, more lubjeét o

damage than most othusr kinds of fasteners and the fnserta would hsva to he

a

i replacel {f the thrrads were %o be Jdamaged,

é Agrembly time for the threaded taper pin ic greater than that
; for the simple tapcred rin bacatin® u more precice alignmont relationship
é miny e achirved pdrior to pin insertion, On the other hand, d{sessenbly
% Pould pequire leoas tims becuuse the pips can be extracted directly, The
5 simpla teper pine may have to be freed by a puller device, Finally, the

effentivenass of a tapered threadei bolt, particularly in vidration, in

highly juesztionatle,

5.2.1.2.4 TAPER i'1% GLASS CASE ‘CONCEPT KO, b!

Thers woald te 1 wlight increase in fadricati{ng cosis for this
decign over & u.31lar» Joint type in a steel case, The d1fference would be
dur to a requirement for special d4rilling procedurss using high lpeoq,
diamond topregnated cutting tools, nnd sn expected higher frequency of
part rejection. Asaenbly tino should'bp fdeatiral vith that required

for the ateql case npplication,

SHi T 106

VO @0A9 tets ovy o o
TS e et AN



-1y l!_..v_,_, LERERAY

L

By v L
PUARREY JVRNY 7 ——y i t ) .

USE FOR TYPLARIVTEN MATERIAL ONLY

€.0.102.8  [OCNIIRAR ML LT

The lockstrip design 1s moderately more expensive to produce
than the taper pin, Although, like the t.aper pin design, it can de prodwced
using normal fabrication tolemncen, it has more surfaces and more compueated
surface relationshipas that necessitate the higher fabrication costs. Bceaune
of its self-aligning characteristics, it requires the least assembly tiﬁo of
all the deaigns considered. If the frequeacy of acssembly and dicalse@bly.
vere to be relatively high, the lockstrip vould be a good design choice.
5.2.1.2.6 LOCKSTRIP,CIASS CASE ‘COECEPT NO. 6! ‘

As ~an readily be seen.from the dravings, the additional complexity
aesociated vith attaching metal rings to fiberglase case structure would
substantially céntribute to the cost of this design coacept. The assembly
time would, of course, be the smre as that tor the éthér lockstrip Jtolnt,
5¢2.1.2 - ANALYZIS
5.0.1.3.1 RELATIVE PRCDUCIBILITY (PIGURE 5.2.1-2)

The direct factory manhours agsociated with the actual fadbrica-
tior of the variuous Joint riag design concepts tendrto vary over a rather
vide muge,  from 3LO manhours to 90@ manbours. This is & ratio of 2.65
betwvaen the costa of the wost expencive deosign and the least erpensive,
Tonling ¢rete ver: not included becuuse of the uncertainty of ssortization
factnrs, tut If they had teen connildered, the spread would be even greeter,

Phe Jcaign voncept concldered to have the highest fabricstion costs vould

nlso require the wost expensive tooling. A wore dgulled explanation of thess '

1tetements eppeara later,

Mo ~A~u ~ ‘
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9eeded.l Continued

" RELATIVE PRODWCIBILITY OF ENGINE CASE

Joint Type

Straight Pin
Taper Pin

Taper Pin, Threaded
Taper Pin (Slass Caue)
Lockstrip (Steel Case)

Lockstri; (Glass Case)

* Baged on th
ussigning ¢

SEGMENTING JOINT CONCEFTS

Parts Fubrication . *Relative
Estimated Manhours Producibilicy

900 2.65

340 1.00

500 147

koo 1.18

380 l.12

700 2.06

FIGURE 5. .12

e estublishment of 1.00 for taseline and
hils value to the least expensive design
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9.2:0:)08 RELATIVE ASSINBLY PASE (FIGURE 5.2.1.3) R
" Tha manhours assoclated with assexbly and disassewdly functicms, although
nuch amaller in megnitude, vary over a range almost as great as that required for
part fabrication. MNere the retio ie 1 : 2.26 between the least and the most tive
consuaing concepty. This could he of reul significance if assemdly and diasssembly
became & frequent occurrende, and {n any cage {s important from the sﬁmdpoint of

poasibly prolonging the field asaembly operation.

