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ABITRACT
This report Is a Clang 1I Nesvarch document whlch contains information
to avsist the preliminary and conveptual design engineer in selecting and design-
ing & vuriety of missile Jolnts, Inciuding:
Paylond Stage Assembly und separstion Joints
Booster Stuge Asgembly and Separution Joints
Miseile Carrier Interface Julats
In addition, informetion on denign considerations and gsystem requlre-
ments are included to ascist the engineer [a saking his coneept choice and

Justifying 1ts applicabilivy and feasibillty.
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1.0 INTRODUCTION

This document was pyepared to compils an abbreviated source of

“design information uéeful to the prdliminary or conceptual design engineer,

The: intent 1s not to present methods with which an englnesr can design
structural interf&ee Joints on missiles, but to assemble in one document,
A crogss-section of state-of-the-art designs.

iIt is recognized that a design engineer cen arrive at a feasible

design of a missile joint with no sssistance, However, this takes a

certain amount of time depending on the type of Joint and its use. The

engineer must investigute the loads, environment, cost, etec., or else he
must initiate a literature search to sce what similar Jjoint has been used
succesasfully in the past, With this document a decigner will be able 1o
selaect a feasidble, proven Jjoint design using only gross loads and environe
ment data., This 1s usually =ufficient for preliminary or conceptual
design work since loads and environment. data are ugually estimates at

this stage.

The format of the document has been prepared to fmellitate this
task ar much a5 pnssible. For each Joint a sketeh i glven with dimensions
it possible, the loads to whkich the Join! {s dezignei and the environment
to vhich the Joint will b» subjected are summarized. Also, a short written
description and project use is provided to give information on what type
of use the jnint might be applicable. Finally referecnces are gtated, if
available, which will allow the des!gner to cearch for additiovnal detatl

material.
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2.0 . PAYLOAD STAGE JOINTS
'I‘hil‘lection covers the \a;i;‘r:y of structivial jninte o (1) = @
attach the payload to the booster, (2) separute the payload from . ' = luosier,

(3) attach the payload's ascent covér to the payloacd or booster and (k)

separate trhe ascent cover in flight.

Figure 2-1 schematically shows the typicul location of the four
types of joints on a payload stage. It should be referred to ss & guide to
a specific type of Joint. It is not Intended that 2 given upplication require
all of the indicated Joints or that they be located as shown. For example,

certain ascent covers huve 'over-the-top" removal und hence have no longie

-
o

§ tudinal sepﬁration Joint. Or, sepuration and assembly joints may be integrated
g into one structural Joint. For clarity, all joints are shown here as separate
% items for reference on Figure 2-1,

:

§ 2.1 ASSEMBLY JOINTS

g These Joiqts serve(to provide fie!d attachuent of the payload to

the booster or the uscent cover to the booster. The Joint may or my not be

U

integral with the separation Jjoint. If it is, o cross refcrence to that

particular Joint in Section 2. me e b
2.1.1 PAYLOAD ASSEMBLY JOINTS
These joints are shown on Figure 2-1 to be located on a "puyload
adapter,” depicted as a frustrum of & cone. This is typicul of satellite
payloads on space boosters and is generally applicsble to caces where the
paylodd has a different diameter.than the uUnoeter. Where diameters are
nominally the sume, the puyload mmy be atgached Jirectly to the booster and
this Joint miy be quite siwmilar in appésrance to booster interstage Jjoints.
Both types are shown in thie cection.
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Flgure 2-1: PAYLOAD STAGE JOINT INDEX
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L 2.1.1 (Cont'd)

Frequently the post hoost vehicie incl-vles moltiple !ngtrumentst)on
packages o~ wafers (Refererce Fisure 2-2). Thene mey be aspenhlsi casentislly
by repemting the bauic lap Jofrr struntiave s required by the number of parieges
t0 be assembled (Refevence Fig:irs 2,1.1.-7),

Z.la101 PAYIOAD ASSRMBLY JOIND (®1G. 2,1.1.1)

;

The Jofnt shown schema*icrlly on Figo-e 2,.1.7.1 serves the dual
piirpose of sassembly and separatior, & tenaioa band {a fitted over the {qterfacs
of the Tutted flanges of the wections to be Joined, ™ tLend {s drawn tight Ly
8 turrpuckle arrangament ulLich f{e a@lco nn explosive Jdevice, When aoﬁqaﬁed,‘the
eXpioaive devics rziemces the band, permitting the sectizns to smepurate, Similar

devices were used on Miunteman and 9t the capuration plane of the Burner 1T rayload

Examples {n wore detail ave shows an Flgues 3,35 £hreigh 2.7.9,
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2.1.2  ASCENT COVER ASSEMELY JOINTS

Figuré 2-1 locutes iheae Joints at the intersestion of the booster
and puyload adapter. Another common location is direet attachment to the
payload itself. Others will become uppﬂrent‘as the engineer encounters
different applications. The conditions of interest are how much of the payload
neeé be‘exposed or covered at different phases of the mission, how much
protection ~an be ecquired@ by dusl purpose structure (1ntegrat1n5 the ascent
cover us purt of the paylouds prizary siructure), and the desire to discard
a8 much weight as eurly in the wission ae possible. Joints applicable to
many situations are cogered in this section.

2.1.2.1 COVER (SHROUD) ASSEMBLY JOINT (FIC. ©.1,2.7)

Assembly of an instrumentation package .o the shroud is accomplisghed
by this joint in Minuteman III. It uses overlapping rings on the mating

sections which are held by the shroud clamp strapped in tension around the

outside ring. An o=dnance device coupled to a system of cams '8 flred to

releage the tension and permit section separation,
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{ 2.2 SEPARATION JOINTS

l‘ The separation joints described in this section provide Inflight
release of the payload nr the ascant cover from the missile. The Jjoints may
be part of integral Jjointe combining the function of assembly and release,
in vhich case a cross reference to ASSEMBLY JCINTS, Section 2.1 will normally

be rade.

2.2.1 PAYLOAD SEPARATION JOINTS
These joints are commonly located as shown in Figure 2-1 or at the

booster interfuce. The latter type ia not shown here. In some cuses, additional

; mechanismé (springs, ordnance thrusters, etc.) are used for separstion impulse.

;~ These will not be discusesed in this document and mention will be made only

é when neceasary to show cleurance or functional association with the Joint.

: 2.2.1.1 BALL LOCK EJECTION MECHANISM (FIG. 2.2.1-1) R
§ This Joint incorporates u commercially avuilable ball lock into

E\ a device to retain, release, deploy and spin a payload. Energy is supplied

by springs and/or ordnance devices. The payload is designed to sccommodate

the selected mechanisms.

Compensation for platform reactions induced by the spin thrust

mechanism is neceessary.
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{ e 2.2.1,@  PAYLOAD SEPARATION JOINT (FIGURE 2.2.1-2)

Tis joint assembles the post boost propulsion system (PBPS) : i
and the third stage motor. Upoa actuation of the linear explosive, complete ;
severance of the longitudinal tension capability is provided while retaining
shear and compressive capabilities by the butt-lap joint between the ordnance

| retainer ring and the adapter ring flange until physical separation of the

post boost vehicle (PBV) and the Stage III motor.

Adartations of this Jjoint provide stage to stage separation

capability on Minuteman III (Reference Figure 2e7).
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2.2.2 ABCENT COVER SEPARATION JOINTS
Two types of joints sre indicated in Figure 2.1, the circumferential

~and the longitudinal Jjoint. The longitudinal Joint {s not always used, depending

on the mode of gscent cover deployment. Both types of device are shown in this

section. Comments of section 2.2.1, PAYLOAD SEPARATION JOINTS, alsoc apply here.

2.2.2.1  NOSE CONE SEPARATION JOINT (FIG. 2.2.2-1)

This detail is of a jJoint used to sepurate the nose cone of the
HiBEX missile and thereby provide a high drag blunt nose expasure to the air

stream.

Thé Joint is an uncomplicated design similar in many respects to a
fabrication Joint - two skins are butted together and bolted using POLi® and
nut plates. The separation is done with a linear shaped charge which expends
its energy primarily in one direction, in this case outward, to cut the nose
cone skin. This impulse is sufficient to mske the physical break but not to
effect total separation. To do this, & gas generator and thruster is used

to "blow" the two pieces apart.

For additional details of the ordnance used, refer to section 9.1.

2.2.2.2 LONGITUDINAL COVER SEFARATION JOINT (FIG. 2.2.2-2)

This Jjoint is a deaign concept developed as purt of an ascent
shroud study using Burner II design load requirements. The Jjoint provides
longitudinal separation of the shroud folloved by separation and plow off

along the hinge line.
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2.2.2,3  DOVETAIL HBAT SHIRLD JOINT (FIG. 2.2.2-3)

This joini is part oi‘ a heat shield separation sys:t.u vhich consiate
of six pins along each of two aeparation lm‘ea located 1B0® apart on . loﬁgi-
tudinal plane separating two halves of the heat shield. PFyrotechnic thrusters

pull the pins through a system of aluminum straps. The Dovetail Joint along
the edges of the two halves provides ring bending continuity between the pinned
| Joints which in turn provide ring bending shear and normal force continuity.

Mating sawtooth plates at each pinned joint provide beam shear continuity between

the heat shield halves. (See Dwg Reference, Fig. 2.2.2-3)

CHEET 4%

US ABOT 1434 T A"




USE FOR DRAWING AND HANDPRINTING — NO TYPEWRITTEN MATERIAL

NUMBER D2-125911-1

e APEVBINEE ccrrany REV LR

«. LAMIFATE

GUIDE ANGLE ) L~

.125 7075‘“ \ A 1t

CLAD ALUM. =7 A

/ SEPARATION Ly
/' LINE HERE
o2 & AT FAR
SPLIT ' SIDE (160°) -/ REFERENCE
LINE - e STRUCTURE
™ % 1.02
“ho
N “i‘_. L ]‘-—“
—SHIM
STIFFENER ANGLE
DOVETAIL JOINT SECTION OF SEPARATION ASSEMBELY
o SCALE: NONE
DESIGN LOAD: RING BENDING MOMENT = + 8( IN-LB/IN LIMIT
DIAMETER: 41 IN. (APPROXIMATELY)
MATERIAL TCTS-T6 AL
FIGURE 2.2.23
REFERENCE: BURNER II DNG 2553735 -
DOCUMENT D2-113381-1
U 4802 1433 REV. §/68 ~ SHEET 2 ‘\
bl R T AR

A R R MR e S bt il e



»

' ' NUMBFR DRe125931w)
v '”"”a CORMEANY REV LIR A .

ity

L -

3.0 BOOSTER STAGE JOINTS

This section includes the variety of structural Joints designed to

(1) enable the assembly and disassembly of missile segments for purposes of
nanufacture, transportation and maintenance in the field and (2) enable the

staging sepuration necessary for the miesile's miseton flight profile. {

Flgure 3-1 0chemat1caliy shows the typlcal location of the Jjoints
on a missile booster segment and interstage. This 1s representative of any
stage. It 18 not intended that a given application require all of the indicated
Joints or that they be located as shown. As an example, an inflight separation
function and a field Joint may be integrated into a single strucuural joint.

For clarity, all joints are indicated as separate items on FPigure 3-1.

3.1 ASSEMBLY JOINTS

The assembly Joints described in this section are those used to
connect segments of the booster to each other, through interstages or not.

This connection might be purely a shop fabrication assembly or it might be

USE FOR TYPFWR'TYEN MATERIAL OMLY

4 field operation done many times. The joints may be integral Joints as in

payload stages. If so, cross referencing is done.

3.1.1 INTERSTAGE OR BOOSTER ADAPTERS

This section covers the assembly joints made between one booster
stage and another, usually through an interstage . The jJoints are usually
referred to as "adapter rings' and comivnly form the interface between two
manufacturers (Reference Fig. 2-3 ). These rings may be purely assembly or
may be integrated with u separution joint {f the location is one vwhere staging

{3 desirable. Both types are covered here.
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3.1.1.1  Interatage Adapter Assembly Joint (Fig 3.1.1-1)
This joiut detail is a section through a circumferential Joint
used on the Miruteman miseile. The dimensione given are typical of the
Stage 1 - Stage 2 interstage ae arc the diameter and cross eection area. The
ring's characteristic shape is also typical of the Stage 2 - Stage 3 luterstage

on Minuteman. For reference, the numbers in parentheeis pertain to that ring.

The ring is a dual purpose Joint. It permits both fleld assembly
and fabrication assembly in the shop. It also functions as an 1:.flight

separation joint (Ref. Section 3.2.1.1).

Tvo bollt circles are provided in the Joint, both to be used with
bolt-nut plate combinations. The lower bolts are primarily fabrication
fasteners and are backed with stardard nutplates. The upper bolts are for
field assembly and disassembly and are buacked with floating nutplates. Cork

ovlags are commonly used to replace {nsulation removed during disassembly.

Structuralily, the main ordnence carrying ring (s not the primary
ioad carr:ing member  Compression loads ure reacted by & butiing together
of the iters:iugs sKins, tension loads by the tension tie. The joint is

d2gigned 4o react all boost flight loads a5 well ws 8ilc overpressure

3.1.1.2 Interstage Adapter Assembly Joint (Fig. 3.1.1-2)

- ——

This Jolut is cesigned for assembly of wn ‘nierstage (or other
stracture such a2 a test module) on top of a touster stuge. The zssembly
oreration may be done in the manufacturing fucility or the field. The ring
18 typical of that use? or the Minuteman (F-Missile) program to join the

Autonetics Guidance and Control module 1o the third btooster suage.
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The ring itself is riveted to the 1ntersﬁage gtructure and forms
an integral component. The assembly operation is done then by means of the
bolts and nutplates shown. Nuts may be used instead of nutplstes, depending
on the accessibility and "dropped-nut" comsiderations. Cork plugs are commonly

used to replace any insulation removed during disassembly.

The joint is designed to retain its structural integrity throughout

boovst flight loads and silo NvVarpressures.

3.1.1.3 STAGE TO STAGE ASSEMBLY JOINT (FIG, 3.1,1-3)

This detail is a section through & circumferential joint used on
| the HiBEX Missile. It is used to assemble the upper stage instrumentation
package to the booster. The assembly operation could take place either in

the fabrication facllity or a munitiona field facility.

The ring is riveted to the lower missile stage, which is made of
fiberglass in this application. The upper stage is attached with bolt-nutplate

combinations. The Jjoint is designed to resist extremely high boost acceleration

LISE FOR TYPENRITTEM MAVERIAL CHLY

loads.
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-l - 'mu Joint detail is a section throu@ a ciroumterenti/al Joint used

(RN

on ﬁhﬁ» Minuteman missile. - 'l'he dimensions given are typical of t.he St.a.ge t - ) -

Stagé 2 interstage..

‘l‘he ring is a dual purpose Joint. It permit.s both f‘ield assembly

W B i S el g

and fabrication assenbly in the shop.' It a:l.so mnctions as an 1ni‘l§.sh ? I

Btaging Joint (Ret. Section-3.2.].2).

Two bolt circxes"are provided in the joint, both to be used with
bolt-nut plate combimtiona The :Lower bolts are prinnrily fabrication faatenérs

and are backed vith standard nuts. The upper holts are also_f&brication,

i -
USE FOR TYPSWRITTEN MATERIAL ONLY

| assembly fa_atenera but are backed with floating nutplates.

" Structurally, the main ordnance carsying ring is not the primary
load carrying member . Compression loads are reacted by & butting together of
the interstaye skins, tension loads by the tenslon tie. The Joint is desiyned

to react all boost flight loads as well us silo overpresswres.

