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ABSTRACT

This report is aimed at defining fastening processes and techniques that are
not widely used in ship construction today in terms of their applicability snd
potentisl for improving cost, construction, reliability, and maintenance of hull
structures and attachments. The study includes similar and dissimilar metal-to-metal
and met.al-to-nonmetsl joints, a generic fsstener matrix of typicsl fasteners,
fastener installation equipment and processes, proposed applications of explosion-
bonded materisls , and cost comparisons of vs,rious fabrication techniques. Fusion
welding, diffusion bonding, friction welding, snd adhesive bondirig are discussed.
Several fastener stsndsrds and vendor proprietary fasteners are included as figures.
Extractions from Seeing Design Manual sections on mechanical fastening and adhesive
bonding are included as reference attachments. Fastening systems and techniques that
merit further study or verification are identified.
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I. INTRODUCTION

IA. BACKGROUND

There are many differences and similarities between conventional ship and air-
frame assembly methods. These differences range from the obvious to the very subtle
and are related to the particular fabrication techniques and the design philosophy
of the structures.

In both industry situations, customer/user performance criteria within the
context of regulatory agency requirements influence the direction tsken by the
designer and builder in producing a vehicle to satisfy customer needs for a price.

The aerospace industry has been challenged to extend its capability in many
areas. Premiums attached to weight of airframes resulted in the introduction of
honeycomb construct ion and adhesive bonding. Several other joining processes
received impetus. These include plasma and electron beam welding, diffusion bonding,
smd mechanical fastening.

Parallel with the above activity, the jet commercial transport csme of age.
This growth in the commerci nl market provided the opportunisty to develop new pro-
cesses offering cost-effective returns. The quest for increased customer acceptance

emerged in one form as extended-ii fe airframe warranties (fatigue-rated structure).

These factors centributed to the utilization of a full complement of material
forms (sheet, plate, extrusions, castings, forgings, weldments ); materials

(aluminum, steels, titanium, nickel msgnesium, glass-reinforced plastics, etc. );
alloys within a basic metal fsmily; snd heat-treat tempers to their best advantage.
As a result, a delivered aircraft represents a conglomeration of materials and
material conditions, each of which msy require a unique joining method. Outfitted
ships represent a similar conglomeration of materisls smd joining methods. The net
result is a full complement of joining methods ranging from diffusion bonding,
fusion and resistance welding, adhesive bonding, and a wide variety of mechanical
fasteners. This area of joining becomes extremely significant and is the basic
subject of this report.

The principal method of airframe structural joining is mechanical fastening.
These fasteners range in size from 3/32-inch diameter, for riveting of floating nut
plates, to high-strength alloy steel and titanium bolts of 2-inch dismeter. Struc-
turally rated blind rivets, fsmilies of vendor proprietary interference fit
fastener systems, and several classes of riveting make up the process inventory.
These include fsstener types and installation processing criteria for fluid-tight
fasteners classified for use in integral fuel tank structures. Another classifica-
tion of fasteners is available for fatigue-rated fluid-tight applications. Some of
the principal considerations for fastening of airfrsme include low fabrication cost
and capite?lequipment requirements, proven reliability, repairability/panel
replaceability, fail-safe design philosophy, and fatigue considerations. End itcm
inspectability is also a pertinent consideration.
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Portable tools and mechanized equipment (including multiaxis numerically

controlled pnnel riveters) have been developed to install the various types of
faa.teners.

Unlike aircraft, the qtisntities of ships constructed on a particular produc-
tion run are relatively few in number. The extensive use of hard tooling and
jigging is not warranted in the assembly stages due to the high costs involved.
However, production snd modular assembly concepts developed in the shipbuilding
industry have been adopted for widespread use in the airplane industry. These
include the use of full-scale lofting, free-floating jigs (one degree of freedom)
common to both industries and construction by compartments or sections.

The interest of the government snd the civilism sector in fast-ship concepts,
such as the hydrofoil snd surface-effect ships, has led to the need for new fasten-
ing or joining techniques. Some of the newer techniques already being investigated
in the shipbuilding industry (such as bimetallic joinings ) are documented in this

report, along with fSStening Systsms that have in the past been used parinuu’ily in
the aircraft industry.

IB . SCOPE

On the basis of prior screening, a selection was msde of specific types of
attachments to be studied in greater detail. These include: Several aspects of

equipment snd systems installation and joints between dissimilar materisls (metsls
and nonmetals combinations ). Both of these were studied for:

a) Fabrication cost snd practicality

b ) Maintenance requirements and savings

c) Corrosion and fracture characteristies

d) Inspection requirements

e ) Weight

f) Fatigue capabilities

g) Comparison with other methods

h ) Reliability

The following joining problems were studied with respect to the above
criteria:

a) The use of bimetal strips or fillers produced by diffusion bonding,
roll bonding, or explosive bonding for conventional welding of
dissimilar metals

b ) Use of flanged, formed bead structure for dissimilar metsls explo-
sively bonded in place



c)

d)

e)

f)

13)

h)

i)

J)

k)

1)
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Use of friction welding for dissimilar metal stud welding

Use of explosive or diffusion bonding to produce dissimilar metal
sleeves for melt-through joining with portable, automatic tube welders

Use of explosive bonding to jacket foreign metal structures for pre-
vention of underwater electrolysis

Use of special edge members and shock-absorbing sleeves for attachment
of nonmetals

Bulkhead penetrations

Mechanical fastening for structural and nonstructural joints

Adhesive bonding of similar and dissimilar metal joints

Hole preparation

Coldworking holes for increased fatigue strength

Fluid-t ight flush fasteners for hydrodynsmi c environments .

As this study is conceptual in nature, no hardware has been fabricated.
Individual applications of proposed techniques will require evaluation on their
own merits.

r
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11. INVESTIGATION AND ANALYSIS

11A. IDENTIFICATION OF PROBLJ?M AREAS FOR STUDY

This part of the progrsm involved research of available data from several
sources, including the Defense Documentation Center, local and company libraries,
reports made available to Boeing from the Ship Structure Committee, ad visits to
vessels under construction snd in service. These visits provided first-hsnd
information as to use-experience problams associated with ship structure, and, in
addition, served to familiarize the authors in the language of the industry.

Based on initial discussions with the adviso~ group and subsequent consulta-
tions and reviews, it wns determined that connections snd attachments made below a
ship’s waterline would be internal connections only and that nothing should pene-
trate the outer hull. However, above the waterline, where connections and attach-
ments other than welding have been proven economical and safe, such information is
in the recoxmnendations centained in this report.

Welding of conventional steel ship structure is discussed briefly in this

study because it is based on well-established processing knnwledge. Bnphasis was
placed on identifying fabrication problems in steel and aluminum structure, systems
attachments, and what is generslly known as outfitting.

Based on service experience nnd histoqf, it has been determined that one of
the major problems encountered in the fabrication of aluminum structure is that of
galvanic incompatibilities caused by the coupling of dissimilar metals in the
presence of a sea-water electrolyte. The galvanic-corrosion problem msnifests itself
in many areas during initial construction and while the vessel is in subsequent use.
The areas where galvanic corrosion cs.mbe located and identified range from the
attachment of the deckhouse to hull structure and of equipment foundations to
structure. The major emphasis of this problem is to identify these areas and to

swgest =J-ternative fabrication or attachment methods. Table 1 identifies areas
pertinent to the scope of this input aud includes a brief summary of proposed
alternatives. Discussion in the remarks column is sometimes brief because of space
limitations. Additional discussion msy be found in the sections of this report
referenced in the remarks column.

IIB. GENERIC FASTENER MATRIX

Mechanic.sl fasteners are produced commercially in a wide variety of sizes,
shapes, alloys, protective finishes, and heat treatments. Their respective instal-
lation requirements vsry from squeeze,deformation to interference fits. The
current fastener inventory can satisfy a multitude of requirements, both structural
and nonstructural. These applications include fluid-t ight and fatigue-rated
joints, riveted lap joints in thin structure, and attachment of systems and
equipment.

The generic fastener matrix (Table 2 ) lists a number of different families of
fasteners used in the aircraft industry that have potential for application in
fabrication of ship structure. With few exceptions, these are government-approved
standsrd parts. In fact, several of these fasteners are already being used in
specinlized applications in the shipbuilding industry.
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TABLE 2

GENERIC FASTENER AND APPLICATIONS MATRIX

Generic name 1 Identification I Alloys I Characteristics and suggested applications
I 1-—

solid-shank structural rivet (see Appendix H 17.611)

Clush head MS20426 5056 AR Characteristics
BACR15DY A-286 Primarily shear rated
MS20427M Monel Available with protective coatings
BACR15EE Ti-6AlL4V Fluid.tight processes available

Jniversal head MS20470 5056 Al
Fatigue rated

BACR15DX A.286 Applications
MS20615M Monel 8elow waterline applications
BACR15EW Titanium Thin~age applications

alloys Thin sheet lap and butt joints

S.1ug BACR158D 5056 Al
Structural shear and tension joints
Fluid-tight assemblies and bulkheads

Index head BACR15FH 2117 AI Handdriven installations
2024.T351 Machine or yoke squeeze imtallatiom

Electromagnetic riveting

Strut tural blind fastener s (see fig. 2)

Protruding head NAS1398C A.286 Characteristic!
NAS1398NW Monel High strength
NAS1398B 5056 Al Available with protective coatings
BB678 CRES Labor saving installations
BB352 cREs/6061 Shear and tensile rated

Flush head NAS1399B 5056 Al Locked stem–hold filling and non.hole-filling

NAS1399C A.286
Fluid tight with sealant

NAS1399MW Monel Applications
BB677 CRES Limited. access areas
BB351 CRES Thin sheet and sandwich construction
B B449 A-286 Bracketry attachments

6067 Al Temporary repairs
Closeout panel attachment

Nonstructural bli nd fasteners (see AP pendix H 17,613)

Protruding head MS20602 5056 Al Characteristics
NAS1738 5056 Al Low strength
NAS173B Monel Locked stem–hole filling and non-hole-filling

Flush head MS20603 5056 Al
Hollow shank

MS20605 Monel Applications
NAS1739 5056 Al Nonstructural attachments
NAS1739 Monel Nutplates

Name plates

BI ind nuts (see table 3)

Protruding head BN540 CRES Characteristics
BN549 A-286 Structural rated

Flush head BN360 CRES
Fluid tight

BN555 A-286
Flush and protruding head

BN562 Ti-6Al-6V-2Sn Labor savings

BN158 5056 Al Applications

Three-piece system BNB1108 A.286 High-temperature applications

BNB1109 A-286
Fuel and fluid tanks

BNB111O A-286 Structural and bracketry attachments

BNBII1l Ti-6Al-6V-2Sn Systems attachments
Honeycomb sandwich panel attachments
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TABLE 2

CONCLUDED

Structural threaded fasteners (see figs 6 and 7)

Protruding head BIJS1 634 Steel al)oy Characteristics

8US1734 CRES High strength

BUS1936 Steel alloy Fluid tight (with seal nuts or sealant)

Flush head BUS1434 Steel alloy
Tensile and shear rated

BUS1535 CRES
Predetermined torque without torque wrench

BUS1836 Steel alloy
Various protective coatings and finishes
Removable for repair and modification

Six wing Swl 050 4140 Applications

SW1055 A-286 High-temperature ap~lications

SW2060 H-n 270ksi Fitwp bolts for joi”i”g assemblies

SW2262 H.11 230ksi Above and below waterline applications

SW2565 Ti-6A14V Deck machinery attachment

SW2855 Ti.6Al-6V-2Sn

Structural Iockbolts (see Appendix H 17.634)

Flush head BACB30GQ Aluminum Characteristics
alloy Shear and tension rated

NAS1436.42 Steel alloy Fatigue rated
NAS 1456.62 Titanium alloy, Fluid. tight”bolts a“d collars available

CR ES Various protective coatings and finishes

Protruding head BACB30GP Aluminum High-temperature a”d corrosion resistant

alloy Weight savings

NAS1446-52 Steel alloy Labor saving

NAS1 465.72 Titanium Applications
alloy Limited-access applications

8ACB30DX A CRES Panel lap or butt ioints

Stump type NAS1414/1422 403718740 Bracketry and equipment support attachments

NAS142411434 Optional
Fluid-tight joints

NAS2060V/ Ti.6Al-4V
2712v

Quick releas e fasteners (see Ap pe.dix H 17,634)

Protruding head 8ACS21 Y Steel alloy Applications
CRES Eq”iprnem covers

Flush head BACS21X Steel alloy Access panels

CRES
Tension loads to 17001b
Shear loads to 3580 lb

Note: Seetext forgeneral discussio" a"dcited enclosures and figures foradditio"al details.
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Before some of these fasteners can be used for broad applications by the
designer or naval architect , it is essential that design parameters or engineering
allowable be established for each fastener system. A wealth of data exists within
the shipbuilding and aerospace industry on the various physical snd chemical
properties of these fasteners. This information is usually a part of the individual

fastener standard and is usable at “Par” in any industry.

This degree of transferability does not always apply in the csse of product
applications. These application criteria are often called design allowable,
design parameters, or design standards. They are defined as the complex body of
information that delineates the limits within which a structure can be designed.
They often include the maximum safe stress levels for a desired environment for
fasteners; allowances for structural mismatch at the time of joining; allowances
for fitup stresses; corrosion allowances; fatigue considerations; etc. In sophisti-
cated structural systems, such as large commercial ships and aircraft, they vary
widely as a function of the intended performance envelope and useful life of the
particular vehicle.

Specifically, these involve:

a) A full range of fastener sizes, lengths, and materials

b ) Various types of joints

1 ) Single lap

2 ) Double lap

3) Butt

4 ) Fluid tight

5 ) High load transfer

c) Various applied loads

1 ) Direction

2 ) Msgnitude

3 ) Frequency

d) Environment

1 ) Then!ml. considerations
,

2 ) Corrosion-prevention requirements

3) Material compatibility

4 ) Material properties

e ) Structural life requirements

1 ) Stress limitation, corrosion
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2 ) Fatigue limits

3) Stress concentration factor

f) Structural maintainability and repairabilityy

1) ‘Toolingrequired for installation

2 ) Tooling required for maintenance

3) Accessibility after assembly

g) Safety margin and fail-safe requirements

h) Hole tolerances

1) Fastener fit

2 ) Fastener installation

3) Fsstener repair/replacement.

For nonstructural attachments and joints, not all of the above considerations
would come into play. These are included and referenced primarily to structural
,jointsas would be found in hull-plate-to-stiffener or bulkhead-to-framing joints.

This body of information has been developed in the aircraft industry over a
period of several years, It is in the form of design manuels, process specifica-
tions, and manufacturing manuals. ‘l’hisinformation is subject to varying degrees of
tramsferability to the design of ship structure for reasons previously delineated.

The problem encountered in transferring design allowable from one industry
to another are typified by the following: Whereas the allowable for coldworking of
fastener holes in 2000- and TOOO-series aluminum alloys would be directly trans-
ferable, the .sUowables for coldworking holes in 2j’O-300ksi steel would not be
usable for the weldable alloys usually used for ship structure. It would be neces-
sary to conduct a series of fatigue and corrosion tests before coldworking Of holes
in low-strength steel could be used. Obviously, in situations where the ssme
alloys, loading parameters, and semi ce environments are involved, the allowable are
directly transferrable.

IIc. l.fi!CHAJiICALFASTENING AND HOLE PREPARATION

Mechanical fasteners have been with us since the enrliest days of shipbuilding
and can be expected to be with us in the foreseeable future. Most of the implementa-
tion of advanced Joining techniques in,the fabrication of current airframe
structures has been in the category of detail part and subassembly manufacture.
These new processes offer significant advnntages; however, they often require more
stringent in-process centrol, new equipment, and facilities and are more efficient
for shop environments in contrast to field application.

As other subassembly fastening systems (such as bonding) gain wider accept-
snce, mechmical fasteners will still have many applications in final assembly
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joining and attachment of equipment and systems. Mechanical fastening is cost
effective, can usually be performea with low-cost assembly tools, and is forgiving
of tolerence accumulation between sections to be joined.

At one time, spot welding of skins to stiffeners was widely used in the air-
craft industry. As reliabilityy, performance, repairabilityy, and service life
requirements become more stringent, it was determined to be more effective to
change to riveted and/or bolted structure. It appears that, some day in the future,
the airframe will be bonded.

Mech8aical fasteners have undergone a continuous evolution to keep pace with
changing requirements. In fact, there is such a wide assortment of fastener types
and designs available that care must be exercised to avoid the proliferation that
comes from using a variety of fasteners for duplicate applications.

The Boeing Company is currently undergoing standards revisions to eliminate
much of the fastener proliferation that has occurred. Fasteners that are no longer
recommended for future design or current maintenance are being removed from
inventory.

The Chrysler Corporation has recently reduced the number of different fasteners
in its inventory fmnn 3500 to the use of only 50 options. An internally generated
fastener nm.nua.lfor designers consists of three main sections: general guidelines
for fastener selection; a listing of preferred structural fasteners; and a listing
of preferred nonstructural fasteners (Reference (1)~. Metrification is auother
factor that should not be ignored in activities relating to the standardization of
faxteners.

Methods that could be employed to control proliferation are (1) design
stcndcrds, (2) central control of purchasing of fasteners, (3) controlled increments
of grip length and diameter, (b) use of standard sizes, (5) use of coarse threads
for fasteners over l/4-inch diameter and fine threads for smaller diemeters, and
(6) stcndar~ze fasteners to one alloy for each application.

Mechanical.fastening systems, per se, have as many potential applications as
there are fastener types.

FASTENER STANDARDS

Standards describing fastener types and their properties include: Military Spec-
ifications (MS), Society of Automotive Engineers (SAE), National Aerospace Standards
(NAR), and Amy/Navy Standards (AN). In addition to these standards, there are indi-
vidual company standards and specifications, such as the Seeing BAC standards cnd
proprietary fasteners of various manufacturers. Several excmples of these standards
are shown in Figures 1, 2, and 3.

.
The A.swmbly Directory and Handbook, published yearly by Hitchcock Printing Co.,

Wheaton, 111., is a specifications guide and technical reference that is of invaluable
assistance to design and assembly personnel. It contains lists of standards and pro-
ducts available from absorbers to zippers. Complete sections on fastener stmdards and
specifications (NAS, MS, AN, etc.) are printed as are manufacturer ncmes (Reference (2)).
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Another magazine published biweekly by Penton Publication, Cleveland, Ohio, is
the Machine Design Magazine. This journal features periodic reference issues devoted
to fsstening and joining and several other specific fields end .sreaeof application.
The reference iesue reviswed for thie report centsins articles and technical litera-
ture on products ranging from screws, bolts, and studs to special-purpose f.seteners
such as epring clips and eelf-eealing fasteners.

FASTENERS : TYPES , APPLICATIONS, ANB INSTALLATIONS

Fatigue-rated structural fasteners are available with straight and tapered
shanks, flush and protruding heads, many alloye ranging from aluminum to titanium,
and with several typee of corrosion-preventive coatings or electrodepositione that
can be applied to provide a fluid-tight condition.

Installation conditions include: Interference fite, net fits, clearance fits, .
and taper hole/ehank interference fits. Holes cnn be precision drilled and reamed
or broached, then coldworked to increase fatigue resiet ante.

Fasteners can be installed by squeeze operation, pull or push operation, or

slip-fitted into a hole. Fastener retention ie maintained by a torqued nut, a
swaged collar, or by deforming the fastener.

Installation processes vary from fastener to fastener, depending on the appli-
cation and stress limitation. Drilling equipment required to produce holes varies
in price depending upon the size and quality of the hole required. For example, the
Omark-Winslow SS-2 drilling unit averages $1,500 per unit (Figure 4). This drilling
unit has very cloee tolerance and depth stop capabilities, and ite use is intended
whers lees sophisticated unite are not adequate. ‘l%eyalso manufacture lsrge-
cpacity hydraulic drill motors.

Fastener installations are normally one- or two-man operations. The installa-
tion of titanium RivSdts in the 747 spar is ehown in Figure 5. The C-yoke is
semiportable and requiree a spring balsnce for handling; howevsr, smaller units are
available. Equipment coste are generally low. Maintenance and repair are also low.

A matrix of typical fasteners is included with this report (Table 2). It is
intended to serve as a guide in selecting fasteners for application in various
structural and nonstructural assemblies. A few examples are discuseed in the follow-
ing paragraphs.

BUS Fasteners. The Hi-Shear Corporation began marketing a proprietary family
of marine fasteners during the 196os. The BUS Hi-Imk fastener (Figure 6 ) is a two-
piece, high-strength, torque-controlled, threaded structural fastener deeigned
specifically for naval and conmiercialchip construction. The BUS Hi-Lok consists of
a high-strength marine-type bolt; a high-clamping nut with a wrenching hex torque-
off feature for torque control; and matching lightweight, air-driven, installation
tooling with Si-kk adaptere designed for minimal clearances. Thie eystem is
designed to provida hole-sealing capability. The mamuf acturer claims the BUS Hi-Lnk
system exceeds the vibration requirement of Mil-Std-16’f and the strength requirement
of Mil-B-234~0. The Hi-Shear Corporation offers a marine faetener syetem booklet
that centsins thie information.
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Six-Wing Fasteners. The six-wing fastener system is slso available for high-

tensile strength applications (Figure T). These fasteners have a unique protruding
torque head and are available for tensile or shear applications as well as high
temperatures. The six-wing series is available in several alloys with tensile
strengths from 160,000 to 240,000 psi. This fastener is designed for joints

requiring high clsmp forces, high tensile strength, and fatigue resistance. The
attachment of machinery to the deck or the engine to the engine support mounts sre
exemples of potentisl uses. The unique wrenching feature facilitates bolt removal.

vhen replacement or repairs me necesssry.

Blind Fasteners. Several proprietary systems of blind fasteners emd blind
nuts are avsilable from several sources (Tables 3, 4, and 5). These me available
in flush snd protruding heads as well as various slloys and heat treatments (see
mstrix). The distinguishing features of each fastener vsry and depend on design or
intended application.

Tables 3, 4, snd 5 indicate representative fasteners ~d are nOt included as
single sources or types. As am exsmple, the Voi-Shan Visu-Lok is available in cor-
rosion-rssistsnt steel, a flush-head configuration, snd can be used for psnel
closeout.

I.ockbolts. In addition to the fastener systems mentioned, there are several

lockbolt systems available for consideration. Iockbolts come in various configura-
tions, such as flush snd protruding heads, several alloys ranging from aluminum to
titanium, various protective finishes, and are used for structural joints in ten-
sion and shear applications. Past naval applications have included use of steel

protruding-head lockbolts for attachment of the deckhouse to the deck via a lap
joint formed by the deckhouse sad steel deck coming. The manufacture of aircraft
requires the installation of lockbolts in many sreas. Structural applications
include attachment of window snd hatch reinforcing doublers smd stiffeners in the
body sections. Primary structural applications include installation of the wedgehead
lockbolt on the aerodynamic surfaces of the wing to mske the wing skin/stringer
joint and for high-shear load-trsnsfer joints or skin splices.

Rivets. Rivets sre avsilable in a variety of alloys, heat treats, coatings,
and head configurations, a few of which are shown in Appendix H. Those listed in the
mstrix are fatigue rated and fluid-tight rated for structural applications. Rivets
cam be instslled in thin sheets (less than 1/8 inch) and thick lap or splice joints;
do not require tight hole tolerances; snd are easily instslled by hand-driving,
machine-riveting, electromagnetic-riveting, and portable squeeze-riveting processes.
Rivets cam be instslled in plain holes for interior structurs.1 applications or into
countersunk holes for exterior, below-the-waterline, structural applications.
Squeeze operations sre generally throat limited, depending on application. Riveting
the longitudinsl freming on mdular units s.ndhull plates would minimize distortion
of the structure caused by centinuous sesm welding. Splice-butt joints, similar to
those in aircraft wing structure, could be applied to primary hull structure
(Figure 8). An exsmple of hsnd riveting is shown in Figure 9 end of numerically
controlled (N/C) machine riveting in Figure 10.

Modularized or “jumboized” structure could be mechanically fastened with
fatigue-rated fssteners in preassembled units. Attachment of internal structure and
ribbing could be facilitated by portable rivet-squeeze units, thus eliminating the
need for welding “all sround” in sluminum structure.
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1

TABLE 3
BLIND NUT SELECTION CHART–COUNTERSUNK HEAD TYPEa

-L
F- I-l i I I 2+.1,,

“,,,

-i,.
“.-,.

aReprintad from Hi-Shear Blind Nuts and Blind Bolts cata(q
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TABLE 4

BLIND NUT SELECTION CHART–PROTRUDING HEAD TYPEa

.

LMATERIALSANDFINISHES UGGESTED
IAXtMUM
tMPERATURi
OR USE-F.

453.

4SCP

WI,

-v TOOLING
SLEEVE EXPANDER ,? TOOLING r TOOLING

431 S.s.
CAoufw Pun

3s+ s.!

SM s%..
UD141UW PLATE

Bw40

4s1 S.s.
CAOMIUM PLATE

BM3SWB BNSWB

Bmso
SN358
W519LSI

30$Ss,
SAN08Lb5T

a3I S.s.
CAOUIUUPLATE

BN533G
d I S.s.