RELATIVE ASSEMBLY EASE ASSOCIATED WITH
ENGINE CASE 3NGMENTING JOINT CONCEPTS

Joint Type Eotimated Manhours ¥Relative
Aseembly Dig-Asgembly Assenbly Ease
\s Straight Pin | T+5 ‘ 7.0 2.26
2., Teper Pin 4.0 6.0 1.56
3. Teper Pin Threaded 6.7 L7 1.78
U, Taper P{an (Class Case). 4.0 4 6.0 1.56
5, lockutrip {teel Cuse) 3.0 3.k 1.00
6, Lockatrip (Glase Case) 3.0 3.k 1.00

FIME 5 .201.3

* Based on the establishment of 1,00 for baseline, and aseigning
this value to the design requiring the least assenmbly and dis-
astenbly time.
5¢2:143¢3 CONCLISIONS
It can be seen froe Figure 5,2.1-2 that the taper pin joint concept
ia the easiest to fabricate, and from Figure 5.2,1-3 that the lockstrip joint
coacept 18 the casiest to assemble. Tha lockstrip is somevhat more costly to

fabricate than the taper pin comcept, vhile the latter is about 1 1/2 times wor
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- 5.2.1.3.1 (Comtinued)
* Therc are no doubt several criterfa by which the relative {mportance

of these different manufacturing operations mlght be measured. In the absence
of spéclfic directfon in this matter, however, cost was assumed to be the
primary factor. On the basio of cost ab&vi.-, {t would te necessary to perforli
the assembly and dicassexbly operation 12 times b?!‘ore installation costs ’
would exceed initiel fabrication costs. Since thé opemtiohal concept being
considered calls for only § removals per wing por year after (nitial emplace-
rert, it would be about 10 yeare (the equivalent of the fleld 1ife of the

veapon system) before assembly costs sssociated with joint design equaled the &

initial cost of joint fabrication.
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53 SFALING JOINTS .
When Jolats must act as efficlent seals as wull ag structural
wembers, certain general practicss must be followed, Tbé follavtﬁg {e a A
"check list" which the angineer can use in his design develobueht. .It ‘. o 1
does not cover metal scals. '

(8) Sealing msterial should never "work" froa the loads

passing through the Joint.
(v) Shear ioada carried by the Joint should bypass tﬁe seql Ir

- possible, | .
(*) The seal s subjected to ths same tho:inl, chemical, and
pressure environment as the rest of the joint, It must be designed for
such.

(d) Avold thin, narrov gasketa, Their reliability is poor,

Relinbility 19 releted tn the pressure required to achisve a
seal which ie proportionsl to gesket area. Pressure i{s also proportional
to ;he width to thickness ratio as shown in Plgure 5.3-2. Thil‘rigure:
showa the minious sealing stress rejuired for a cork and ruhber gasket
materjal. The curve 1s essentially the same for aay material, th? only
difference heing a vertical shift. Figure 5.3-1 indicates the relative

.

differencee between many materials.
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6.0 JOINT DESIGNS FOR LARGE, SECMENTED, FILANENT WOUND MOTOR CASES
Because their potential (s so great, much esphasis 1; qurronily being
placed on developing large segwented rocket motor cases, To renit:o veight and
cost savings from the use of fiberglass in wuch applications, ;'ltuhtveight
reliable mechanical joint is required. However, the low bearing s0d -shear
strength of resin laminates force the engineér to develop unique Joint designs
encompassing metal to fiberglass or even fiderglass to fiderglass laminates,

capuble of developing the full strength of the basic fiberglass structure,

6.1 MOTORCASE CCNCEPTS CONSIDERED

6.1.1 In this section, joirt designs are considered for the two prosising
concepts for segnenting filament wound rocket motor cases 4llustrated in

Figure 6.1,.1-1, Thése are (a) the circunferentially segmented case (or legnent;d
concept), and (b) the longitudinally segmented case (or modular concep;). The
segmented concept sonuists of a forward closure, uft closure, and cylindrieal
center segments connected by lightweight pinned Jjoints. The ibdular concept is
an asseably of several modules, cowposed of f{laments orientedlon qdridtonal
lines, that form portions of the forward and aft gloaurea-dnd are iechaniéllly
fastened to the forwvard and aft polar rings. The outer cylinder is pf prefadri..
cated hoop rings or circumferential vindings. o

6.1.2 SEGMENTED CASE LIGTIWEIGHT JCINT

6.1.2.1 3ince wechanically fastened Joints are necessarily thicker than the case,
they offer greuter restraiat to radial expmnsion than does th& case. If the Jolntﬂ
are reinforced vith rteel, the differentisl growth is further ;xiggeratad by the .
contrast in elastic moduli (10.5 x 106 psl for glasa'vs 30 x 166 ba! for ltaol).'
To minimize the contrast, use is made of the ability of the filaments to orfeat |K

themselves. If the joint s located at the tangent point of the closure apd tﬁo
cylinder, the closure contour and its f{lament path canbe readily adjusted to .