3.1.2.2 Interstage Assembly Joint (Fig. 3. 1.«.-...)

Thic Joint detail s a section through a circumferentisl Joint used

on the Minuteman missile. The dimensions given are typical of the Stayge 2 -

Btage 3 interstuge.
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The ring 48 a dual purpose Joint. It parmice both fleld aesembly

'--thdAitbrication~asl6mbly in‘thd ahop. Iv also functions as an 1nf115ht

staglog Joint (Ref. Bection 3.2.1.3).

‘Two Solt circles are prﬁvided in the joint, both to be used with bolt- |
nutplate combinations. The lower bolts are primarily fabricution faatencrs and

are~hackéd\wiﬁh standurd anuta. The upper bolta ure also fabricution assembly

fasﬁeners but -are backed with floating nutplates.

Btructurally, the main ordnance carrylng ring is not the primary.idoad ‘.'HE
carrying member. :cbmpression loada are'réactéq by'a\buttingntogether'of;the"1 " S
interstage skins, tension loads by the tension tie. The Jolnt is designed to

react all bacet fiignt loads ag well as &llo overpresﬁures.
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3.2 SEPARATION JOINTS

Described in this section are the‘Vlriety of Joinis designed to
provide inflight staging of a missile booster. This is the mechaniem which
separates a burned out motor from the remaining "live” booster siages. It also
may separate an interstage structure from an associated motor case. As in
most of the other Joints described in this document, these jointe may be part
of integral Joiunts combining other functions. When thie is the case, cross

referencing to appropriate sections will be umade.

3.2 STAGING RINGS

These rings function to elther "stage" an expended booster segment
from an unexpended one or to separate an interstage from a booster. Figure 3-i
shows typical locations for this type of Jjoint In some instances they are
used in conjunction with longitudinal Jjuints to separate and segment an inter-

stage. This is covered in more detail fr Section 3.2.2.

3.2.1.1 Interstage Adapter Booster Skirt Removal Joint (Fig. 3.2.1-1)

This joint detail is a section through & circumferential Jolnt ueed
on the Minuteman missile. The dimensions given are typical of the Stage 2 -
Stage 3 interstage as are the diameter and cross section area- The ring's
characteristic shape i3 aleo yulte typical of the Stage 1 - Stage 2 interstage

on Minuteman.

Tre ring is a dual purpose join.. It provides the inflight inter-
stage skirt removal function, working in conjunction with the longitudinal
Joint similar to that described in Section 3.2.2.1. It ulso functions as a
field assembly joint (Rer. Section 3.1.1.1). The seal restricts transfer of

hot gas into the II1 stage motor area.
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carrying menmber. Compression loads are reuwcted by a butting together of the

- The separation impulse.to provide the required function comes
from a,linéar.explosive charge. The ring {s designed to contain any particle
fragmentation from this charge. This function is enhanced by the use of a
rubber-like material, PR-1910 (BMS $-62) which can contain small frugmenis.
The primary function of the material however is to absorb auch ot the shock of the

explosion.

Structurally, the main ordnance currying ring is not the primary load
stage skins, tension loads by the tension tie. The Joint is designed to react
all boost flight loads as well as silo overpressures.

For additionul details on the owdnunce used in this Joint, refer to

Section 5.1,

3.2.1.2 Booster Staging Joint (Fig-. 2.1.2-1;

This Jjoint detnll i{s u section through & circumferentisl Jolnt used
on the Minuteman missile. The dimerns.ons glven are wypical of the Stuge 1 -

Stape 2 intexrstage.

The riny is a duel purpcse Joint. It provices the inflight bhooster
stuging function, separatipg the upper stage from the expended stage. It also

functions u8 an aesembly joint (Ref. 3.1.2.1).

The separatior impulse to pruvide the required function cores from
u linear explosive ciarge. The ring is cesigned to contain any particle fragmenutaé
tion from this charwe by the use of & rubber-like materiul, PR-1910 (BMS 5-62)
which can contain smull fragments. The primary function of the material however

i8 to absorbe much of the shock of the explosion.
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Struéturally, the muin ordnance carrying ring is not the prinary _ ;
load carrying member. Compression ;ouds ure reucted by a butting together
of the stage skins, tension loads by the tension tie. The Jjoint is dJdesigned

to react all boost flight loades os well as silo overpressures.

For additional details on the ordnance used in this Jjoint, refer to

Seetion 5.3,

9]

This Joint detuill is a section through a circumferential Joint

3.2.1.3 . Booster Stagins: Joint (Fiy. 3.1.2-

used on the Minuteman missile. The dimensions givern are typical of the

Stage 2 - Stage 3 interstaye.

The ring is a dual purpose Jjoint. 1I% providesthe inflisht booster
staging'function, separating the upper stage from the expendeu stage. It

also functions as an assembly joint (Ref. 3.1.2.2).

The separation impulse to provide the required function comes from
a linear explocive ¢ rge. The ring is cesiygned to contain xny partical
fragmentation from this charvse by the use of a rubber-like material, PR-I?}O
(BMS 5-62) which =un contain small t-agments. The primary function of the

material hLowever is to absorb wuch o1 the shocx of the explosion.

Structurally, the min ordnance carvying ring is not the primary
loud carryin. member. Cormpression loads are rewctec Ly 1 butting, together
of the stage skins, tension louds by the tension tie. The Joint 18 designed to

reascet all boost flight louds as well as silo overpressures.

For additionsl detaile »n <he ordnance used In this joint, refer Lo Sectlon 5.1,
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3.2.1.4  BOOSTER §§§ARATION'JOINT (FIQ, }1?.1~2)
This detall is a section through a circumferential joint used on
the HiBEX Missile. It functions to separate the lower (booster) stage from

the upper (instrumentation package) stage during flight.

The joint primarily consists of a circumferential retainer ring bolted
to the inside of the fibergiass skirt. The ring contains a 1! ‘ear shaped charge
designed to direct its energy in an outward direction and thereby sever the
fiberglass skirt circumferenﬁially. The retainer ring is not designed to
react any loads. It is massive enough however to absorb ghock from “he
explosive charge. ¥ |

For additional details on the ordnance used in this Jjoint, refer to

Section 5,1.2,
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Lo 3.2.2 LONGITUDINAL JOINTS

These Jjoints are used to serarate an interatage oi otter missile
'segmehtwinto & number of sections fof removal from the booster in flight.
They are lougitudinal rather than circumierentian]l and usually function with

a circumferential Joint (Ref. Fig. 3-)1 and Section 3.2.1).

No distinction is made in this section between separution and
ussembly jJoints. These joints have one prinary function which is separation.
They must he assembled, of course, hut this 1s differentiated from the

apsembly Joints discussed elsewhere siice they are used to assemble migsile

sections, not jolnts.

3.2.2.1 Interstage Lonuitudinal Joint (Fis. 3.2.2-1)

This Jjoint 1s typlcal of those used on the Minuteman missile
to split both the Stage 1 - Stage 2 anc¢ the Stage 2 apd Stipe 3 interstage.
It is used in conjunction with the circumferentinl separation joint discussed

in Bection 3.2.1.1. The dimensions given are the sume a8 both interstages,

USE FOR TYPEWRITTEN MATERAL ONLY

the only difference being the Jjoint lenygth. Numbers in puarenthesis pertain

to the Stage 2 and Stage 3 interstage.

The Joint works simultuneously with Lhe skirt removal Joint whicl
sepirates Lhe skirt from the upper booster stuge. At the sume time, the siklrt
is eplit into four sections, effectiny both the uxiul removul fromthe path
of flight, and the rvadial reswval for clewrance. The ceparation impulse
providing this function cowes from & lineur explosive churpe. The vl is
desiuyned to contain any puriticle fragzmentaticn with the rulher-lice vnlerial,

PR-1910 (BMS Se(2).
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s 3.3 CONCFEPT VARIATIONS
%
The Joint concept llustrated an Figuve 7.7,1<2 wee the “inal
configuration of reveral conafdersd Wy Misatle “tenctares Organization (2-645%)
for the Stage IIT *o PBPS srpurarion Joint on Minuteman ITI. Vuristions of thic
final derign (referenced abow) hnve teen usal elgewhere on Min teman ITT
(Ref's Fig, -3) and to asvemble the firsy and necond stages of HIRWX,
The comeepts which preceded the alove cholie wers ronceived as solutions
' the samas dealgn v quirement: . Thooe coneept. are presented here haiousg Lhey
fllustrate the vari«d approach 4o mi-sile Joint leslgn, and Lecau.e euck Joint,
Laen sepurabaly, prorciden vilakeln ooeplas of Joint leslgn and declgn detutl.
> Althomgh the evaloatton o cash Joimt provided hoesin f& {n pecponse to a
.
o . .
y ererific applivation, 16 provides jnforms‘dor uzeful %o the destgner whish e
o
i pertirant G ray urplication for which the joint might be oonnidersd,
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e

COMPARABLE OR LESS THAN G&C UMBILICAL RELEASE.

REQUIRE APPROXIMATELY 4 - 6 MONTHS TO DE\ELOP
JOINT AND 5 MONTHS MINIMUM TO QUALIFY THE
ORDNANCE DEVICE.

1. LOCAL AREAS AROUND RELEASE PROVISIONS DO
NOT CARRY COMPRESSION OR TENSION LOADS.
DISTRIBUTION INTO HPC FWD SKIRT OR PBPS MAY
BE PROBLEM.

2. DESIGN OF TENSION BAND TO PROVIDE REQUIRED
JOINT STIFFNESS MAY PRESENT PRCBLEMS. (i.e.,
PRE-LOAD, THERMAL LOADS, ETC.)
[T4 > ELECTRICAL INTERFACE COMPATIBLE WITH MGS.

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

MECHANICAL INTERFACE NOT COMPATIBLE WITH
APPROPRIATE PBPS CONFIGURATION.
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section F-F
(SCALE 1/2) FWD

CONFIGURATION 7

FIGURE 3.3-9: EXTERNAL TENS ION
BAND SEPARATION
SYSTEM
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(SCALE 1/10)

~-— FWD ——

STAGE il

* SEE VIEW C-C
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SECTION A-A
(REAR VIEW REF) (SCALE 1,/10)

SMALL ORDNANCE
CHARGE (5 - 10 GR/FT)

/

210°

- AL. ALLOY RINGS

ORI

TENSION MEMBER ——
BONDED TO RINGS

L]

1.00

CORK
INSULATION

(AL, ALLOY OR MAG)
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(SCALE 1/1)
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" NUMBER D2-125911-1
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f RINGS

OPDNANCE

DETONATORS-

SECTION D-D

FWD (SCALE 1/2)

— DETONATOR
RETAINING FTGS

view C-C
(SCALE 1/2)
(DETONATOR LOADING AREA)

DETONATOR RETAINING FITTINGS

WEIGHT ESTIMATE

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

CONFIGURATION 10
FIGURE 3.3-10: ORDNANCE RELEASED

BONDED SEPARATION
JOINT

SHEET /-~
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STAGE Il

«@.«JA

B-8 |

LEFT SIDE VIEW

4.40-—

(SCALE 1/10) 3/16 LOCKBOLTS

\//

.10 Lw | - 'J'J Léz:;

—

| o u——
/

3/16 LOCK BOLTS

5 - 10 GR/FT CHARGE SECTION B-B
(SCALE 1/1)

-<- ‘,—A __-_‘EWD e

'—I SO flx\\\‘kx% SNAEARS \\]&ﬁ\ﬁ
/ ! I / | |
MAG SKIN “—MAG RING

1 4 i I T
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210° | | |

<

+
B - W EIGHT ESTIMATE
AL. ALLOY RINGS 8.6
MAG RiNGS 3.3
oo ORDNANCE CHARSGE 4
B L:_,, LOCK BOLTS 2.0
('). O RDNANCE LOADING DOOR .8
secTIoN A-A 10% GROWTH ALLOWANCE 1.5
AL (REAR VIEW REF) (SCALE 1/10) TOTAL WEIGHT 15.6
/ ALLOY RING
!
// /STAGE "
\/:;é |/ \ 1
i
C .To
NSNS A SN \
|
MAG RING F CORK INSULATION CONFIGURATION 11
a-s] FIGURE 3.3-11: LOW SHOCK
‘ ORDNANCE SEPARATION
SYSTEM
- SHEET .

+




PBPS SECT. STAGE 111

Can— A B‘B
+ FWD sectioN A-A (%
LEFT SIDE VIEW (REAR VIEW REF.)
(SCALE 1/10) (SCALE 1/10)

AL. ALLOY RING™\ - 3,80 e
SMALL ORDNANCE

| CHARGE (5-10 GR/FT)

.80

S J\\\?tv;gﬂw ' ?
- ISSSTYSO] N BN
MG SKlN/ ! H ;E

'SECTION B-B
(SCALE 1/1)

<‘--- FWD - 9
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210°

—

_— + e e o

WEIGHT ESTIMATE -
RING STRUCTURE 9.5
ORDNANCE & LOADING PROV. .8
AFT LOCK BOLTS 1.4
10% GROWTH ALLOWANCE 1.2

B
B TOTAL WEIGHT 12.9
A-A L‘Q. -

oo

REAR VIEW REF.)

| (SCALE 1/10) STAGE Il

—~CORK INSULATION

g

=

CONFIGURATION 12

FIGURE 3.3-12: REVISED LINEAR ORDNANCE
SEPARATION SYSTEM

SHEET £ 7
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PBPS SECT.
{8-B AL. ALLOY RING SECTIC
(REAR
LEFT SIDE VIEW (SC/
(SCALE 1/10) 3.60
WD _ \ FOAM SHOCK
t | ABSORBER

1.10 '

MAG SKIN .
Al B e

e § C ‘ \
_/4\_;;0&\ N\ \ ‘
MAG RING : |

7 GR/FT SHAPED CHARGE

secTioN B-B
(SCALE 1/1)

FWD
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STAGE 11|
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) AL. ALLOY RING SECTIOI
(REAR \
LEFT SIDE VIEW (SCA
(SCALE 1/10) 3.60
FOAM SHOCK

ABSORBER

1.10

MAG SKIN .
N I N .
= _/m:sr X 3 jﬁt

MAG RING ' '

7 GR/FT SHAPED CHARGE

FWD : \
P

seCTION B-B
(SCALE 1/1)
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210°

WEIGHT ESTIMATE

RING STRUCTURE 5.3
oo O RDNANCE & LOADING 1.2

SECTION A-A SCREWS & NUTPLATES 1.2

(REAR VIEW REF) RETAINER FITTING 2.4

. (SCALE 1/10) 10% GROWTH ALLOWANCE 1.0
| Sy——— TOTAL WEIGHT 1.1

ASORBER STAGE Hi

,'A- K 4
i :@S"“““s
| ' CORK INSULATION

)

CONFIGURATION 13

FIGURE 3.3-13: SHAPED CHARGE
| ORDNANCE SEPARATION
] / - SYSTEM
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NuMeeé 'D" = z-b"‘ {1 =)
ac,.;gwaaf CREV LR AT

SHALL EIBBILE J’OIRTS

!I'.’o racilitate the task o;. the designer whose Joint concept application -

-

l.m&ted to the non—strategic misailes, this section is restricted to Joint

‘designs for missilaa ot o inch dia.meter or less. .