SILVER PLATE
SM Ss. 4s0.

W@ 8NS56G
m S.s
SANDBLAST

al S3.
SILVER PLATE SISL7W4

A-286ALLOY
SOLIDFILM
LUBRICANT

x+ Ss,
SAN08 LAST 1NS41

ys523
A-286 ALLO”

SOLIO FILM
LUWIICANT

347 S.S.
SAND8MS1

A-186 ALLOY
UNOBLAS7

A-288 AL W“

SILVER FuTE 1M5A8

a Reprinted from Hi-Shear Blind Nuts and Blind Bolts catalog.
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WI-SHAN VISU-LOK BLIND FASTENER
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FIG. 8 - MING SPLICE JOI”NT

FIG. 9 - HAND RIVETING 727 SPAR

FIG. 10 - RIVETING STRINGERS TO 747 UPPER WING
PANEL ON GEMCOR DRIVEMATIC RIVETING MACHINES
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Nitinol. The Navy-developed Nitinol alloy offers promise as a riveting mate-
riel. Composed of nickel, titanium, iron, and cobclt in various percentages, Nitinol
can be formed to a configuration, chilled, cnd reformed to allow easy installation.
Upon warming, the Nitinol assumes its original formed configuration. Nitinol is
currently being used cnmmercic.llyin tubing fittings and blind fasteners. Grumman
Aircraft is conducting an evaluation progrcm on Nitinol fcsteners (Reference (3)).

Drilling l?quipment. Rivet installation in large panel areas, such as hull
plates, can be placed on a production basis with the implementation of equipment
si.m.ilsrto the Gmsrk-Winslow track drill and the Peeing electromagnetic riveter
(EMR). Several sources are available for various sizes of portable air and hydrau-
lic @wer driven feed drill units that are equipped for speeds snd feed rates for
steel, cluminum, or tita.nium.

The track drill (Figure 11) is designed to repeatedly prnduce close-tolerance
plain snd countersunk holes. This unit travels in a vertical or horizontal mntion,
is self-indexing, snd has a clemp force adjustable up to 1,500 pounds. The drill
unit requires the attachment of a removable and reusable track and one hole initially
for starting. This unit is compatible with a number of fastener systems such as pre-
cision interference pins, conventional rivets, or lockbolts. The approximate cost of
the track drill is between $8,000 and $30,000, depending on the quantity and specinl
features. A prototype unit has been tested cnd found practical. Plans defining the
~rform.c.ncerequirements for a production unit are being made.

Electromagnetic Riveting. Electromagnetic riveting (EMR) is a high-velocity,
single-impact riveting process that converts electromagnetic ener~ into rivet form-
ing. energy. The EMR equipment (Figure 12) consists of a power pack snd two, semi-
portable, hcnd-held rivet guns with special power transmission cables, interconnecting
air systems, wd power pack. As compared to large automstic hydraulic riveting machines,
the lliRequipment is substantially lower in initial procurement cost and, furthermore,
features quieter operation and reduced floor space requirements. As compc.redto con-
ventional hcnd gun driving, IllRis far superior in quality and repeatability while
the noise level is reduced by several magnitudes (see Table 6). Standard available
aluminum and titanium as well as steel ri~ets can be used with the EMR process, and
rivet instsllations are uniform and repeatable with an extremely low rejection rate.
The lower equipment cost (approximately $100,000 for a complete system plus spares)
allows more flexibility in mc.nufacturing rate.

Because of the applied dynamic impact principle in the ~ process, rather thcm
the static force application in hydraulic machines, the EMR guns can be hmdheld or
incorporated in a lightweight truss-frcme typs of structure with practically
unlimited throat depths.

The FMR process was initislly developed by The Sneing Cnmpsny for riveting por-
tions of the large Boeing 747 wing panels, which could not be reached by automatic
riveting machines. The EMR process, hnwever, is generclly applicable to my structural
design where fluid-tight, fatigue-critical, and/or large-diameter fastener instn2la-
tions are a requirement. RMR shou3.dnot tfsconfused with electromagnetic forming.
Ebth use electromagnetic energy to accomplish work. EM forming uses a sing3.ecoil
cmd rigid bscking plate, whereas EMR uses two series coils that deform or upset the
rivet placed between them.

The FJIRsystem is composed of a capacitor bank aud two coils, each abutting
against a copper-faced driving ram. The coils sre contained in two separate hand-
held EMS guns. The work cycle consists of charging the capacitor bsnk to a preset



-24-

—



-25-

TABLE 6

INTERFERENCE PROFILES–HAND DRIVEN–EMRa

w,.,”,.,

E
.,...,.,, ,,’;..6.,,
,.,,....7...

,,..

........
V;.,.. ”..u.,,,,. .,.,,

r

EQUIPMENT/PROCESS COMPARISONS
I

Large Automatic

Riveting )Aachines

Fatigue Rated Copgbil;ty ..,...,.. . . . . . .

Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

&x;mum Practical Al”m;twm

Rivet Ca~bilitY . . . . . . . . . . . . . . . . . . . . . . .

Fbnel Size Capability . . . . . . . . . . . . . . . . . .

Cosmetic Qwality . . . . . . . . . . . . . . . . . . . . .

Reiect Probability . . . . . . . . . . . . . . . . .,, ,.

Structuml Distortion/Damage Protmbllity. .

System Maintenance. . . . . . . . . . . . . . . . . . .

Mximum Rivet to Rivetbte (3/8’’dia. ).

Direct Lalmr Ratio . . . . . . . . . . . . . . . . . . . .

Procurement Cost . . . . . . . . . . . . . . . . . . . . . .

Opemtor l%tig.e . . . . . . . . . . . . . . . . . . . . . .

Excellent

High

1/2 “dia

Limited

Excellent

Low

b.

High

7/rein. te

0.85

Very High

b.

Manual

Riveting

Good

Very High

3/8’’dia.

Unlimited

Poor

High

High

Very Low

4/minute

2.1

Minimal

Very High

EMR

Excellent

IDw

5/8’’ -3~diadia.

Unlimited

Excellent

Very low

b.

Low

20/m i “ute

1.0

Relot;vely Low

b.

aReprinted from EMR brochure.
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TABLE 7

EMR TECHNICAL INFORMATION–BOEING 747 PRODUCTION SYSTEM a

kximum Proven System Capability ( Fatigue Rated Interference Profile )

. .
\lumrnum Rivets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...,,, 3/’8” diameter x 1“ grip

itanium Rivets (Betu 111 )..., . . . . . . . . . . . . . . . . . . . . . . . . . . . . I/4’’ diameterx I/2’’ grip

tainless Steel Rivets ( A-286 ) . . . . . . . . . . . . . . . . . . . . . . . . . . 1/’4” d~~meterx l/2’’ grip

deformation Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5XI0 Secofid

deformation Energy........,,,,.,,. .,,.,,,,,.,,..,,,,, . . . ..41bst. -lbs. (Equivalent to30,0001bs.

static force. )

‘ower Pack

Aoximum Stored Energy Rating.,......,,.....,..,,...,., 6500 Joules

Energy Requirement (3/8” dia. Alum. Rivet) . ..2600 hules ( 3800 Volts )

bximum Charge Voltage.,..,,......,.......,,.....,,,.. 6000 Volts

kximum Cycling Rate.,.......,,,.......,.....,......,,, 20 per Minute

~put Requirements

Electrical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440 Volt -3 phase

Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..9O psi
. .

)[memlom,.,.,,.,..,..., . . . . . . . . . . . . . . . . . . . . . . . . . . . 34” wide x 48” h;gh x 60” long

(eight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,, , 2EO0 pounds

+and Guns

ody Size . ., ., . . . . . . . . . . . . . . . . . . ,,, 6-1/2” dia. x 15-1/2” long

)verall Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..23.l/2`'

unction 80x Pr0trus10n. . . . . . . . . . . . . . . . . . . . . . . . . . . 6“

ecoil Mass (lnterm l) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..45 pounds

otal Gun Weight (each ). .,.,,... . . . . . . . . . . . . . . . . . . . . . . ..75 pounds (Used with counterbalance )

3un Power Cables
ype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Multiple Low Inductance Coaxial

Ainimum Bend Radius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,0!,

rotect ton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Individual coaxial insulation with armorec

sheathing plus neoprene sheathing.

ength, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cnblesare custom designed for specific
,

aPPii~tiOnS aS F-art of a “ tuned “ circuit,

>oils
)irne”siOns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5” dia. x 3/4” thick

ife ( Driving 3/8” dia. Alum. Rivets ) . . . . . . . . . . . . . . . . Over 10,000 shots

a Reprinted from EMR brochure,



-27-

voltage level, followed by a rapid discharge through the series-connected coils.
Synchronized by the current, the guns produce electrom.%gnetic forces on the drivers,
rapidly forming a rivet with equal and opposite forces (see Table T). The EMR process
c.m be used with several commerciti rivet configurations nmd is not dependent upon
high-cost proprietary fasteners. The cost of producing holes for the EMR is lower
than with other fasteners such as lockbolts and requires a less expensive fastener.

EMR, when used in conjunction with the track drill, affords a cost-effective
production capability for structural fastener installation (Figure 13) but is capable
of functioning independently. Advantages of EMR are:

a) Proven performance in production of Boeing 747 wing panels

b ) A high-rate installation capability (up to 20 rivets per minute)

c) Built-in repeatability and quality assurance

d ) Interference profiles in thick material stacks not achievable with
other riveting processes

e ) Rivet head uniformity

f) Low-noise operation

g) Minimum operator fatigue

h ) Low operator-skill requirement

i) Rapid change, conventional rivet dies

J ) Relatively 10V capital acquisition cost

k ) Minimum floor space requirement

1) Balanced impact forming of rivet to minimize Structural distortion

m) Growth potential for larger rivet insta.llationand bolt replacements

n ) Manufacturing rate flexibility.

Cold Expansion Sleeve System. Under applied load conditions, each hole has
associated with it a region of stress concentration where the applied stresses are
magnified frnm two to three times their normal value. Hole expansion by coldworking
successfully reduces the effect of this stress concentration by causing compressive
radid stresses to remain around each hole. These residual compressive stress fields
effectively prevent part failures from ?rigina,tingat the holes.

The cold expansion sleeve system (Figure 14) is a Boeing-developed process used
for increasing the fatigue life of metal structures (aluminum, titanium, and steel)
by causimg compressive residual stresses around the fastener hole. The system consists
of the radial expansion and sizing of fastener holes to achieve greatly inp~oved

fatigue performance while simultaneously reducing installed-fastener cost through the
flexibility provided in fastener selection. Low-cost fasteners can be used in cold-
worked holes without reducing the fatigue rating. Rivets or lockbolts can be used
instead of more expensive fatigue-rated fasteners.
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FIG. 14 - BOEING COLD EXPANSION SLEEVE SYSTEM
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FIG. 13 - BOEING ELECTROMAGNETIC RIVETER ANO
OMARK-WINSLOW TRACK DRILL

~IG. 15- ;[{[RA~~ PULLER FOR COLD
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TABLE 8
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a Reprinted from DeIron Honeycomb and Sandwich Panel Fasrerem catalog.
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d) Torque requirement of threaded types

e) Fastener material.

f) Environmental temperature

g) Molded-in or mech.snicti connection

h) Fastener and sandwich material compatibility.

IID. EXPLOSION BONDING

The explosion bonding process of joining dissimilar met8.1swas first developed
for the chemical and aluminim processing industries. Its potential for marine appli-
cations was recognized by NavaJ architects snd manufacturers of the material. Exten-
sive testing to determine the physical properties and corrosion resistance of the
clad materinls has and is being conducted.

Increased use of electronic equipment aboard ships for communication and naviga-
tion and the demand to lower topside weight, increase n!ameuverability,and reduce
ballast led to the introduction of aluminum superstructures. Initial instnllation
techniques used lockbolts and sealants. As this method proved unsatisfactory, the
clad nmterisls have been implemented as transition joints between the aluminum deck-
houses and steel decks. Known as bimetallic and trimetal.liesor transition inserts,
these clad materials have been used in some shipyards. These materials are being
designed into new ships in other applications.

Physical and mechanical properties of these materials, as well as several
proposed applications, are elaborated upon in this section of the report.

The explosive bonding process was developed by E. 1. du Pent de Nemours and
Company in the late 1950s. Several years of extensive laboratory testing were con-
ducted, titinately resulting in comnercial production of corrosion-resistant clad
metals designed primuily for the chemical industry.

The procedure for achieving an explosive bond consists basically of placing
the cladding plate above and parallel to a base plate. Am explosive charge is then
placed over the entire surface of the cladding plate and detonated from one end.
The detonation travels at a rapid rate, up to 28,000 feet per second, generating an
estimated pressure of b,000,000 psi in the vicinity of the detonation (Figure 16
and Reference (k)).

The interface formed by the impinging metal causes a fluid-flow phenomenon or
“jetting”. The jetting that occurs removes oxides and foreign materinls between the
two plates. The resulting metallurgical bond is of a strength greater than the weaker
of the two sheets. Hundreds of metals have been clad or bonded either to similar or
dissimilar metals (Tables 9 and 10 and Reference (5)). Many of those listed in the
tables were fabricated in small strips and samples to establish feasibility and are
not available commercially. Other materials were clad but not reported for proprie-
tary or classified reasons or for not being applicable to ship construction.



,,.-—

-32-

Explosive
Detonation _w

Cladder plate

Standoff

~“’’” “’”

FIGURE 16

SCHEMATIC OF EXPLOSION BONDING PROCESS ILLUSTRATING JETTING
PHENOMENON WHICH REMOVES OX IO ES AND FOREIGN MATTER

FROM SURFACES BEING JOINED

TABLE 9

METALS THAT HAVE BEEN EXPLOSIVELY BONOED TO THi3vlSELVESa

Ferrous metals

Low-carbon steels 1004-1020 Stainless stf.el 17-7PH

Medium-carbon steel ASTM A.285 Stainless steel type 301

Medium-carbon steel ASTM A.201 Stainless steel type 304

Mediumcarbon steel ASTM A-212 Stainless steel type 321

Low-alloy steel ASTM A-204 Stainless steel type 347

Low-alloy steel ASTM A-302 Maraging steel, 18% nickel

Low.alloy steel ASTM A-387 Ductile cast iron

Alloy steel AISI 4130

Alloy steel AISI 4340

Stainless steel type 200 series

Nonferrous metals

Aluminum 1100 Nickel

Alutninum 2024-T3 and -0 Titanium–commercially pure

Aluminum 2214-T6 Titanium-6A14V

Aluminum 5083-H24 Titanium-5 Al-5 S.5Zr

Aluminum 6061-T6 Titanium-8 Al-l Me-l V

Aluminum 7178-0 Titanium-13 V-n Cr-3Al
r

Aluminum 7075-T6 Zinc

Aluminum 11 OOI1.5 lithium

Copper

Brass

Cupro-nickel

Bronze

Beryllium copper

a Extracted from DMIC document 225, Explosive 8onding, Linse, Whitman,

.nnd Carls on, Battelle Memorial Institute
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TAB LE 10

DISSIMILAR METAL COMBINATIONS THAT HAVE BEEN EXPLOSIVELY BON DEDa

Low-carbon steels 1004-1020 to:
Stainless steel–ferritic
Stainless steel–300 series
Stainless steel–200 series
Ductile cast iron
Malleable cast iron
Aluminum and aluminum alloys
Copper
Brass
Cupro-nickel
Nickel
Zinc
Titanium

Medium. carbon steels ASTM A.2131
and A-212 to:

Stainless steel–300 series
Stainless steel–200 series
Aluminum and aluminum alloys
Copper
Brass
Cupro.nickel
Bronze
Nickel and nickel alloys
Titanium and titanium alloys
Titanium 35A

Madium. carbon steel ASTM A-286 to:
Stainless steel–ferritic
Stainless steel–300 series
Stainless steel–200 series
Aluminum and alumicum alloys
Copper
Brass
Cupro-nickel
Bronze
Nickel and nickel alloys
Titanium
Titanium-6 Al-4V

Low-alloy steel ASTM A-204 to:
Stainless steel–300 series

Stainless steel–200 series
Aluminum and alurni”um alloys
Copper
Brass
Cupro-nickel
Nickel and nickel alloys
Titanium and titanium alloys
Hastellroy B, C, F
Hastelloy X

—

r

Low-alloy steel, ASTM A302 to:
Stainless steel type 410
Stainless steel–ferritic
Stainless steel –300 series
Stainless steel–200 series
Aluminum and aluminum alloys
Nickel and nickel alloys
Titanium and titanium alloys

Alloy steel AISI 4130 to:
Stainless steel—300 series
Aluminum 2014-T6 and -T3

Alloy steel AISI 4340 to:

Stainless steel–300 series

Ma raging steel to:
Stainless steel–300 series

Hadfield steel to:
Aluminum and aluminum alloys

Stainless steel–200 series to:
Low.carbon steel AISI 1004-1020

Madium-carbon steel ASTM A-2B5
Madium-carbon steel ASTM A.201
Medium-carbon steel ASTM A-212
Low.alloy steel ASTM A-204
Low.alloy steel ASTM A.302
Low-alloy steel ASTM A-387
Aluminum and aluminum alloys
Brass

Stainless steel–300 series to:
Low-carbon steel AISI 1004-1020

Madium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-20 1
Medium. carbon steel ASTM. A.212
Low-al toy steel ASTM A-204
Low.alloy steel ASTM A-302
Low.alloy steel ASTM A.387
Alloy steel AISI 4130
Alloy steel AISI 4340
Maraging steel

Aluminum 6061.T6
Copper
Brass
Nickel and nickel alloys
Titanium and titanium alloys
Molybdenum

Stainless steel type 301 to:
Stainless steel type 347
Titanium-6 Al-4V
Aluminum 2219

a Extracted from DMIC document 225. Emlmive Bonding, Lime. Whitman, and

Carlson, Battelle Memorial Institute
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TABLE 10 (CONCLUDED)

Stainless steel type 304 to:
TD nickel-chromium

Stainless steel type 321 to:
Stainless steel type 347

Stainless steel type 347 to:
Stainless steel type 301
Stainless steel type 321
Hastelloy X
Aluminum 6061-T6

Stainless steei–martensitic, type 410 m:
Low-alloy steel ASTM A-3670

Stainless steel–ferritic to:
Low-alloy steel ASTM A-387
Medium-carbon steel ASTM A.265
Low-carbon steel AISl 1004.1020
Titanium and Titanium alloys

Aluminum and aluminum alloys to:
Low-carbon steel AISl 1004-1020

Medium-carbon steel ASTM A.285
Medium-carbon steel ASTM A.201
Medium-carbon steel ASTM A-2 12
Low-alloy steel ASTM A.212
Low-alloy steel ASTM A-302
Low.alloy steel ASTM A-367
Stainless steel –300 series
Stainless steel–200 series
Copper
Titanium and titanium-6 Al-4V

Aluminum 1100 to:
Titanium-6 Al.4V
Aluminum 1100J1,5 Iithi”m

Aluminum 2014-T6 to:
Alloy steel AISI 4130

Aluminum 2219 to:
Stainless steel type 301

Aluminum 6061.T6 to:
Beryllium copper
Stainless steel type 347
65% beryllium-35% aluminum
Titanium.6Al-4V
ZircalOy.2
Molybdenum

Brass alloys to:
Low-carbon steel Al S1 1004-1020

Medium-carbon steel ASTM A-265
M& ium-carbon steel ASTM A.201
Medium. carbon steal ASTM A-212

Low-alloy steel ASTM 204
Low.allov steel ASTM A.302
Cast steei
Stainless steel–300 series
Stainless steel–200 series
Nickel and nickel-base alloys

Cupro.nickel alloys to:
Low-carbon steel A IS I 1004.1020

Medium-carbon steel ASTM A-285
Medium.carbon steel ASTM A.201
Medium-carbon steel ASTM A.212
Low-alloy steel ASTM A-204
Low-alloy steel ASTM A-302

Bronze al toys to:

Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A.212
Alloy steel 4340
Alloy steel A6

Nickel and nickel-base alloys to:
Low-carbon steel AI S I 1004.1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A.201
Medium-carbon steel cSTM A-212
Low-alloy steel ASTM A.204
Low-alloy steel ASTM A-302
Low-alloy steel ASTM A.367
~r~~ess steel–300 series

Titanium and titanium alloys

Copper
Nickel and nickel-base alloys
Columbium and columbium-base alloys
Tungsten
Iconel X

Titanium-6 Al-4V to:
Stainless steel type 301
Aluminum 1100-0

Titanium and titanium alloys to:

Medium-carbon steel ASTM A-2B5
Medium. carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Low-allov steel ASTM A-204

I

Low-allo~ steel ASTM A.302
Low-allov steel ASTM A-387
Stainless ;teel–ferritic
Stainless steel–300 series
Maraging steel
Aluminum allow
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In mid-1966, development work was started to produce a bimetallic transition
in6efi fOr jOining aluminum bus to steel anodes and cathodes in aluimu smelting
plants. This joint used 1100 aluminum and 1008 steel.

30NDED SHEET

Recognizing the need for a marine industry application, Du Pent started develop-
r.entin 1966 of a clad sheet that would facilitate attaching the nluminum superstruc-
ture to the steel deck. The resulting bonded sheet is a triclad employing alwnimum
alloy 5456 bonded to A516 Grade 55 steel with a commercially pure 1100-series e.lum-
inum interface between the structural materials. The 1100-series alumimum makes a
Significant contribution to the ductility and impact resistance of the triclad. me
resulting thickness is 3.-3/8inches. A similar product, Transition Insert, is produced
commercially by the Kaiser Alumimum Co. (Reference (6)) and Northwest Technical
Industries, Inc., of Port Angeles, Washington. The final product is a purchased item
available in sheet or strips emd is not an item that requires bonding in the ship-
yards. Mechanical cutting to the desired part configurateion is performed in the
shipyard.

Most commercial applications encountered to date utilize Du Pent’s Detacouple/
>taclad sheet amd plate. Thicknesses range from a few thousandths of an inch to
over a foot, while the cladding metal thickness varies from O.0001 to 1-1/2 inches
(Reference (7)). The bimetallic sheet is produced in the same manner as the triclad
but does not have the 1100-series alumimum alloy in the interface and can be of
nmerous alloy combinations. Standard welding techniques available in shipyards are
emceptable for fabrication with this material. As with all inert gas welding techni-
ques, however, adequate provisions for protection from the elements should be provided,

TUSE CLADDING

Successful tube-cladding experiments have been conducted resulting in bond
combinations for tubes in the 1/2- to 8-inch-di@meter range. Materials that have been
bonded include: Inconel and Ziracaloy, stainless steel and Ziracaloy, stainless steel
and 6061-T6 aluminum, stainless steel emd aluminum, 6061-T6 aluminum nnd titanium,
and 1100 aluminum and magnesium (Reference (8 )). Tubing cm be clad internally Or
externally, depending on the design application.

Applications for explosive bonding include tubular cladding in condenser or
heat-exchanger applications and underwater spot welding of dissimilar metals without
removing the water interface; both processes were developed by Battelle Institute
(Reference (5)). These processes afford the possibility of cladding stern tubes and
rudder stocks in aluminum or other dissimilar structure to eliminate galvanic couples.

CORROSION TSSTS

Several seawater/s@it-spray corrosi~n tests are currently under way, the most
extensive being conducted by International Nickel Co., at Wrightstille Beach, North
Carolina. In conjunction with Du Pent, several samples of the Eetacouple strip were
welded to 5456 aluminum alloy and mild steel panels and have been subjected to
splash-spray tests in excess of 5 years.

A graph of the result of the unpainted snmple is shown in Figure 17. Galvanic
corrosion penetration has reached approximately O.063 inch in the unpainted ssmples.
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Initial samples demonstrated the corrosion resistance of the bond zone. The initial
corrosion product, hydrated aluminum oxide, occupies a larger volume than the alum-
:num consumed and acts to seal the area from additional corrosion (Reference (9)).

An identical series of corrosion tests for painted samples is currently being
conducted in conjunction wijththe unpainted samples. The painted samples were
scratched across the bond zone to simulate localized paint failure. No significant
corrosion or pitting was noted after 27 mnths of continuous testing (Table 11).

:.~c~Ic~ PROpE~IES

Mechemical property tests have been conducted by W Pent (Table 12); D@eing
(Reference (10)); and the Naval Ship Research and Development Center (NSDC) Ref-
erence (11). Results of these tests are documented by the respective agencies.
Sesults of these tests end the fatigue tests conducted by Du Pent (Table 13 and
?eference (12)), can be summarized by the following:

a) Explosive bonded samples meet or exceed the claims made by the manuf-
acturers.

b ) Fracture elong the aluminum-to-steel interface of a composite could not
be induced by shear or tensile stress if applied evenly to both sides
of the bond on equal and continuous areas.

c) Fatigue tests yielded no failures in the bond zone.

d) Continuous salt-spray corrosion tests and user contacts show the material
to be acceptable for use in the saltwater environment with only minimal
maintenance.

e) Use of clad materials is a cost-effective method of fabrication and in

n=v ceses Offers ~ attractive ~ternative (Table 14 and Reference (13)).