U9 4002 tdserry .0l
.
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SHEAR STRESS IN AN ELASTIC BOND

Ns = Longitudinal Force, Compression

Ng = longitudinal Porce, Tension

FIGURE 6.1.2-3
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[6.1.3 NODULAR MDTOR CASE COXCEP?

6.2.3.1 The two basic eleseuts of the modulsr concept are the sodule amd the
hoop ring. The sodules are preformed and precured vith all fiders orieated in the
longitadinel direction, exteniing beyond the tamgeat limes to forw eitbér or doth
domes. The dones descrided by the sodules acmsist of caly loagitwiinsl fibers,
hence, their contours must describe & "u0 hoop 1osd dome” which is discussed in -
groater detall in the "Dome Analysis® section of Reference (s.) . The circumfe.
reatisl strength of the cylindrical sectiom is supplied by hoop rings vhich are
£1tted over the assesbled modules. These hoop rings also consist of precured end

preformed unidirectional .ibders.

6.1.3.1.1 MODULE JOINL (TIPEA) ~

The tension Joad in the module {3 transferred {utc steel Zfoil
vbich is integrally wrapped vith the module. The foil {n turn carries the load
into & bolted Joint connccting the adapter ring (Reference Pigure 6.1.3-1). The
analysis s basicslly sioilar to that presented for the segmented joint referenced
in 6.1.2-1

6.1.3.1.2 MODULE JOINT (TYPE B)

Thie light veight clevis joint provides a unique design vhich eliminates
bvending and assures strain compatibility at the polir ring equal to um carried
by the outer plate.(reference Figure 6.1.3-2).
6.1.3.,1.3 FABRICATION PROBLEMS '

Steel sheets designed to carry bearing loads 12 the joint sreas are
laninsted between the glass., Any necessary t"cu:orc-.t or filler cloths are
sdded in conjunction with the steel laminates. When loading permits, the skirts
are wrapped as an integral part of a hoop ring instesd of using the elastomerie
bood duc\u.nc in 6.1.2.2.1 (Reference Pigure 6.1.3-3). The folloving requirements
demend extrese care in lanineting the stesl vith the modulet
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6.1.3.1.3 (Cout'd)

A. Positive positioning and holding of the foil from windiag
through cure.

B. A smooth transition into the joint mintained to preveat
dridging or winding material.

C. Provisions to guarantee that during ths cure cycle, the grester
coefficient of thermal expansion of the foil is recognized ind
that steps are taken to minizize the differencs,

D The foill ghall be cleaned and primed in oxder to pruvide &

bond cepable or carrying large chear loads.
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6.2 RECENT SEATE-OF-TEE-ART DEVELORCENTS IN PIE SEIN JOIS? CORPY

nun.cxn; on earlier technology, the Bendix Corp., .condug'ul unuy"' .
that 1a considered typical of similar efforts ronducted by other scurces asd
represents an advance in the state-of-the-art of shim Joint oomeegt dtvpliOpUﬁt.
The informution source ia identifisd by rejerence (b) together with related .rotcr-
ences (a), snd (c) through (i) of parsgraph 6.3. . '
6.2.1 ABSTRACT OF REFERENCE (b) A

This report iescridbes a shie Jotnﬁ cotcept that uas developed to mm
the efficiency of Joints for attaching to composite seterial structursl pesbers,
Ihe ohis Jolot concept reinforces the camposite materia) {n the region of the
Joint with thin metallic layers vhich permits ewploying s conventional shear pin
Joint between the coaposite Qembera and a mating fitting. Design parameters are
defined nnd design data ure estublished. Iwproved methods for fabricating the
reinforced tudbe ends and improved testing fixtuires are developed. An advanced
optimization technique ha3s been applied to the design of the skim jointe. It is

shovn that design parameters can bde optimized coaveniently by the structural

USE FOR TYPEWRITTEN AT RIAL CNLY

synthesis approach {n determiniug the minimus veight configuration. The results \
indicete that the shinm Jbint concept can be successfully spplied to composite

tnbers without prohibitive attachment woight penalties.
«2.1.1  TYPICAL SHIM JOINTS - : .
I3 Lds been determiped that structural tubes fabyicated of composite