Beceuae 80 much of the ‘botal effort of mias:&le design involves this size

range, this aectiou permits the aesigner to investigate joint concepts related by

g e
*

design loaﬂ.s ’ function and enviromnental considzrations similar to his oxm re-

.quimments exclusive or t‘ne. larger strateg:lc vehicles.

A look in gr-ater depth than usual, is taken.at the joints used on’
AGM-69A, both beca.usc it repnesenta current develoyments in the s‘cate-o“-the—
and because it provides an overall;picture of .an approach. to jolot desimm as
applied to a particul.nr vehicle.

Supplemnting the AGM-69A concepts , are representative Joint.. used on

~other tactical and research missiles.

ko1 AGM-60A JOINT DESIGN N

The AGM-69A was configured into four sections to facilitate mamﬁ‘acture,
a.ssmnbiy and meintenance. Thege _sectipng are the Payload, Guidance, Propu._smn
and COntrol'sectionS (Reference Figure ‘h,.l).
k1.1 THE PAYLOAD SECTION

.This seetiovn, of monocoque construction, is prow}ided a circumferential
ring at each of three separation joints. Its structurasl parts are:

1. Impact Fuse Body
2. Foz;ward Nose Shell .

3. Varheed Section
4.1.1.1 TMPACT FUSE BODY JOINT (Figure 4.1.1-1) .

The Impact Fuse Body interfuces with the Forward Nose Shell. The aft
end of the tuse body has external interrurted “hreads to permit instiallaticn and

L3

remcval from the Forwerd Noese Shell by roteting the impact fuse a gquarter turn.
»

N AP S? tag e, Bt

ciirpnt T
Thar BT 3

e

o
Yo
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T

accept the inpac... ruse 1nterruph.d threads. The ring is assenbled to the ahell

:uning a seala.nt on the fmfinb surfaces and fastened w:x‘ch monal rivets inst&lled
“using a wet ptiner CA nylon insert is installed in a longi*udinal groove in the
steel ring Tor locking the impact i’use. :

The Joint is- sealed by means of a synthetic rubber O-ring located in en
annular groove prcvided at tbe base of the f‘use body Fuse body is torqued to

96..1:0 110 ineh pounds.

Shfny bY

et v e $o MR A



| I

7\1& ‘”El”a COMPANY
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2,375 - 12UN - 2A
Threads —— -~

Scale: None
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For Materinls Dutn See Teble L.1.-1

Reference: AGM-U A Program
DIAGM 20151-1, Pura. it.2.1

TMPACT FUSE BODY JOINT

Figure 4.1.1-1

U3 4892 1432 REV, 6 65
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NUMBERD’Z.- V'L .scnl *i

Jimit load

a.

Bending Strees = D

b. Shear Stress . [i:>'
>

Rererence DRACGMZO142-1, Sheet SO70

Table 4%.1-1

REV E‘R A _';;,‘,_‘_\.‘ ‘_’
O Bhel.'L, Nose Section | 2024-0 Alumimim
- QR-A-250/h
(25&8299—101-11) B.T. ~T62
. , Monel Rivet (8 places) MS 20L2T MS
'mpact Fuse Body 2024-Th Aluminum
(20A11411-130-11) _
@l‘ront Nose Ring Insert General Purpose Nylon 6/6
(26A13536~101-11) Per L-P-410
"o" Ring m 287?5-1’40
Radar Absorber V Radar Absorber
, (25424020) STB 8-140
‘\D Forvard Nose Section Ring 4330M, MIL-S-8699
- ) ‘ . Normalized & Tempered
(29A17189~101-ll) R.H. C33 MAX
H.T. 160-180 Ksi
(\g/)OOllar,.Thermal Nose Cap Reinforced Phenolic Molding
BMS 8-72
(26A13566~101-11) _
{ 9 )sealant MIL-G-8802 or BMS 5-Lk
{&0 External Insulation 93-078 silicone Rubber
- W/Tk Quartz Nicro Crystals
Dow=-Corninz Corp.
B. DECIGHN CONCIDERATIONC - Crisiesl load vundivtiosa ic terminal mancuver tor

SULE

-3

\
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NUMBER DL (25 % 1=} .

v MV v REV (IR A

410102 PALIAST SUPPORT BULKHEAD JOINT (Plg. k.l.1-2)

To the ingide of the forward flange of the cireunlepentinl Forward
Warhead Ring is holted the Ballost Swpport Bulkhead Ring. Three 1/k inch
diameter sbear holits are asgemdlud through the Lallaat and warhead bulkheed
flanges only, and fiftean are assemuled through the uose secticn shell as well.
Mut plutes are riveted to the tnside of the Lullast support bulkhead ring to
receive these bolts. About the outside surfmce of the aft flange of the Forvard
Warhead Ring, is riveted the Warhead Section Shell using 24 monel rivets.
Acaesn Lo the eightean boll famtener: iy provided hy o pluws in the silicone

innulation over the bolt heada.

P TTEM WATER ML DM_Y

FE

SSE FOR T

GrE T i
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e MVEVMINEE cornavy

NUMBER D115 "™\ =i
REV LTR A\

Scule:

St o s

For Dasign Considervatlone & Materials
Date see Table &.L-2

BALLAST SUPPORT BULKHEAD JOINT

AGM-G9A Program
D2 AGMR20151-1, Pnru. 4.2.3

References:

Figure b.1.1-02

SHEET 4.4

UY 4802 1433 REV. 8/63




( . NUMBER D2 -1 1.0 =)
'“; BENING -o‘m;-mv REV LTR AN

MATERIALS

Q)mu, Warhsad Sectiuvn 2004-0 Alwninoum
QQ-A—QSQ/%
!-To "Tw

(\2) Rivet (24 places) M3 20L-27MO
Q)Ring. Pl Warhead Section, TOT5-~T73 Aluainum
“gtation 34.70 BMS 7-18C Claso IXX
(25429548)
Q) Rivet (2 places) MS 20L26DJ

L)) 100° Reduced Head 1/4"Bolt BAC B30RLH [I
- & nut plate KAS l0chbh

. 6\! Rivet MS 20b26D3, 20171k

"7 YRing, Ballast Support AlsI 1026, Cold Wolled
-~ Bulkhead Anncalaed MIL-SeT7952

83 Shell., Nose Section 202h=0 Aluninum
et (05 AB299- 101 -10) QG-A=250/4
H.T. -Tuc

[9 Sealant Beecobomd 211
B.O S8ilicone Insulntion Q:-0T8 silicone Rubber

~* (P/N to be added) W/Th Quurvz MlcroCrystuls
Dow Coruing Cory.

P
3
b
X
x
w
»
<
x
'
=
[+ 4
=
w
a
»
"
-3
(4
'S
W
n
)

=
L\ll) Sealant MIL-8-3802 or BMSH-ih

B. Design Consideration - Nose Shell sized by missile ejection conditiun pro-
ducing the following ultimate shell loads:
4,350 lbs transversc shear
52,500 iuneh pounds hending moment
150 in=1lb (2rsinn moment
30.0 psl max exie=nal pressure

Desirn temp. 260° F.

-5, 15 Req'd (Through 3 , 7 & 8)

-5, 3 Req'd (Torough 3 & 7 only)

LY AMDY tANE ARF Y, Mo As
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S LTI g 4 NUMBER DL—*‘M”
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™ Sl D WS e

""il".r.i'fs. Donmz mpsmsm Joe (ngure h.1.1-3) e : ',

'mis Joint vas designed to support the warhead and to mohanieally

T. 1nterface with the miasile at the forward,end of the electronics section by meana
of & quick ‘d1sconnect. Jolnt. The Joint carries the loads associated with: support—

ing the-aft end of the warhead. In additionit satisfies the design congidera-

tions shovn on Figur! h.1.1-3.

This Joint configuration uses internal involute splines to transfer

‘ shear and torsion lcads to matching cxternal involute splines of the forward

Electronics Section. Axial loads are trans’erred by removable circumferentiel

spliaes which seat themselves in an annular groove fcrmed ter the Payload

Section 1s jolned to the Electironics Section. Thege removable splines are
installed through an aperture provided in the aft sieel ring at azimuth 45 degrees

An arrangement is provided for indexing one spline and the otrer is driven into

- position using an axial force of 100 lbs. To prevent spline backup, a teug on

the spline cover plate engeses tne transverse seration provided at tine end of
the spline. The spline acc:3s cover plate is bolted to the Fforward Electronics
Section Ring by e single A-285 tolt. An 0-Ring in the aft Warhead Section Ring
forms an environmental seal afler the Payload Section is combined with the

Electronics Section.
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For Desizn and Moterials Dato
See Tacle d4.1-5

Iy

DOUBLE TAPERED SPLINE JOINT

Referencu:  AGM-50A Progron '

DZ AGMICLLE-L, Farm. 4.0.1.2
Fizure 4.1.1-3

U3 4802 1433 REV. 6 65 SHEET &&
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NUMBER T L4259t~

o MMV INGED . nary REV TR N

()

2)

[* .

A.  PARD NAYS/NUMMER MATERTALL

B. DESIGK CONCISIRATIONS

Rleatronios Seation ghell Steel )
h33u M, MIL-8-8699
N7 160-186 Kni

Involule Splines (Part of 4 )
Double Tapered splineu (i) Steel
30 MIL-5-18729 Normalized
"0" Ring Silicone Rubber
Af't Warhead Section Ring Steel

§330 M, MIL-5-0099
HoP. 160-180 Kad

Monel Rivet (00 places) US HN2TMO
Sealant MIL-3-8802 or BMS 5~k
Shell, Warhead Ssctiuvn Aluninuwu
2026=, QU=A=250/4
H.T. =T
Flate, Raceway Extencion Alwulnuwa

DO00=Th, QUeA-D50, 1)
Monel Rivet

wternal Insulation 93-u70 8ilicone Rubber
W/T% Quartz Miero-crystals
Dow=Corninyg Corp.

Trunsfer 270 K in-1b ultimate dbody bending load, 10 X lb

wltimete transverse giiecar load, and JO0 In-lb ultimemte torsion load.
Design temperature tor (a.) is 250° ¥,

Jcint to have Payloed Section interchange capebility within 30 minutes
while missile is in carrier rack.

Minimized surface sveps and pgaps to satisfy rodar cross section and
eerodynamics reguirerents.

Desipgn must not campromise velumetric reguirements imposed by warhead

and clegtronics components.,

Tﬂ-b}‘e &01’3

L3 4UN® 14%4 REN . B8 S




o , | ._ NUMBER D . 125 4] |~ |
Tred 'ﬂ"”ﬂ coOMPANY i ) ‘ REV IR #\ '

k.1.2 | ELECTRONICS SECTION (Figure 4.1.2-1)

This section is actually an agsembly of two sections; the Electronics
Shell forward and the Motor Skirt Extension aft. The structural Joint components
are identified as follows:
l. Electronic Section Shell with an integrally mechined fitiing st
the forward end to accept payload sections by means of a quick
disconnect Joinu.
2. Motor Skirt Extension
3. Raceway Feiring and Uwbilical Cover
b.1.2.0  RLEOTRONICS SECTION FORWARD JOINT (Figure 4.1.1-3)

The inte~twelly machined ring at the forward end of the Electronics
Bection Shell is designed to mechanically interface with the Payload Sectilon es
part of the Double Tapered Spline Joint described in paragraph 4.1.1.3.
b,1,2.2 MOTOR SKIRT EZXTENSION (Figure 4,1.2-2)

At the interface of the Electronics S8hell forward and the thor Skirt
Extension is located vthe Electfonlc Supporr ¥iiting (. es ltem .. 2}, This

structural member provides a mounting surface for electronic equipment and is

USE FOR TYPEWRITTEN MATERIAL ONLY

machined as an integral pert of the environmental and umbillcal systems. Its
circumrerential flange is fitted with nut plates to permit atiaciment of & con-
ventional bolied spline joint. A similer Jeint less the support fitting provides

the interface between the Motor Skiri Extension and the Propulsion Section.

¥

Cart 4P

L3 4807 Y4V g MLk
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THE '”’,”ﬂ COMPANY

NUMBER T & . QL -
REV LTR  An

T Y

5 -
,\ “' \ ‘
\Lﬁ,ﬁ_m-.....; S A |

Reference:  AGM-GYA

for Design Considerations & Materianls Data

DEAGM C0148-1, Pura. 4.5.1.5

ce Table b.l-u,

la]

MOTOR SKIRT EXTENSION
FORE AND AFT ASSY JOINTS

Figure h,l..-2

U3 4802 1433 AEV. 668
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""Nl aﬂ‘mﬂ COIMBARY REV HR ,C‘\

A. PART NAME/NUMHER MATERIAL
- | K9 Motor Case, Pwd Doue & Skirt Steel
-~ 4335v
{20A14004 ) Alr Melt
Vacuum Degassed
Hit. 205-025kps
,E)No*tor Skirt Extension Steel
k330M
(25A2808T) MIL~S-05699
Hit. 160-180ksi
§3A‘Electronic Support Casting Aluminun
i 356-T6
(25428296) QQ-A-601
4 )Electronics Section Sholl Steel
~ b3xoMm
(25A28613) MIL-S-8095
Hit. lo0-1801si
151)5/16 inch Bolts BAC B3CEL5-16
‘ (2 places)
BAC BIVELS-T

(27 pleces)

6)1/& inch Bolts NAS 15.i-4
et (43 places)

B. DESIGN CONSIDERATICN

Critical condition 1s missile e¢jeciion which produces:

USE FOR TYPEWRITTEN MATER!AL OMLY

1. Ultimate bendaing load of 374,00 in lb
2. Ultimate transverse shear load of 10,060 1b at 200°F

Shell temp.

Tabae .14
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*

h.1.3 Control Section ’ .
' This oection {nterfaces with the Propuision Section foruard and the
Tail. Cone Sectibn aft.

b.1.3.1 Aft Motor Case Assembly Joint (Fig. 4.1.3-1)

Tnis joint prb%ides the mechanical interface for attaching phe Control:
Sgcnicn to the Propulsion Secﬁioﬁ. It consists of a forged ring welded to ihe'
‘aft end of the motor casing. The Hydraulic Manifold is mounted on the inside of
the forged ring aft flange and the Control Section Fairing 1s'mounted on the
outside of the same flange. In addition, the Nozzle Shell is mated to the ATt
Mctor Case Ring and mechanically held by a threeded reﬁaining ring.