SUPERSTRUCTURE/DECK INTERFACE

One major structural area where galvanic couples have caused problems has been
in the attachment of aluminum superstructure to primuy steel-hull structure. The
initial methods for this attachment involved applying primers and sealants to the
?~ing surfaces, fastening with steel lockbolts, and fillet sealing. This method

%s proved troublesome from a maintenance standpoint as sea action has caused
~o shear or loosen.

.4typical installation of Du Pent’s Detacouple .s.sa transition Joint for
inuredeckhouse to steel deck joints is shown in Figure 18 (Reference (13)).

INsTALLATION COST STITTES
,

fasteners

alum-

Installation cost studies conducted by Hunter’s Point Naval Shipyard in 19’72
reported the installation cost using Detacouple to be lower than a similar joint
tie with lockbolts (Table 15 ). While the initial costs for first-time installation
show only a 14% savings over the lockbolt assembly method, it is their estimate and
~pinion that an additional 10% saving will result from (1) reduced forming costs for
zhe Detacouple with the use of dies, (2) ~eater efficiency by mechanics as they
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TABLE 12

MECHANICAL TESTING OF EXPLOSION. BONOED TRANSITION JOINTSa

Desmiption of test and specimen

Standard ram tensile; testing 110D al.min.ml
A-51 6 W, 55 steel interface

Extendd ram tensile; testing $trengrh of
fhe 11CY2al. m,n.m interlayer

Triole-lw shear ASTM A-263

Weldec tensile; 1/4-in .-thick 5456 aluminum

plate welded t. l-in. transition ioint
welded to 1/4.in. mild steel

Clmrpy-V ASTM A-370

Testing A-51 6$2.4

Izoo(Unratdld

lD-in. 111F3d.min.m I.in-im IW18 steel

Drop weight test, E.2ffl-66T, tyw P.2;
112 in. 11OD aluminum on A-516 gr.
55 steel

Shear test (A-263) after thermal cycling

between 51Xl F and water (80. F), 2560

cycles; 1/2.i”. 1102 alumin.m/l.1/2.in.
1DD8 steel

Scm.imen condition

As dad

As welded b

As clad

As welded b

As clad

As wldedb

As clad and welded

Specimen cut from steel portion
of clad wrallel to interf~m

(al Notch in steel below bond
.0”,

(b) Same as above but notch
m underside of steel

A@ad sample CIX wrpendi.
c.lar to plane of clad

Grip on steel, impact cm
aluminum

A, dad

As clad

Results

18,5CXI psi rypica

ultimate tensile

13,5(YI psi typica

ultimate tensile

14,000 psi typica

shear stress

11,000 vi typical

shear st res

51,6Cn2 mi typical
ultimate Iemile

IX-1 30 fMb

70-130 Wb

Tearing of .Iumin.v

NDT.15° F

14,003 pi typi~l

shear strength
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FIGURE 18

DECKHOUSE MOCKUP–ALUMINUM/STEEL TRANSITION JOINTS
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NTII also produces chill bars used for welding thin-gage aluminum by explosively
bonding copper and aluminum. Thinner copper blocks are used over the standud solid
copper block, thus l,oweringthe cost of the chill bars.

The current design and development effOi% by Pittsburgh-Des Moines Steel and
General Dynamics to fabricate liquid natural gas tankers uses Detacouple in attach-
ing the steel support skirt from the primag structure to the 25 ,000-cubic-meter
aluminum LNG spheres (References (15) and (16)).

IIE. ADHESIVE BONDING

The demand for high-performance milita~ aircraft, reliable commercial tra.nspor-
tation, and strong lightweight space vehicles has hastened the development of light-
weight, high-strength-to-weight-ratio honeycomb sandwich panels and structures.
Bonded honeycomb sandwich materials are incorporated into aircraft as flight con-
trol surfaces (flaps, ailerons, end rudders), as acoustical attenuating structures
on turbine inlet end exhaust ports, or as insulating wells of cyrogenic tanks of
space vehicles.

Information on the thermal.properties, structural limitations and applications,
and fatigue resistance of adhesive-bonded stmcture is available through government
agencies such as the Air Force and NABA. Sections of the Boeing Design Manual.,Sec-
tion 26, on adhesive bonding have been included with this report for reference
(Appendix I).

The state of the art in adhesive bonding in the aerospace industry has progressed
significantly in the past 20 years. Advances in polymer chemistry have made possible
the development of new adhesive systems with high strengths, good environmental resis-
tance, excellent m.nufacturing properties, and moderate costs. The ultimate perfor-
mance of the adhesive systems are highly dependent on the surface preparation process
of the mateli-tlsto be bonded. Materials such as.wood, GRP, or glass ~ be prepmed

for bonding by a simple solvent wipe and/or light abrasion. Consistent, high-quality
bonds in metal surfaces normally require a chemical-immersion-type prebend treatment.
The state of the art of surface preparation for aluminum is far more advanced than
for other metals such as steel, titanium, or magnesium. (The highest percentage of
adhesive-bonded structures in aerospace applications involve aluminum alloys.) New
full-curing chromated adhesive primers allow long-time storage (up to 12 months) and
handling of parts to be bonded before final curing; they also provide much improved
environmental resistance in the bond faying surfaces. Although bonding directly to a
steel surface is not generally considered a good adhesives application, bonding to a
chromated primer on an abraded steel surface should provide acceptable results for
secondary structural applications.

Adhesive bonding of steel has not received es great an emphasis because of its
lower strength-to-weight ratio as compared to aluminum or titanium. In general, low-
ct!rbonsteels are normally sand-blasted.or vacu-blasted with aluminum oxide particles
to remnve lubricants and scale prior to bonding. As indicated above, a good chromated
primer !n8ythen be applied or if the adhesive system to be used has a primer system
of its own, it should be applied. The more common adhesives like the epoxies, phenolics,
nitrile-phenolics, etc., normally have primer systems that provide better wetting of
the .mrfaces to be bonded. Considerable evaluation of chemical treatment of steel to
prepare the surface for bonding has been performed recently, primarily on AISI 300-
series stainless steel, but also on low- and high-carbon steels and high-strength
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ships are mere weight-critical than some of the larger, steel-hulled ships, and the
higher strength-to-weight ratio of bonded sandwich structure could prove advantageous.

Since many of the newer ship designs are powered by gas turbine engines, sonic
fatigue of the structure closely adjoining the powerplants can be a problem. Bonded
structure is often superior in sonic fatigue resistance compared to conventional
structure. Interior paneling, whether decorative in nature or as nonwatertight bulk-
heads, can be fabricated from bonded sendwich and be both light in weight .md low in
cost. Also associated with the gas turbine powerplants is consideration of acoustical
treatment of both the inlet and exhaust areas to lower the powerplant noise level as
much as possible. Bonded acoustical sandwich panels have not become very widely used
on commercial jet aircraft in structural areas due to the permeability of adhesives to
moisture. Here again, generalized statements about the overall applicability of the
bonded.structure is usually not feasible from a cost standpoint, since more tooling is
normally required then would be needed for welded or riveted stmcture. An exception
would be the application of standard module sizes for bonded partitions, but if some
amount of cluplicate production is involved, then tooling costs of bonded structure
can be amortized. Consideration of each structure must be analyzed on en individual
basis.

If studies show definite cost or installation adwmtages for bonded structures,
related studies should be made to determine whether subcontracting the fabrication is
more cost effective than equipping existing shipyards to fabricate on site. The deci-
sion to make or buy finished honeycomb sandwich structure is one of economics. The
size and quintity of parts will detemnine the physical plant dimension required to
fabricate bonded structure. In addition to this, the personnel needed to provide
finished parts are of skills not commonly found in shipyards and would have to be
trained. In-process controls and the necessmy nondestructive test equipment will
have to be included in the final analysis. The equipment required for a typical bond-
ing facility for aluminum structures is shown in Appendix D.

IIF. WELDING

The advancements made in the art of welding ships are historical and well doc-
wnented. It is sufficient to say that advances in welders, automa.tedpanel fabrica-
tors, and welding equipment and improvement of fleme cutting techniques have advanced
the state of shipbuilding severalfold. Numerous publications on cost and time savings
studies have been conducted to establish the merit and economics of the afore-
mentioned equipment, so further elaboration on these advancements will not be made
here.

DISTORTION

One problem causing considerable difficulty and expense to shipbuilders is
distortion caused by the welding of thin plate in secondary structure. Some ship-
builders design for heavier plate than structurally needed to reduce distortion
problems. This practice may prevent some .of the distortion, but its effect of adding
additional weight, fabrication, and material costs would seem to open considerations
of alternate approaches. Proposals for using riveted points in thin plate have been
discussed in the mechanical fastening section of this report and will not be reiterated
here.
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?SICTION WELDING

Interest has bsen expressed in using friction-welding techniques to projection-
weld studs in aluminum structures. As a result of investigation, the friction-welding
techniques are not recommended. The required thrust value to friction weld a l-inch.
fismeter bsr of 6061 aluminum is approximately T ,000 pounds. This is in addition to the
zorque parsmeter also required. Such forces could not be exerted by manual application;
however, friction welding has proved to be a satisfactory method of joining dissimilar
zetsls with machine application.

31 SSIMILAR MSTAI JOINTS

Several methods of joining di5s imilar metals have been advanced. Generally, the
resenrch and development that went into these methods was aimed at satisfying parti-
wls.r needs such as tanks snd vessels for corrosive and cryogenic propellants snd
fluids.

The Space and Information Systems Division of North American Aviation has ad-
vanced the field of dissimilar metsJ joining. Their primary interest is oriented
toward large boosters and space vehicles. Their studies indicate that, while entirely
feasible and practical, msny combinations joined by welding or brazing result in
brittle phsses that sre sensitive to shock and exhibit inferior mechsnical properties.
Aluminum-to-steel brazed joints are examples of this characteristicc.

Table 16 lists a number of dissimilar materisls that have been joined by seversl
different techniques snd processes. Again, these exsmples reflect the aerospace appli-
cation snd are included as information only.

STUD WELDING

In addition to fusion welding, the resistance-projection-stud-welding technique
affords the contractor a flexible method of systems installation and attachment in
steel structure. Projection-stud welding offers the most cost-effective method of
installing support bracketry. To attempt to replace this system today with a mechan-
ically fsstened joint wuuld not be cost effective.

Advancements in stud-welding techniques are available on a commercial basis. For
exsmple, the Nelson Electric Company produces msrine cable and pipe-changer supports
for a rsnge of pipe and cable sizes as well ss the necesssry stud welder. Once the
stud is welded into position, the cable CISJUPis threaded on the stud and crimped
sround the cable. The pipe hanger is welded directly to the bulkhead and is avsilable
in vsrious lengths, or a channel stud is welded in position with su adjustable strap
snd carriage bolt. The pipe hanger uses a rubber insert between cl.mnpand pipe for
vibration dsmpening. Once the pipe is installed, a locking tab is inserted snd bent
over, retaining the pipe snd insert. This system would facilitate adding or subtract-
ing pipes of different sizes.

r

SECSNT DEVELOPMENTS

In recent years, both shipbuilding snd aerospace industries have expressed
centinued interest in processes such as plasma arc, electron beam, and laser appli-
cations. The need has been generated by specific product applications such as heavy
plate welding for deep submersibles snd titanium airfrsme structure.
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TABLE 16

NAA DISSIMILAR-METAL BONDING PROCESSES

Union Procedure

Aluminum to stainless Dip-braze efter tin-
stml coating the stainless

steel.
Aluminum to stainless Solder after nickel-

steel plating the aluminum.
Aluminum to stainless Diffusion-bond after

steel interface coating
application.

Stainless steel to Vacuum-braze.
molybdenum

Titanium to aluminum Solder after nickel-
plating nickel on
titanium and
aluminum.

Copper to nickel Diffusion-bonding after
tin soldering,

Al;:~e~um to stainless Dip-braze after silver-

plating of stainless
steel.

Aluminum to beryllium Direct dipbraze.
Stainless steel to Vacuum-braze.

beryllium
Columbium to Diffusion.bond

moybdenum honeycomb sandwich

COl”mbium to stainless Inert-gas braze.
steel

Tungsten to titanium Tungsten-A RC inert~as
Tungsten to copper braze with aluminum
Tungsten to stainless brazing allov.

steel
Tungsten to aluminum
Titanium to aluminum

Titanium to stainless Resistance.weld-
steel machine braze.

Tungsten to molybdenum Electron-beam weld
Molybdenum to Electron.beam weld

columbium
Molybdenum to stain. Electron-beam weld

less steel
Nickel wire to copper ‘ Capacitord ischarge.

wire resistance microweld
Stainless steel to low. Percussion-stud

alloy steel weld.
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IIG. MECHANICAL BONDING

Mechanical bonding is a general term that is applied to three separate processes.
These being diffusion bonding, deformation bonding, and roll bonding.

The diffusion bonding process essentially takes place in two stages: (1) micro-
scopec pleatic deformation reeults in intimate metal-to-metal contact and (2) diffu-
sion completes the bond and ultimately eliminates the interface. Stage 1 plastic
deformation is due to the limited metal-to-metal centact caused by surface roughness
end contaminations, as no real surfaces are atomically flat. Applied bonding loads
are borne by the “high” point of the surface irregularities. Sustained loading causes
continued plastic deformation until the net area of surface contacts approaches the
gross bonding area and bonding occurs, stage 2.

Deformation bonding involves gross plastic flow (30% to 60%, depending on alloys
and temperatures), which promotes intimate contact and breakup of surface oxides.
Plastic flow is accomplished by mechanically rolling the sheets to be bonded. The
rollers supply the forces necessary to achieve plastic flow. Deformation bonding is
conducted at room temperatures.

As alumimnn alloys form tenacious refractory oxides, the usual and most success-
ful methods of static diffusion bonding use a eutectic material between the aluminum
sheets. These bonding processes require consideration of surface conditions, alloy
compositions, temperature, prior coldwork, crystallographic orientation, post-heat
treatments, and joint design.

Roll bonding is similar to diffusion bonding but does not employ a eutectic
material as is used in diffusion bonding.

Both diffusion and roll bonding are time, temperature, EUIClpressure controlled.
Roll bonding requires higher pressures and temperatures and a shorter time for proces-
sing thsn the diffusion process.

At cyrogenic temperatures (-423° F ), the bond becomes stronger due to shrinkage,
but when raised to elevated temperatures (960° F) and quenched, the irregularities
holding metals together shear, thereby reducing the shear properties of the overall
joint.

For shipyard applications, these bonding processes would not represent a cost-
effective approach to dissimilar metal-to-metal joints. This is partly due to the
limited applications available, limited quantities produced, snd the cost of equipment
necessary to complete the processes.

III. CONCLUSIONS AND RECOI.MINDATIONS
r

1. Mechanical fastener systems have had amd will have centinued application in ship
construction. Their major areas of application have been in secondary structure
and system attachments. The modern fastener systems available tod~ have demon-
strated their perfonnance in structural, fatigue-critical, and fuel-tight joints
and other special applications. The merits of some of the newer fastener systems
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in shipbuilding applications remain to be demonstrated, Families of high-strength,
corrosion-resistant, fatigue-rated fasteners are available for implementation into
ship designs as well as for specinl applications such as those required for use
with honeycomb sandwich panels.

Conventional rivets can be employed in some areas to replace welding of thin
sheet and plate. Flush-head rivets can be used to attach thin-sheet aluminum
panels to stiffeners and stringers amd can be insttiled in drag-critical areas
where flushness control is mandatory.

The welding of thin plate (less thsn 3/8 inch) crestes distortion problems that
can be reduced by conventional riveting, which is also one of the most cost-
effective methods of joining, where necessary. Rivets are easily removed and
replaced with simple pneumatic drilling and riveting equipment.

2. Explosion-bonded metals have much to offer in the design and construction of
ships, particularly those with mixed aluminum/steel structure where galvanic
incompatibilities occur.

Bimetallic and trimetallic materinls cnn be formed or machined into various
shapes and configurations and offer good corrosion resistance, as shown by 5
years of centinuous sea-water tests. Physics.1-propertytests and structural
testing have verified the integrity of explosion-bonded joints. Tests conducted
by the Naval Ship Research and Development Center led to their recommending the
use of these materials in the construction of naval combatant vessels.

Comparative installation tests conducted by Hunter’s Point Naval Ship yard
and private shipbuilding yards have shown the explosion-bonded materials to be
a cost-effective method of making dissimilar metal joints (superstructure to deck).

3. The current method of systems installation in steel structure is projection stud
welding. Currently, there is not a more cost-effective method of attaching equip-
ment supports. Projection stud welding equipment and related bracket~ are avail-
able conmiercially.

Stud welders for welding aluminum studs are comnercially available for studs up
to l/2-inch dimneter. Due to weight considerations of support equipment and the
lower yield strengths of aluminum, the use of this type of equipment is somewhat
limited. An alternate process to slwninun stud welding (as recommended by Nickum
and Spaulding of Seattle and as presented in the explosive bonding section of
this report) uses the bimetallic strip welded with the aluminum to aluminum and
the steel stud projection welded to the steel side of the bimetallic strip. While
more expensive, the reliability of the bimetallic-stud weld joint should reduce
later repair or replacement costs.

Some questions arise concerning the effects of localized degradation in the struc-
ture caused by stud welding. The effects of the primer (often applied before weld-
ing) and other impurities as well as‘residuel stresses in aud adjacent to the
weld area ars causes for concern. The latter will become increasingly pertinent
as operating stress levels approach design limits.

4. Adhesive bonding, as applied in aircraft, has been limited primarily to aluminum
and titanim, due to weight considerations. Aircraft contain a wide range of
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bonded materisl applications, ranging from control surfaces to galleys and decor-
ative panels. These applications do not include primary structure nor would they
be recommended for primary structure in shipbuilding. However, adhesive bonding
can be applied to some nonstructural applications. The areas of potential appli-
cation include interior bulkheads, kitthen and toilet facilities, low-pressure
piping and ducting, acoustic insulation for sonic fatigue, or areas of high-
f’requencyvibration.

Atiesive bonding and sandwich panel construction lend themselves to modular
construction and have been used as deckhouses on patrol craft produced by foreign
nations. Adhesive-bonded sandwich panels and construction offer a high strength-
to-weight ratio for numerous applications.

IV. RECOMMENDED AREAS FOR FuRTHER STUDY

It is anticipated that those interested in ideas or concepts presented in this
report will conduct the necesse.ryqualification tests before incorporateing them into
their design and construction efforts. The following are delineated as areas for
further study:

1. Compile a fastener matrix and preferred fastener list based on fastener types
aPProved for use in ship design. Develop design allowable and add to the liSt
and matrix, as required, to accommodate new applications. Take care to avoid
excessive fastener proliferation.

2. Investigate the use of conventional riveting for attachment of thin sheet in
secondary structure and application of high-strength fasteners to primary struc-
ture.

3. Continue to develop the full potential of the explosive-bonded bimetallic and
trimetallic sheet. This effort should include tube cladding techniques for rud-
der stock and stem-tube installations, bulkhead penetrations, pipe flange con-
nections for dissimil= pipes, and deck pads for equipment mounts.

4. Investigate cost-effective approaches to installing mixed materials for pipe sys-
tems that would satisfy necessary regulations.

5. Study potential applications for the electromagnetic riveting process, particu-
larly in areas where large rivets may replace more expensive fasteners. The
portability of the equipment and quality of EMR-installed rivets make large
rivets more attractive than they have been in the past. The process is usually
cold but can be supplemented by resistance heating of the rivet.

6. Consider possible applications forritems in Appendix E such as in-place tube
welder, laser alignment, and new bulkhead penetrations.

7. The logical step to follow a study of this type is a developmental activity
encompassing the design and fabrication of selected joint hardware to assess
and validate the comparative adventages of clifferent joining methods. For exwn-
ple, welded versus mechanically fastened joints for a given application should
be compared, each designed for use with its unique joining process.
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e. Similarly, materiel t,rades in selected applications can be evaluated with the

design of a selected joint fcm st,eel, aluminum, and combinations using explosive.

bonded strips as the interface. Again, each should be designed to take advantage
of the properties of the particular materials being compared.

9. Following the successful validation of some of the alternative fastening methods
in test hardware, selected ships (or portions thereof) undergoing modification or
those of a new design should be selected for incorporation of these concepts.

In-service experience cam be monitored to validate the projected performance of
the new designs end fabrication methods.

10. Based on the feedback from the foregoing (items 7 through 9 ) an integration pro-
gram, including the incorporation of alternative joining methods into regulatory
documents, should be pursued.

11, A study of current maritime regulations and specifications and their relation to
bonded structure should be made to determine where bonded nonstructural compon-
ents can be applied.

APPENDICES

The topics listed in the appendices, while not related directly to the main scope
of the report, hare been included and commented upon as information that may be of
interest to those functioning in these fields.

Piping systems, which include bilge, ballast, and weather deck drains, as well
as water, oil, and air systems, involve high costs for materials, initial installation,
and subsequent maintenance. The ideas and suggestions nre presented for consideration,
and the cost effectiveness of these systems over a period of operating time remains
to be established.

The adhesive-bonding equipment shown, represents typical equipment found in the
aircraft industry. It is not necessarily optimum for shipbuilding applications. The
economics of purchasing completed parts should be considered before m@Jcinga capital
expenditure.

The in-place tube welder described and shown in Appendix E w= developed to weld
high-pressure stainless steel and tita.niumtubing in limited-access areas where con-
ventional welding techniques could not be applied. High-quality welds are obtainable
on a production basis.

Electrical systems encountered in shipbuilding range from electric lights to radar
installations. Combatent vessels are equ~ped with a variety of cnmplex electronic sys-
ternsoutside of the regular ship electrical facilities. Hookup of these various systems
often requires multiple watertight bulkhead penetrations as well as connections be-
tween components in close proxity to each other. Compartments and passageways are
often cramped and crowded, presenting additional problems.
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The use of Multi-Cable Transit units for tubing, pipe, aad wire connections
eliminates stuffing-tube arrangements and the necessity of potting and sealing to
maintain the watertight integrity of each compartment. These processes add to the
cost of ships, are time consuming to install, and make modification of systems
difficult.

Flat cable affords the fabricator the opportunity for additional flexibility
when instailing instrumentation systems, especially those involving multiple connec-
tions between components. Flat cables can be used efficiently in limited-access areas
such as passageways and along framing.

Laser optics, even though remote from the subject of fastening or outfitting,
remain pertinent nonetheless. Laser optics have found increasing use each year. Cri-
tical.alignment of major jigs and components have been possible with laser equipment.
The application of laser alignment techniques to shipbuilding is evident when you
consider its being applied to alignment of stern-tube boring equipment or to place-
ment of deck machinery or keel and side plates. It is, therefore, included in the

appendices of this rePOfi fOr information as to the current state of the mt ~d the
Joint sharing of this technology between the different industries.

APPENDIX A

PIPING SYSTFMS

Piping systems currently installed on commercial and military shipping use steel
pipes, both Schedule 40 and 80, and steel pumps with bronze bushings and fittings.
Large gate end globe valves can become expensive without considering compatible sys-
tems made for use with aluminum (Table 17).

Current design practices call for waste washers to be installed when it is
necessary for pipes to penetrate bulkheads for overboard discharges and pump connec-
tions. This practice causes higher costs for initial construction and subsequent
operation in the electrolytic environment of seawater.

Regulations currently restrict the use of any nonsteel/iron pipe and pump sys-
tems in such areas as fire protection and control. Extensive tests are now being con-
ducted by the Naval Ship Systems Command, Annapolis, Marylana, to verify new materials
such as the intumescent coatings on glass-reinforced plastic piping. While these hold
some promise for future use, the current regulations are explicit.

There are possibilities of using a mixed tubing materials system such as plastics
for bilges, ballast, and weather deck drains; aluminum and/or stainless steel for
potable water, compressed air, and engine oil; and alloy steel and 90-10 copper nickel
for fire-control systems. The merits 0: these systems would have to be determined
from cost-effectiveness and reliability standpoints.

While these systems may save weight and installation costs, the fluid prime
rover will be predominantly the steel pump due to availability and cost considerations.
Again, galvenic incompatibilities can occur, especially in nonferrous ships. Since
the pump can be isolated by the same method as the deck machinery, the problem lies
in connecting the pump systems to dissimilar pipe systems.
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Several suggested methods of pipe-to-pump attachments, bulkhead feedthroughs,
rnd pipe tapoffs fabricated from bimetallic stock are shown in Figure 19.

While an interested party would have to develop the necessary rupture and
fatigue data, the concepts are practical and offer an attractive cost-savings poten-
tial. This process could eliminate the costs of waste washers and gaskets end mini-
mize related maintenance, corrosion, and rust allowances made for steel pipes. Hence,
thinner-gage pipes could be used. Limited use of the glass-reinforced plastic and PVC
pipe has been recommended by the Coast Guaxd, predominantly in bilge end ballast sys-
tems. Cost snalyses from SSC Fublication 218, Design Considerations for Alwninwn Hull
Strusture, are shown in Tables 18 and 19 for bilge and ballast systems.

Nondestructive test (NM!) procedures are available commercially for in-process
mntrols of explosion-bonded materials. These included X-ray technique and dye-
penetrant inspection of the bond join amd weld bead.