terials vould be lightar than tubes made frow more conventional seterials ‘such
E steel, alusinum, or titanium alloys. However, evm though struzsural mewbers
can be made lignter +tl composite materials than vwith the sece coamon metal
H-uoya. the weight of reinforcing cowpooite iube ends and Joining ﬂn- to end
f1ttings vill lwpose penalties. Ae & result, the algniticant veight saving potess’ ] ‘
' Lcm of composite materials may tend to be offset sosewhat dy tha vo,tﬁ't m&ﬁu
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» inposed by jJoining the tubes to end fittings. The design of efficient, lightveight
Joints belveen componite tubes and end fittings is, therefore, 3 pecessary element
{n the development of composile strurtural components and requires ~areful applie
cation of deslgn oriteri{s and analyais techniques.

The buaic geumetry of the shim Joiat is presented in Plgure €,2.1.1.
The shim luyers ure of uniform t.htckma‘l and constunt length in the longitudinal
direction. The composite Lubv end L2 eeparuted into several laye:: 9nd bonded to
the shim layers by sn udnesive. A single circunferential row of conventional
shear piac Lr uned to trupufer loads from the composite tubdbe, through the shiax
layers, tu the mating part,

The geometry variables showvn in Figure €.2.1-l1 are:

i

& = dis'ance from pir row centerline to tube end

ntig

Dy(Dy) = outalde (inside) tube dlumeter

R hae

Do.jfﬂu) 2 outyile (inside) tube diameter in attachaent area

Dcp(Dtp) 2 outatde (inside) pin djameter

L a Alstance from pin row centerline to back edye cf shims

i FNP TypEwdp 2

L) = total length of reinforced attachment srea (L, + L,)

Lp = lecgth of retinfereing ring

L; = longitudinal lengta of metallic shis layer (‘e' 8)

Ly 3 vall thickness *runsitlon zone

N. = nusber of f{lumen* layers in tube wall that do not extend
into the utsachment urea

N. = nupber of pins aloog the tube circumference

Ng = number of metallic shim laysrs

ta ® thickness of the addesive layer ‘oining the metallic shiw to the

ccmposite moterial
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te = thickness of composite layers which do not extend between shims
tf = thickness of cowposite layers betveen shims
ty = maximun thickness of the transition length circumterential

reinforcing rings

ty = thlckness of metallic shim layers

From a wesight standpoint, it is desirable to make the transition length

(Figure 6.2.1-2) as short as possidble.
6.2.1.2 EFFICIENCY OF THE SHIM JOINT CORCEPT

A comparison was mude (Reference[b]) by studying a composite tube
having shim joints with tubes of other materisls designed %o meet the same loading
requirement, In Figure G.2.1-3 the weights of constant strength tubes have been
plotted vergus tube length. The metal tubes are assumed to have identical strength
in tension and compression. Two curves are shown to reflect the different .
tensile and cogprescive strengths of 5,0°:1,90¢ fiterglass. Thin vall buckling
and column buckling ure not considered., The fiberglascs tube velghpa'include
0.7 pouni tc reflect the weight added to toth ends of the tube by 8 ginima
weight eleven [in attachuoent, a S

FExamination uf Figure £,2,1-3 reveals $hat for design governed by
tvensile streugth, fitergiass tubes are more efficient than aluminum for tube
lengthk of 5.0 inches or larger and lighter than steel or zttanlun for tube lengths
exceeding 7.5 faches., If compreesive strength governs the tube design, riberglanl‘
is more efficient thag aluminus for lengths greater than 6.5 inches, and lighter

than steel or titunius tube lengths excoeding 12.0 inches,
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can provids the deuamr vith va.luhh 1nromt1m on pa‘oyoud dutm ‘hrivjn
thetr developmaat cycle. 3y’ their use, strusturel mcnnmw and payload ..

shanges can be avaluated vithout expmiw mu-su.‘lp ocnc"mctinn ‘and toatm,
o A

i

particularly for the large, complex nhielo. ‘

This Se~"zon discusses the: 1,'10 lanlo -t.mctunl repuet or the Apouo/ )
Satwm V aad is mecuded to provide daicmﬂ vith some insight to the omprouiln
which can dictate deviatiorns from truo nulica reroduct!on in tha ‘area or ninu.c

Jointa,

The dochion provida a soaled-down mlioa of the provotype Joiut ’
or to siisulate 1t. by its dynamic snd dampening oquiyulent is ume_oa by .tbo
following considerations: _ , "

a, Present fabriostion prastices and limitations.

b. Access requiremenis unique to the zodsl.

co Assenbly problems \.rutsd 3y the size reduction,

d. Requirememt for equivalent dynamic properties. ' o .