4.1.3.2 - Nozzle Closvre (Fig. 4.1.3-2)

A nozzle closure is included on the aft end of tiie nozzle shell which
seals the motor to meinterin the propellsnt in a controlled environment prior to
motor firing. The closure 1s designed to rupture cleanly when the motor chamber
pressure rises to 175% 25 psl at first puise ignition. TheAclosure is bonded to

the nozzle shell with an epoxy adhesive, The surface which forms the outer

periphery of the nozzle closure forms an interface with the Control Section Fairing}

L,1,b4 Tail Cone Section

Tre eingl2 Joint of the Tail Cone Section provides the mechanical inter-

face with the Control Section.

e e NUMBERDMHAH-&
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Far Jesipn conclleration: and materiusls data
See T™bhle 4,l-%

AFT MOTOR CACE ASSIMBLY JOINT

Referense:  AGMaSOA
DAAGMROI W <1, Fara. L. 00

3

FISURE k.1.3-1

o -

U3 48G2 1413 REV, 6.85 SHEET 7 4.
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NUMBLR 1.0 )~ 4

o MVVEING . ... REV TR\ |
Ay Pavt Nume,/Runbor Materinl
-
" Kﬁjb Rydiaulie Manitodd Forging Aluninum
HOB) <%
QU=A=-367
\23 Miring Ohell, Control Section Aluminum
T (LSA080110411) 6001 -0
Q&=A=-250/11
H.T. ‘T6
\,55 1/6" Rolts 17 BAC30FBU-T
e (thra L, &, & 5)
(;T} Sili{cone Insulation ' )
5.} Motor Case Aft Ring Steal
T (DOALLOON) L3I3WV, Atlr Melt
Vacuun Degansed
E.T. 205-205Kui
. 6.} Neuzle Shell Same as (5)
(ATT) Motor Caue Retalning Ring 3ame ag (5)

8. " Ring Seal
N

R, Design Considerations

hal, DahGH i, Para, 5.3,3.2

~
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e MIMPSENED comesrc CREV IR A
A, Part Nuabar Material
( 1.) Notzle Closure gteel
6061-16
@ Aft Oloaure Shell Bteel
4335v
Air Melt
Vacuum Degassed
F.T, 205=2:5Kad
(37} mgtno Exhaust Sesl §11icone Rubber
(26k1358) BM3 1S
() Tail Cone Attach Fitting Aluninun
(P9A171 3 ) QQ=A-250/4
('s.) 8esl Rotainer Ring Alupinum
(»5A28080-104-11) 6061 -Th
Q4-A=2510/11
nnTc ".!6
(6) Epoxy Adhesive
B, Degign Considerations:
Ref, DPAGM2N162-1,Para. ©,3.8.3
TABLE 4.i1-C
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h.1.4.1 TAIL OONE SEPARATION JOIRT (Figure h.1.k-1)
. | The Nil Conevis un serodynamic falring attached to the aft end of the
AGM-69A missile to reduce drag force during external carry by the carrier aiveraft.
The tail cone remains attached to the missile untdl rocket motor ignition occurs
during launch. Motor ignition causes over-pressurization of the tail cone shell,
and s. approximately 33 pounds per square inch (usi) internsl pressure. The Tail
Cone attachment b ishing shear out, resulting in separallon of the tail cone from
the miassile.

Thawugh-drilled holes in each of theee longitudinal depressions in the
forward portion of the spun shell, provide access to tall cone fasteners at A0,

180 and 300 degrees azimulh, for the assembly/disassembly function.
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3cule: None
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Deta See Table L.l-7
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| NUMBER L2 vmusq b\ -
1 ‘”’l’” ORIRANY REV LIR l\
A, PART NAME/NUMBER NATERIAL
Q) Doubler, Tail Cone 2024-0
+ (25A258288-101-11) QR-A-250/5
H'TO ~'I‘D
@ Retainer, Tail Cone 6061-0
(29A1LT190-101-11) QAQ-A=250/11
Q) Bushing, T«1l Cone Attachment 006L=T6
(29A17191-101-11.) QQ=A-250/11
Q-) Plate, Filler, Tail Cone C06L-TO
- (26A13529-101~11) Qu-A=250,11
HOTQ "'16
(:?) Ring, ‘Padil Cone 20240
4 (25A28289-101-11) QRQ-A-250/h
Han "TG
@ ) Tail Cone Attach Fitting 2024-16
- (25A17132) QQ-A-250/4

B.

Q)

)
(o)

Attachment Screw (3 places)
Tut Plate

Shell, Tail Cone
(25A28291-101-11)

DESIQGN CONSIDERATIONS:

M5 16998-28
BACNIOEN
6061-0

QQ-A4-250/11
H‘To -Tb

Fairing to withstand local aerodynamic ultimate loads of 21.3 psl and

Tall Cone jettison ultimate load of 4130 lbs.

Tuole 4.1-7
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h,2 GELECTED SMALL NISSILE JOLNTS

Small missile joint applications which differ from approaches used for
AON-éQA are prasented in this section together with such design Aata as vas
availadble,
h.2.1 The kxos

A three stage sounding vehicle, the Exos started with the Honest John
for its first stage. A ground-to-ground artiilery rocket, Honest John ylelds very
high thrust for over four seconds. The second stage used a Nike bhooster. Third
stage was provided by a version of the Thiokol Recruit known as the Yardbird,
which kad an acceleration capability of anproximately 80 g's. The Joint used
betweén the second and third stages serves both as an assembly and as 8 separation
Joint.

Thé flared skirt on the forward stage and the coupling casting bolted to
the aft stage (reference Fig. 4.2-1) are both threaded on the outside of the blast
disphragm. Upon forward (third) stage ignition, the pressure of the exiting gns

bows the diaphragm so that the threads become disengated from the flared =kirt,

USE FOR TYPEWRITTEN MATERIAL ONLY

and a clean rapid sevaration occurs,
This cystem {= generally uged between stages which are fired in
successl . without a coast period, to avoid lerge drag losser caused by the

i ielatively lurge skirt diameter and the burned out preceding stage.

!
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BLAST UTAPRRA™M SEPARATION JOINT
Seal e None:

Riefer~nces: Exu; Sounding Rocket, Smail Soanding Rocket Sympo .fom,
+yvith
KI*" Iaternational Astronautical Congress, V.1, II,
“tuckholm, L9A:
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4.3 The Joint Selection Process
3.1 An example of the process which permits selection of a candidate joint

for & particular application was the selection of the Double Tapered Spline Jofint
(Ref. Fig. 4,1.1-3) for the payload electronic section 1nterf§:e on AGM-69A.

4.3.2 An advanced study produced a series of candidate Joint concepts, shown
by Fig. 4.3-1. Each Joint was compared against a weighted list of design co&side-
rotions having a total numerical value of 10.0. Thus the numericel assessment
indicated that the preliminary selection was Concept 9, the Spring Loaded Shear
Key. However, in the evolution between concept and design, governea by more
restrictive ground rules, new candidat= designs were'devploped (Fig. 4.3-2) and

a later selection was made, namcly the "Tapered Sgline Joint". The prime conside-
rations for selection from thie matrix were weight, cost, and eveliuation for
compatibility with missile system requirements.

Consequently, {* can be useen thut while the Bolited Joint had the lowest
welght and cost figures, the mlgsile system requirement for warhend interchangeabvili
ty withlip carrier aircraft bomb bay, dictated the selection of.che Tapered Spline

Joint design.
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"
! kb AN ORIGITAL JOINT CONCEPT

This secction presents a joint concept for a missile of approximately 16

t0 17 laches in diameter. Its primary purpose is to provide attachwment .f a pay-

iond saclion to the main body of the missile. Its capability ie intended to provide

the folloving:
I. Transfer:
a. 270,000 in-lt. ultimate bending load.
b, 10,000 lbh, ultimate transverse shear load,
ce 900 in<lb, ultilmate torsion load.
II. Thirty minute assembly/diasmsnembly of paylosd section while missile
1s atta: 1 L5 carriar sircraft, .
ITI. Minimize surface gaps and steps Lo satisfy radar cross section and

aerodynamic requirements.

IV. Maximum possible internal volume for warhead and electronic equip-

ment.
[

V. Satiefy I through IV at a desnign tempercvature of 270 P,

USE FOR TYPEWRITTEN MATERIAL ONLY

hob.1 DESCRIPTION

The Jjoint consista of a forward ring attached by rivets to the noase
section, and an aft ~ing similarly uttached to the main body shell. The aft ring
is assembled inside the forward ring eo that twalve bayonets on the aft ring pass
through twelve slots in the main flange of the forvard ring. (Reference Figure
L.b,1-1). As viewed from the rear, the aft ring is rotated clockvise through
approximately six degrees (6*). This draws the inclined bayonet surfaces of the
aft ring flange against matching surfaces on the forward ring flauge, while
forcing the principal circumferential flanges of each to bear m ae ancther. .While
thus held, the asgemoly is locked by installing a lock bolt through lugs, one on

each ring, which have been drawn together by the rotation. Access is provided

e e
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.

[TT=>MAKE FROM 4339 MOD STEEL-
HEAT TREAT 160K TO 180K PSI

arunc FIGURE 4.4.1-1: MISSILE JOINT CONCEPT
COMPENDIUM OF MISSILE JOINTS
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kob.l (Continued)
1‘by ;lot; and holes in the respective rings which are then covered by'a singles pl.te:v
' §hich restores the axﬁernal contour of the vody shell. Tapped surfaces ﬁn euch
ring pérmit the essembly of a special tool (Reference Pigure b.h.1.2) required to
assemble or disassemble the sections externally. The joint ‘s fabricated from
4330 MOD steel, heat treated to 160,000 to 180,000 psi.
Loh,2 EVALUATION

The concept was submitted to Organization 2-5560 for u preliminary

evaluation, the results of wnich are provided on the following page.
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' GROUP INDEX Afr Carried Missiles - Structures

SUBJECT Structural Feasibility of Bayonet Missile Joint Concept
) anmcs: (a) 2-5167-0-201 Missile Joint Concept Compendium of m.uiiq Joints

In a preliminary qualitative structural avaluation of the missile joint concept of -
Ref. (a), the concept was found to be basically feasible from a structural point of
view.

In the analysis of a typical missile joint application, the maximum stress {n the
Joint was found to in the order of 40% higher than the maximum stress in a normal -
c¢ylindrical section of the missile. Alsg 2 missile with this joint compared tc one
without has approximately a 20% decrease in bending frequency.

A reccmmended change in *a3 joint from a stuctural point of viev is tbe elimination
of all sharp corners to prevent lc:-sl stress concentrations.

. A nmore detailed stress analysis of this joint concept would depend on the specific
+ configuration, weight distribution, and stiffness of the missile in wvhich the joint 1s
t0 be used. Prom this the mode shapes end freguencies could be found and, thus, the
effect of the joint on dynamic loads, control interaction, and terminal quidance

effectiveness could be dstermined,

prepered by o C L LY

R. C. lantiquist

Adey )/ :%" “j__.

8. I. Gravits
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5.0 DESIGN CONSIDERATIONS

There are muny design requirements and considerations which must be kept
in mind when selecting a Joint decign tor missiles. These are usually unigue for
each npplication but usually fall into one or more of the fellouwing categories:

{1} Ordnsnce Separation

() Raceways

{3) Sealing Joints

{4) Extruneous Requirements

(%) (To be added 171 necessary)

Each of these areas can te the suabject c¢f an entire document by itself. Conse-
quently, no attemp! iz belng made to tell a complete ctory. However, certain
general information is usetul {or the design engineer to consider when making his
selection and Justifying its feasibilit:.

5.1 Oranance Separation

Information preseated in this section i: largely derived from the Bocing

Research Dcecument De-ck013-1, urdnance Components and Jubsystems, Design Guide.

This document should be retferred to tor additional dewails or expansion.
Selol Typical Crdnance Train

Figure %.1.1-1 snows, schemutically, an crdraunce train dgsed or Stage
separation o. an expended tooster and removel o1 the upler stage booster skirs.
(Rnfer also to Figure {-]1;. Yhias tigure aisc {denti{ie: some 0! *he crdnabce
components lnvolved, They are discusved {n Jectian 5.l.. and pletorially shown

on Figure 5.1,1~..
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follows:

meant to be univeraal.

in an ordnance geparation joint design.

This train i{s a unigues configuration for one application and {s not

It glvea an ldea of the influencing factora involved

The sequence of events which take place in this purticular design ts as

Electrical signal activates the safe and Arm Device (1) which
ignites the detonntors (2),
The detonators (&) explode and ignite the linear churgs (7).

The linear charge (7) explodes and separate: the lower stage

booster from the skirt.,

A8 the lower stage pulls away, it pulls the lanyerd on the safe
and Arm Device (3), arming Lt.
Safe and Arm device (B) Lguites the delay boosters (),
After s deluy period, the delay boosters {(¢) fznite the primary
boourter (5).
Booster {(3) explodes and ignites the linear charge (7).
The linear charge (7) =xplodes thereby {gnitlng the boosters (9).
The boosters (%) lgnit~ the charge (7) which explode:s and

breaks the skirt lanto four papnels which are ejected bty the forca

of the explosion,
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5.1.2 Typical Ordnance Components

5.1.2.1 Safety and Arming Device

Description _
The Safety and Afming (S & A) device is 8 mechanism which controls

£he make and breﬁk of continuity of electrical firing circuits and the wmake
end break of continuity of the explosive vrain of an ordnance subcy<ten. CUne
variation of this description is for a similar device containing no explosive
or pyrotechnic material. Such & device has been identified as Safe and Arm
switch, Arm-Disarm Mechanism and Safety Switch, all performing the same function
of make and break of electrical firing circuits.

Appiication

The H%A device is incorporated into an ordnance subsystem which,
if inadvertently activatéd, would result in a catectrophis incident with
fossible iloss of life and property.

5.1.2.2 Explosive Relesse Mechanism

General

Explcsive release mechanisms atf:ct relemse of structural sections,
paness, doors, pods, ate., by explosive or gag pressure tajilure of retaining
hardware. The common release hardwar2 used in explosive releases are explosive
bolts, separaticn nuts (gas or explosive actuated), linear charge and linear
shaped chargs. The description of eachvtype of roleasevharduare, and common
application of each type is noted dbelow. |

a. Explosive Bolt

1. The explosive bolt 1s a special hollow holit whtich is
fractured bty an internul explsove charge. The explosive charge is normally
a high order detonation matorial either permanently loaded during manufaciure

or incerted later in the torm of a caviriage. Tuere are many different

s

L — -

ot

e



e

Ve

RORARTIER I NUMBER D2-125911-1 * °
DEING iormee CREVAUR A

W ey

Fwe

ﬁ ~|5.1.2.2 | continued ‘
configurationg of‘eiplcsive'bolts, mwost of which have considerable blast
and fragmentation when actuated. A few manufacturers do state phat their

explosive bolt wil) operate with no blast or fragmentation.

2. Aggliéafionv

. Explosive bolfs are used to release tension and shear
loads. The application to release tasks requiring stmulétaneous actuation of
more than four relea;e points is'not recommended because of reliabllity
penaltiés.

Degign for explosive bolt application should include
evalunt;on of load ratings vz weight and envelcpe of the bolt, welght and
|envelope of structure and for shock and blast effects of the particular
bolt being considered. 'Design for instailation of explosive cartridge after
bolt tnstallation is comblete.

b. 3eparation Nut

1. Description

The geparation nut is ueéigned for. installation in a

USE FOR TYPEWRITTEN MATERIAL ONLY

manner similar to a regular nut in structural Joining =xcept that 1t will

release the load when actusted by an explosive or gas generator charge. In

the preferred configuration the explosive or gas generator charge is contained

ia & separate ccmponént to te inetalled after the assembly operation is complpte.'
There are éeveral configuratioﬁs of release nuts rangiug

teatween the release of gas and fractured sections of the nut to those which

release no gas or f;actured sections when actuated. Each type vili perform

a satisfactory release.

I AMQL Ll wF . 3.k
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5.1.2.2 | Continued
| 2. application
The release nut must be used only to release ténsion loads.
Clearance l;ﬁles forrt.herma.ting bolts are required to o.lJ.ow bolt pull-out wﬁen
the release nut is actuated. spear loads must be controlled bybshear pins or
similar means. |
Tﬁoae rele#se nats actuated by Lizh order detohation will,
in most cases, release some explosive blast to the surrounding area but are
relatively free from harmful fragmentation. In one application such a device
has been enclosed in = l{ght welght container and qualified for use in an
explosive atmosphere. Release nuts actuated by gas presswre will release
very little, if any, gas and will generate no shock.
| Release nuts will normally be load rated in accordance with
ihe load rating of the mating standurd bolt.
Release nut appliication to release tasks which require simul-
tanecus actustion of more than four points is not recommenqed because of

reliability penalties.