APPSNDIX B

WATER SYSTEMS

TWO water systems are in common use for ship operation. These are the fresh
@able water system for sanitary engine cooling and consumption purposes and a sakt-
water system for bsllast. The potable water is from two primary sources: (1) on-board
+salinization and (2) shore supplied. The sslt system is ocean supplied.

For steel structure, there is no inherent problem with either water system other
than rust. Black schedule 80 steel pipe is used predominantly. However, with aluminum
structure, different problems arise--some chemicsl and some regulatory. If aluminum
pipe systems are used for both freshwater snd saltwater systems, corrosion problems
~ occur due to the various differences in fresh water found in different ports.
Ninerale and free ions can contribute to the corrosion of the aluminum freshwater
S@ em.

The installation of aluminum piping in aluminum structure would simplify construc-
tion and eliminate the necessity of galvanic isolation techniques that would be
rsquired for a steel-pipe system. T’nealuminum pipe would be lighter than steel due
to differences in density end would not have the heavy-duty (schedule 80) wall-
tbickness requirement as does steel pipe.

Fiberglass-reinforced plastic, on one hand, offers several advantages. Cost
studies indicate the GRP system to be the least expensive of eight systems studied
(see Table 19), would be chemically inert to most substances, and would not produce
~vanic incompatibilities. “Sailor proofing” GRP pipe would be more difficult. Unlike
b?avy-duty steel pipe, the GRP could not.be used as a “chinning bar.” Allow=ces for
reinforcing and protecting piping in passageways and overheads must be considered.

Difficulties encountered in a GRP system include fabrication because GRP is
rnt bendable. Bulkhead penetration techniques would have to be developed, and regu-
latory agencies do not consider GRP with intumescent coatings to afford adequate
fire protection.
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Stainless steel pipe systems have been included in smaller craft such as patrol
boats and hydrofoils. These systems are costly when compared to a similar system
manufactured from black steel or GRP. However, stainless steel offers good corrosion
resistance, is galvanically compatible with steel and aluminum structures, and is
formable. In small dirimeters,welding or mechanical couplings can be used effectively.

The cost analysis for several ballast systems in a ship similar to the 632-foot
M.V. Challenger are shown in Tables 17, 18, 19.

For economic and regulatory reasons, future ship construction will probably use
an integrated pipe system composed of different materials. The cost involved with a
mixed system must be determined to decide at what point there is an economic tradeoff.

APPENDIX C

OIL AND AIR SYSTEMS

Oil systems aboard ship can be lumped into three general categories: fuel oil
for propulsion systems, lube oil for deck and propulsion machinery, and bulk cargo in
the case of petroleum tankers.

Current regulations explicitly require fuel and engine lube lines to be manu-
factured frnm black steel due to the nonconductive characteristics of fuel oil and
fire prevention requirements. The introduction of aluminum or plastic pipe should be
mnsidered for future use. As new materials and design allowable become available,
regul.atog agencies should consider their implementation after appropriate testing
has been completed. The installation of black-steel fuel lines in aluminum structure
will creste galvanic corrosion problems if isolation procedures are not adequate.

The installation of stsinless steel fuel and lubricating oil systems would elim-
inate the need for isolation protection. Bulkhead penetrations would have to be
incorporated to maintain watertight compartments. ‘Thesepenetrations could be either
mechanical or welded connections. Aircraft-type AN fittings and the in-place tube
welder would facilitate pipe system installation and connection for modular construc-
tion and jumboizing. Design and fabrication techniques used in aircraft use modular
construction end system installation for preinstallation of many of the electrical
systems, k@raulic tubing, and actuator cables.

Bulk cargo transfer to shore facilities or other ships will require an extensive
pipe-and-pump network within a tanker structure. Cost considerations will be a major
factor in deciding what type of systcm will be used. Safety experience gained with
nmbile aluminum truck tankers should make an all-aluminum pipe system a major con-
tender for ship service, due to their impressive safety record.

.
Compressed-air systems involve two major areas of ship operation. They are a

hOO-psi engine-start system and a 100-psi ships-service system. Current design prac-
tices call for high-strength steel for each system. For an aluminum ship, a schedule
ho aluminum low-pressure systcm has been previously recommended. High-pressure stain-
less steel could be implemented for engine-start, eliminating galvanic couple problams
associated with penetrations of steel pipe through aluminum bulkheads. This, used in



.

FIG. 20 - TYPICAL CHEMICAL PROCESSING LINE

FIG. 22 - TYPICAL OVEN FOR PROCURING ADHESIVE
PRIMER

FIG. 21 - TYPICAL SPRAY BOOTH FOR APPLYING
ADHESIVE PRIMER

----

FIG. 23 - CLEAN ROOM FOR ASSEMBLY OF PARTS TO BE
BONDED

.-...~ . :--
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conjunction with pressure reducers and regulators, could be reduced to a single
high-pressure system, with the regulators end reducers supplying the lnw-pressure
ships service.

Should an inert-gas fire-control system be adopted, aluminum tubing would facili-
tate systems installation in aluminum structure.

Cost effectiveness of incorporating various systems into ship construction
should be investigated. A particular system, whether single or mixed, will have to
meet regulatory approval, and therefore any hard-and-fast recommendations cannot be
made without knowledge of ship’s purpose, current state-of-the-art information,
regulatory revisions, allowances or standards, system type (oil, water, fuel, etc.,),
pwmp pressures, safety allowable, etc.

APPEWDIX D

BONDING FACILITIES EQUIPMENT

A typical bonding facility for aluminum structures would require the following:

a) A chemical processing line with the folloving tanks (Figure 20):

1) ‘frichloroethylenedecreasing tank

2 ) Alkaline cleaning tank

3) Warm water rinse tank, either immersion or spray

4) Sodium bichromate-sulfuric acid deoxidizer tank

5) Cold water spray rinse tank

~ 6) Dryer tank

1
!

The sizes of the above tanks would have to be determined by the maximum
part sizes to be run through the surface preparation process.

b ) Closely adjacent to the chemical processing line should be a clean room.
Operations to be included in the clean room and required special.facili-
ties are:

1 ) Spray booths findspray application equipment for applying adhesive
primers (Figure 21).

r

2 ) Ovsns to precure the adhesive primer--the sizes of both the spray
booths and the precure ovens would be determined by the maximum size
of parts to be processed (Figure 22).

3) Assembly area with adequate work space large enough to accommodate
the tooling, parts, and associated assembly operations (Figure 23).
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FIG. 24 - ALUMINUM HONEYCOMB CORE MACHINING EQUIPMENT

FIG.25 - ULTRASONIC NONDESTRUCTIVE TESTING EQUIPMENT
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C)

The clesn room should have filtered incoming air and should be pressurized
from 1/2 to 1 psi, in relation to adjacent areas, to be sure CII.Iair
movement is outward from the clean-room area. The primary purpose of the
Clean room is to pruvide a segregated area for the special hanaing
Rquired ,forthe “clean” part during the priming, precuring, and assembly
operation.

A curing facility to supply heat and pressure for the final cure of the
adhesive is required. The most common curing facility now in use is an
autoclave. Here again, the size of the autoclave is determined by the
maximum size of the largest bonded assembly and also the total volume of
bonded parts. The autoclave requires area and handling equipment for
staging and hnndling the bonding tools in and out. There is considerable
experience in the design and fabrication Of autoclaves fOr ~~e~ive
bonding in the aerospace industry.

As indicated above, the total bonding facility would be sized in relation to the
maximum size of parts to be bonded and the volume of parts to be fabricated. In addi-
tion, consideration should be given to the sheet-metal and machining equipment for
honeycomb core (Figure 24), machining equipment required to fabricate the detail
psrts required for the bonded assemblies, and the required nondestructive testing
equipment (Figure Z5) for inspection of a.ssenibliesin process and after the final
bonding operation. In-process controls are also required to mnintain bond quality nnd
reliability and reinforce confidence level.

APPENDIX E

IN-PLAcE TUBE WELDING

The in-place tube welder (Figure 26) was developed for in-place production
welding of stainless steel and titanium high-pressure hydraulic systems and is a
commercially available product.

Alignment of the tubing and fitup of the abutting ends at the weld joints are
major factors in consistently producing an acceptable weld joint. Auxiliary bridge
tools are used to support the tubing during the weld operation and are shown in
Figure 27. The space envelope dimensions required for a typicnl head and auxiliary
bridge tool are shown in Figures 28 and 29. Depending upon the application, various
types of weld joint configurations have been used successfully. Several of the more
popular and practical joints are shown in Figure 30.

For those heavy-wall tube joining applications requiring the addition of filler
wire, suitable miniature crawler-type weld heads are available. Due to the additionaJ
mechanisms to had.1.ewirs feed, these h&ads are substantially larger than the nonfiller
wire adding-type head. A representative head available at this time is shown in Figure
31, with its space requirements in Figure 32.
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Butt Joint

@

~
*PP

Butt Joint With
Filter Metal Insert

&&
Flare Bevel Butt Joint

Flange Butt Joint

Butt-Sleeve Joint

FIGURE 30

Featherhead Sleeve Joint

(Swaged and Welded)

TUBING WELD JOINT CONFIGURATIONS
FOR GTA TUBE WELDER
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FIG.31 - TYPICAL COMMERCIAL MINIATURE GTA TUBE WELDING CRAWLER
UNIT WITH AVC, TORCH OSCILLATION, AND MIRE FEEDER

1::::**..,
“.. .,

.. ,”...

. ,’,.

“ /,/...

FIG.32

, . ->//

. TYPICAL GTA TUBE MELDING HEAD

i
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APPENDIX F

ELECTRICAL SYSTEMS AND THEIR ATTACHJIENTS

The installation of electrical systems and connections between components has
presented numerous problems to the design and fabrication contractor of both steel

end aluminum ships.

Regulations require many of the connecting compartments to be isolated from each
other in the event of fire, flooding, or other contamination. Since control systems
necessary for ship operation cannot be installed externally to the structure, it is

required that bulkhead penetrations into adjoining compartments maintain the integrity
of each compartment, should an emergency situation occur.

The penetration of steel piping through a steel structure, or aluminum piping
through sn aluminum struct m-e , afford the opportunity for contaminants to enter
adjoining compartments. This condition can be eliminated by fillet welding the pipe
end bulkhead at the point of penetration. Suggestions and recommendations for dissim-
ilar metsJ penetration of steel pipe through aluminum bulkheads are contained in the
explosive-bonding section of this report and will not be elaborated upon here.

Electrical systems present a more difficult problem in that most of the wiring
and cables 8re armored. Even when conduits are used, a stuffing tube arrangement
must be fabricated to ensure each compartment’s integrity. This process creates addi-
tional outfitting difficulties and higher costs, both in material and labor, snd is
not conducive to visual inspection or postservice modifications.

MOLTI-CASLE TFA!iSIT

A commercial product, Multi-Cable Transit (MCT) bulkhead penetration, such as
that marketed in recent years by Nelson Electric, offers the designer snd fabricator
a new method of maintaining compartment integrity when installing control systems
(Figure 33).

Multi-Cable Transit bulkhead penetrations have frames made from aluminum or
steel, measure approximately 2-3/8 inches in depth, vary from 5-1/4 to 5-1/2 inches
in width, and have lengths of 4-3/4 to 9-3/8 inches, depending on model. The MCT uses
csble modules made from Tecron, a DuPont neoprene compound that expands when heated.

The installation procedure is relatively simple. ArIoblong hole is cut in the
bulkhead to accept the MCT frame which ‘isthen welded into position (Figure 34).
Electrical cables or tubing are then run to their respective positions where they
can be connected for a system check. The predrilled Tecron block, conforming to the
respective cable dimensions, is installed with a slight coating of lubricamt on the
block. Armored cables have G.E.‘s RTV-10; or 106 sealer applied in the grooves of each
block to seal the space between the armor and cable sheath. A compression plate is
installed, along with the end packing to seal sgainst fire, water, and air leaks. MCT
will accommodate cables or pipe ranging in outside dismeter from 5/32-inch to 3-3/4
inches. These units may be purchased in gang or group mountings. Additional cables or
tubing IDSAYbe installed by adding the necessary insert blocks. Cables may be removed
in the reverse manner. An added advantage of MST instsllation is that fabricated
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J
2

FIG. 33 - TYPICAL MCT CABLE & TUBE ASSEMBLIES

FIG. 34 - INSTALLATION OF MULTICABLE TRANSIT FRAME
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cabling with connectors attached can be passed through the MCT. For rf and high-
frequency applications where signal leakage and grounding are important, MCTS with
mnductive rubber blocks are available.

Fire tests conducted at the Iockheed Electronics Environmental Test Laboratory
demonstrated that M(?Tcould withstand 1715° F for 1-1/2 hours, when attached to a
l/4-inch steel test panel. The rear side of the MCT and cables remained relatively
intact during the test. MCT inserts are not subject to attack from liquid chsndcals
or hydrocarbons. MCT is reputed to comply with MiI,-P-I.6685c,U. S. Military Standard
16’7,Mil-s-901c, Mil-Std-108D, ASTM-E119-61, and tbe JCSLS fire-test standard.

Cost comparisons indicate the MCT units will save 50% of the installation costs
ovar the cable-tray or conduit-ad-s eal.~.r,g-cor,polndmethods of cable installation.

FLAT CABLE

Scotchflex, a family of flat cable produced by the 3M Company, currently is under
study for possible introduction into commercial.aircraft electrical systems connections.

The use of flat cable would provide additional advantages in ship outfitting and
systems installations.

Flat cable can be installed in space-critical areas such as passageways, over-
heads, and bulkheads (Figure 35). This type cable is designed for hookup of connect-
ing components, especially those using printed circuit boards in their assembly.

Transitions from flat cable to conventional round-wire connectors cm be accom-
plished by any of several methods such as splices or junction boxes (Figures 36 and
m). Flat cable offers a decisive weight-savings advantage as well as ease of fabdi-
cation and installation. It can be prefabricated for modular construction or systems
installation.

With mnre emphasis being placed on presssembly and modularization, implementa-
tion of the flat cable concept would be beneficial..

APPENDIX G

OFTICAL LASER APPLICATIONS

.! The Manufacturing Research and Development Department of Boeing is currently
involved with developing a manual for using optical lasers in shipbuilding. This pro-
gram is being conducted in conjunction with Todd Shipyards Corporation of Seattle.

The objective of this resemch pro’~am is to apply alignment state-of-the-art
knowledge and experience to shipbuilding with special emphasis on hull erection and

j machinery installation. Although accuracy is the main criterion for using lasers in
aircraft alignment, it is not the only criterion. There are more advantages that are
not readily seen. A few of them are:





a)

b)

d)

e)

f)

g)

h)

i)

Optical instruments require
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experienced personnel. Lasers do not.

The accuracy of optical instruments depends on resolution, definition,
proper certificateion, removsl of parallax, pointing (dependent on
physiological and psychologycal characteristics of individual operators),
and proper targeting and target lighting. Lesers depend primarily on certi-
fication. HusIaninterpretations would be eliminated for machinery and
other precise alignment applications.

Once set up, one man can interrupt s.laser beam anywhere and take a
measurement much the sme way as he would with a strung-out wire. The
laser beam would be a precision straightedge. A piano wire, no matter how
taut, still must be corrected for a perceptible catena~.

The lsser beam can be detected visually as well as electronical.ly.Optics
normally require two men for this operation.

The laser is much more simple to buck into a line and considerably more
simple to buck into a plane than is the telescope and transit under most
fabrication conditions.

The laser does not require initial focusing to find the target and refocus.
ing to achieve final alignment.

Unlike optics, the laser field of visw is the entire field of view of the
operator and any other observer. Thus, the laser can be used as a long
pointing stick.

Collimation or autocollimation of the laser is not limited to mirror size
as it is on the telescope.

A summary of applications of the optical laser includes, but is not limited to,
the following:

a)

b)

c)

d)

e)

! f)

.s)

h)

i)

Alignment of wsys and blocks prior to laying keel

Alignment of keel and panels

Stiffener location and alignment for preassembly technique development

Checking levelness during hull erection

Hull-section alignment for modular or “jumboizing” assemblies

Stern-tube and shaft alignment

Hatch-coaming and guide inst~lation

Lash-rail slignment

Superstructure-to-hull and deck alignments
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APPENDIX H - BOEING DESIGN MANUAL

SECTION 17

FASTENERS,GENERAL

INTRODUCTION

)7.1 1 Rive fing Generol

SYMBOLS AND CA11OUT

,7.2) Fostener Symbols

17,211 NAS Symbols

17.21 I ) ExomP!esof NAS Symbols
17.2112 BOSICRivet Code
17.2113 Oversize F.stener Code

17.212 ObzoleIe Symbols

17.22 Fastener Crdlout

17.22) Pork List ColloL’
)7.222 lomlion Collout

17.23 Hole Lomlion Symbols
17.24 Motching Hole,

17.24) Holes 10 Mole Wilh Stmdord Park
17.242 Coordinating Holes
17.243 Idenhcol Ports Excepl for Holes

17.25 Hole Size Cello.t

17.25) Selection of Holes for Stc)ndord Fosteners
17,252 Slondord Holes for Structural Fosleners
17.253 Hole Size for Bl; nd Fosle.ers Group I

FLUSH REQUIREMENTS

17,31 Toleronce%
17.32 Counler$inhng ond Dimpling

17.321 Countersinking

)7.321 I Minim urn Sheet Thickness
17.3212 Collout

)7.322 Dimpling

17.3221 Edge Morgin
17.3222 Collout

SEALING ,

17.51 Colla”t
17.52 Types
I 7.53 Maximum Spocing

17.6 FASTENER USE CHARTS

17.61 NAS Symbol Fosteners

17.61 I Solid Shonk Strudurol R~vels
17,6)2 lock Bolt, & Hex Drive Bolts
17.613 Blind Fosteners
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17.63

17.64
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Ihreaded Fasteners

17.621

17.622

17.623

17.624

17.625

Bolts

17.6211
17.6212
)7.6213
17.6214
17.62)5
17.6216
17.6217
17.6218

screws

17.6221

17.6222
17.6223
17.6224

Nuts

17.6231

B&, Wtiho. t Cotter Holes
Oversize 8olts
Rodius Cleoronce
Bolted Sloping Surfoces

Tapping Screws

17.6221 I Threod Forming Screw
17,62212 Threod C.tling Screw

Drive Screw,
Wood screw,
set screws

Nut Use Chorfs

Plot. Nuts ond Gong-Chonnel Nuls

17.6241 GongChannel Nuts- Drawing Collout
17,6242 Plate Nut Hole ClecJronce Drew; ng Collout

She.! Spring Nuts

Speciol Fo,tener,

17.631
17.632
17.633

17.634

Pin, use Chort
Sh’aor Pins
Met.1 Slilching

17.6331 Edge Morgin o.d Spocing
) 7.6332 C.pocilies ond Dimensions
17.6333 Drowing C.llo.t

Quick Releo,e Fo,teners

Woshers, spocer,, ond Shims

17.641
17.642
17.643
17,644
17.645
17,646
17,647
17.648

Wosher,
Shims, Plot. Nuls

spacer sandwich Board
Rivet, SW,, Heed, Blind

space, Riv+ond 8011
space,. plot, N.IS
Nut, Spocer Plole
Rodi. s Fillers
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SECTION 17

FASTENERS, GENERAL

17.1 INTRODUCTION

A. Foslener in formolio. is presented in three >ect; ons

!. Section 17 mntoi. s ..11..1 i.sfr.ctions for .Ilfoste. ers..d hales,
hole sizes, sealing in form.f ion ond usage chorts.

2. Section 18 provides strength d.!., edge morgins and spacing
req.lrenlents.

3. Section 19 c.ntnins description.of foslener installation tools .nd
reloted inform .lion which must be considered in design.

B, The i.st.l lolion of fosteners is controlled by process spec;ficot;.ns,

1. BAC5004 for rivets, Iockb.lfs ond blind foste.ers

2. BAC5009 for bolls and ..1s.

Drawing forms conto i,> references 10 Ihese specifications in the title
block o,,..

C. ‘In oddition, where .pplic.ble, oddition.1 process specifications
should be coiled ..1 on drawings. For exornple:

1. BAC5018 for insloll.lio. of cotter pins ond similar sofelying
devices.

2. 8AC5047 for instol lotion of fosteners which mud b. fl. id tight.

3. 8AC5049 for dimpling or,d countersinking,

4. BAC5085 for inslol lolion of mel.llic sondwich spocers.

17. I I RWETING4ENERA1

Joint design ond ossocialed fos!e.ing concepts shell continue lb.

pr.,fic., used . . pr. ”i.. s c.mm. r.i.l models with exceptions to
pr., id. .. f..s.d r.li.bility, weighf ..d CO,I r.d..fi..s. A brief
re.. me of the moior current pr.cl ices ond r.cornme. ded cho. ges
follows

Riveting

For slr.ct. rol fluid tight r’veling, the use of NACA o.d modified
m.nter sink ..torno tic rivelin~ in occord. nce with BAC5047 shell be

co. tinued. Avoid the use of rivets where the moleriol thicknesses
odd up to more than 2.5 D.

Avoid use of dimpled rivet i“st.lloti.ns in exterior ond oerodynomic
surf..,,. Flush rivets ,holl be cd the sheer heed type [8.ACRI 5CE)
in Ihin sk; n oppli cotions.

Conventional 10(1 flush head and protruding heed ol. min. m alloy
ri. s!s for i“ler ior slruc!., e, s.b.sl,.ct. r. ..d .ttochmenls shell be in
occordonce with MS stond. rds 20426 and 20470.

F., .uIpl.te .H..hm..t .s. hollow pull-stem ri. els (8 ACR15DR],
except in seol oreos, unless prohibited by customer specifications. I.
blind riveting opplic.tions requiring str.ct. rol strength ond fot?g. e
resislonce .s. the Cherry lock ond b.lbed Cherry lo’k locked spindle

aluminum olloy rivels (NA51398 ond 8ACR15DJ].

For high ternperat.re service the nmnel Cherryl.’k (NAS1398) sh.11
be used.

17.2 SYMBOLS AND CALLOU1

17.21 FASTENER SYMBOLS

17.21 I NAS SYMBOLS

The NAS523 Symbol Syslem is used !omll ..t perm.. enl tYP. f.,
lener .nifs on dr.wings. The fostener units shown in 17.21 12, 80 SIC
Ri. e! Code, con be culled ..! with the NAS Symbol System. A
thre.ded bolt thot is used with v.rio. s nuts, pins, metol sti.hi”g, ond
rniscelloneo. s spec; .1 f.steners m... t be included ;. the NAS Syrm
bol Sy,Iem.

A. The NAS Type Symbol is b.sicolly o cross with the intersection
.1 the cenler of the foslener in the plan view. F.slener identity, size
ond i.stoll ofion instructions ore indicated by Iettern.merit coding
within the q.odro.ls of the cross .For convenience the four q.odrcnls
ore referred 10 os shown below reqord less of rolot ion.

w $$
Figure 17.21 I

8. 8osi. Code. The f.stener is identified by o nonsigniflcont two
letter mde i. the NW qu.dro.t, which defines .11 feet.res e.’+!
diome!er .nd grip or Ieng!h. 11.1s. includes the c.llors for Iockbolls ~
and HiShears. When rndosed in . box, inst.ll.t; .n oer BAC5047 is
required. For code Ietfers, see the .soge chorls. Code letters 10 be
used by the entire oircr off industry ore odded !. NAS523 ond then
to Ihe Design M.n. ol. Code letters for individu.lmmpo”y use begin
wilh X. Consult Seotlle Slond. rds Unrt for ossignrnenl of new code !
letters.

C, D;omel.r and head 10COI;O. orei”dicoted by. ”umber ond letter
in lb. NE q.. dronl. The number is the some os the die,,, e!er dosh
“umber of the port or the lost one or M. digits of porl numbers
which express the nomi”ol diameter by these digits, lhe letter N or
F refers to NEAR SIDE or FAR SIDE of the mon.foc!u red heed. If
the heed Iomt; on is optionol, or is cle. rly shown by the drew; ng the
letter moy be omitted,

D. Rivet length ond spotweld optional ore shown in the SE q.odr.nt

bY . ..mb. r ..d 1.11., . lh. ..mber IS the d.$h ..mber f.r the
length or grip of the port; it is omitted for mnve.t;o..l rivets except
in nmdif, mtio. kil drawings per PM, D4900. The letter W if used,

p.rmit, sp.fw.ldi.9 ;.,i..d .f ri”eti.g.

E. Co..tersinki”~ ond dimpling instructions ore show. in the SW
quodmnl o, follows

1. Dimpl; ng is indicoled by o D followed by o number indic.hng
the number of sheet, to be dimpled, if more then one.

2. C.. nters; nking is ind;coted by lhe letter C. No number ;s used
with m.nlersinkng,

3. Flush both sides is shown by plncing the letters ond number (OS

opplimble) . . MO lines. The upper line .pplies !. the . . . . .
f.d. red heed, ond the lower Ii”. to!he driven he.d. The ongle
of thedr, ven heed shell be thesomeo, thot of the rno.. foctu red
heed except os noted in por.g mph F below.

F. Fluid tight riveting (per BAC5047), is shown by endosinq the basic
code in o q.ore in the NW q.odront. PI.’. 82 below the counter
sink code i. the SW q.odront when o. 82. driven heed ongle is
required (NACA slyle).