*, P‘b'rie.auen propsrties of alternative alloys. S T

. Size of sculed-down fastener cmu.
€. Bconomio ntemttwn of unhtinn 'n unlo d\wu.txan o( 4tbha

Joint., oo
7.1,1', Structural Jodats = | L o P
7.2,2  The Jotat illusbration in nc.:.- Tol.2ed 10 muun of & dnian m-. .
M.t.nn reguired to porn:lt nnnhl.y of t.!l ltmtuﬂ& mﬁn. m- Jdtt Suplote |

tbe B-IV-d m-mmman-w Jotst, Io 1) semle (nm 7.1&1-},

e
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ssction are Joinad by a Ye-ring ;ssemhly. Thare axis%3 a deviation from replica

v . L e e . t .

7.1.2 (c::ntinud)
ioem,y wnﬁqd vy ldd.ins . r-m.tvuy heavy a.daptor rm 6o vhich the tulkhend
vis rivetsd. This ring was then Soltod to the skin from the outside ani a bead
of séalant compound applied at the intersection of tha comson tulkiead and the
Lﬁz tank wall. The resultant joir’ therefore, 1a ;-.uot a trus represantation of
the full-gcale camponens. ’ .

T.1.3 An indication of the dagree 4o which the prototype is duplicutod is
indicated by examination of the_ joints of Figuwe 7.1.3«2 The lozation of tho-"
Joints detailed in this Figure i{s abown on Flgue 7.l.3-l by the lettered circles
on ﬁw le?t sile of the model irawing. The Joints of Flgure 7.1.3-2 carry corre-

sponding letter identifications.
Tol.3.1  Figure 7.1.3-2a is the Junction of the S-IC fuel taak and the interiank

saction, The fusl-tank upper bulkhead, the fual tank wall, and the intertank

scaling in tlag one l1eg of tha Y-ring is attashed bty a bolted flange to allow
access to the lnteriank in“erior areas. The ilutertank ering conuection is an
unusunl Joint, made necessary by the cozplex corrugated interiank skin, and oon-
sists of channeled atrips ettached alteruatsly to the inside and outside surfaces
of the Y-ring lsg frum the corrugated intertank surface. -

A similar join% (Pigure T.1.3-0b) 4s used at the uteracction of the
lover IOX tank-bulkheaie'OX-tank-vall and intertank strusture, This joimt, however
1s closed by o veld rather thas by the bolted fiauge counection. At the Junctden
of the 3-IC LOX tank upper vulkbsed aid tank-vall- forvard-skirt interface sbovn
o Plgure 7.1,3-20, & variaticn was utilized in he aclel structure, In crder
to complete the final weld in the Joint, the Yering was fabricated in two pleces
and the shorter leg vas apotwelded to tbe locally thickened forvardeskirt skin,
The closurs vas then effected by an external veld, Tbe Fesultant bardvare bas the
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. . F'—n.wu hgen.ionai Qﬁﬁﬁtu as vould bhave A
71 3.2 - The model Jointn sho\m m Finru 7.1.3-ed ud.‘f.l.af-a- are -amlm-_}. )
‘ n«m of prototype Joints v:m« ‘the Axupuon that tho mnbu' ot W‘un" :
{10 the nodal 1s less thun the mmber roqu.{red cmt.he proatypc. '..‘!be ﬂ-nnns °&L“
| hcmnr, are sized s tbat the total MM ares vas & aeq.hd qhuta.ty. he “*'
' application of replica’ -eu.ung to the Jdm ot 7.1.3-22 ves ,m,d ) ve ﬁn "‘,-' - *,J
tmm axpedient approach eince mmmbn cnstneera.ng tive mu hm bm :'n- " ‘
quirad to m-ny design & more easlly nnnraeeund canmotlbti vivh oanp.:m. -_fi T
-_i_- Wc mms... Further, the soaling laws l.ppliclbh tos Jom or u_arwpc J‘
' g are not mrnoiently defined to ponﬂ.t cnl\atian of sy ultcmtn d.pm; ﬁi\'ﬁ :‘ ::‘
“3' cwlarly the effact of the pinned-truss ring frame braces. e _-,;'. s ’ ! :
U E’ Tede3-3, The remaining structural Joints of Figures 7.1.3-2L throudr 1.1.3-21 '!‘
~ § e nsmtnm scaled duplicates of the full-scals otructun dnpt mamum
::: in mg-m.u au? bulkhesd construction ddctated Yy fadrication w- and mt t'{. ,
¥ | constderations. The alternative cuup approach pcrmm b wee’ ot M
& procedun- vhich producod somtrluu.y u.nlhr ltrutunl multl vr.wl rqr .“\
and hu intrivate uch.'mn meonu. The m\altmt. ltruam' hw.t'hl m _,' . "”
m«ml dynn;lc mporuu as the nore ocqphx M Mub}ﬂ“%m - ';,v*
Ce fu.‘l.l la\h ct.ructm. S , i Q’ ‘.-".:;,'- ‘,.:‘;’ ‘:2;’.;_"': 7 1 \.‘
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7.2 Othér fabrication probless, B0t classified a dreign mﬁnu. M‘u‘-
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1.2.1 (coauuuod) | . ' .‘
establishing the economic feasibility ut lequ.trinq a M lotnl such lo m