¢. Linear Charge
1. Description
! v Lineer charges are relatively lightly lcaded, continuous,
explosive charges encased in metalic or plastic titular containers. The
linear charge is also known as Mild Detonating Fuse (MDF), Prims Cord, and
Low Energy Deténacing Cori (LEDC). The explosive specified for most installa-b

tions is lewd or aluminum encased RDX or PETN because of high reliability,

low ¢ost, temporanure tolerapnce, safety and a high detonation velocity with

resultant hign energy shock wave release.

¢ >
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5 1.2.2 Continued
2. Application

Linear explosive 1s used to rupture structural fittings
for separation of missile sections and for propagation of detonation from
‘one point to another in.an explosive subs&stem. RDX explosive has been
qualified for use at altitudes above 200,000 feet Iin the Minuteman cstage
seraration system. There has been no work done, however, to verify perfor-
mance of any linear explosive after long exposure, (up té one year,, to
space environmeat. The application of exploslves to any task, while exposed
to cryogenic temperature, may cause extreme performence variation, see
reference &.

d. Linear Shaped Charge

1. Descrigticn

Linear shaped charges are similar to [tem ¢, Linear
Charge, except that the cross section is shaped to fucus a high energy streanm
in a predetermined directicn t¢ produce & cutting action. ‘Ihe linear shaped

charge is also known ac "Flerible Linear Shaped Charge {FLSC)"-

~

<. Application

Linear shaped charge (FISC) {s used to cut & structural
material for vehicle destruction and to separate sentions from a venicle.
The explosive cutting performance is predictatle for any ct the common
explcsive loads except at cryogenic temperatures,

The installation of FLSC is most often accomplished
during structural assexbiy because of the requirement for accu;ute iocarion
and orientation. The structure, with explosive installed, must then be
considered an explosive component apd will renuire speciul restricticns

during storage and shipping.

e -
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Description '
The booster is an augmerting explosive or pyrotechnic component
of moderate se;sitivity, which is used in.thé explosive or pyrotechnic train
to step-up the energy output of the primary materisl to initiate the compara~
tively insensitive main charge. The boostef may be in the form of pressed
pellets or in shaped containers as required by a particular éystem; see FPigure
$.1.1-2 for additionsl example. |
‘Application
-Boos£ers will be aﬁplied to thé initiation train of explosive
components to step-up the detonation rate and energy release of the inftia-
'ting or donor component to a level required to detonate the base charge
or regeiver component of an explosive traiu.
Boosters may algo be applied ﬁo the initiation truin of a gas
generaior or solié propellant motor to step-up tha release of hot gases

and burning particles into the main charge for more rapid build up of main

USE FOR TYPEWRITTEN VATERIAL ONLY

charge gas pressure.
In both of the ubove systems, the hooster may be incorporated

only to reducs2 the tota’ guantity of sensitlive, primary explosive in the

initiation components.
In the develcpment of new explosive or gas generating systewms, it
is often possible to use an off-the-ghelf booster in the initiating train.

This must be done, however, with full cooperation of the booster manufactu-

rer since an incorrect selection ccuald compromise system performance.

Rl
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T 5.1.2.4 Initiators

Deacription
An initliator is the first component activated in an ordnance train.

It is activated by elther electrical, gas pressure, or mechanical means to

- start the chain of events which results in ignition or deton@tion of the

main charge. The'tefm "initiator" is also used to 1den£1fy some components
in a séat ejection system which may not be the first units fired. Howvever,
the function‘is basically the same as noted arove,

initiators are identified by the following common names:

a. Destonator - An initiator loaded with a high order detonation
materisl to initiete detonation in an explosive
chargs.

b. Squib - An initiator loaded with a fleme and gas producing
material to ignitg deflagration type devices such
835 gRS génerators and rocket wmotor igniters. Thae
tern "squib" I8 also 2 common slang term used
conversaticnally by some pecple to identify any
nitiating device or smsll pressure rartridge.
(This use creates some confusion.)

¢, Primer - Nomenclat:re used by some organizations for eiece
rricad or wechanical fired initiators which
accomplish the same tunctions described in 1 and
2 above,

There are Lwo basic typeé of electrically rired initiator:, “he

conventlonu! hot wire and the explosive bridge wire (ESW) types. The appear-

ance and function of each type are quite similur. However, the control sub-
systenm 3iffer considersdbly. h

>
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5.1.2.%°  Contlnued

Anplicetion

An initistor is used to start every detonating -or deflagrating
function. It may be permanenily assembled in the pyrotechnic or explosive
train (such a5 n primer i{n a rifle cartridge) or preferably designed for
installeaticn after the remainder of the subsysiem hax been iastalled or
assembled.

Svery precaution shopld te teker Lo preclude the charce of g mixe-
up tetween detonation and deflagrating type Initistors iw any {(nstallation,
The two functions are unct interchangeable and will probadly resul® in a mal-
function 1f {mproperly applied,

The appliasation of inltistrrs to svstems that will be exposed o
space frvironmanta for long periods urior to nctuation, car omly be accom-
Plisked with woma risk. There has been ﬁo vexting accomplishes te verify
eqilosive >r propellant performance after such exposure,

Electrically fired initiatofs are normally !ncorporated into a
sursystem in such a manner that complets reddndancy is achieved, The redun-
canc;s most Aft:n includes Aual sources of power, dual swiilching, duel wiring, end
faal rridgewires.  The Aual hridgewires mey be Incorporated as twe bridgewirss
in one iﬁitiator or two, siufle bpridgewire initiators. In the case of two
girgle trilgewire fnitistors, elther infilator miust be capable of performing

the complets function.
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5.1.2.5 LIST OF REPERENCES

Document D2-24012-1, "Ordnance Components And Subsystems Design

Guide”, snould be referred to when designing ordnance activated separstion

Joint systems. In addition the following referenres sre provided:

a,.

.

D2.2L052-1

AFM 127-10C

MIL-1.2365%72
AFETRF 8C-2

Machine Des{gn,

Electro«Eynlosive Initintion Systome
- v 1]
b

vecign Gullde Lines
Fxplosive Safety Manusl
{(A\Lr Force Manual)

Propellent Actuated Devices
{(Library File No. UBS P 20-770)

Test Repore, Explosive Pevrformance In
Extrems Cold (Suinurr}

(U. 2. NAVY - BU-WEAP) Taltistors,
Zlestric, Design ana Evaluation of

General Range Safety Flun
(Alr Forre Festern Test Runge Pamphlet)

July b, 1968, (pp 116 -~ 122) Designing

Witn Explnsive Devices - Robert F, Reinking,
Projurt Engireering Supervisor, Asvospace
Components Div,, Atlas Chemical Industries,
Inc., V=ilery Forge, Pa,

x
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5.2 JOINT TRADES EXERCISE

Prequently the designer is faced with the selection of a Jjoint
concept from a number of available alternatives. The use of a menufacturing
approach to make the decislon is demonstrated hy the followiﬁg»example which
uses case segmented Joint concepts developed in the Minuteman Frogram.

5.2.1 MaNUFACTIRING CONGIDERATIONS

The six Jnints shown on Pigure 5.7.1-1 have been evalinted on
the basis of produeibility {n terrs of fabrication Lime and the relative
importance of the two. All !oints are considered to be interchangeadble ansd
altimately preducible.
5.2.1.1  HUMMARY

Of the loint concepts conrtidered, the teper pln and clevis Joint have

‘heﬁn grlected ac being the most d=airable in terme of preducidility. The
Joint reqiires more instsllation effort thar some of the others. However, the
findings indfcated that {nittal fabrication time far outwolghed fileld sswembly
time for the progran eoncept of which *hiz study was a paret.

The primery advantage of Loe taper pln end clevis Joint decien
conrept {2 that 1% somewnat reliever the requirement for close hole aligs-
nent thn£ o3t other designy require, This, of course, redicen part
fabrication costs,

5./.1.2  TR3CRIPTICN
fU00).20Y ZTRATSHT PIR JDINT

Jeinr Cencent. Ho. 1, the ~levis and straizht shear pin, would
srqaire bath she highest fahrizatisn time snd the Yighest assembly ?,'Lmr.*\ot'

1l the loints examined., Tae reuscns for this are the extraordinary dimen-

timal tslemncey that would have 4o ke maintained (n makinz the rings, and
1

s

7 E el T L

bt

[T

e T




e

it

N
R

& gy ,“

§

USE FOR YYPEWR!TTEN MATER AL TMNLY

NUMBER Dieledailel
ve ANPEING ..ova- Rtv 1IR3

el adid Continued
tha Level af alignment prucision raguired (n the jolning opamtion, Tha
Joint da wnlike the provent Minuteman Joint in that the faptensrs cnrry
the compreaasstion lond, Tio requives that there bte a clons (Mlapo 7) it
botween pin and matehling holes, The Joiut {u similar in concept 40 the
type of ashewr Joint usad for Bomarce, bt Bomare had a3 oot diametor
wvhersag this design ia for A 10 rfoot dlameter, Of even gronter signifi.
cAncyd 1y the method of mascwdbly, Whereas Romare jointa could be aasembled
only with the ald of elabormte holdlug fixturets and the mort carefal atten-
tion, thia Joint (Ne. 1 on Fig. %.”.1el) can be assemblad with s minimum
of mechanical alds and in a susponded mode.

To insure success of agaembly, the dimensional ancuracy of
the related parts mist be near perfect, Normal tolerances £or master
tocl conutruction, hole coordination, axial aligmment and cioseness of
it betwesn pin and holes must Ye abandoned in favor of uuper precinion
work . Increasting accuracy requirements from thousandths of an inch to
tenthousandths of an inech would have & marked effect on fabrication
Toste,
5.2¢1.2.2  TAPER PIN JOINT

Although at. first. appeavunte this design conrept appenrs to be

about equal in ccuplexity to the atrsight pin concept, In reallty they
represent opposite ends of the producibility spectrum in terms of fabrica-
tion cogte, Llthough thepre remains come question as 4O whether or not the
taper pin deaign here'nonnidered van be made interchangesvle, it was
aséumed that a satisfactory design can he achieved. Such a derign would

provide for & positive fit, with no allowance, while st the same time the

—
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7f¢i;ARRANGEMENT No T >

The purpose of these eerl and llmlury olnt arrengements
is P:mldo examples fo{ ::du mrcllc of this section. 1 1
Thelr principal value as design concephs Is prebebly that they

: lg..tnb foatures most o be ovddld In iolut dnlgn comldomﬂm
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S, 1.8.2 Continued

individual part tolerance could be relatively lurpge, Tt la this lean
precise dimensional control that Yringn the noat of fabricetlon down, and
the poaitive seating of one Joint ring on the other (a3 on present Minute-
man) that reducns the assombly time.

5¢2:142.3 TAPER PIN, THRFADED

The threaded pin cuncept la more expensive Lo fabricate than
the simple taper pin, becuuse of the threads, taps and the need for a
separate tapered insert, Threaded parts are, of course, more subject to
damage than moat other kinds of fasteners and the inserts would have to be
replaced 1 the threads were to be damaged.

Asgsembly time for the threaded taper pin is greater than that
for the simple taprredq nin tecauas 8 more preclise alignmen’ relationship
must be achieved prior to pin irsertion. On the other hand, disagsembly
sknuld require lesg time because the pins can be extracted directly. The

simple taper pins may have to be freed by a puller device. Finally, the
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effuctiveness ot a tapered threaded bolt, particu;arly in vibration, is
highly guestionahle.
5.3.1.2.4 TAPER VIN [GLASS CASR)

There would te a «light 1acrease in fabrieation costs for thias
deulgn over a similar Joint type in a steel case, The difference wonld be
dne 1o a requirement for special drilling procedures using high speed,
diamond impregnated rcutting tools, and sn expected higher frequency of
part rejection., Assembly time should be identical with that required

for the steel case application.
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$000 14205 JOCKSTRIP JOINT (STREL CASK)
The lo~katrip deaign {s molerately more expensive to produce

than the taper plin, Although, lthke the taper pin design, {t ean be produced
using normnl fahrication tolerancesn, it has more surfaces and more complicated
surtace relationships thas neceenitate the higher fatrication eccsts. Becausze
| of it gelf-aligning charactoristics, it regquires the leany aasembjy time of
all the deaigne considered. Tf the fraquency of assambly ard disassembly
were to be relatively high, the lockstrip would be a good design cholce,
5.2.1.2.6 LOCKSTRIP (CLASS CA3K)

| As can readily be seen from the drawings, the additionnl complexity
assnciated with attaching metal rings to fiberglass cage structiuce would
eubétaatially contribute to the cost of this design concept. The asgembly
time would, of course, be the same a3 thar for ths other lockstrip jolnt.
5e2.1.3  ANALYZIS
5.2.1.3.1 RELATIVE PRCDUCIBILITY

The direct fectory manhours uuséciated with the gctual fabrica-

ttén a1 the various Joint ring design concopts tend to vary cver a rather
wide rauge;,  from 340 marhours te 900 manhoure, Thic is & ratio of 2,65
batween the costa of the most expensive desigp and the least expensive.
Tuoling coste were not included becsuse of the uncertainty of smortization
factors, but 1f they had been conaldered, the spresd would be even grﬂater;
Tne design concept conslidered to have the highest fabrication cost: would
also require the moert expensive t0olling. A more deteiled cxplanation of these

statement s uppears later,
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RELATIVE PRODUCIBILITY OF ENGINRK CASE
SEGMENTING JOINT CONCEPTS

Joint Type Parts Fubrication #*Relative
' Eatimated Manhours Producibility
1. Straight Pin ‘ 900 2.65
2. Taper Pin 340 1.00
3. Taper Fin, Threaded 500 1.4T
4. Taper Pin (Glass Case) koo 1.18
5. Lockstrip (Steel Case) ‘380 1.12
6. Lockstrip (Glass Case) TOO 2.06

# Bagsed on the establishment of 1.00 for baseline and
assigning this value to the least expengive design

USE FOR TVPEWRITTEN MATER:AL ONLY
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$.2:1,3.2 RELATIVE ASGEMBLY EASE
| ‘ Tﬁa manhours associated with assembly and dissssesbly functions, nlthouupﬁ

uch smsller in sagnitude, vary over a range almost as great as that reguired for

part rubrlcqtioQ. Nere the ratio is 1 : 2.26 detween the lecsp and the most time

consuming concepts. This could be of real significance if assembly and. disassembly

becume a frequent occurrence, and in any cese is important from the sthndpoiut of

| possibly prolonging the field ussembly operation.’