G. Rivet symbol blocks os show. below will be printed . . drowing
forms slocked ot the supply counters, or up.” requesl to the Repro-
d.clian u. It. Severol b(onk YPoces ore provided for (isling (he
rivets used on the dr.wing ond the code for eoch. More spoces rnoy
be odded by Ihe d,. ftsmo” if required.
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17.211 NAS SYMBOLS (Continued)

=
+ HOLE LOCATION FOR X DIAMETER RIVET

INSTALLATION:
STD, PER BAC 5004; FLUID TIGHT, PER BAC 5047

BASIC CODE

ENCLOSED = FLUID TIGHT / K:;lti%wc

OPEN = STANDARD

///

N = NEAR SIDE

i-

F = FAR SIDE
xx xx

DIMPLE/CSK lNFO— D2C X W _ SPOT WELD OPT

D = DIMPLE
~ LENGTH DASH No.

2 = NO. SH DIMPLES

C = CSK IN STRUCTURE

2 LINES: TOP = MFD HD; BOTTOM= DRIVEN HD

NOTE, PROTRUDING HD RIVETS DRIVEN FLUSH

D/C INFO (2 LINES) APPLIES TO DRIVEN

HD ONLY.

RIVET SYMBOL CODE

Figure 17.211-2

NOTE: The Basic Fastener Code and the equivalent port number(s)
that ore noted the Rivet Symbol Code box, shol I be the

some m those [isted in 17.2112 and D590. These include

codes for nmteriol, Finish, etc. , m required.

Exornplti XPC = BACB30MB*A**U & BACC30X

Where: BACB30MB = Basic Part Number

‘(A” code = A286 rnciteriol

“U(’ code = Unplated
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17.211 I LXAMPLES OF NAS SYU50L5

+

r+-
MSiU470M, UNIVIRSAL HEAD, 5W&F RIVET, 1/8 DIAM17ER. HEAD DIRECTION
OP1lONA1. SPOTWELDOPTIONAL.

$

MS’M4264b, lCQ- HEAD, II W-F RWCI, 3/16 D!AJA~f3. COUWfRStNK lM. NEAR
S!DE FOR MANUFACTURED HEAD. [

-+

BA F MSN426N, ma. HEAD, I ICOF RtVfT, 3/16 m AMmm. M*4uF ACrunm HEAD
FAR SIDE. DIMPLE OUTER SHEEl AND COUNTERSINK !NSTRUCIURE IQ).
BOTH SIDES.

-%

SALID3-T6-5 (BAc-mOp-.5-5), two HEAD, STEEL, 5HEAR LOCKBOLT, ISCLUDING
2m24-T4 COLLAJ 6tc-c6 [8 Ac-c30A<6). 3/16 DIAMETER, 5,/16 utiIMuM GwP. ‘‘
COUNIWSINK 103- FAR SIDE FOR MANUFACTURED HEAD.

+

(LP 6
8ACB30LA6-3, ICO” HEAD, BLIND BOL1 HUCKBOLT, 3/16 DIAMETEQ.,

..,.’ :>,

3/16 NOMINAL GRIP. COUNTERS(NK 103- FOR M,AN UFACTU%EDhEAD [Dhe.,1.m ?
C3 .wumed 10 ta .!=.iws)

m

~,

.,. ,

+

CE 6 P6D (BAC-R15AP-4-147), 5R=IER HEAD, 5c66-F BLIND RIVET (HUCK cKL],

D V16 DIA.MEIE3, .12? - .165 GRIP RANGE. (The .w.f lhlt.r D loror:piim
.xc. p!ic.n to ,k ,?ad.rd code). Head Dire.,;.. Obv;w,.

+

x BAC-R!59B-6 AD, 1117-13, 3/\6 DIAMETEX, UNIVERSAL HEAD RIVET, MANUF<WRED
HEAD FM SIDE. FLUID lIGHT PER BAC 5047.

%

xc 6F 8AC-R15BB-3AD, 2117-T3, 3/16 OIA.METfR, UNIVERSAL HEAD RIVE1. MANUFACTURED
HEAD FAR SIDE, CO UN IERStNK 82- FOR FLU)D TIGMT DRIVEN HEAD FfR SAC 5447,

+ ‘nti~--d)

HOLE LCCATlON FOR A 3/16 D(bMFIERRtVE1 Tlm wmkr ,@ifi., ,;m, &aM,w

,. .,,.!,,,,,,. ,, ..!,,.,

w%.,. hol , paf+erm ore d.plico ted . . other dmwkw a note
shall be o?dd $fofingwhich dwwing IIwll be wed m o fdfem.
D,w,hg, ,hwTn9 tc.les which are not to be used far F.xterm
,holl dmv the note

U5E RIVET (BOL~ HOLE LOCATIONS 5H0WN
ON XX-XXXX

23 OCOO

~+ USE RIVET HOLE LOCATIONS SHOWN ON

.—

r——————— ——-7

I 23-OCCIO I
-—. —.

F?++ +-q
F!wre 17,23-1

17.24 MATCHING HOLES

5.. DM 81, Section 13.

17.241 HOLES TO MATE
WITH STANOARO PARTS

17.242 COORDIPJATING HOLES

G;3~:rmting holes shall k u=d in .x.ord..ce wi!h DM 81,

17.243 IDENTICAL PARTS

EXCEPT FOR HOLES

Pm,, ~i<h ore ident; cal except hole, or hole Ioc.l;nn, rewire
different pod rwmber,. Th:, wlie, to part, drown os sqmrote de-
,.11, or tolled ..? by dmh number on on o,,ermbiy or im!oll at ion.

A. When o ,,ondord part i, drilled for ;n,!al lotion, lt shall be

9:ve. o W“ .“.be. .“d ,,e.,=d .S. MAKE FROM w--= QM
9401, se.,!.” 5.034.

B. E4ng de!n; lcd blank p“., which ore used :“ t= or “w.. os-
=n,blje, }Iwiw Affcre.! ble poller., $holi be ,reo!ed m ;. A
ok.
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17.25HOLESIZE CALLOUT The nwkd .snd to produce a h-ale w. II not be Incl.d=d in the
~gt~o>~ ..1 lout; the size and tolmonce ‘4 II indlcote the raq.l red

A. HOLE sIZES NOT SPECIFIED ON THE DRAWING. Hole >lzes
for mnvmtionol rivets ond Cherry, Olympic, H.ck, D.pent chemi-
mlly expended blind rivels, ore controlled by BAC 5004 or Hole, may h called out with or without the fmtener, .% shown:

BAC 5047 and shell ..! be shown on the drowinq.

F

.379

S HOLE SIZES SPECIFIED ON THE DRAWING. All fostener holes .375 DIA HOLE

not included i. A obove must hove th. size ond tolerance .le. rly ,375

mecifi. d in decimol dimensions on the dr.wing. These include,

+

NAS1306-7 4 Holes for 26-XXXX

t.dfs, screws, swmaed collar fosteners, blind Iockbolts, JO-8.1!,, and
BACNIO GW6

Deuts<h 81ind rivets. .391
.375 DIA HOLE

.375
5 places

+

.190
HOI. sizes may b specified in .ari..s WWYS,such .s by note at the XJ 6F .187
fastener locatiw m by a @ne,al IWte near th title block for each

DIA fiOLE
.137

i- and type of f.siener used, or by . c.m!i notion of such notes.
3

4 place,

If the purposeof a hole 1, not mad Iy apparent o n-ate dm I be NOTE: solid Q for .5 di.mew or 1.s$
dded M reference its .$.. This .Isn applies to blank foles.

%. a clearance fole k one Loh size lager then *he Lmlt, M.n.-
bcf.ring ms.mes the dr.aw.ng is in error. T. amid mis.nderst.nd-

1

17.251 SELEC7f0N OF HOLES FOR STANDARD FASTENERS
;.s and del.y, . p.i.l note dwuld Ix added. For example, if a
.313 hole is required for o 1/4 bolt the following nom may apply: 7.. precision required in drilling holes far Lnlt.d structural +lnts

i .313 ~::
c.rr ing shear Ioods is de+ermi.ed by the nature of the loads and

DIA. OVERSIZE HOLE FOR NAS 1304 BOLT [by t e number of bolts in the ioin?. S.. Figure 17.251-1,

SELECTION OF HOLES FOR FASTENERS

Joint Condition or Loading Fo,!ener lyPe
Recommended

Hole Type

klnt tmnsmits large portion of load carried by airplane
COnlfonent (wing enlpe”n.ge , etc. ) Close T.lamnce !.aIt close Ream @

Less than four f.as-
bint s.b@ to freq.ent load reversal (buffeting or tenem in i.int,
vibration). Lock Bolt Transition Fit @

-!-ai.t died t. rapidly applied loads .s . result of Four or more fm- cl.50 or .Ondose
high acceleration of large masses. teners in ioint. Tolerance Bait, cl.,, I @

or Lock B-Oh

Joint in f I.id tight structure. All Clme Ream @

Joint i. secondary W..t.re.

.bi.t in prim.ry structure:
A. Not ,u~ect to reverse .nd/o, r.~dly applied load,.
B. Over-strengih (margin of safety greeter than 25 p . ..! All class II @
in shear and greater the. 50 par cent i. b.nci rig).

NOTE: Where r.s.lting .1 I.v.nble motion in ioi.+ wi II tend to overload
.di. cent sfr.cfure, .* Class I Ide

Joint In which tension only is applied to fastener with no reversed loads.

J.alnt where close fit is obviously not required, and alignment of predri I led holes
is difficult. Exmnplm: C lamps, f.id.cds, im+r.ment and eqipment support Al\ class Ill @ @

Ix.ockets, i..ctio. L-axes, lining trim, mis.el I.neo.s supports and brackets,

@ Close tolerance Lalts may be installed in close reamed holes in .11 m.teriols.

@ Lock Lalt. in Pr.nsiti.n fit fwle, shall La restricted m foil.~s (mat for blind lock tcltd:

A. Moteri.al single thickness next to collar shall be of least .25 times nominal fmte.er diameter.

B. Total material thickmass hall W+ exceed 4 times nornl..l f.st.ner di.meter,

@l Hole sizes for blind bolts are shown in 17.253.

@) Cl.,, Ill holes do not ne.essorily provide the l.rge,t clearance od.ised for .11 designs. Where
the design .Ilcnw, and either fobc:.ot!on or .,sernbly is more economical with lower cleoronces,
I.,ger holes moy be ,Pedfied with ,i,e, !. .cmrdonce vith 7.411.

Fig.ro 17.351.,
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17.252 STANDARD HOLES FOR STRUCTURAL FASTENERS

A. Hole size for bolts, screws, Iockbolts, pins and other similar
structural fasteners ore given in Figure 17,252-1.

B, Manufacturing proctices for hole preporoti. n ond fostener in-
stoll.fro” for .11 but extreme design requirements ore specified in
Process Specifications BAC5004 (for Iockbolts ..d blind fasteners)
ond BAC5009 (for both screws and nuts). The requirements of BAC
5004 ond BAC5009 ore spe’if ied by o “ate silk screened on drow-
i“gs “ear the title block. Speciol instoll .tionreq uirements, where nec-
essory, must be ‘Iearly specified i“ detail on the drowings. 1“ such
..s. s, it must be established that the req.lreme”ls are within rn. n.-
f.ct. ring capabilities and are economically i.stif ied: cons.lt. tionwith
the opplimble divisional staff is recommended.

Some provisions of BAC5004 and BAC5009 ore .s follows:

1. Fostener holes are required to be within 2“ of normal to:

. . The surface under the head of protruding head fasteners.

b. The surface surrounding the top of countersunk fmte”er.

c, The surfoce in contactwith the washer face of “.ts

NOTE: within 2“ of normal” is intended os . shop tolerance, in

coses where design is such that the surface “.der the bolt
head or ..1 is “at nominally perpendicular to the hole with
1/2”, the drawing shollcall foraspotioce (per DM Book 81,
7,4132) as optional.

2. The perpendic”lority of inst.lled fasteners is .Isoconlrolled by
limiting the permissible gap under foste”er he.dond”.ts. This

g.p is in fl. encedby h.l. abnormol!fy, cocki.goffa$fe.. r$ he.d$,
I.ckof fastener stroight”ess, abnormality ofnutlhre.dsin redo
ticm to the washer face of nut, surf. ce irregularities under nuts
or heads of fasteners, bending of the fastener and compression
of the clomped material.

C. Al”rninum collors sw.ged on Iockbolts con accommodate more
slope then nuts o. bolts. The permissible slopes given i“ Figure
19.34- I include the 2“deviofion from normal ollowed for shop hole
preporotion.



-79-

17.252 (Continued)

I STANDARD HOLE LIMITS PER NAS 618 @@ 1
i

Nc.mi.cil Diameter CIO* Ream .._ Trmwitio. Fit

Fm+ener In Alinn and M.ag In Steel
M IL Ma x M!. M,. ,. MW—

0
1
2
3

S or ?/8
Use

CIcseA

Bwl:::
45 .6255 .621 .625
?5 I .7505

95 I 1.5010 I I I
I hole, and O thru 6 holes ore not shown in NA5 618.

class I I cl.,, II I cl.,, Ill I

F “
Y 16 ,%2$

5/8 .624

‘;;3ic

I 1/4

I 3/8
112 J 49s

B

1 Clm$ll
2 Oversize fmtenem ore for repair work only and shal I no+ be used in design.

Transition fit for 5,)32 B30C)X, B30DY, 830GP and 83f3GG is 162- .165,
.1 For holes with larger tolerances see note @ i. Figure 17,251-1.
5, Washer ,eaui red umder fili, ier screw head.

.164

.190

.250

.312
275 _

.437

.500

.562

.625

.750
,875

I.cco
1.125
1.250

1.375
1.500

jwx r?.,” ml, M,. Mo.
z .067 ,081 .090

:075 0s0 .093 , .103
c48 . C93 ,106 ,118

10I .104 .120 .131
.114 .119 .i36 ,147
.127 .132 .147 .158

.140 .145 .!72
.l&a 166 .171 ;!;; i .203
.194 190 .199 .218 .229
.254 ,250 .261 .279 ! .291 q
,316 .313 .327 .342 ! .354
.379 .375 .391 ,~d \ ,416
.442 43S .457 .467 ~ .479
.505 .500 .521 S29 1 .541
.567 .563 .583

.630 .625 ; .645 :2; t+

.757 .750 i .773 .778 t .797

.882 .875 .898 ,903 I .922
I ,010 1.030 I .026 1.028 1.M7
1.135 1.125 1.155 1.153 1.172
1.260 1.250 1,280 1.278 1.297

1.385 1.375 I .405 1.403
1.510 I .500

1.422
I .530 1.528 I .547

NAS 618.

I

-.. ..—
figure 17.252-1

.<

17,253 HOLE SIZES FOR BLIND FASTENERSGROUP I

Hoi. s listed in Fiu.:e 17.253-1 ore for hiah strenalh bllnd fosteners
(H.ck Blind Boll). “

HOLE SIZES FOR HUCK BLIND BOLTS
BAC L330LA& BAC B30LB

Nrmrinol
size

5/32

3/16

1/4

/5 16

3,’8

H.le Diameter

Mnimum

,164

.199

.260

.312

.374

Moxirnurn

,167

.202

.263

.315

.378 .

Figure 17.253-1

17,3 FLUSHREQUIREMENT3

fie selection of co. ntersinkin~ .r dimo!ing, ondthefl.shness toler.

17.31 TOLERANCES

+010.
h. The no~mol fostener fl. sh. ess t.leronce of. :oo5, s ,.cl.d. d ;.

BAC 5004 .nd 5@09. Drowings which req. irec.mpIi. ncew!th these
specrhmlic, nsneed ..! ..11 ..1 normol tolerances. How,,,, if !oler.

..,.s ,.,.11., ,h.n ’010,005 .,, .ecessory they ,h.11 be selected from

Figure 17.311 and c.lleda. t.nt;]edr. wing by symbol .r note as
shown by ex. mple.

8. These tolerances .,, rn. ndol.ry f., dimpled ,IrUdWetOper, Wt
the “se of ,t. nd. rd die,. The same (o, I.rger) talerrmce, .,. pre
ferred f.r m.nters..k structure. However, countersinking tools con

be odi.sted to solisfy specio req.; remenis.

C. Drowing COIIOU! examples of O. i.divid.ol t.lerance included
with o symbol O, 0 ge. eml .ote:

+

BE ALL MS20426 RIVET5 INSTA1lED FLUSH ‘~ (IN

D AREA INDICATED].

+

XFV +005 ,N
ALL8ACB30GY RIVETS INSTALLED F1USH

D AREA INDICATED).
.,wz (

ancetho! must .pply, shall be i. .cc. rd. nc~with this section
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17.31 (Conttnued)

DRAW NG
FLUSHNESS TOLERANCE

FASTENER @) NUMBER
(TO B;;~;~~I ON REMARKS

+.C05
Aluminum Rivets MS2C426 -.000

BACR15BA
1. Preferred. Rewires practically M shaving.

Aluminum Lmk - BACB30GQ +,002
bolts -,0430

2. % critical .er.adyi+wnic areas. Rewires sh{

+. 002
-.004 1. UWOI, m driven.

MaxlrmJm stem pr.tr.si.n 2. Normal stem retention.
NASI 399
BACR15DD

aba”e ski” .020
Blind Rivets
Group 11 BACR15DF +. 002 I For critical aemdynmnic rem,

BACR15DJ -.004 2. Requires shaving.
Maximum stem pr.trw.n 3, NOrmOl ,Pem retention.
oImv. $kin .002

Shear Lmkbolts BACB30GY
1. Cant-d be $hu.ed.
2. C.nwt be i.st.l led in bal.w-f lush .applioati

which m.wre eemdynmn, c smoother.

Tension Lockbolts BACB30DX +. 002
Tend.. Lo.kbolts Stump% BACB30HG -.005

1. C.ammt be shaved.
Steel 3dtI BACB30LU 2. Cannot red Iy be inst.alled i. below-flush

applications which rewire cwmdyn.rnic
+. 005

NAS5B3-590
smother except with spec,.lized dimple

-.005 Waling.

Huck blind belt BACB30LA +.005 1, My be shaved.
-.0Q5 2. tist be corrosion protected

oft., shaving .

Huck blind belt BACB30LB +.0G5 1. Must be ccmrosionprotected.

@ C..t.ct applicable divisio”ol staff unit for dot. on fasteners n-at included.

., —..- ,. ,, ,
r,g.re ,, ..,-,

17.32 COUNTERSINKING AND DIMMING

On o direct msl-per-f.sle.er beds, co.ntersinhw a hole is cheaper
than dirnplimg. However, when the increased sheer strength of dimp 17,321 COUNTERSINKING
li.g ioints is considered, the sm.ller q.ontfty of fasteners required
with dimpling may .cc. si. n.lly make the dimpled i.int 1.ss ex- Caunter sinking is rmcessary wham sheet thi’kness is 10. gre.at t. .s.

p==n,j.e than one using count~r,in~w I. oddjfiom Iimitaflon$ $Uch dimpling .r i“ opplic.lions where the size .r shope of an o$wrnbly
os !hickness, rn.!edal c.”diti.n, occesdbility, etc., apply 10 tpth does ..! permit OCC.SS10 dimpling eq”ipme”!. C.unters!”ki”g .nd

proce,,= and will. in part influence choice. dimpling are controlled by BAC 5049.
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17,3211 MINIMUM SHEETTHICKNESS

The minimum moleria thick. esse$ which are recommended for coun
!ersinti. g are shown in Figures 17,3211-1 and 17.3211-2, Sheels
thinner than those listed must be dimpled. Sheels whose thickness
is sufficient to co..ler sink, m.y b. dimpled, if within Ihe limits of

Fig.<e 17.322-2. These limits ace not valid where integrol fuel
tonk seoling is o requirement see 17.5.

The minimum sheet thicknesses ore based . . the minimum proctical

Iimitolion including !oler. rices Ihot would provide a mtisfoct. ry

ins!ollafio, ). Co. ntersinhng resulting i. o sharp edge is poor design
pr.clice where service life is a factor. Consult Stress Unll for infor-

mation regarding sheet lhfckness, HI ond spocing that will insure
sotisf.ctory f.tig. e life for . specific design.

A, For use with m.n.foctured countersunk rive!s

MINIMUM SHEET THICKNESS FOR COUNTERSINKING @

1, = Thickness of sheet or sheet, c...,,, k..k.

1, = Thickness of lop $heet held in place by flush heed.

FOs!...r
., O,”,,,C

,/,, ,,8 5,,2 3,,, ,,4 5/,6 318 7116 I/2 9/16 518

,,.4,,
,I,”d , ,,AO 0,, ,,, .,8, .,2, .,2, .,54

) v.!.es OPPIY to ..Y c.mbj..ti.. of f.,t..er ..d fastened
rn. teriol, ond ore bowd upon zero fiushwess. Where f.s-
!ene< head :S permitted below flush, volues of T, ond Tz

shell be inmamed by on amount equal !. the moxim. m

permitted below fl.shne$s

Figure 17.3211-1
,

B. For use with shop driven flush heeds

Figure 17,32112 T3 .ol.es opply 10 both countersink .“d protruding
he.d rivets whose sh.”ks ore driven flush 1.. co..ter sink sheel to

. diometer of 1.5 times the shank diometer.

MINIMUM SHEET THICKNESS FOR COUNTERSINKING [

H+=Tac’”r’d
T, T, ,, ~ &:&’&d

T, = Combined thickness of sheets.

12 = Sheet thickness .? the wrfo.e i“ cont.. + with the
nmnuf.actumd co.nter,unk head.

T3 = Sheet thickness at the surf... in contact with the
she. driven head.

Figure 17.3211-2

17,3212 CALLOUT

A. NAS CODE FASTENERS, Co. n!ersTn!4ng !S c.lled ..1 by the
letter C,, in the SW quodr. n!. See 17.211.

B. OTHER. Countersunk holes for flush heed fosteners, wch os
bolts and ,’rews, which ore ..! covered by symbol COIIOUI descrf bed
in 17,21, shall be specified os follows:

). For exterior (.erody..mic) surf. <.% ..d ports countersunk . .
ossernbly, do ;ot dirne”s ion’ countersink. Cello.1 os shown:

++!c
BACB30LU6 20

BACN1O GW6

.279 :~~~ DIA.

CSK 100° NEAR SIDE 4 PLACES

NOTE; Drawing m MC 5009 will c.ntml fl.sh.es

Figure i7.3212-l

2. COrnpie!ely dinlen5i0n the co.,tsrs irk . . the d:.v+ng is.
Figore 17.32122 if the hole, must be pre-co. nters. nk. 1.; s m
..! ..,. s,!!.!., rhe inspection of co. nlec, ink ,,,, ;., !,.. ,
foste”er fit. C..trol led iolerchongeoble ifer. s ore ex.mp)es .
this requirement. For countersink diorneters and I;m; ts see Fig. r
17.3212-3.

d
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17.3212 (~.ti...d) 17.322 DIMPLING

I -. 0
1 . .

I -.U
+n

@ A change of .IY31 i. ..xntersink dimn.ter will affect
flushn.= by approximately .03042.

@ Ttww limits W. opproxirmte beta.sa heed sizes .md
t.leronces for vwio.s fasteners ore not identical. They
re~ew.f vc+i-ions of head dimneter, had angle,
countersink diometer and . ..”tersink angle.

RW,e 17.3212-3

——
. I FIushne,,
or Referena

p Da not s cify

I 5on drm.,i”g 2

233 +.002

COUNTERSINK DIAMETERS FOR 100° FASTENERS
NAS514, NAS5$3-590, BACB30LU, BACB30AB, BACB30BF

Theoretic.
Fastener Countersink Limits - F<
Diameter Diameter @ only

No. 4
,2=.2..

.225 I -.009

No. 6 .2317.2~ +.
.283

No. 8 .W,:g I ::%

3/16 I +.001
.%% -13

1/4 .515::fi
-01

-.015

5/16
+.001

.645:jjj -.018

3/8
.n5.7B7 +. 1

.775 -.020

7/16 .905:~
+.COI

m,

1/2 1.’3351:% I -. W16

-. ...
I +.001-.

Dimpling is .snd where sheet thicknesses W. too snmll br .ounteI
sinking .nd where the higher d-mm strength of . fastener in dimple
$heef w. II permit the we of fewer f.ntemws i“ . gi W. ioi.t.

Dimpled ioines am either . combination of dimp led sheet m
countersunk instruct.re or of multiple thicknesses of dimpled she<
m Axvn i“ FiFre 17.322-1.

Fi~.r. 17.322-1

A. Extruded, forged or machined sections sh.1 I not be dimple<

B. Lxmpled pts wbiect to fafi~e and heovy vibration dm.ld I
mcde fm m 2024-T3 i” preference to 7075-16 provided stre” @h m
odmr considerafi.ns permit.

C. W.rpcge of &of during dimpling, &e to metal eW.sion d.,
ing forming, con be minimized by observing the requirements u
17.3221.

D. WrJrPagO.f df m9ted i-i nts d.e w ri .et shank e.pensi.n .[
ke minimized by use OFccunters..k i.s+ruct.re .n~or by . . . . . .
panding shank fawe.nem.