1/10 geals Apono/snurn V. If the resulting rlbriutioa lwhﬁou are pmoti
cal, it may be pouible to duplicnte ths full-scale structure at t prodlhuinod

roduced size at less cost than wu.ld. be needsd f.o simulate the structure by n—
ploying corresponding expensive engineering tiu.

A factor fourd to be beneficial for fabricating the wodel joints tocluded
methods eaployed to make the required aseembly attachments. m’"r{:n-.m.
Joints weve fabricated with lppropri‘tte veldnnts s b0lts, nuts and rivets.
Obviously the components of the smaller model must be assembled by other ltthoan
because of the impracticability of the reduced scale uttachnont hardwvare. Mre
must be a compronise both in typs end the ouaber of simula‘ed fasteners. Also,
it 15 generally accepted that whenever an effort is made to approximata the
structural dynamic properties of a complex structure, the detail gsl_izn of the |
Joints and attachment hardvare should b2 econservative vith a resuliing excese-
ively atiff component since any erfort; to scale directly the aize and nuber of
bolts aad rivets would be impractical both from s manufectitring and assembly .
vievpolnt. '

In addition, elthough it is true that thew can be some conservative dis-
tortion of the Joint ;tirrnean properties, there can be little hope of achieving
any degres of success in reproducing desired daaping chmcﬁrinﬂu vhen rivets
and bolts are replaced by spot welds. Generally, bolted jelnts can be nm—
sented by using convienient, co@roiﬂly anuable rutenert; such .u 0—&
screvs, & lesser nuaber of fasteners Leing used, the number of vhich s dcummod
from the correctly scaled fastener area. nu design npmxintu tbc'propor

4 . -

stiffncas and damping.
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1.3 Conclusions

731 Replics scaling of the main load carrying structurel Joints, vhich
togetber with other structural componentsa. necesaitated nn oxun‘-ion of the
state-of-the-art in fabriestion uémnqm, vas employed and resulted 1o & model
vhich duplicates the full-scale structure to  bigh degroe. Extrewe full scale - |
design details, such as Joint reproduction, vere duplicated in the fadbrication
of the 1/10 scale modsl. » -

A. careful analysis of the pretotype structural details was required
to ascertain the practical and economic teu'iiauity of duplicating component
bhardvare to the chesen scale tlctqr. Vhere model Joint design diotated sizes
too small to be duplicatcd; an acceptable design required that only the correct
mass and stiffnees digtributions be retsined in the wodel. Some Joints could
not be adequately dsfined by the most rigorous present-day dimecsional analyais
snd therefore were built as scaled duplicates of the full scale msubers. If '
the Jolints wvere of secondary importance from a dynanmic vievpint,' they were a
_scaléd replica because they required less expeoditure of effort \dt‘ .dupucm
fabrication than with dynamic simulatioca. All substitutions were carefully
¢considered, however, lest their inelusion degrade the usefulness of the total
structure through either introduction of misleading response data or the
suppression of critical responses.

With proper care in eu._ selection of the scale factor snd methods of
manufacture and wvith judicious evaluation of deviations from direct scaled dup-
lieation, ths xeplica I'Othll sre considered technically and economically feasibls
for studies of the structural dynamic eluncuruticl of largs complex W_ﬁfcln.

. An in-depth dncriptiou of tho proaeot is aveilable 22 m: _s_,

trow -uu the ’.lfombun m«m hui.n ves derivedi
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