RELATIVE ASSEMBLY EASZ ASSOCIATED WITH
ENGINE CASE SEGMENTING JOINT CONCEPTS

Joint Type Estimated Manhours ¥Relative
- Assembly Dis-Assembly Assembly Eage
Straight Pin 7.5 7.0 2.26
Teper Pin | 4.0 6.0 \.1.56
Taper pin Threaded 6.7 b.7 1.78
Tiper Pin (Glass Case) 4.0 6.0 - 1.56
Lﬁckstrip(ﬁteel Case) 3.0 3.b | 1.00

Lockstrip (Glass Case) 3.0 3.l 1.00

FIGURE 502.1.3

* Based on the establishment of 1.00 for baseline, and aseigning
this valus to the design requiring the least assembly and 4is-
assenbly time,
5.2.1.3.3 CONCLUSIONS

It cean be seen frow Figure 5.°.1-2 that the teper pin Jjoint concept
is the easiest to fabricate, and from Figure 5.2.1-3 that the lockstrip joint
concept is the easiest to assemble. The lockstrip is somevbat more costly to

febricate than the taper pim concept, while the latter is about 1 1/2 times more
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§.2.1.3.3 (Coutinued)

There are ;o doubtt several criteria by which the relative lmportance of
these 4different manufacturing operations might bve menaéred. Io the absence of
specific direction in this matter, however, cost was assumed to be the primery
factor. On the basis of cost above, it would be necessary to perform the agsenbly
and dismspemdly operation 12 times bvefore installation costs would exceed initial
zubricntion.éo:ts. Since the operational concept being considered calls for only
8 removals per wing per year after fnitial emplacenment, it would be about 10 years
bgfore assembly costs associated with joint design equaled the initial cost of

Joidt fabrication.
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5.3 SEALING JOINTS
When Joints must auct . as effictent seala ns wull as structural
" members, certaln general practiess must be followsd. The falloving ts 8
"check list" which the angineer can use in his design development. Tt
does not dov?r metal seals,
(8) Sealing material should never "work” from the loeds
paesing through the Jéint.
(v) Shear londs ~arried by the joint should bypass the seal {f
‘possible,
() The gesl is sublected to the same thermal, chemical, and
.pressure envircnment as the rest of the joint. It must be designed for
suth.

(d) Avoid thin, narrow gaskets. Their reliability & poor.

USE FOR TYPEWRITTEN MATERIAL ONLY

Reliability 1s relsted to the pressure required to achieve 1
sesn]l which is proportionel to gasket area. Pressure is aloo proportfional
to the width to thickness ratic nas shown in Figure 5.3-1. This figure
shows the minimum sealing stress regquired for u ¢ork and rubber guszket
matarial. Tha curve is essentially the same for any material, the only
différencc being n vertical shift., Figure 5.3-2 indicate~ the relntive
differences between many materials,

-
5
& ’
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L mmo Wetr petemeial u -o pm. m W‘ u -nuy qu

- », ’hcu o dmloptn large «mt-t rookot mw. uiu. '!o mnu wuht nd ]
cost uv&ua rron the une of tnnrchn i.i bm Wmuon. a u.\mnm -
reliadle mmmx Jens 18 murnl. lomor. the &w vearing uul shesr :u-omh
of resin Aaminates force the nﬂaur to. amlop unlqm Jomt dosi.ma mooqpusing
metal %0 fthcuhu or even fiberglass % mtrw:a mzmtea\{ _¢apable of develop-
ing \ae !‘\lii .strength or t.he buié nbo'rghlc'n;"ﬁnruewre. . |

é.1 ' lb'l'ORCABl coucm consmm - b \ ‘
6.1 | " In this section, :oint. du&gm are coutdemd for t.he two prouising

| concepts for segmenting filament wound rocket no?.or cases, inustuﬁed—ih'

Figure 6,1.1-1, Thess ue (a) the ciromrermuuly oemanted case (or segmented
concept), and (b) ke lnngttudinally segnented case (or modular concept) The
awtod concept oomia’aa of & forward cloanre, aft closure, and cylindrical
center segments conaected by lighweight phmelacint.s. The modular concept. is an

assenbly of aeveral nodulu, co-posod of filaments. oriented on meridional lines,

s’
U'SE FOR TYPEWRYTYEN GATERIAL ONLY

that form portions of the. fomrd and aft ‘alosuren and are mechtnically raotened
to the !'amrd nnd aft polsr rings. The outer eylinder 1s of prerabricated hoop
ringe or ctrcmf_qrmtul vindingu.

6.1.2  GEOMENMED CASE LICHTWBIGHT JOINF

~6.1,2.l Since ﬁechlnio_lm'futeneﬁi jdintn,o;.re' necessarily thicker than the case,
they offer greater rcitrqint to redial eipmsion ihan does the case- If the joints
are reinforced with steel, the differential growth is further exaggerated by the
\contrut. in clasticioduli (10,5 x 106 pst for glass v“& 30 x 106 psi for'steél),.
To miniaize the contrest, use vas sade of the sbility of the filaments to orient
themselves. I”f ‘the Jjoiat 18 1oo.nsed at the mﬁent point of the alosure and the

L cyundtr, the closure conﬁour and its filswent path can be rudily calculated to
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A CLEVIS JOINT FOR FILAMENT WOUND CASES
FIGURE 6.1.2-1
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{analysis of the joint is provided in the Reference (a.) document .(See 6.3).

» .

6.1 2.1 (Cont’d)

| 5obum tho mm growth ‘required to eliminate ducontinuity rorcu, "m!e' ctsii- .

gmn can be mnde to coinoide vith the Joint. growt.h by uainc the ariﬁui uule

"prlncipl.e; that 1s, u the wrapping angle exceeds 54 3/L degrees, the retio. of'

hoop strain w helical strain decresses.

Because roekot. notor performance requirements for most applicstiona,

- dicinc‘o Joiny locntions and winding parameters, the joint concept dqvaopedlns

‘deaiyxed w provide the aamc radial restraint as t.he ease. Trade utudtea indicated

the clevis typl Joint of Pigure 6.1.2-1 to be the most efﬁc:lent. concept . me-

clevis Joint 13 coapoaed of thin, high strength steel ahias, laminated between the

helical luyera 0f the cage with the hoop windings wound outside the Joint ragion.

11t should be:noted that the hoop and helical windings ure interspersed in the case

'_-ahd that the hoop layers terminate at the start of the shims. The intersperaioh~

of hoOp and helical wihdinga requires an extermal skirt attachment. A design

j6.1.2.2 SHRTATBACWI‘JOIM‘

6 1 2 2.1 Experience has indicated that under the influence of high lougitudlnll
atrain in the case and compressive strain in the skirt, & pure resin bond between

skirt and case is wisatisfactory, or at best unreliable. To circumvent this

problem, a concept was developed which uses & layer of elastomeric material betveeh

gkirt and case to reduce shear stresses and improve resliability. This Joint is

shown schematically in Figure 6.1.2-2. A free body representation of the effect

of both Skirt Compressiom and Case Qrowth on the Jjoint 1s shown on Figure 6.1.2-3.

An analysis of such a joint together with a discussion of ita fabrication probleis

is included in Reference (a.).

[Pl
T
g
-
]
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' Ca untial ctnngt.h of hhe cynndrial sectton is uuppuod by hoop rings vhich are

USE FOR TYPEWRITTEN MATERIAL OHLY .

SO TNUMBER " D2-125911 <1
G ar_v TR A

hOQp rm ‘llp lb&nln are preformed and preweﬂ vith all t&beu ortonted m ‘thn
‘, lonci.tudiml Mmuon, mm bmud the utsuf. lmga to form either or both |
o donn.b The dmes descr:lb.d by the M\nos connnt of only lcmgimdiml ribers, )
. huee. Qmm mtmrs wust deecrive a "no hoop lomd dome" vhich is dibcussed in

: grutq' deuu tn the " "poue mlyas.s" section or Reference (a.) . The cimumre-w .
" : ﬂtf.ed over t'.he assenbled noduln. Thege hoog rings also consist of precured md

o Premeed midircetioml d.bara.
f61311mn:aom (TYPEA)

.'_A rr

’nmlyou io‘baaically similar to that pregented for the segmented joint referenced

f6.1.3.0. 2ionum: JOINT (TEPE B)

|added in eoo.}\mét:lon with the steel laminates. When loading permits, the skirts

6 1"3 J. !he tvo buic elebhto of ﬂxo mduhr comopt m ‘the nodule and tho v

. e
.

| The tenuon 1ocd 1n t.he uodule is tmaterred 1ntc, steel “oil
which 18 4.M.am11.x wrappea vith the module. The foil in turn carries the lomd

into s bolted joint connecting the ldapter ring (Roference Pigure 6.1. 3-1)

in 6 l 2

This light veight clevis joint provides a unique design which climinatea ‘
bending ‘and. assures strain compatibility at the polar ring equal to that cerried
by the outer plate. | | ' '
6.1,3.1,3 PABRICATION PROBLEMS

Steel shests designed w éirry erinz loads in the Joini areas are

laminated betveen the glass. Any necessary reinforcesent or filler cloths are

are urapped as an integral part of » hoop rins ingtead of using the clastomeric
houd discussed in 6.1.2.2 1 (R-:‘:rmce ﬁc\u'e 6 1. 3-3) e following requirements
demand emm care m h-imhing the steel wit.h the module’
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M SR

TF.B'.‘ A moth trannit.ion 1n1wo t.he Joint. mhuinad to prevcnt |
. ‘: ’ ,bmm or winding matérial..‘ ~
) "c";‘ F’Pmm.'sone to a\urmtee that durina the cure cycle, tie gruter
: 4o¢erﬂcmt* or’ t.heml expansion of t.he foil 1a rccognized and )
| "mt utap; am f.ak,en w wtnim;lze t.he ditrerence. o
" D ,i“!'he foll shall be cluned and primed in order to provide o
bond capabla ox’ carrying large shea‘r loads. ‘
. . |
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6.2 . RECENT STATE OF THE ART DEVELOPMENTS IN THE SHIM Jc-°
s Building on earlier teéhﬁology, the nendix Corp. v cierod vootudy,
“': ) . .
.‘; the results of which are presented in this seection. It is comsicoicd *vpical of

similar efforts conducted by other sources and represents an advance in the state
of the art of Shim Joint Concept development. The information source is identi-
fied by reference b, together with related references a., and c¢. through

i. of paragraph 6.3.

6.2.1 ABSTRACT

This paper describes a shim joint concept that was developed to

improve the efficiency of joints for attaching to composite material structural

£ >
| % of the joint with thin metallic layers which permi&s empioyiﬁg a conventional
| g ghear pin Joint befween the composite members and a mating fitting. Design
f’ §~ parameters are defined and design data are established. Improved methods for
) % fabricati#g the reinforced tube ends and improved testing fixtures are developed.
g Anbadvanced optimization technique has been applied to the design of the shim
§ joints. Tt 1is shown that design parameters can be nptimized conveniently by the
w
5 structurai synthesls approach in determing the minimum weight contiguration., The
results ludicate that the shim jofnt‘concept’can be successfully applied to
composite members without prohibitive attachment weight penalties.
6.2,1.1 INfRODUCTION
It has been determined that structural tubes fabricated of composite
xnatefials would be lighter thap tubes made [rom mere conventional materials such
.as steel, aluminum, or titanium alloys. However, even thougit structural menmbers
can be made lighter with composite materials than with the wmore common :uptal
alloys, the welght of reinforcing composite tgte ends and joining them to c¢nd
- fittings will impose penaltics. As a result, the significant weight saving
5 . v
*

potential of composite materjals may tend to be offset somewhat by the weight

members. The shim joint concept reinforces the composite material in the region |
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peﬁaities iﬁposed by joining the tubes to end fittings, The design of efficient,
lightweight joints between composite tubes and end fittings is, therefore, a
necessary element in the develepment of composite structural coﬁponents and requires
formulation ef design criteria and analysis technigues.

The development of joints for composite material structural members

has been studied extensively by a number of investipators. Most of the previous

efforts have been confined to either bonded or mechanical joints. However, both
of these joint types possess inherent limitations.

This paper describes a shim jolnt concept which considerably reduces

theoe limitations and improves the efficiency of the joints. The basic geometry

& of the shim joint is presented in Figure 6.2.1-1. The shim layers arc of uniform ;

o
z
2 thickness and constant length in the longitudinal direction, The composite tube
«
& end is separated Into several lavers and bonded to the shim lavers by an adhesive,
M
o
«
S * A single circunferential row of conventicnal shear pins 1s used to transier loads
“ ors
i - - -~ . .
e = from the composite tube, through the shim layers, to the mating part.
i &
. &
wi
a Most of the information presented thereatter refers to fiber glass
-
;4 .
& composite tubes subjected to tensile load. llowever, this shall not be inter-

preted as the limitation of the shim joint concept.
The composite material used to establish design data consisted of
AF-9Y94 glass filament and Shell Chemical Company's 58-68R resin system. The

shiim material was AM=355 steel (ultimate tensile strength 200 ksi).
6.2.1.2 ANALYSIS OF ATTACHMENT AREA

Analysis of the configuration {n tigure 6.2.1-1 resulted in an
extensive list of potential design parameters. Most of the geometri: varfables
are detined in Flgure 6.2.1-1. A complete listing of geometcy variables s
presented below.

a = distance from pin row centerline to tube end

no(Di) = gutside (inside) tube diameter

DQ = outgide (inside) tube diameter in attachment area

j(nij)
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as follows:

op

D (Dtp>

t
8

W

» outslde (Insilda) pin diawmeter

- dla:nncevfrum pin vow centerline to back edge of shims
w total longth of reinforced attachment area (L8 + Lt)

= longth of reiunforeing ring

» longitudinal length of metallic shim layer (¢ + a)

» wall thickness transition zone

» number of filament layers in tube wall that do not extend
into the attachment area
= numbor of pins along the tube circumference

= number of metallic shim layers

= thickness of the adhesive layer joining the metallic shim
to the composite material

= thickness of composite layers which do not extend between
shimg

= thickness of composite layers between shims

= maximum thickness of the transition length circumferential

reinforeing rings
= thichness of metallic shim layers

= civcumferential distance between pin centerlines

And the material weight densities are denoted in the design procedure

density of the composite material

= density of the adhesive materlal

= density of the filler material

= dengity of the pin material

= dengity of the metallic shim naterial

Mechanical fasteners In shim reinforced composite materials produce

i

much the same failure mode as Iin metals. . The following analysié conglders those

potential failure modes resulting from axial temsion loads om the joint. Net

UD 4858 ' {84 $EV.8.-69
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area tenslle fallure, pin hole bearing failure, hoop tension failure) shear bearing

éear-out"faiiure, and pin shear failure can all be produced by variation of design

parameters. Failure can also occur due to excessive shear in the bend joint

Be;wﬂén ihe shim and the composite matefial, or by delamination of the fibrous
iéyers'in the tube wall thickness trausition length.

6.2.1.2.1 NET AREA TENSION

Joint failure may occur in tension along the pin row centerline if
the net tcnsién area becomes sufficiently small. The ultimate strength of the
net tension afea depends on the ductility of the metallic shim materlal when a
low elastic modulus composite is used. The composite material in the net tension
area can‘support high stress if the shim can be strained suffilciently. For this

reason, the combined steel and composite areas were utilized In calculating the |

net tension area stress (Ar)‘

D -D )
A = (W-D ) 0 i - 006N + N & (1)
t op : ¢ s'S
2
where W =1TDOj/Np. The ultinate tension load is given by: '
Pult = NpktuAtbtu (2)

where Ktu is the ultimate tensile efficiency factor and Ftu is the ultimate
tensile astrength of the metal.
The allowable tensile stress is a function of the nop/w ratio as in

lug strength study. Flat plate tests were conducted to determine tensile allow-

ables and results are presented in Paragraph 6.2.1.3 of this paper
6.2.1.2.2 PIN HOLE BEARING

Test results have indicated that bearing failure of shim reinforced

composites normally occurs as a result of shim buckling., Buckling etrength is a

function of individual shim thickness, ts, and the unsupported metal apab length,
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'Dop."The bearing allowables are presented in Paragraph 6.2.1.3 of this paper as

| a function ot the ratio Dop/te‘ The allowable pin hearing area and the ultimate

ks

 tension load are:

Abr - NstsDop (3)

Pult - prbrAbrFtu )
‘where Kbr is the bearing efficiency factor.