E. Thickness limits ond ollow.ables for sim”ltoneo. s dimpling c
multiple thicknesses may be obl.a ined from the applicable smff nil
In such ..s. s, the !.!.1 thickmess of .heet, to be dimpled CII ,
time is considered os . single thickness in Figure 17.322-2; dr.win!
notes shell clearly designole areas which may be multiple dimpleo

MATERIAL THICKNESS LIMITS FOR DIMPLING

t mm

MAXIUJJMU I M! NIMUM

ALUMI N(JM MAGNESIUM CORROSION RESISTANT STEEL@

Po,t.bl.F@,.ble S,mfionmy Fbrt.bl. S,.lio”wy ~“eo,ed ,,4 ~ Sta,l.n.,y

I I A.me.led I 1/4 H 1
D?. .010 .016 .020 .025 .032 .040 .C5

. . .=9 2 cm
1 I 1/8 M

CA M
) 3/16 A M

c A M)

I
I 15/32 c AM
1 16 CA M

c A M

1 I

CA A M]
. 4. . h ,. 1

D .&we d-a heavy line is the maximum material thickness for obtaining . I
C - Corrosion Resist.rd Steel

structural adva”t.~ over countersinking. B&w the heo~ line is the maximum A - Aluminum
moferial thi.kness within the dimpling nwchine forming capacity. M - Mqrmsi..

NOTE: C Ie.monces for tb staficmory mcehine (C P-4S0 EA) o.d a typical psrt-
obl. dimpler or. showmin Section 19. For other pt.rtable yokes see
Stad.ard Tools, Volume II 1.
COm.11 opplic.ble C.A.D. staff unit f..

(.) Limits far dimpling titanium, or materials other the. those sbaw..
(b) Limits when dmult..eo.sly dimpling multiple thickness of

materials.
~ AAenifi. Gm.P which incl.&s 301, 302, 321, 347.

Fiwre 17.322-2

.—--- -.



r

-83-

17.3221 EDGE MARGIN

where a dimple is sufficiently coined to assure proper nesting . B. Adding . stiffening flw~. The minimum flange heights shout

radial stress twn.sins around the hole. The greater (less restricted) agree with DM 81, Section I , .r as listed for formed sections in th

expansi. n between the lole and the .dgn ..LSES distortion. This BAC standard pages. The fl.mge m.st have sufficient flat wrfac

con be minimized by: f., dimP1ing die CO”tll.t.

The use .f butt strops witk.t a flanged edge is not recommend.
A. Adding 50 per cent to the desi~ edgs margin. For de$igm
ed~e margin -e Section 18. Thickness 1.ss than .050 need only

where ma other stiffening member IS present. Waviness in the G
splice will result because of sheet stretch &e to dimpling and riv~

the d+si~ edge margin. i.g unles stiffening restricts the waviness.

Figure 17,3221-1

17.3222 CALLOUT

A. NA3 CODE FA3TENERS. Dmpling iscalled o.tby the letter
Dinthe SWcpadra”t. S.. 17.211.

B. OTHER. ~mpledh.les for fl.shhead foste”ers mch as bolts
md screws which W. W! covered by NAS symbol c.allo.t shall be
specified as follows:

BACB30AB-4-15
/’_ DIMPLE 100°4 PLACES

/

C. DRAWINGS. P@ectsshall iswese.sling Installation dr.awi”~
t. defim sealing recpirements for each m.del oirpl.mm.

17.51 CALLOUT

The Pr.ie.t seollng installatio” drowi”gssh.11 be referred to by
note SEAL PER DRAWING 29-IXW3130on all Proiect dr.wings ri
wiri.g=.li.gpo,is:ons. Ref~e.cetO B.4C5~o, pro=,,s+
Fica$i.s” for Sealing, sh.allbem.deosa pli.able.nthesealk

sinstallation drawing. I. addition, these mvnngs hall c.mpla
2describe or i I Iwtrate al I sea Ii”g requirements not included in B,

5000.

-#

II

+

+

—+— —~— f
17.52 TYPES

T I I
Fisu,e 17.3222-1

17.5 SEALING

Fastener sealing in f.rnwtion is fo.nd i“:

A. WC Process Specific. tic.ns:

BAC50Ml Se.ling(i” Wner.1)
;: BAC 5047 F.ste”er Installation; F1.id Ti@
3. B4C 5504 lntegrai Fuel Tank Str~ture Seala”t
4. BAC 5732 Integral Watw T.anks.

B. Documents .ass+.cifiedby Proiects:

1. Df5248 i.tegr.l fuel tonks,

T

,
17.S3 MAXIMUM

See 17.5B.

SPACING

17.6 FASTENER USAGE CHARTS

The f.ll.wi.g usage chrtspr.vide conve”ie”t reference andc.m
Farative dafa for fasterers in comma” .s.. The BAC St.mdw
(D-5%)) dwu Id ba consulted for complete idorrnmio”.

17.61 NAS SYMBOL FASTENERS

1. this .Iassific.atio” th.se fmterwrs appear which are shown c
d,aw.ngs~ NAS @xl,.
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17.611 SOLlD SHANK STRUCTURAL RIVETS

t==m=SOLlO SHANK STRUCTURAL RIVETS

SIZE
RANGE

DESCRIPTION

AL 11C”3,
AL AIJM

5C%, 2U1,
2024, 2011H 2024, 2n7,
ffi Awn

CLcm -sum
—nun

I . I
mm%
0.91.1 .3.1

I

aLFs —
—umtl?AT—
—m

1-

l/16 .
7i16I (1---n

. I .. . . . . . & m,
AL ULOY

%: %:

2U7, Zozh
.4LN3.nY

10wm.mim.D

l= I

-.

&l.90.1.1.1 IA6’mm
m

D== I “7

n I ““

52%, 2017
ALaum
mm

Y32 -1/4

b I ma?wn
80.91 .1.1.1

v I

Figure 17,61 l.]
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17,612 LOCK BOLTS& HEX DRIVE BOLTS The diameter tolerances for Iockbolk (.0015 i..) wllh sw.ged cdl
are per NAS618, while closert.lec. nces(.0005i.. and .0010 in.] c

Them fmleners are recmnmended for .s. when o reduction in ..s1 offered with Hi–lok f.mle.ers (Ihre.ded c.ll. r]. Hmwv.r, Ihere i
.nd weigh+ is desired on permo.enl lnst.l lolions, provided!he tensile high., cod ms.cio!ed with the Hi-1ob m cornp. red 10 Iockbolts.

Ioods do not exceed the ..1.. s listed in 18.21. 1{ fhe ioinf requires pull–type Iockbolls hove o ]–i”Ch pin foil. See 18.21 for .Ilowobl

the high she. r strength of these f.sleners !hey am recommended in
lie. of rivefs because of greater rigidity and bet!er clomp–up. The Pull–type shear tockbolts .nd M1–L.kS ore ,.tende. t.rs.e. r .3PPI, <

shear type has . head ond collar of minimum size for .s. where tions where !..1 clearance is adequate. They offe~ excellent clomp

loads ore primorily sheer; the tension type h.s a heavier heed and .cfion ond good sealing properties. Pull–type tensile Lackbolk pro.

,0110,. good residuol tension and sealing properties. S1.mp-lypetensil. c
she.r Iockbolk and Hi–Loks are recommended for .o.lic.lionswh
lhere is not sufficient tool clearance far pull-type Io:[bolls

ILLUSTRATION

~1111111111111111111

LOCK

nPART
A[:M~:.E

l+
0&03&

%8!?%5( ] A

&!8%
I

t

I I

. .
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17.612LOCKBOLTS & HEX DRIVE BOLTS (Continued)

LOCKBOLTS $3 HEXDRIVE BOLTS- SHEAR TYPE

WC E3WW 3/16 3/8 95 ALWY m CAIMIm 250°

~1111111111111111- ;$;( ,A- ~,_ ~,

Mccm 80,80,6,26
u5G- NAS I080E 80,80 ,5.5

3/16- 3/6 95 ,286 WIi.aLw 250- EWCC30K 80.80.6.26
9oo~ B4C c30L 00.80.6,27

BACB30GF 5/32. 3/8 “,.5 AL”HTNUM ANODIZE 2s0. .+!s 106OD ,0.80 .5, s
80.81.6,23

84C B3CH

)mlllllllllllllll - ~c ,3=,(, ~

3/16- 3A 95 ml’ slml. cm 250-
80.81,6,29

m, Cym 80.8G.6.26
450- NAs>080E 80.80.5.5

3/16 - 3/8 95 A286 Cmomr?l 250° PAcC30K 80.60,6,2(
80.81.6,3 3’16- 1,’4 9W P.Wc30. 00,80.6. >7

MC B301n 3{16 - ?/8 u@.5 mmmlm &WDIZ 250- PM c30K( ) F M0.60,6.Z
80.81.6,37

Mc B30m
80.85,6,1

5/32 - u’2 95 AUOYm m 250- utc cm! 80.85.6.15

%4CB30m[)A
80,85.6.1

5/32 V2 95

[IEIIIIII e - ~, .,~,

i286 mm ~so. em Csm 8,.85 .6,,5
800. Mc C30AWP 80.85.6.33

3’16- 3,8 4Q.5 Uumm+ ANWIZE
80.85.6.7

25F PA.C C30P 80.85.6,16

Fdc B3CMY 5/32 l/2 95 W;;:LK Cmm
80.12.6,101

250° Fi4c C3W 80.85.6.15

MC B30FN
80.85.6.2

5/32 - U2 95 U.L9Y m Cblxlw! ,5W 64, C3CM 80.85.6.15

Pdc B30FN( )~ 5,32- M 95 A*86 @n51.M ‘m 250.
80.85,6,2

MC ,30,4 80.85 .6.,5
?WE

)mllllll e :8085.6.8

800. EA.C C30bB*P 80,85.6.33

MC E30M4( )R 3J16 . @ 44.5 — W3D1ZE ** C,” PAC C30P( )R 80.85.6.16

MC B3W4
80,85.6.38 ,

5/32 -1,’2 95 “ “i-.: cm 250- Mc cy3! 80,85 .6.,5
T: TA6, ””

.
P W 20426 EI.4L8-TW

Figure 17.612–2
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6. W;lh [.imts of .neq. ol sheet Ihick,>esses, tl, e stress oilcwmble
shc,ll be the one !hol ..~lies !. the sheet with the lower .l–
Iowob le.

STRUCTURAL 8LIND FAST6NERS-BOLTs

Figure 17.613.1

B. GROUP II. Tt>ese .,. lower strenglh olu!n’numolloy or, d .,..,1 2. Donot. se for fl. idti~l, !ioints

BLIND FASTENERS-RIVETS

ILLWTR ATION PART % PAGE ~s;::E MATERIAL FINISH
MAx

NUMBER DES CRIP710N
TEMP ‘F

1/8 ,,4 ,05, ,,,0,,,, ,,0
UILw..,.,

,/6 !./4 2“,, .,0,12E ,5,
AJ.w,,w

‘The minimum blind side ,heef

thickness allowed when USiw
:/8 ,/, Ml+. C.O!G? ,,,

M, ,,, NAS13980r NAS1399 blind
rivets i, D/4, where D equol,
the hole diomete,,

M 1/~ 503. .4.,1,, ,,,,
m.mu, Hole filling and locked stem

I/s u, 2,.7~m,u, Mm,= 2X

,/5 ,,” m,zc CLmr, “,,
. 900

.

L.
s, m,.+? M 3/,6 5,5, mm,.- ,:,

50 SU,?IIXU, Non-ho refilling locked

4, mm la 3/16 ,,,6 .,cm,, ,~, stem - for thin ,h, e,
0, ~,.,.~, mm. in$t.llot; .ns

*- :: =5D,
8,.71 ...U9

3/32 CAwl,: CCm3,? ,5,.

~ F,y;y,’
332 ;;

Non-, tructu, a
Hollow rivet used only for

Cmmm ,,,. nut plot. attachment

Figure 17.6 13–2
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17.62 THREADED FASTENERS

17.621 BOLTS Thre.ded Fosteners ore ovoiloble in OIIOY steel corrosion resistont
steel, ond lilonium.

The fostene rindexchorts (Figs. )7.62 ))-1 thru-4) give comparative
i,, form.l ion on .soge of recommended stando, d bolts. For complete Alloy, !eelboll, shollbe used wheneve, possiblein struclurol oppli-

Port ..mbels. r?ddlmen sionsseelhe BAC Stondords, D–590. other c.tions. Te. sile strengths of 160to 180 ksi ond 220 ksi ore ovoil able
inform olion may be found in the following references: in ,Iondord bolts.

Hondbook 28 Screw Thread St. ndords for Federol Services, 1. primory s!r.ct. rol opplicotions, olloysteel bolt~smollerthon 1/4
1944 pi., 1950 Supple mentond 1957 Amendment inch diometer shell not be used unless opproved by the opplic. ble

MIL–S–7742
divi,ionol ,toff

Mili!ory Specification for Screw Threods(Sy. opsis
of H–28) C.dm; .m ploted olloy steel bolts ore Iimited totem per.l. re expo-

sures up 10450. F. High–streng!h olloy steel bolls ore .1s. ovoiloble
MI1-B-7838 Bolt, lnter..l Wrenching, 160ksi FTU with plo!ings fhotwillwithstond temperot. res upto900. F.

MI L-S-8879 Screw Threod,, Controlled Rodi.s Root w;th ln– Corrosion resist.. ! bolts ore .vo; loble with c.drni.m ploted finist
creosed Minor Diometer; Generol Specificolio” o.d possl voted. CRES bolls ore .sedinexposedore. s through ol. m-

in. m (ploted bolts) for high temper ot. re ore. sup to 1200. F (pos-
DMBcmk81 Section 7 Thread Design Specifications sivoted finish), CRES bolts ore obo. t twice os costly os OIIOY st..

DMBook81 Section 18 Rated St,e”gfhDoto

PROTRC

PM,,

lLL”sR&T!oN ~y;:,=

mm cm,, I

mm B30!W

~11111111r::’”
&6.,2~25s

m, BWm

a ‘“”’’”’’180T

I

?Ac am
W.,.6 .,,9

220T
~ MCmm~

-0 ;C

~o

MSIX8
&l.5..160T

dD =1’OT

x. ‘:’22 95’
pROTRUDIN.2 HEAD s

bolts, They ore presently ovoiloble in strength Ievels. pto 200ks
FTU.

“-
NG HFAO-STR’,, CTU.A, ..,T,.ALLOY STEEL------ ------------ ----- -.
,TROIST”

.,,, ) ,.&N, “Em

MAX. SIZE
7@F 70. F TEMP RANGE : g ~ q

F,. F,. T < : ; :

5 5 . %

125 1+32 m,
9> ~ Uw m“ x x x x * x

,- I/u
. ,%% %

mm? .
Gm “

‘“’l’’” l’’~l=l l’I’I’l ~llll’l=l’mpv I

UCTURAL BOLTS- CORROSION RE$

IiiiiiimiMUXmm?,,x,

I

!

Figure )7.62)–1
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17.621 BOLTS (Cent;!>.ed)

PRO1

ILLUSTRATION

“1‘E mllllllll

)DING HEAD STI

3

PAW,
PA.,

NW/a,,
AND ems,

m, Mom
&10,6,2;oo

,;,.,,,,
160

CTURAL 80LTS . CORROSION RESISTANT a ANTI- M&13NETlc (CONTINUED)

FLUSH HEAD STRUCTURAL BOLTS - ALL0Y STEEL

FLUSH HEAD STRUCTURAL BOLTS - CORROSION RESISTANT a ANTI - MAGNETIC I

R53&l I i i.- ill i i i i i it i i i io.mpx.-z, 1

I
F;gure 17.621-2
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17,621 BOLTS ICo,,tin.ed)

Figure 17.621-3

FLUSH HEAD SCREWS - ALL0Y STEEL

I I 1 1 1 1 1 ! 1 1 I 1 [ 1 I

7 @ Iw.?”,,...I I-l’d”’ +1’11’111’llll%d-”=..~
“.. ..,.= ,.O ,

1 1 1 1 1
“.

1 1 1 i 1 1 1 I I I
.

=
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17.621 6011S (Continued)

i

l%
~1111111 WJ%

W B-
80.13 .6.6

MC B30FS

c“’’’” WB-

80.2.6.51

80.12 .6.’3

TAPERED BOLTS - SHEAR TYPE

SIZE
STRENGTH MAX.

70-F 614TERtAL FINISH
RANGE TEMP MATING COLLAR

(mmto) F.. ‘F

3,1, - 1 108 AuOYm CAIMIW Us@ BA.C&AWY( ) @.64.6. Ya
110 A 236 w NICOII(A? W. C&6.50

3/16 -1 95 g~k:;ti,,, Cu?lnm U5V MC mcmlu) s0.60.6.50

3/16 -1 108 y= CAmmF1. - WY BACN1OHY(II) &2.6
119 A

v16 -1 95 g~AL-uti — 4W MC mm(n) Oo.60.6.5a

TAPEREO BOLTS - TENSION TYPE

w Bmm w16 -1 10s
&h2.6.53

AUDY m c#IMIIM 0509 BACII1ORD 80.6@ .6.57.1

-“’’’”

MC 833m(hl Y16 -1 I 10 A 206
: i%:

● V@ BACN1OR9(N4) 80 .60.6.51.1
80,2.6.53 900. BACN1ORD[A) 80.60 .6. S7.1

MC B3)m 306-1 100 AIJL2Ym CMlmW %-
@).1.6.126

8ACN1ORD 80.60 .6.67.1

U BjQ317(A) ~16 -1 (10 A 28$ C.dmim W* BACN1ORD(AII) 80.60.6

1111111
80.1.6.126 lv.m 3D0. .~>

Figure 17,62 I-5

r
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17.6211 TITANIUM FASTENERS

A. comparison of titani. q ond steel c. Umge

TITANIUM-- STEELCOMPARISON
Titanium fostenerz ore pr; m.rily used where weight ~s the prime
mn,idemt ion (,.. Frgure 17.6211-1 for werghl mmporr, on). Therr

I I use r, s. biecf to the following l!m!!mtio.s.
Item I fiton iurn I St,. 1

We>oht i
1. Only titonium foste.ers shown in F@ure 17.6211,2,4, ond 5

.163 lbs/C. in .284 lbs/Cu in (74% ,holl be used. These ronge from .19 inch diometer through 1

corrosion Equal to CRES Cadmium ~loted steel not
Re, i,tnnce os good .S litonium

GolvQni< ~o~l to Cadmium Codmi urn plot. Foir
Corrosion

Mogneli: 1.00005 Alloy Steel = High
Perme. hli!y,l.c 302 CRES = 1.003

304 CRES = 1.020
A286 = 1.007

Alloy 6AL4V see procurement specs.

Temp limit, 450~ (tirnit of 450.F (Limit of Codmlum
Cadmium Plot,) plate)

Qu.lty Equal to steel Plus see procure’nen!$pe.s for
Conlrol fotlg.e tests req. irernenls,

Figure 17.62111

B. \. Generol Inforrnoflon

1. Drawings sh.11 show fostenec instollatim per Boeing process spe-
cifimt ions BAC 5004, BAC 5009 ond BAC 5054 os oppl!mb le.
Drew; ngs should spec:fy that the torque for nulsu,ed on titonium
bolt, be in occordonce with BAC 5009.

2. Titoni.m, r. bb;ng or sliding .go!nst itself or many other rnote-
r~ols, such os olloy steels and corrosion resistont steels, will gall
readily. This results I. the creation of severe sire,, risers tend-
ing IO eorly foslener failure. Avoid design swhich result in motion
on the bolt ,.rfoce.

3. Titon;. m bolls shoil not be used in close re.rned holes in steel
or composite sleel-olumin. rr slrudure where flghl.. ing from the
bolt heed side i, required. Galling of the fostener shank U, UOIIY
,,,.11, in these Insfollatiom and cremles stress risers Ieoding 10
earl, boll foilure.

2,

3.

4

5

6

7

8

9

10

inch diorneter.

Fosleners of .19 inch diameter shall be used only if the cmtllb.
conforms 1. the specific req.lremenf of the Pr+cf involved

The r.ted.lfim.le stre.g!hs fortiloni .mfoslenersshollbe in

accord . . . . with 18.21 ond 18.22.

The Io;nlstrenglh ondedge m.rgintoblesln 18.231, IB,233,
and 18.23.4 ,holl be used for !il. nium fostener design, os oP-
~licoble.

BACB30MR, titanium 1..s1.. fasteners, from .25 inch diometer
Ihrrmgh .75 inch dionwter, may be us. din pcimory tension op.
p(i..l ions.

The .s. of t;toni.m in contact with liquid oxygen TSprohibited
since either the presence of fresh surf..,, o, produced by len-
,)1. rupture, or imp., ! In. ” initiote . vrolent .,0,!! 0.. Impo<t
of the x.rface in mnt.d with liquid oxygen IIWY result in o
mocmon OIenergy level soslowo, 10 ft-lb, In cia,eous oxygen,
ond {mm ternpem lures of -25VF and above, o partiol pres$ure
of obo. t 50 ps? ~Ss. ficient to ignite o fresh titanium surf . . . .

Titanium fosleners shell not be used for single joint mnnections
such os control rod ond .I!.chment, slructurol pin 1.1.1s, or
applications where the fastener is s.bie.tedlc’rol.linger sliding
motion bemuse of polentiol fretting or grilling of the tilan!um
bolt.

Titoni.m bolls shell be used only ;. . ..[... !... with steel ..1s
that ore (ubr~coted wth a malybden umdisulfide dry fllmmeehng
the requirements cd BMS 3.8. The proper nut mm blnatrons are
t. b.loted in Figure 17.6211, 2, 4, and 5.

Collors for shear vype ond tension type titanium hex drive bolts
ore prescribed !. Figure 17.6 )2-1 ond 2.

Nuts for T.perlok fosteners ore prescribed in Figure 17.621-5.

R

I



17.6212 SELF-LOCKING BOLTS

Selflockin~ bolts shell be used I. !nstollotio.s which do not OIIOW
the use of self-locking or costel loted ..1s (topped hole,, etc.].

A The lochn~ Ml; .. of self -lockn~ bolts may be ochieved by two
methods:

1. A p(ostic insert installed . . the threaded portion of the bolt (the
.s. of Ibis fype is limited to ternperot. re environments .Pto
250 F).

2. Mechunicol displacement of the Ihreodpitch diometer (the temper.
olure l; I,Iitoflons of th; s type ore controlled by the boll rnaleriol
or finish].

Both types of self locking bolts obto;n the Iochng o<tion from fridion
creoled by the interference between the rnoting threods, Lock, nq
torque ond other performance req. irement$ ore subie.t 10 mnfor-
monce 10 M11F18240.

B. Self Lock; ng Externally Threoded Fosteners shell be S. b[ect to
the Following Litnitof ions:

1. Fa,leners ,holl be selecled ond used in . manner that will

permit f..ct!...l and dfme.s!...l !.ter.h..9e.bilitY with .
part th.t hos only the attributes described .nd d. fi..d by the
.Pplicoble sto”dords and specificotioms.

2. Fosle.ers shell be used only in oppllmtio. s tholpermit engage
men! with complete l.ternol Ihre. ds over the minim. m externol
threod.

3, Selflockng extemolly threoded fosle”ers shell ..1 be used os
follows,

o. At ioints in control systems, .1 single .Ilochments, or where
loss of the foslener would cdfect safely of flight.

b. AS . . oxis of rotolio” for onother part .“less the foslener
IS held by o positive locking device thot requires ,heoring or
rupture of rnoleriol before lorsionol Ioods would be opplied 10
the f.s!ener in SUCh o monner os 10 relieve the initiol stresses
of the assembly or turn the foslener loose.

93-

EXAMPLE: Beor!rIgs, Bushings, Clorn pup bushings, Pulleys,
Cror>ks, levers, Link.ges, Hinge pins, Axles, Sh. fls,
Spi,,dles, G,.,,, Coins, Com Followers, Sliding
mechon; sins, ond Pivot points.

c. At any single bolted str. ct. r.l joint which serve, .S o pri.
mory Iood polh, the foil. re which would endo.ger the sofe!y of

p.r$... el ., ~..ld r.. d.r the .q.lpme. t !n. p.r. tive or cause
(1sdestruction.

EXAMPLE: Fixed joints, Tie rods, Struts (fixed Ie”gth members)
\ving otl.chment, to fuseloge, Stabilizer w,foce
.Ilochrnenls, Longeron ioint$, Alighting geor joints,
ond Engine rno. ”ts.

4. Fosten e,, thot ,..l. !. o ,elf Iockng element design which !..
mrp. roles on insert orportlhot isnon. metoll; csholl ..1 be used
in ports where the Iockng element will encounter keywa y,,
slots, cross-holes or lhreod interruptions,

S. Fasteners shall not be used in ossetnblies which require that
fosteners be removed for m.tine servlcin~ p.rpo$esrnoret;mes
the” the number of rernovols specified in the approved lock.
ing element or fastener specifim lion or sto”do rd.

6. Foste. ers shall “ot be used on jet engine oircroft ;. 1...1!.. s
where o loose fostener could foil or be drown into the engine
oir intoke scoop.