Since the failure mode is actually one of stability, the degree of
restraint due to clamping must also be considered in establishing allowables

for this failure wmode. A Joint which is tightly clamped by a threaded nut on the

pin will produce much higher bearing stresses than an identical joint which is

not clamped or restrained, Clamping of the flat plate tests were adjusted to
duplicate that expected in the compaosite tube attachﬁent.
6.2.1.2.3 HOOP TENSIGN

Hoop tension can occur when the pin row is placed too close to the
tube end.  For unidirectional composite plies, the tensile strength of the glass

epoxy system is quite low in the transverse directions, therefore, the composite

LSE FOR TYPERWRITTEN MATERIAL ONLY

material was not considered to be effective in transmitting hoop stress during the
establishment of ;llowables. Further testing would be required to establish
allowables for attachments which lncorporate plies oriented at an angle to the
member axis. The allowable is delined In terms of the shim material ultimate
tensile strength’anﬂ is a function of the a/Dop ratio. The hoop tension area
is glven by the following expression:
b
Mg = Botg @ -2 (5)

/

The ultimate load for the joint is

Pult B prhtAhtFtu | (6)

#ie
o
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whore'kht ié the hoop tensipn‘efficiency factor.’furthet'explainéd 1anatagtiph {

6,2.1.3,

6.2.1.2.4  SHEAR BEARTNG

. Past experience wifh lug design would indicate that shear bearing
‘failura‘could also occur Lf the pin row is placed too close to the end. There
wgré no Cieerly defined occurrences of aheaf‘bearing failure during the flat plate

teat saries of this study. 1t has been suggested that the tubular members may

more lateral constraints than the flat plate specimens. Only tubular test data
| can ascertaln this fact.

6.2.1.2.5 BOND
| . To design a bonded shim'joint for ultimate loading, it was necessary

to use average shear strength allowables from flat plate tests. The shim area

which was-éonsidgred to be effective in bond is shown in Figure 6.2.1-2 to be a

function of both a and L. An effective bond length ke’ was defined by dividing

the shade@ bond area by the width, W.

. A -
: W (L +a) - N a b + -
g = ¢ ) P ( op 8 “op (7)

W

The ultimate load for a shim joint 1s given by

Pult = ZNsAsPs (8)

wiere As = zew, and FS is the allowable shear stress, defined in terms of the

effective bond length ne.

6.2.1.2.6  WALL THICKNESS TRANSITION ZONL

From a weight standpoint, it is desirablec to make the transition

length hs'nhorn as-possible. As the transition length becomes ahotter,.howiver,

the radiai force component which tends to aéparate the fibrous layers (delaninate)

be more susceptible to shear bearing failures since the tubular geometry possesses

at the dbase of the transition length becomes greater. These radial forces create . ‘
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tingilo‘ucrnin concentrations at the initial 'separation point of adjacent layers
which must not exceed tha ultimate tunaile atrninvﬂbr the resin in thw compoaite.
The tensile strain at the separvation point can be eontfollnd by daaigning.circ
wrap reinforcement rings at both the luslde and outside diameters to vestrict

radlial movement, The trangition zone was analyzed by uslng a {inite eloment
nodel of boams and springs, The thickness ol the requlired relnforving ring is

L] N 2
t = nO PL (Pi)Ult (9)
r
f
4E Ya
where P1 g the radial force on the exterior layer, <pi)u1t is the allowable

radial force on the extérior layer and Ya the allowable radial displacement of
the exterior layer. Both (Pi)ult and Ya values may be established through
analytical~experimental studies (Reference b, pp. 88-99).
6;2.1.2.7 PIN SHEAR

The pins are loaded in double shear and the design requires slmply
that the cross-sectional area be large enougﬂ to ensure that the shear stresd

does not exceed the ultimate shear strength of the material. If hollow pins are

USE FOR TYPEWR: T TiH MAeTER AL CNLY

used, the ratio Dip/an must be low enough to ensure that the pins will not crush

or buckle. The ultimate load for the pinuned joint as governed by pin shear is

given hy:

= 2N A F
‘Pulc '“p\p}su (10

where Ap is the pin area, and Fsu the ultimate shearing strength of the pin
material.
6.2.1.3 ULAT ELATE TESTS

The f{lat plate test specimen (Figuré 6.2;l~4) was developed to
enable 1nexpans1ve'determtnation‘of.ultimate strength design allowables for the
various failure modes in a shim joint. Tﬁc presence of frée edggs on tﬁe siéés

of the flat plate configuration prevents exact sinmulation of the tubular Joint,

SHEET | 3
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The flat plate spocimen used in thias study 18 best descvibed by

PN

Figute 6. 2. 1~6. Five 0.02 inch steel shinm layers were used in each of the

ilfiat place upecimenta. ‘but the other materials were included in varying quantities

tetproduce failure modes which were of interest. The composite maCerial-was. .

3 ! cdmposed of 65 percenc 31ass, by volume, and 35 percent resin, The W dimension

HSE FOR TYPEWRITTEN MATERIAL OMLY |

-

1'1 was fixed at 1.0pinch. Also tests conducted during this study have included only

longitudinal fingts between the shims. Further testing will be required to deter-’
nine_denign allowables for shim joints in laminates having fibers oriented at an
nngle to the loading dlrection, -

o The speclmens were loaded by a pin’ through the shim joint ‘and by a
friction grip on. the opposite end The shim pack was clamped lightly during the

‘test to simulate the clampinb action expected from a metal fitting mating with

, the reinforced tube end. The speéimens were loaded to rupture to obtain
; ultimate Btrength design allowables.

16.2.1.3,1 NET AREA TENSION

The net area tension data is shown. in. Figure 6.2.1-5. The calculated

snreas values were divided by the ultimate tensile strength of the shim material
to form the net tension efficiency factor, Ktu' A mean allowable curve is shown
superimposed on the test data. The mean-allowable is defined in terms of

Dop(w by the expression:

Ky * 79.33 - (11)
143,75 - 100 D _ /W
op

which was used in the“net tension erea failure envelope in the design.

Data peints denoted as "lower bound" values arise from tests in

thichnfgilure,oqcur;ed either in a different mode, or 1a a combination of modes

fwhich included the one,nf‘intefent. 
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6.2.1.3.2  PIN BEARING

Figure 6.2.1-6 shows the flat plate pin bearing screngéh data plotted
versus the Dop/th ratio. The bearing ultimate stress vélues have been divided
by the ultimate tensile strength of the shim material to form the pin bearing
efficiency factor, Kbr' The curve was derived emperically and is defined oy

Kbr = 3.0 - 123.8 . (12)
107-D _/t
op' s

Equation 12 was used as tue pin bearing failure envalope in the optimum design
procedure.

Pin bearing failure 1s of special i{nterest because it is nmore ductile
than other failure modes. When structural members arc fabricated from brittle
materials such as fiber glass, it may be desirable to design the assembly such-
that initial failure occurs in the attachment by pin bearing to avoid catastrophic
failure of the assembly.
6.2.1.3.23 HOOP TENSION

The hoop tension test results are plotted in Figure 6.2.1-7 as a
function of the a/l)O ratio. Again a mean allowable curve has been derived to

fit the test data. The mean allowable curve is obtained by

g 3.173 (13)
nt

afl + 0.65
op

which was used as the hoop tension tailure envelope in the design procedure,

6.2.1.%.4 BOND
The cffective length of bond for flat pldtcs, :e’ was defined In

terms of both "£" and "a' by

J = { % . - = ‘ FA
Ly (« +a) -~ a Dov %_Dop (14)

Figure 6,2,1-8 shows the test data plotted versus the effective
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laength. The solid line curve represents the bbnd strength of the AF-11 (3M

Corporation) adhesive tape, and the dashed line curve shows the bond atrength

for the BR-1009-49 tack primer (dmerican Cyanimid Corporation). An algebraic

equation was derived to fit the AF-11ll shear strength, The curve is defined by -

,

5130

—————— (15)
g+ 1.95
a 4

where fS is the average adhesive shear stress.
The AF-111 adhesive tilm produces thicker adhesive layer than the
BR-1009-49 tack primer. It can be shown (Reference b, pp. 10-12, pp. 75-87) that

thicker adhesive layer does reduce the ghear stress concentration factor.

6.2.1.3.5 TRANSITION ZONE

Two flat plate speciments were tabricated without the excess trans-
versc fiber glass layer to study the delamination failure mode in the thickness
transition zone. The specimens did fail by delamination as expected, and the
data were used to establish allowable stress level in the circumferential,
reinforcing ring, design r~ re.
6.2.1.4 OPTIMUM DESIGN

A feasible design is one that behaves satilsfactorily undur the
specified conditions. In general, it is possible to find more than one feasible
shim joint design for a given composite tube. If one of the design features is
taken as the design objective, it is possible to find a feasible design which is

most favorable as judged by the design objective. In the present study, weight

was chosen as the design objective.

6.2.1.4.1 DESIGK CONSTRAINTS
A shim joint is considered feasible if it satisfies the following

design constraints:

1. Net section teusion:
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X 1(t:ubt;u 2 Pult (16)

2. Bearing

NpDopNstskbrFtu 2 Pult
3. Hoop tension

N a—.]; » -
P ( 2 Dop) Nstskhtrtu 3-Pult

4. Bond

+ F >
ﬂNS(Doj Dij)kels %P,

2
e s Dy Py

5, Circ reinforcing rifr
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6.,2,1.4.2 OBJECTIVE FUNCTION
To write the objective function, the weight of each joint component
is expressed in terms of the design variables:

1. Fiber glass composite:

2 2
m -
“ |z (Do Di ) L,

Nfg

U 4802 1434 0LV, 8-45




v “ K . A
N . . v . X v, L
. ", S 8y .
\ YA
5 "{

, . _ ' et JB ¥y

S B © ot v o NUMBER' Be12Bettey . ¥
" i BDEING courare _ REV LR A }l!f\‘g;‘.'f«i
\ R - . N i - lﬂ «"Ij

W oeNt |m o 1), --}Dz N | (23)

3. Circ wrap ring:

3 .
= 2 . = 24 |
W ["'(Do +D)) t.° tan z]w . (24)
4. Filler . Tl
=1 .
W, 7 (DOj + Dij) NL (e + 2 e ug (25)
%
5. Pin {] ; 1
wo=2p% |1 2R AT " Nete ?
% “op D J P 2
ip /
v I, '
+ Ns(ts + zta) + zp “ : (26) )

where Ep is the pin length required outside shim pack to connect the mating

fixture. . :
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As a structural member, the total length of the composite tube is

fixed. An increase in the joint length naturally causes a decrease in the uniform

section portion of the composite tube. Consequently, the incrcase of weight due

to longer joint length is partially compensated by a shorter basic tube section. :

Since the joint length is a design parameter, the total joint welght does not

reflect the additonal weight superimposed to the tube.

For this reason the shim joint objective function 1s defined as:

W =W, +W +W +W, +W
0 fg 8 r f p

) S .

which 1is the weight added to the structural member by the attachment.,

2 2. 0
-0 Lyee (27)
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6.2.14.3 OPTIMUM DESIGN
Now the design problem may be stated as!: to find the minimum of
equation 27 subjected to the condition of equations 1lb through 21. There are a

number of directly applicable mathematical methods for the solution of this

type problem. The method selected in this study was the steepest descent. The , ;
net attachment weight was taken as the objective function and the conditione

equations 16 to 21 were created as constraints, Then the objective function was

minimized under the constraints.

The method used 1s a descent routine. Starting with an initial |

solution, steps are taken towards new points at which the value of the objective

function 18 improved. The iteration process continues until a minimum is reached. 5
(Reference b, p. 95)

The procedure described above has been programmed in Fortran IV to

form a basic optimization routine. The routine has been successfully used for

numerous design problems. When applied to the design of shim joints, the input

consists of:
1. HNumber of design parameter, number of constraints.

2. Limit of interative cycles.

USE FOR TYFEWRITTEN MATERIAL ONLY

3. Initial step length.

4. Tolerance range for each constraint.

5. Applied load.

Tube geometry.

7. Mechanical properties of materials.
8. Design constraints.

9. 1Initial design parameters.

10, Optimal information.

If allowable stress is expressed as a function of design parameters,

it {8 convenient to incorporate allowable stress expressions in the program.

The program output consists of:

1. Design parameter.

A i
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2. Information concerning any violation of constrainté.

3, Direction of movement.

4. Weight of each shim joint component,

5. Value of the objective function.

The program was executed on an IBM 360/44 computer., Artificial
conétraints may be added to improve convergence. For example, the minimum
practical values of a, ts and t:r inay be treated as artificial constraints. For
silx design variables and eleven constraints (including artificial constraints
for convenience) the average running time was f{ive to six minutes. It was observed
that usually atter twenty-five iterations the variation of objective function was
in the order of one thousandth of a pound. It was also observed that different
sets of reasonable initial conditions all lead to practically identical objective
function and design parameters. For all practical purpose the objective functibn
obtained in twenty-five iterations may be taken as the minimum and the corres-~
ponding design parameters the optimum design.
0.2.1.4.4 EXAMPLE

The optimization procedure was used to design the tubular joint for
the final structural test of this program. The design allowable expressions ”
obtained from the flat plate data werc used in the constraint equations 16 through

21. The design was performed with the followirg parameters fixed:

D = 3.0 In. D, = 2.928 In.
0 i
Doj = 3,095 In. Dij » 2,.833 In.
Dup/Dip = 0.8
Ftu s 260 ksi FSU = 110 ksi

t = 0.009 In. t = 0.006 In.

a c

3
w= 0,074 Lb./In.
wy = 0,283 Lb./In.3 we = 0.040 Lb./In.3
SHFE! 473

US 202 1434 4 IV, a8
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With exception of Np (aumber of pins), the remnining design parametcrs were

allowed to vary i{n the optimization routine.

The routine does not handle discrete variables and it was impractical
to treat Np as a continuous variable. To determine the optimum number of pins,
‘the number of Np was varied in consecutive runs having otherwise identical input.

The resulting joint designs are shown in Table I. The table includes both, a)

the weight added to the basic tube by the reinforcement and pins(objective function)
and b) the total weight of the joint section. The pins were considered to be
hollow and made from 180 ksi ultimate tensile strength steel,

The objective function is plotted as a function of Np in Figure
6.2.1-9. As the plot indicates, the eleven pin configuration is clearly the
optimum one for the specified problem.
6.2.1.4.5 EFFICIENCY OF THE SHIM JOINT CONCEPT

A comparison can be made by studying a composite tube having shim
jolnts with tubes of other materials designed to meet the same loading requirement.
In Figure 6.2.1-10 the weights of constant strength tubes have been plotted

versus 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 compressive strengths of 5,00:1,900 fiver glass. Thin wall buckling and

column buckling are not considered. The fiber glass tube weights include 0.7

pound to reflect the weight added to both ends of the tube by the minimum weight

eleven pin attachment of the previous section.

Examination of Figure 6.2.1-10 reveals that for design governed by
tensile strength, fiber glass tubes are wore efficient than aluminum for tupe‘
length of 5.0 inches or larger and lighter than steel or titanium for tube lengths

exceeding 7.5 inches. If compressive strength governs the tube dusign, fiber
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glass is more efficient than aluminum for lengths greater than 6.5 inches, and
lighter than steel or titanium tube lengths exceeding 12.0 inches.

6.2.1.5 MATERTALS AND FABRICATION
Materials
The filament composite materials employed in this study consisted

of AF-994 glass filaments and Shell Chemical Company's 58-68R resin system.
The metal shim was made of AM-335 steel coll, eight inches wide,

0.02 inch thick, and o continuous length. The shim cleaning procedure employed

j was originally developed and reported in Refereunce e.

The bond between the corrosion resistant steel shiims and the filament
composite material was provided by a structural adhesive. Two types of adhesives
were evaluated. The first was BR-1009-49 tack primer as aupplied by the Amerlcan
Cyanimid Corpofation, and the second was AF-111 str.ctural adhesive fiber furnished
by the 3M Corporation. BR-1009-49 tack primer was utilized during the early phase
of the program. A primer coating of uniform thickness of approximately 0.005 inch

was obtained, and was oven cured for 60 minutes at 315°F. AF-11l1 structural film

was utilized during the later phase of the program. The adhesive film was appliad

to the steel shim and stored at 40°F until ready for use.
Holes were drilled through the fiber-resin-shim-composite to permit

insertion of shear pins. Carbide-tipped or full carbide drills were used. Holes
larger than 0.250 inch diameter can be drilled in successive steps of approximately
0.375 inch diameter increase per step. '
6.2.1.5.1 FLAT PLATE SPECIMENS

The flat plate filament composite specimens utilized in this program

were specially wound on a winding machine. The test specimena were wound over

twelve-inch by two-inch aluminum maudrels.

SHELT A8
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Guidae blocks were provided on one end of the mandrels to facilitate

locating the metal shims as they were wound into tha ends of the specimens. Two
specimens were wound aimultaneously by utilizing both sides of the mandrel. The

wrapped mandrels were then cured for four hours at 350°F. The specimens were

removed from the wmandrel by cutting the glars composite along the edges with a high

wpeod cutting disk. 7The sides and onds were trimmed with a hand saw and flat plate
disk mander.
(‘ o2 . l‘i s . : TUBLS

Open end cylinders were fabricated two at a time by winding a double

length cylinder and then cutting it Into two cylinders. The cylinders were wound

wver mandruels machined from salt block which was later removed by dissolving in hot %
; water,  Thin corrosion resistant steel shims, in the form of narrow circumferential E
g bands, were wound into the cylinders on each side of the planned cut which would é
w 1
‘§ separate the two cylinders. Subsequent to removal of the salt mandrel, a circum~ E
2 :
E ferentlal row of holes was drilled through the wall of each cylinder in the shim
%
z arcva tor later insertion of shear pins.
i o...1.0 STRUCTURAL TEST
(V]
W ]6.2.1.601  TEST FIXTURES

Ultimate strength testing of the filnal tubular joint design required

the fabrication of two separate test {ixtures. One fixture is a clevis-type

which mates with the reinforced attachment area of the tube to form the pin joint.
The fixture was fabricated in two pieces to avoid the expensive machining which
would he required by a monoli'hic assembly. The two pleces were held tightly

together by a nut durlng driiling of the pin holes. The nut was used te insure that : ‘

equal loads would be applied to the pins on the inside and outside diameter of the
tube.
The second test fixture (Reference b, pp 97-100) held the opposite

end of the tubular specimen which was reinforced only by four additional layers of

filament material. The fixture emploved a frictlon gripping teciinique. A schematic
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Figure 6.2.1-11: TENSION FLXTURE ASSEMBLY
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of the {ixture is shown in Figure 6.2.1-11.

6.2.1.6.2 TENSION TEST OF TUBULAR JOINT
A 3.0 inch outside diameter tube was tabricated with steel rainforcedend to test

the shim joint concept in a full scale structural member. The test specimen was
designed te fall in the attachment area since the program is oriented to refipe-
meﬁt of shim joint design technology. The basic tube was fabricated with a 5,0°:
1,90° wrap pattern to a wall thickness of 0.072 inches. The ultimateltensile load
for the tube was found to be 150 kips (Reference ¢, pp 2-19). Thevspecimen was
loaded in an Olsern Machine to an ultimate tension load of 135.5 kips. Fracture

occurred in the outer fiber glass layer at the edge of the outside shim. It is

felt that both the test fixtures and the shim joint did perform well.
6.2.1.6.3 COMPRESSION TEST OF TUBULAR JOINT

The tension clevis fixture and thie jacket of the friction grip fixture

was used to conduct the compression test. A cerrobend plug was cast to reinforce

the inside diameter of the nonreinforced tube end. The test specimen was identical
to the tension specimen. The ultimate compressive load for the tube was fouhd
to be about 51.0 kips. The attachment area suffered no discernible damage.

6.2.1.7 CONCLUSTIONS
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The following conclusions may be made:

1. Design parameters can be optimized conveniently by the structural
synthesis approach in determining the minimum weight configuration.

2 The shim joint concept can be successfully applied to composite.

menbers without prohibitive attachment weight penalties.
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7.0 JOINT CONSIOERATIONS FOR REDUCED SCALE MODEL VERICLES
7.1 The use of scale model replices for vehicle structural dynamice studies

can provide the designer with valuwble inforwation on proposed designs sarly in
their development cycle, Iy tnelr use, structural wodifleations and payload
changes can be avalusnted without expensive full-scale construction and te3ting,
particularly foi the large, complex vehicle.

This Sertion discusses the 1/l) scale structural replica of the Apollo/
Satumi V and 1s intended to provide Jesigiers with some insight to the comprouwises
which can dictate deviations {rom %~ue replica reproduction in the area of missile
Jolnts.

The decision %o provide a scaled-down replica of the prototype Jolnt,
or to sluoulate 1t by its dynaric and dampening eguivalant i1s Aistated by the
tollowing considerations:

&, Present fuabrleation preaciices and linltations.

b. Access rejuiremenis unigue to the model,

c. Assembly problems creatad v the size reiuction.

d. Requirement for equivalent dyanamic properties.

2., Fabrication properties of alternative alloys.

f. B3ize of scaled-down fastener components,

g. Economiec alteruatives of simulation vs scale duplication of the

Joint.
7.L.1 Structural Joints
7.1.2 The Jolnt illustration in Figuwre 7.1.2-1 is typical of a design vari-

ation required to perult assemwbly of the structural components. This Joiny depilcts
the S-IV-B arft-uvulkhesd-common-bulknead joint. In full scale (Figure 7.1.2«-13),
the fabrication is by rivets and wells. The 1,/1) scale model permits the final

closure to be effected externally. The bulkhead structure near the join® was
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7.1;2' (Continued)

locally modified by adding o relatively heavy adapter ring to which the bulkhead
waa riveted. This ring was then Holted to the skin {rom the outside anld a bead
of sealant ecompound applied at the lntersection of the agmion “ulkihead and the
LH, tank wall. The resultant joirt thevefore, is not a true representation of
the full-scale component.

T.1.3 An indicatlion of the degree to which the prototype 1s luplicated is
indicated by examination of the joints of Filgure 7.1.3«2 The location of the
Joints detailed in this ¥igure 13 shown on PMlgure T7.1l.3-1 by the lettered circles
on the lert slie of the model Irawing. The Joints of rigure 7.l.3«2 carry corre-
spondlng letter identifications.

Tele3el Tigure 7.1.3-2A 1z the Junctlon ¢f the §-IC Mu2l tank and the intertank
section. The fu2l-tank upper bulkhead, the fusl tank wwll, ani the ‘nierltanx
section are jJolned by & Y-ring assemvly. Thare acdists a deviaiion from replica
scallug in that one legz of the V-ring is abiacshel Uy a volted {flange Lc allow
access to the Ilnsertiank interlor areas. The iutertank -ring connection is an
uuzual Joint, wmade necessary by the ccmplex corrugate: intertank akin, aad con-
sists ol channeled ~nrips attoczhed alberanately to the inside and outside aurtaces
of the Y-vring iez :rom the corrugated intertank suriace.

A similar join® (Figure T.1l.2-0v) d1c used at the intersection of the
lower LOX taux-tulkheal-LOK-tank-well and Inbtertank strusture, Tuls jolnt, however
is closed by a weld rather thau oy the bolted fiange connectlon. At the !unction
of the S-I7 LOY¥ tanx upper culidead aud tank-wall- forward-sikirt interface sho.m
in Figuwre T.1.2-2¢c, & variation was utillized in She modlz2l structure. In order
to complete the flnal weld in the jJeolnt, the Y-ring was fabricated in two pleceas
and the shorter leg was spotwelded to the locally tulckened forward-skirt slidn.

The closur2 wan then effected by an ex+osrnal weld., The resultant hardware has the

Voo 4802 Y4%4 FEV,8.88
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, 7.1.3,1 (Continued)

sama basic dimensional properties as would have resulted from direct geumetric
scaling.

. Tel.3-C  The model Joints shown 1ln Figures T.l.3-2d and T.)l.3-2e are scaled dup-~
licates of prototype Joints with the exceptlon that the number of fasteners used -
in the modal is legs than the mumber reguired ontie prototype. The fasteners
however, are csized so that the total [astener area was a scals1 juantity. The
application of replica scaling tc tue jJoint of 7.1.7-24 was Juiged to be the

moat expedient approsch since considerable eugincering time would have uean re-
quirei to properly Jesign a more easily wanufactured counaciion with comparable
dynamic properties. Furthar, the scaling laws applicable to a Jolnt of this type
are not suftieclently desined %¢ permit evaluation of any alternate design, parti-
cularly the effect of the plnned-truss riug :rame oraces.

T.lo%-3  The remaining structural jolnts of Figures T7.1.,X=2L through 7.1.3-2L
are essentiall, scaled duplilcates of the ull-scale structure except Tor deviations

in »ing-frame and bulkhead constructlon dictatel oy fabricatlon time and cost

USE FOR TYPEWRITYEN MATERIAL ONLY

conslderations. The alternative lealgn appreach peruitted the use of manufactur:!.ngi
procadures which produced geometrically similar gtructural compinents with rewer
and less intricate machine trocesses, The resultant structures have the swune

gtructural Jdynamic properties as the more conpisx exact minlturivations of the

full scele struacture,

{2 Fabrication Prollsns

TelWl Other fabricution problems, not cliassified as design Jdeviations, inclule
machining procoesses, metal roruing proceiuces, machiing and cheniocal milliing

tolerances, fastening methwods, and welding techulgues. Vot only can the solutlon
of thaese provlems dictate the degree tc whicn s glven launch vehicliz can de repro-

£
?; duced to a spanifiel reduced scale, Lut they alsc can ve signi’l2ant ractors in

UY IR0D 14N SFV.A.8S




{*%9od) 2-€°1°L IuN0Id

2=£°1° L udeiPer=y
PuR T-L°T°. SITITI JoUa

«9 IxTor (3) ) «3 WrIcr (8) «d L300 tp)

NUMMER D2- 259 11 |

~

US @82 143 REV, /83

IEUYW NILURMIIAL OR — ONUNIESONYH OGNV ONIMYIA 304 ISn




e e T TR O S VU A U N B R oYMy PV .
A oy oA ; X T< PR SN [N - N
SRR . R X P‘“"‘ ) "-"

' o N A R ‘mﬂ , D‘i.»«\i%qvtv -t

(1) JOINT I#

—~- NO TYPEWRITTEN MATERIAL

#0-08 e

USE FOR DRAWING AND HANDPRINTING

(e

(J) JornT g (k) JOINT K (1) JOINT L*

#Ref Figure 7.1.3-1 and
Paragrapn 7.,1.3-3

FISURE 7.1.3-2 (Cont)

US @03 143 ARV, 8/08 © SHEETY \ 6 €




NUMBER DL LG a ) =
A ] “"”ﬂ ¢ VIR A Y REV LTR ;\

7.0.1 (Consinued)

" entablishing the sconomic feasidility of aoquiring a dynamic model auch as the
1/10 scale Apo'lo/8aturn V. If the resulting fabrication limitations are practi-
cal, it may be possible to Auplicate the full-scale structure at a predatermined
reducud size at leas cost than would be needed to aimulate the structure by em-
ploying corresponding expensive engineering time.

A factor found to bLe Leneficial for fabricating the model Joints included
methods employed to mmke the required assembly attachments. Thae full-scale
Jolints were fabricated with appropriate weldments, bolts, nuts and rivets.
Obvioualy the componsnty of the smaller model must bLe assambled by other methods

/ becauss of the (mpracticabllity of the reduced acale atiachment hardware. There

; must be a compromise Loth In type and the oumber of simulated fagteners. Also,
g it ia generully accepted that whenevur an effort is made to approximate the

f structural dynamic propertias of a complex structure, the detail design of the
§ Juints and attachment hardvare should be conservetive with a resulting excess-
:\ ively stif! componaul ~'nece any effort to scale directly the eize and number of
% bolts and riveta would be impractical both {rom a manufacturing and assembly

viewvpolint.

In addition, although .t {s true that thaw can be some conservative dis-
tortion of the Jjoint etlfi'ness properties, there can be little hope of achieving
any degree of shéﬁisn in reproducing desired damping characteristica when rivets
and bolts are replaced Ly spot welds. QGunerally, bolted Joints ran Le repre-
aented by using convienient, commercial'y avallable fastaners, such as 0-80
acruws, B leyser number of Casteners belng veed, the number of which is determined
from the correctly aculed faatener area. This deslgr approximstes the proper

stirfness and Jdampiuog.
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' 1.3 Conclusiona

7.3.1 Replica scaling of the mai: load carrying structumal joints, yhiéh
together vith other structural ccaponentg necessitated an extension of the
state-of-the-art in fabrication techniques, was employed and resulted in & model &
which duplicates the full-scale structure to a high degree. Extreme full scale
design detalls, such as Joint reproduction, were duplicated in the febdrication
of the 1/10 scale model.

A careful esnalysls of the prototype structural details was required
to ascertain the practical and economic feasivility ot duplicating componant
hardware to the chosen scale factor. Where model Joint design dictated sizes
too small to be duplicated, an acceptable design required that only the correct
maas and stiffneass distrivutions be retalned in the model. Some Joints could
not be adequately defined by the most rigorous presente-day dimensional analysis
and therefore were built mg acaled duplicates of the full scale members. If
the joints were of secondary importance fvom a dynamic viewpoint, they were a

scaléd replica because they required lesa expenditure of effort with duplicate

USE FOR YYPEWRITTEN MATERIAL ONLY

fabrication than with dynamic simulstion. All substitutions were carefully
considered, however, lest their inclusicn degrade the usefulness of the total
structure through either introduction of misleading response data or the
guppression of critical responses.

With proper care in the selection of the scale factor and methods of
manufacture and with judicious evaluation of deviations from direct scaled dup-
lication, the replica models are considered technically and economically feasible
for studies of the structural! dynamic characteristics of large complex vehicles.

Ao in-depth description of the project is available in Referenco _jL_,

frow waich She icforwation presented herwin wes i<rived.
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8.0 DOCUMENT CPTION FOR FUTURE WORK
8.1 Originally planned as & ooe year effort, the joint study vas reduced by

six months due to budgetery and manpover requirements. While it is recognized
that a great deal more information might be included in this document, it 1s felt
that in ito present fors it provides a useful tool to the deasigner faced with the
problen of missile or space vehicle joint dexign.

Should a decision bhe forecoming to continue the effort, the immediate
direction taken will be to investigate racewvay and other non-structural joints.
Follow-on effort will be a report on the latest state-of-the-art in joint dosign
concepts, misgile carrier interface joints, joint lastener hardware, plumbing and
electrical joint interfaces and recemt advances in materials and process technology

a8 applled to migsile joints.
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