7. Fostener, that hove hod the Iochnq element reworked o, ,..

p,..., d.d bY .fh. r th.. . . .ppro. ed m.n.fo.l. rer shell nof be
used by . ..!...!., s or field mointen. nce personnel of the
,., ”,., s.

8. Selflocki. g elements classified .S 250~F ore intended for use ot
mnbien! temper ot. re conditions (65~F to 250~F) andwadesign.
ed to function sotisfoc}orily .1 femperotures thr. that ronge.

When fosteners are used in opplimtions requiring controlled
torque, such os clomping molded gaskets in fuel cells, consider.
lion must be given 10 thernmim .mo”dminim. m Iockng lorq. e

pe, m:tf. d by the I..kf.g element .r f.ste. e, specific. tr. n or
slondord .pproved for use.

.
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17.6212 SELF. LOCKING BOLTS (Continued)

10.

II.

I 2,

For the self-locking element designs thot incorporate . . ;nserl
or port Ih. t is non-metallic the enlering end of threoded holes

used in mni. ncfion with self.locking exlerno llylhre. dedfosle. ers
shall be countersunk 90 to 110 degrees. This countersink shell
hove o minimum diameter .015 in.lorgerlhon the major Ihreod
diameter of foste.er. This i, 10 prevent first threod from cutting
Ihe self-locking element.

Prudent selection .< the port chorocferi$f;cs ond men. fcwf. ring

.P$o. s .I1.’-ed will .$uo IIY result r. higher q.ol?ty porh o! the
ml. ,mum co,,.

C. DESIGN PRACTICE

No. stondord bol!s, screws rmd pins shell be designed I. ocmrdonce
w,lh the following co”, idero, ion,,

unthreaded holes or POr!iO”S of hole, thw which the locking
device of fo~lener rn.sl p.%, shall hove o minimum diomeler 1.

wfficienl to cleor the Iochng element if the specif,coti. ns of the
foslener permil the locking device 10 protrude beyond the m.x
imum major diomeler of the threod.

Self-locking externally threoded fnsteners shell not be used with
plot. n.ts, .ostell. ted nuts, or selflo.hng nuts.

17.6213 NON-S7ANDA~L37HUEAOED FASTENERS

A. DEFINITION
2.

E!olts, screws and lhreaded pins which w. ..wdable .mder Ms,
NAS or BAC sl. ndords bee.. se of one or more distinguishing
feel.re, ore classified os nonstondord.

B

I

2

uSAGE

Avoid the design of special fosteners for the following mesons,
Comp. red !. ,1. ndord fasteners, higher costs ore nwmolly in
c.cred in procuring and using nonslond. rd items bee.. se of low

v.l. me, ,pec’.l ide. t~fic.l i.. ..d [.$p. cti.. pr. ced. r.s ..d
p.,$ible r.q.; r.me. ts {o, c.slomer OPPWOI. 1. some in,!..ces,
development ond q.olificotio” testing ore oe’essory.

Customer procurement of replocem en! Portz becomes mm.
complex ond costly. 3.

When .soge of .on-stond. rd fos!eners is oece,sory, their de, ign
shell be directed toword och, eving the moximum degree of
s,milor; !y to their slondord co. ”terports to toke odvon loge of
existing supplier foci lilies ond technology o.oiloble {rem the

prod.’!,.. of s;milor ,Iondord p.<!,.

Spec;fic.lian,

801!s, screws ond pfns which ore ~,milor ,. fwwtion, strength,

per f.rm...e r.f ’.g ..d ge. m.!ry t. ,1.. d.rd b.l!s ,f’. !l. I? fhe
extent ~roclicol, be ales, gned 10 .1,1; ,. the corresponding pro-

curement specific olion for slondord bolts setec led from F,gure
17,6213-1, Where MIL-s.7742 lhreods orecol led out, ,howlh,eods
,. occo, donce with MI L.57838 as ollowoble optron. 1! is not

permi$s;bf. 10 ,.b$~~t.}. M} LS-7742 fhr..d$ f.f wJLB7836
,hre. d,. For processes which m., ! very from the boll ,pec,f,co-
!.. (heot !reofrnent, ploti. g, etc, ), cd out . specification n

.cccird. nce with Procedures Mon. ol 9481 S.die” 10.092. See
Section 18.21 for descriplio. of various thread forms.

Highly rel!oble bolts and pins

All fe, rmnog”elic kits and pin,, which ore used in areas where

the fail.re of such a pod would endanger paso.nel or would
become a h.azord to the f.ncliorml operation of the vehicle, me
classified m ,,hi~hly reliobl.” and rn.st undergo nmgnetic por-
ticle inspection per BAC 5424. Class A. A special note . . the
drawing is necessary to indicate such o req.irerne”t.

Avoid hollow sho.k fuse boll design bemuse it has prove. irm
practical 1. control processing (p.rlic.lady heat tr.otm.nt] t. .,
odeq. ate 1... <to moint.i. foil. re strength of fuse within norm.
design limits. Whmever possible, .s. conve.fion.l bolt desigr
m fuse bolts Allow . minimum tensile ,tremgth variation o
* 15,000 psi.

Materials

Although some .( the specific.ti.ans listed I. Fig.,. 17.6213-

Provide o lb., SChed.le0+M.t.riok iI !S de,ir.ble tO st..~
ordize ond Iimif the rnoteriols selection PO only those shown (,
Ihe Figure 17.6213-1, See item 7.. for drmvi”g req.irermnt

,
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17.6213 NON. STANDARD THREADED FASTENERS {Co.ii.. ed)
b. Drowing type

Non-stondord bolls whose voriolion Irom .s!ondord iscornpletely
4, Forged ond rolled feolures designed by Boeing, may be rele.md by the project cm . pro

Forged heads, rolled hec.d to shank fillet radius, and rolled
threods are required far high strength ond folig. e opplicotio. s.

The use of heeded blanks IS preferred, Where strength end/or
fotig.e cons,derotion$ permit, allow rnochining from bor stock.

A note .Ilowing for optionol machining should .ppeor on the
drowing.

5, Stc.dord wrenching

Design pemitfing, non-sl.ndord bolts should utilize sfondord
wrenching by specifying head dimensions which conform 10 the
Iolest bolt slondords. This will ovoid added fobricotlon and rn. in-
lenonce costs.

6. Morking

Nonstondord bolts shall be rnorked r. o<mrd. nce with PM 94Bl,
Sectron 5.011 On f.steners, heed morkng is normally ~nised or
depressed on protruding heeds and depressed o“ flush heeds.
Heed morking shell include m.n. foct. re, $ identifimtion.

7. Drawings

duction releose drowing,

Nonstondord bolls with SO,,,. fe.l. res which .re vendor desi~ned
~hould be releosed . . specific.lio. control drowings (see PM 94B I
s,,l; . . 10 ond I I

No”slond.rd bolts with . requirement that obsolule control
of replacement bolls (ofter delivery of end product 10 customer)
be from specified sources, should be releosed .“ . source con-
trol dr.wing,

c. M.lerim ‘olumn

For .onstondord bolts which ore essennolly modified st.ndord
bolls, the rnoteria column should only show nmlerirls selected
from Figure 17,6213-1, where.s highly relioble park are limited
to H- I I [AMS 6485) or 4340M (BM5 726),

d. stock size

II is preferable to woke nons!o”dord bolts from heeded blonks
wi!h on option [or nmhining ftorn b.{ stock. II is !h.refer.
desirable to indicote o ,,s.ggesled stocksize,, for Ihe opli. nol
rnochining process in the stocksize column.

e. source control

. . sep. role drowings (( it is required to limil the sourcesfor remans of spe.i.l rnon.
foct. ring processes, q.olihc.tion tests, etc., . note should .ppeor

Nonst.nd.rd bolts shell be dekil.d on sepor.le drowings per on the drawing .S follows:
PM 9461 Seclio,’ 1.031. All differences from the stondord shell
be detoi led an the drowing. Procure from XYZ 8olt Company, Address; City, slate.

OUTLINE FOR THE DESIGN OF SPECIAL BOLTS AND PINS

H T. Ron,Ie Material
(ksi)

4pplic., i.m Proc”reme.t *.C Thread 5pec. Type of fi.ish

o

,60-,80 @ :40,8740 Tension BPS-F-69 MI L-S-7742 QQ-P-416

or Shear MOD Type 21, CI.3

180 2@3 4 4340, 8740 Tension BPS-F-69 MI L-S-8B79
or Shear MOD Cad. Fluob.

—.—. .

220 - 240 H-II Tension BPS-F-69 MI L-S-8879
per NAS6720,AMS2411

or Shear MOD

270 - 300 4340M Tension
@

MI L-S-8B79 BAC5804
or Shear MOD

160 180 A - 286 CRES Tension
—

BPS-F-69 MI L-S-7742
or Shear MOD QQ-P-416

203 220 A - 2B6CRE= Tension BPS-F-69 — MI L-S-8879 .r Pmsiv. ted

or Shear— MOD

NOTE : The .seofheoded blanks is preferred. ‘

Where stre.gth a#orf.tiq.e cor,si&r.tions pemi}, .aIlow machining frwnborttock.

o Ternper.t.re limit. tioo450” F. krtemper.t.res .pt.9W°F .= AMS2416 finish. Other fi.i$hesnq be
specified if needed.

@ ~teri.ls ~ecificotions: M40p.r MlL-S-5W,8740per MlL-S-6M9, WS6322,4340M per BMS7-26Cl,2.

A-286 perAMS5737, H-11wAA4S64B7

@ ~nsult Stofi Unit brrecommend.fi.ns.

@ Use Al S18700r 4340krklt size$thm.gh 5/B.AA1Sl ~@onlykrsizes.ver ~8.

m“,,.. ,7 .,,,-1.. =..- ,,. ... -—.
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17,6214 SPECIALLYSURFACEDETEELSOLTS

Speciolly surfaced steel bolfs. pins and studs shall be used for
.pplicofims where g.llim would .ccur with sl. nd. rd c.dmium
pla!edsleelb.lts. See Bo.k 81, Section 14fm recommended surface
tre.lmen l,.

17.6215 BOLTSWfTHOUT COTlERf40LES

Bohs without co!ter holes shall be coiled for when used with self
Iocting nuts, See the mde .re.ample.fpwl “umber . . NAS .nd
BAC ,t. ndwd poges for proper designofion of bolls vdlfm.1 CO!!.,
holes.

17.6216 OVERSIZE BOLT.S

%. BAC 5004 and BAC 5009 far a list .6 oversize bolts, I.ckb.its,
hi-shear rivet, .nd hole sizes.

O“ersize bolts sh.llbe used forrepoirwork.nly. They shall mt be
used in new design, and sh.11 n.f be called for cm drawings. How-
ever, fittings should be designed I.rge enough I. permit the use of
wersize bolls in the shops CMreplacement by the . ..! larger size
stand.rd boll in service repair. cle. mnce md edge morgin for the
next larger size slo. d.ard b.lf must be considered i. .rder !. ovoid
repl.cernenl of an entire filling d.. 1. damage .f o bolt hole.

17,6217 RADIUS CLEARANCE

Due !. Ihe I.rge head !. shank radii on wm. protruding he.d
fastene r,, (e.g., NAS 1303 Series, BACB30MT, BACB30LM S.,!.s,
etc.), . de. r.nce problem ..1s1s. Rodi. sclearoncemoy be obtained
by .O..!.rslnk!.g the ,fr.cf.,e or oddi.g. w.sh.r. rider the he.d
(preferred),

F.r slruclur.1 reosms. clear. nceshall beprwided for C1.ss Iand
C1.se Ream h.les os described bel.w. Rodi”$cle.r.”cef.r CIOSSiT
md CIOSS20 holes is “.1 o slr”ctuw problem however the design
should provide W17pl~d~W0”.~.

Approxcm.fefY .oo8 chamfer co. be obfoi.ed by n0~n9:

BREAK SHARP EDGES OF FASTENER HOLES
ON ENTERING SIDE PER BAC 5300

Where w.shers. re used fopro. ideclear.nce,

Use . . .063 Ihick aluminum washer (AN 960) if 1.ss of prelood is
of no mncar”. Use amwnters”nks! eel washer MS 20002C, BAC

WI OAKC) if 1.ss of prelood is of concern. Drawing notes shall
specify the direction of m.”ler sink face !. m.,. vdlh the fastener
r.adi”s.

BACWl OBPwoshers may be.sed”nder lheheodof BACB30MT bolls.
r

17.6218 BOLTEDSLOPLfNG SURFACES

Self .Iigni.g w.shers IBAWIOBT) sh.11 be used O. bolted sloping
surfaces. The rn.xirn. m sloe ‘s B. fr. rn ~er. endic.l. ritv with the

%

M..
slope

+

B

1~

Figure 17.6220.1

L

17,622 SCREWS

17,6221 TAPPING SCREWS

A. LIMITATIONS f.< Use per AND 10087 (Ai,b. r”e Applimtlon)
Topping Screw! Sh.11 N.+ be Used Under the F.11.wing C.nditi. ns,

1.

2,

3.

4.

5.

6.

B.

As fasle”e rsforth ef. bricoti.n.fprlm. ry structure.

Where Ihe i.; ntissub iecll. r.toti. nwhichw..ld tend t. 1.. s..
the screw.

As f.steners f.< structure or .ccesmries where failure might
result i. donger .rd. rnoge t. the OIrplane .r pers.””cl.

Where 1.ss would permit the opening of o i.i.t t. a!, flow .r
Ieok.ge.

Where required 10 cut their own !hre.ds o“d ore subseq”e”tly
s. biect to replacement with.”! i“creose in diameter size,

Where s. biect t. mrr.sive mediums, such as e.h..st g.ses,
,011 ,proy, cl’,

CLEARANCE HOLES.

Cleownce h.les ore used .s”ecess. ryt. permilp. rls 10 be drown
together md t. OIIOWtolermces f.r nmtchi”g h.le p.ttems. see
Figure 17,6221-1.
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17.6221 (C.nllmOd)

PROTRUDING LENGTH

SIZE MAf OR CLSARANCE THREAD THREAD
DIAMETER HOLE F03A41NG CUTTING

SCREW SCREW

No. 2 .1326
Ill

.’06”.106 a .16

No. 4 .112 .128:;g .27 .21

No. 6 .123 .157::g .32 .25

No. 8 .164 .182:;;; ,3 .2s

No. 10 .l’iu .m:g ,4 .32

No. 12 .216 .234 :;: .49 0

No. 14 .242 .26,::; .55
01

I I I 1

@ SCREWS NOT AVAILABLE IN THIS SIZE

Figure 17.6221-1

C. LENGTH.

The length of tapping screws instol led in sheet assemblies shell be
such thot at 1..s1 k. ,.mpl.t. Ihmods of the grip extend, beyond
the o,sembly s.1,,! stondard lengths by adding the ,,protruding

Ia”gths,, shown in Fig.,. 17.6221-1 to ths moleriol fhick.esses.
These ,,protruding lengths” include .llowo.ce for minus tolerances
. . the screw. St.nd.rd screw Ienglhs ore: .250, .312, .375, .5o,
,62, .75, ,875, 1.00, 1.25, 1.50, 1,75, and 2,00. B.lh Iemgth and
diameter ore indimled by the MS dmh number. I. MS 2461821,
21,, indicates o diameter of .138 (N.. 6 screw) ond a length of ,75.

D. MATERIAL AND CORROSION PREVENTION.

S1..1 screw ore cadmium pl.ted, Corroslm resisting steel screws
we p.assiv.ated. lopping screws used in aluminum oIlqs shm be
i“slal led with o phe..lic .r aluminum wmher. Thewrmh. r and screw
shell be coated with zinc chromate paste before insertion m as to
completely seal the ccmoedion.

17.62211 THREAD FORMING SCREW

A. NPE.

@ WPE A (5TD PAGE NO. BO.33.1)

MS24415 STEEL

MS24616 CRES l:. @*

I ~ SPACEDTHREADWfTH GIMLET POINT I
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8

1

2

3

c

I

2

RECOMMENDED USES.

1. place of wood screws.

In light non-structural assemblies to red.’. cost and weight.

I. wood .r plastics .nd i. mmbin.afbns of wood, plmtim ond
metals.

HOLE SIZES.

Interference hole sizes, which me s. ficiently undersize 10secure
the screw, ore listed in MS24631 (80.30.1.9]. These are similar
t. drill sizes o.~ should be shown in the callo.1 as the “.mirml
size. Fixture drill!”g !oler..ce$ per DM 8..k 81, Seclim 7.41 I
shall be .dded t. .btoi” the plus l.lemnce. An example (o, o

118
N.. 8 Type A screw in ,032 olumin”m oll.y sheet is I 16 ;, ,6

Clearance h.le si.es are shown in Fiwre \7,622 \-1.

17,62212 THREAD CUTFING SCREW

A. TYPES. Threod cutting screws hove ends of Type D. F, G, or 1,
ot the m.a”.foci. cer, s option, Do nol specify.

Uli!s.’m ‘IM!q’m
MS24627
(80.30.1) ] I I
MS24627 STEEL

82- CSK

@bl

:P

M524628 CRES
I I 1 1

I

@ MACHINE SCREW THREAOS WITH FLUTED ENDS

Figure 17.62212-I

8

r,

2,

c

\.

2.

RECOMMENDED USES

For .tlochment of name plotes, .1.., where rivets are impm.ticol
due 10 rernovol ond replocernent ofplates. Repl. cementof screws
requires the .s. of the “..1 Iocger dicmwter screw.

For attachment of nom. pl.tes in blind holes

HOLE S12ES

Irderkence hole sizes me iislad i. MS24634 (80.30.1. 10). These
ore similor 10 drill sizes and should b. show” i“ the COIIO.! os
the nominol size. Fixture drilling loler. n’es, per Book 81 SectiorI
7.411 shell be added 10 obtoin the plus tole,o”ce.

A“ example for No. 6 Thread Cutting Screw in .063 ol.rnin.rn

.112
alloy shee!ls.1 10,110

Figure 17.62211-1 Clear.”.. hole sizes ace shown in Figure 17.6221-1.



17.6222 D91VE SCREWS

MS21318(80.50.1 .f)k a round head, carbon sleel, cadmium plaled
screw. Insertion is by driving wilh.. t wrenching,

A. RECOMMENDED uSES: Drive screvn may be used t. olt.ch
nwnepl.tes not subiect t. repealed rem.v.l .nd repl.ce men!.

B. LIMITATIONS. 0. not drive in metals 1.. thin t. resisf dam.ge
Sheet thickness equ.1 t. screw di. meter is considered minimum.

C. SIZE. The r.cornmended size for use with nom. plates !s No.

4 which has o maximum diometer of .114

The available lengths are m follows: MS21318 .19(.12), -20(.19),
-2 I (.25), -22(.3 I ), -23(,38).

.109
In!wf.rence holes or. .f04 ,04

For other drive screw sizes see MS21318

17.622R WOOD SCREWS

wood screws ore obsolete for new design. Use Type A Threod
Formlnq Screws.

17,6224 SETSCREWS

Figure 17.6224 -2sh.ws he.dless set screws with he. mckel and wi!h
three point types. S’revc with hex rocket .re preferred for Boeing
desion t. slandordize inslalldi.o fools. The mint tvoesaw ill.stmted

)
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Cone Paint

Flat Point

NAS \081 provides selflockng set screws with flot or cone point,

A. CUP POINT. The cup point is the preferred poi”l for general
.s., This point is the easiesl to procure from c.mmerclol sources,

II may be .wd for permanent orsimi-permonent locotion of mod+..

port, where c. ffl.g .f the sh.ft by the sharp point is not obiect-
ionob le. I! should no! be used .goinsl horde nedshofts and is seldom

sp.ailed in.

B. CONE POINT. The cooe poi”tisespe’ially odopled for permm”en!
Iocdico of o rn.chine port. It may be used ogoinsl hard or soft

shofk .nd should .Iwoys be spotted in. The included ongles of the
spot and poinl should be !he same,

C. FLAT POINT. The flat point !s to be employed whe,efrequenl
resettin~ of the point !s required with the Ieost possible domoge to
the s.rfam ogoiost which the pol”! beers. II moy be used .g.ai”d
hordened ,hoh, buf f, “of wifobie for spotting in,

Figue 17.6224-I
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17.6224 SETSCREWS(Continued)

I

SET SCREWS– ALLOY STEEL

LLu ST RATION pAyu:sg:GE
;;;;E T!&, “N’SH

DESCRIPTION

m 51966 EE W Cx?mm FIAT mm
80,20 ,1.12.1 1/2

@

2-IN
m 5191b lmu !450 CAmlU+
fm,20,1.lb.1

ccm mrm
I/z

=
= 2+6~

!.5 51’363 m 45( anram CUT mm
= 80.20,1,9.1 I/z~
~ 2-%
== m 51965 450 cm mm mrm
~ 80,20,,,11,1 IJ’2

2-56
m 51973 U50 cAmlh!
00.20 .1.13.1

am mnm
l/2

4.!40
,.s18063 ‘mRU 250 cm
SO.20.1.28.1

CUT mmr swwmiam
,/2

4.40
m18065 m 250 CNmm
80.20 .1.30.1

FIAT mm, SIFLUXKIW
l/’2

!4.40
,KW061 llwl 250 cm
80,20 ,1.32,1

am mmr, sEI..—
1,’2

SET SCREW S-CORROSION RESISTANT a ANTI-MAGNETIC

g

o-m
16 51023 mu 350 PAX Wmm m mm
80,20 .1.5.1 1/2

~ CMo
~ ,S 5,038 mu 350 PA%S1’JAIW m Pmw

. 80.20 .1.8,1 10-32
~

2-56
s 6 51021 nmv 350 PM.wwlw COP mm
= 80,20 .1,4,1 lJ2
~

2-56
m 51029
80.20 .1.6.1

mu 350 PmSIVAlw FIA’1 mm
1/2

4-W
hs1806u wm 25a M.SSlvm m S?I.F—Lraxnw
80.20 .1,29,1 V2

.

U40
m18066 m 250 PASSIVAIW FTAT mm, m.uxKIN2
80.20 ,1,31,1 l/2

4-W
f518068
80.20 .1,33,1

m%u 250 ?Blmm m mm, sm&Lccmw
m

Figure 17.6224–2
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17.623 NUTS 5.

A. CONTROL SYSTEM APPLICATION

1. CLAMP UP. Use only all metal self-locking nuts o“
bolts that are used

a. To damp up on the inner races of bearing.s and/or
bushings. 6.

b. Throughout the power plant control systems in all
clamp up applications.

NOTE On steel alloy bolts use steel alloy nuts such as, i’,
BACN1OJC or BACN1OGW; and, cm CRES
bolts use onl CRES nuts such as, BACN 10JC* C

tor BACN 10 W *A (* dash number).

2. UNCLAMPED. Use non-seU-locking nuts with a sepa-
rate locking feature such as castellated nuts and cotter
Dim on bolts for Unc]amued static or rotam joints with 6.
bm+bings or bearings. “

. .

B, LIMITATIONS APPLICABLE TO SELF-LOCKING
NUTS

1.

2.

3.

4.

Nuts which are attached to the structure shall be at-
tached in a positive manner to efindnate the possibility
of their rotation or misalignment when tightening is to
be accomplished by rotating tbe bolts or screws. The
manner of attachment shall permit removal withcwt
injury to the structure and permit replacement of the
nuts

Afl self-locking rmts that have had the locking element
reworked or reprocessed by other than a nut man”.
facturer shalf not be used by contractors or field maim
tenance personnel of the services.

Special nuts, wbicb depend on friction for their anchor.
age a“d torsional rigidity, such as clinch nuts, single
rivet plate rmts, and similar devims, are not acceptable
for use in aircraft structural appficatiom. They may
be used on aircrafl equipment and component parts,
such as instrument mountings and electrical equipment.

SefHockinz nuts shall not be used in conjunction with
bolts or sc~ews on jet engine aircraft in loc>tions where
tbe loose nut, bolt, or screw coufd pufl, or be drawn
into the engine air intake scoop.

Nuts of the No. 10 and 1/4 sizes shall be med only
with bolts, screws, or studs that have not been drilled
for cotter pim.

Corrosion-resistant steel self-locking nuts shalf be used
only with corrosion resistant steel bolts or screws.

Round or chamfered end bolts, studs, or screws must
extend at least the full round or chamfer tbrougb the
nut. Flat end bolts, studs, or screws must extend at 17.6231 NUT USE CHARTS
least 1/32 inch through the nut.

Thefollowingchartsofnutsaredividedintonine gm”ps.
Plate nuts shall be installed with rivets, screws, or These groups are determined by thread height, material,
projection spotwelding. If projwtion spotwelding is and strength.
used, contro 1 shall be maintained in order that I*
moval, by drilling o“t the welds, permits replacement See Figures 17.621-1 through 17.621-4 to determine n“t
with standard drilled plate bolts. usage for particular bolts,

r
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17.6231 NUT USE CHARTS (Continued)
I

,0”, I 80 K S 1 - SHORTTHREAD GROUP U 125 KS I SH(

= ~~~fm DESCRIPTION‘LLus’’’ONf&l&l

1*3,

IF%~F#;g
m., “ . “m ,,. .... ,“”..,,.,. . . ----- ... , ---
,,16

24

“.4,

FF-

* K:%

m“
5,16

z x w m u50~F,

2“
z? ‘“”6

lb?> I I I
, —.

1- ‘. 1
. . . . .

II I

mE

1--1.*FKJT OS Uz
mm. c Ww 450.,
M/c now

I
1

Figure 17.6231–1
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NU1 USE CHARTS (Continued)

,;
I 1 I

20 KSI - LONG THREAD

-m

-32
R“XW
,,,
* %

45(

&lNER NuTS

u!!!

++

,,,,,0,.
80.,0 ,6,,,,

!s .4,,,,,,
80,,00 ,6,,,

k+,.,$,,,,
80,,00 .6.,”

E 1 1 1 1 1 1

kigure 17.6231-2



-1o3-

17.624 PLATE NUTS AND

GANG-CHANNEL NUTS

Plate nuts and gong channel nuts of aluminum al I.Y of any type
shall ..1 be used in primary structure for tension rrppll cotions.

Steel plate ..1s ond Wng-chonnel nuts may be used For tension
Wplicalien*.

The restrict io.s of 17.623 .Isa apply !. self-locking plate nuts and
p“$!-ctm””el nuts.

The ,Pec ificot ion, for nut plot,, with NAS number, are ,eferencec
only on the BAC St. mdardspages with which they me ~mu~d.

17.6241 GANG-CHANNEL

NUTS - DRAWING CALLOUT

G..g cFann+l w+% shall be coiled ..? by BPC Commercial port
number .mspecified . . the .pplicoble pqesof tiw BAC Standard
Book, D-590, unless!he stock strip must ba cut o!her than midway
ketween tw.m.a~.scent nuts. The gang nut strip m.st be Atoiledto
show the end dimensions d special cuts, ond it shall be c.all.d..t
in the drmvin9 parts list os follow:

A. Am individual dash n.tier.f the cbav.i.gdmll be cssi9nedto
each gang nut channel and placed in the PART NUMBER column.

B. TLBACnumhr miwstkco& &rtbwmhrofwts,kllb
ploced with the name in the NOMENCLATURE column.

C The cmmmerciol port numb noted on *he BACpa- ,h.al I b
shown i. the STOCK SIZE column, tc.gsther w.th tlm rwmb.r of M,+t
in the strip.

D. The name and address of the ve,x+.r .s shavm in the i I Iustroted
callow on the BAC ~We shall k ~loced in the MATERIAL column.

\ N ‘&s’M’

“,-GANG CHbNNCL
Ifu

Glm3.6
I D

WMENC4ANRE STC.X SUE
(AFf$r.x w) “’ERK I

~ KAtllAR WUFACNRIN6 cO. lMC, 8m EAST 18~ STREET, LOS M*ES 21,

WIF [on EWIVAL~ T].

17.6242 PLATE NUT HOLE

CLEARANCE - DRAWING CALLOUT

The screw hole size to be punched or drilled in rno!eriol where .
plate ..1 is 10 be oltoched ,holl be Class Ill (per Figure 17.252.1)
ond shall be specified ot the pod i.dicotor for the plot. nut, os
shown below.

r
NAS 6W3A3

.218:~fi DIA HOLES

10 ovoid excessive repetifi.n on drqwimgs wkich ..11 .a.t o graot
mmy plde nuts, the clearance ho1. size may be omitted from the
plot. nut part indicators, and the k 1. jize information ad&d to
the generol drmwing mstes .m follows:

CLEARANCE HOLE SIZES FOR PLATE NUTS SHALL Corres-
pond TO THE SIZE OF THE PLATE NUT AS SHOWN:

No. IO-32 .218:~ DIA HOLE

%.. Plot. Nut C Ieamnce Hole Size

17.625 SHEET SPRING NUTS
Sheet Sprin9 Nuts W. li~ht in weight and economical. Their use
i, controlled by MS 33538.

A separate &tail drawing shall be mode far eoch ~ially .u+ gang
nut cha-mel which is used .n more than on. drawing.
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17.6S4 QUICK RELEASEFASTENERS

Figure 17.634-1
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17.632 SHEAR PINS

she., ~;., maybeused m fasteners to wire”. overstre$$, or to PrO-
vide for i.wnti. n.l wp. mfion of me. h.nic.lly rnoked park. The
shear pins ore designed to shear when the shearing force reoches o
predetermined value.

When the design requ;res the~e types of sheocpim, the following
criteria must b considered:

A. ~e,heoring edges must kwell defined cmd,h.rp. Clearances
must be kept to . minimum m that failure of the shear pin is not
yppreci. bl~ infl.ence.d. by bending $tresses. Shear pi., sh..ld b,
,nst.l led w,Fh o tmns(b, on fit. The interface clearance between
shearing edges should be in the order of that obf. ined when using
DM 17,252 CIOM I holes (ba~d on pin size), with .nmximum inter-
face .1,., . . . of 10 percent of the she., pin diameter.

B. The minim. mstrength forshe.r pinmoteri.ls, except f.rst.nd-
.rd fastener .wlic.tim, i, taken from the.allmoble strength, speci-
fied in Section 21. Forcrilicol ,heortol ero.celrm!ts, tests should be
performed to verify on.1ytic.1 volues.

1. The predictibi lityorvori.&liW ofminimum..dmox-
im.m shear strengths are strongly influenced by the
shearing edge condition ond cleoronce,

2. Shemi.g edge m.teri.l must be hard eno.gh toinwre
that the edge will not break or deform during the
sheering action.

C. S!rength oll.w.bles thot.ppeor insertion 18sho.ld not be used
f., .ndriven ,(..!s used .s she., o!.,. since these ollowobles d.-

p..d . . . . !.. r..,. [. ,tr..9th fmm work hardening during rivet
insl.l lotion.

D. If more ?h. none pin is.s.d all the directiomof ~orce .pp!i c..
lions must be k“cr.vn. F.reY.. mPle, if hvopartsf.ste ned by sheer

p;.s. r. d.sig.ed t.,. p.r. +e with .ppli.. t;.. of.. .xi.l force,
lateral forces (bending momenfs) th.tm.ybe in.d.ertently oppl{ed
must .1s. be token in!. . . . ...!. Where w.rronted, a te,rpr.grom
should be conducted to determine the dynamic shearing force on .

,~.ifi. PO,*.

E, She.r pin .ppli.ationssho.ld be designed m the pins . . . be
readily inspected for stmct.rol integrity. Include indexing morks,
where practical, for vi,u.1 detec t:.. of Forti.lly ,heored PT., o.d
for realignment of p.rts prior t. removal of porf{olly she. red pins,
The use of check holes is .1s. recommended for viwol ;nspec! ion.
Avoid, where possible, use of sheer pins in cri?icol opplicotiom
~~~ periodic inspection of the pim. ”d ,h.. rin.g edges is “of pos -

F. For crip;c.1 .Pplic.otiom, o Sp. ific.f ion Control Drawing m.
Bceing Stcmd.rdmoybe prepared to control m!nim.rn shemstre.glh,
maximum shear strength or both, If such o drawing is pm~red, the
requirements roust i“cl.ds at 1..,? the following: Material, all di -
meo, ions, ,,,en@h req.; remen!, and !e,ting mw!hc& D2.28 &2, Pro-
cedures of Mechonic.1 Testin9 of Aircraft Structural Fo$feners i!
recommnded for fos~ners, Shear pin dmwings sho.ldcorry. note
t. the effect that rncteri.1 substit.tiom per BAC5C05me not.llwwed
wi}hcut prior .pp+ova of Engineering.

G. Alwmy, .,. the Iorge,tmo,g;n possible fo, ,he.mo.to,e, the
maximum operoting stress.

NOTE: Cons.lt the.ppl ic.bledivi,i...l st.ff for: StreSall.rw-
.bles, material recmnmendotiom for shear pins, $he. ring
edges, inserts (when used) and dimensional Iimitot ions,

~ Pinion

L

*’”}
J I“s,,8 IL lb,., \

II (l
-s’’”’’”’” u u $ I 1 )

/ I 1

Example of Designfm OverstressRelief Exm@e of Desig. fc.r I“tentionol Foilwe

Figure 17.632.1
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17.6332 (Continued)

B-B
End View of

Clincher ond Die.

RQ
k 25

B :
-. 5

7 ‘:7

~>
3s

-~ -;~m -

y’ .124$$ ‘8”
,t.pl. c

Staple
to flc.ar

—Dashed lines indicate
the lowered or form-
ing p.xifion of tk-s
f.am?ers.

Side View of Met.al Stitcher

Figure 17.6332-2

17.6333 DRAWING CALLOUS

Adr.awing symbol shall be.sedt. indlcote metal stit.heswhenev~r
they appear o. drawings from either the drive. or clinched side.
Thesyndml wybemde frwhand .si”gth. oppximtie&mensi.ns
sh.awnbelow, 0“. l.”grow ofstifches.nlyt-.r three symbols
.“ each end need be shown.

4“’b’”’i-lE’20&prox
TYPICOI Metol Stitch Drawing Symbo!

Thepr.cess !pecifi cotion shall & ..all.d for.. the dmwingby.

ge..r.l ..te with symbol, ,.ch US:

n
METAL STITCHES PER 9AC 5404

Spocingformet.1 stitches ma be indicotad byoddingto the sen-
Jerol note .atnve, the recpire ,nforrmti.n, such as:

t
SPACE APPROXIMATELY_ lNCHES or_ EQUAL SPACES.

Otherwi$e, the spacing shall be dimemioned on the drawing.

Flush stitches in soft nmteri.al shall be iwdic.ated by a note .n the
drcwti”g. Whe”lt is desired to restrict clinching to a portic.la
side, a note shall specify:

CLINCH FA3 SIDE or CLINCH NEAR SIDE

U“lesstKs ismnotedo”tk drarn”g, theshop till us.olly clinch
.%wi.s! the horde, or heavier nm+er ial.

Tha edge margin and stor?ing poi”tofe.ch row. Fstitches must be !
&~”sioned o”eochdrmi”g -skwi” Fig.re 17.6333-1. When :
it isra~iredto placetlw stitch at cmmwjetothecenverlineof the
mwinorderfo prevent cracking of the material bei”gstitckd, the ~
syndm shall be show. at on angle and dimensioned m shown.

starting
Point

-IF
15”;$

k

n i

Ed%~-’. . . $ Stitch Row +

Margin

~’
Figure 17.6333-1 !

i

),

d
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17.633 METAL STITCHING

A. When designing minor, no. str. ct. rol assemblies ~nvolving the
o!!mhment of osbesl. s, fiber, rubber, felt, f. bricbase I.m<no ted
phenolics, cot!or, webbing, etc., t. aluminum .ll.y, mild steel,
.nneo led ,toin! e,, ,1.,1, b,.,,, or mPPer sheet rnelql, mns;dero-

$ion should he given to melol sf; lching. In oddit ion, minor thin

g.g. .Ilm.f.l P., fs ,.ch .S .mm.. t.. b... $ d.et, ..d .h. tes
rnoy be ossem bled by snitching with o possible sovi”g in production
t;me o.d cost.

B. Comporotrvely brittle rnoteriols such m methyl meth.crylote,
Tenile, poperbose Iamln. ted phen.lic and magnesium OIIOY sheet,
etc., con.. ! be stitched. Some relatively brittle moterids such

os hard block osbestos, while fiber mbestos, ond certoin types of
.pIostics con be s.c.essf.lly stitched by using a rnetol hocking str; p

,25 by .020 under the crown of the stitches. For these “Ioleri .1,,
o note o. the drowing should OIIOW the OPI!O .01 .s. of . b.eking
strip

C. Stitches c.... ! b. dr; ve. flush :. sheet metol but their .s. in
d..ts, boxes, etc., is permitted at the discretion of the Proiec! Engin
eer. Stitches m. be driven flush in soft moteriols.

D. When slitching pomllel to the grorn would lend to ,.. s, crock.
ing in wood or other rnoter ia with o definite groin, the stitch shell
b, ploced of on ongle of from 15. to 30~ to !he cenfe,line of the
stitch row. The exo<t .ngle w;th; n this ronge is .1 the option of the
shop.

E. Me!ol stitches use .051 diameter zi.ccooted sleel wire per speci.
ficotion MILW6714 with . minimum tensile strength of 290,000

PSi. The Ie. gth .f ,Ii!.h s .pproxim. tely .5 inch ond ‘S formed from
o onei”ch length of wire for work thick”,,,., up 10 .)2 inch ~l.,
tiice the extro thickness for work over .12 inch.

17.6331 EDGE MARGIN AND SPACING

Stitches c.. be located .12 inch from a flange w the side of the
work og. inst whit!, Ihe stitch is clinched ond from .12 to .31 inch
from a flo,,ge on the <row. side of the work. The greo!er <le. . . . . .
,s ,,eces,ory on heovier work. The recommended mi,, imum ed~e
mo, gi. is .12 rich.

S.gges!d .,:!<! spocings are “5 ,Ollow,,

A. .75 ir>ch .aproxim. tely for o s?ngle row of stitches in ducts
~,!h IIgh I, ;.!ernol pressure whe. e minor Ie. koge is not crilic.1.

This spocir, g is .1s. cor, s,dered the mlr, m.m design spo.ing for
s!i!cl>ing. (The shop ,,inim.m row spocing of stitches is .70 ;nct,.)

B. 1.00 ir>ch for rneloll.mel.l io’.ts tokin~ light !oods.
C. 1.25 inches for rubber, fiber, felt, or nonstressed rnelols.
D. ) .50 inch,; for osbe,tos, <.”,. s, et,.

The obove stitch spoclngs ore i. no woy engineering stor,dorcfs ond
c.,> be .or, ed to suit portic.lor req. irement~. Stitch p.tte. ”s ond
woling compounds for press .retighf semns hove not been deterrm
ined.

The drowing !,>irirn.m, design slit’h spoc; ng i!, . raw is .75 inch with

.70 inch considered the shop minimum. The minimum row spoc;ng
for metol stitches is .19 ;nch. See Figure 17.6331) for oppli&o-
tio. of these mln; m.rns. The drowi. g nomin.1 dimensions for m...

91.s ..d sp.<i.g$ wi!h the l.1.r.n..~ .ppl~.d sh..ld not b. less
th.. the r,>;”im. msqiv en.

lam
Figure 17.6331-1

Fig.,. 17.633:2

METAL STITCHING WEB END LOOPS

,- ;5:

Figure 17.633)2

17.6332 CAPACITIES AND DIMENSIONS

The maximum recommended rn. !eriol thi’kness ..1.. s for s.t; sf.c
I.ry ~r. d.ction stitching o“ present equipment oreqi. en i. Figure

17.6332 1. The princ[p.1 dirnensio”s of present Boeing ecjulpn, ent

ore shown i“ Figure 17.6332-2.

I STAPL,NG MACHINE CAPACITY FOR VARIOUS MATER\AL5 @ I

I ! ,.

C lad 2024-0, 3003 14 sheets of .040 .160 .102
C Iod 2024-T3 :2 sheet, of .040 ,080 .054
Type 302 Amneoled
Con Resist. Steel 12 sheet, of .020 .040 .032

Type 302 1/2 Hard I
Cmr Resist. Steel ,2 sheets of .016 .032 .020

18-8 Full Hard
Stainless Steei 1 sheet of .020 .020 .020

Wood and Plpod,
Rubber, Rubber-bonded .75 Pa,s;ble on fine
con.% c...., C.rd- gr.in.d ~od. .75 --
beard .a”d Asbestos
Plastic, Hard Pl_d Typs of plastic and
(Compressed and lm- omo””t of Compression .38 --
+wegnoted ) a,. governing factors.
Molded phenolic, Tc.a brittle; cr.xkfng
Hard Rubber, tendency does cat -- --
Pmcel.sin, permit stitching

rI Any .ombi notion of goges of any one metol, the sum of which

does not exceed the mm; mum totol th, ckness listed obove, ,..
be stitched, providing lhot n. indi. id. ol sheet of the m,nbi. o.
1;.. exceeds the m.ximum single sheet ~oge listed f., that
moleriol.

r2 Specific recornrnend.lions . . ...1 be mode f., oppli. otions which

use mm binofio. s of rnelol ond soft non. metollic rnoleriols I.
such ,.s. s, tr!ol tests should be mode; consult the opplimble
,toff

Figure 17.6332- I
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17.S4 WASHERS, SPACERS AND SHIMS

17.S41 WASHERS

Woshers shell deselected from !hefollowi.g s!.ndordsin the order Amoximum of Wo.ddiliona lwoshersmoybe. sed to allow for grip
ofpreference shown forlheapplicotion needed: odi. stment oflhe bolt,

10 protect the surface of the structure during installation of . For prevention of dissimilar metol .orroslo. between wosher ond
f.slener by lightening one standard wosher moy be used under structure see the finish doc. rnenl listed in DM Book 81, Section 14.
.Ither the bolt heed or the nut (whichever is bein. turned)..,

TYPE
STD PART

DWG NO.
MATERIAL RECOMMENDED USAGE

MS2DD32 Heat-T,e.ated Alloy Steel Pe, @,@, and@
8ACWIOBN

Al Alloy (Clad 2024 -T30r
AN960

Ggr.;~~@ , @ , @ , @ ,
T4). Cd-an sfeel, CRES
and bras,

BACWI OAT Steel and Alum Al Ioy Large 1.D . for .s, with topered shank fastener, per

‘lain ~,@,@,and@.
AN970 steel Large OD for .s. on wed.

MS27183 steel Thicker .“d larger than AN960 per @ , @ ,

0and 4 .

8ACWIOP General usage for washers not found in other standards.

NAS1197 5052 Al Al Ioy Per 4 with m.gnesivrn.

MS2CO02 1. obtain a clearance with the large he.ad-t. -sh.nk
:.unterwnk Heot- Treated Al I.y Steel

BACWIOBN
radii on high strength fasteners, in designs where stress
wi II cot approve the required countersink, ng in the
nmteriol under the fast, ”,, head. Also @ ond @

ock-SPl it MS35337
Sfeel

MS35338
Where not restricted per AND I 0476.

CRES
MS35336 and Brcmze

ock-Tooth See St.mdmd Page 70.7.1.0
MS35790 Carbon Steel and Bronze

bunter core AN975 St,, I With AN386 TQper pi.s.

elf Aligning BACWIOBT steel Concave and convex washers are used together.

~brat ion Stop AN8013 Steel end Al Alloy With BAC-S14C vibration inwlators (shock mounts per
AND I040S and AND I0407).

MS 19070 steel With MS19058 lock nuts to retain beori”gs.
earing Retainer

BACWIOQ Sk, I With boll bearing, self-aligning rod ends to prevent bolt
head from slipping through end in cose of lossof bolls.

BACWIOU Steel ond Al Alloy
impled 100’

BACWIOZ 5052 Al Per @ with lC@Ocsk foste”ers.

BACWIOAM For 220 KSI Zolts
,.- Load

BACWIOAP Heot- Treated Al Ioy Steel Used for accumte control of

,dicoti”g For 160 KSI bits preload in bolt to obtain m.. i-

8ACWIOAQ for 125 KSI Bolts mum fatigue life.

) Used under nut to cmnpenmte for difference in fdt grip length
and material thickness per 19.512.

@ To ins.lafe dissimilar metals ogoi”sf corrosion. Wherever
~s$ible, the washer mat=i.1 should be similar to the

In the interest of weight mvi.g, two wmhers ore recommended material .pon wk[ch it rests rather than to the bolt or nut

m . maximum for my one application. fkwever, the .s. of material % that corrosion, if it exists, is created bem.en

more washers is preferred to the use of o bolt .af s+eciol length the replaceable bolt and washer instead of washer and

or washer of special thickness. fitting or sheet. US. 5052 olurninm alloy washers with

) To di,strib.te bearing kmd over. greater area to prevent com-
~g.e$i. m OIIOY per DM, 8ook 81, Sect.14.0323.

P,e$$,on Of Moteri.1 ..der tolt head, screw head or nut.
@ Where rnoterial . ..) .. . . . is steel, we MS2000Z steel

) TO pmvenf galling of .d.rninwr or olumin.m .IIOY sheeb less
washers. Use 2024. T3 or 20Z4-T4 w.mhem (AN960 for sizes
I ,, a“d smaller; BACWIOP br I.rger) if nmfer ial .eXt TO.Ut

than .051 thick and other soft m.ateriols when Ldts, screws, is aluminum alloy.
m nuts am tightened, or by lock wo,hers (per AND 10476).

@ Used next to plastic Imnin.ates to pr.went crozing caused by
driving slid rivets and woge,d collars, see DM, Bcek 81
Sect. 24,311.

Figure 17,641-1
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17. S42 SHIMS, PIATE NUTS

TYPE P#.kT NO. MATERIAL NUT
SIZE

THICKNESS REMARKS

‘= ’’;pw :~z :%::%,0347) g’ ,:~k;g, ““+,,
For general me with plate

a ‘y’”’ -%%:ly) ‘;’;Y’7”’5’”’5”52 ‘;’” ‘072&”’% :

Q

BPC-S18M Magnesium .No .6<8 ~ 10 .125

0 0.
1/4, 5/16 h W8

Typ.s F BAC-S18U 2024-14 1/4,
o 5/16 &

.125, .188,

3j8
.2506 .312

Floating Plate Nut Shim
1010 Steel ., better For general use with plot.

NAS463 Cres (301, 302, 321, or 347) p&. ,~

@

.016, .032, ‘“’s’

o Type X NA5463C 1/4, .063.3 .0%2

NA3463D 5052-36H $:6&

&
Type Y N AS463DD 2014, 2024, 7075

m
o 0 Ty~ B BAC-S18M Magnesium No. 6,

8.310 .12S

1/4,

m

5/16 &

00 Typa C
3/8

CountemumkPlate Nut Shim

a ,,.. :2:

1010 Steel m better

C,,, (301 , 302,321 0,347) No. 8, y, {;5W
For use.wi!h 100° dimplec
sheet Use of csk plate

a ““‘ ‘=D ‘;;:4’7”75’50’2 ’06” 4

nut, preferred t. u,. of
shims.

o

~~o TYP F

Mfnioture Plot. Nut Shim

0 “PA

No. 2 .032 and

thru .063

.375

@ ‘y”’ .:O’4~o%24’ 5052’

NAS 1195 See St.and.ard, For use with miniature
P.- plate nut,.

a ““c

m ““”

Recammend.d Use: With plow nuts, t. increase m.ateri.l fhick.ess to accmnnwd.ategrip of bolt. When ottwhing plates, panels,
etc., which would be removed for maintenance i“ metals of varying thicknessesit is pr.fer.a~le to use shimss kolts may .1 I be of
sm. grip length t. ovoid lnst.all.stionerrors. Use w.mherspsr 17.641 with he. nuts, Draw, w Cal lout: Per PM, D.4900

Typi..i l.~tel lotions

NAS500 CSK Spacer_

fiwm 17.642-1



17.643 SPACER, SANDWICH BOARD
-111-

1 Strength of these ioi.ts is dependent upon the sandwich constr. ct;cn. Consult theoppl icobledivisior, ol stcdf.nitfor information,

)The note, INSTALL PERBAC 5085, shall beodded toapplicabf edratings.

Figure 17.643-1



17.S43 (Continued -112-

-

STYLE

Sandwich Eo.rd Spacers

‘ARTNO.

IK-S 18P

BAC-SIX

REMARKS TYPICAL INSTALLATION

1%$4’0

P
Sl~ve Tyw A

‘;-

----i.

b

Sleeve Type B
--_.7--

_——_1.

Plug,

Type A

d

For .s. in sandwich board,
balm wvod, .7.. to pre-
vent crushing of material.

Thd

P

It

Bolt

2024-T3
2024-T4

W: -T6 Type A, B, wC, plug
may be used with either
Typ A., B,leeve. For
installation dof.a see
Standards poge

Type B

@

Type C

4

--

--

For .s. .s a self-locking
ttap~d hoo in sondwich

10-32

/8& 5/32
ivet N..
,810

1/4

gure 17.6

2024-T4

Type A, B, WC F&may
be used with either Type A
or Bdeeve. See Standard
page fovimtallotic.n dot..

F1.angadSpc-cer

@

Stronger in shear than
S18P. See BAC-S18D
Forinstalloticm &to.

2017-T4

2:4-T4

,-2

17.S44 RIVm, SPACER HEAD, BLIND

REM.6RKS TYPICAL INSTALLATION

Tr
PARTNO. MATERIAL FASTENER

NOM DIA

1/8, 5/32

BAC-R15Z
h 3/16

5056-F

BAC-R15BY
BAC-R15CC

I STYLE

Sheet

F

BAC-R15Z

AN426-$
co,. rivet

Figure i7. t

17. S4S SPACER, RIV~ AND BOLT

IA- I

REMARKS TYPICAL INSTALLATION

E
PART NO. MATERIAL FASTENER

DA

NAS42 41%;;& ~r;~

2024-T & No, 4
NAS 43 ]3~t~alW0 thru 1. w

2024-T
BAC-SIBK

No. 8 10

6~1 -T o“d 1/4

Fi@ure 17.6~

STYLE

d
Gen Usage: S acing sheets,

?wire bundle c amps, p.1 Iey
~ards, etc. with rivets.

*

Pulley

Same usage m NAS42 wi?h
talts & screws except not

NAS43 Spacer

K

B#C-s18K spacer
for p.1 IeY guards.

For .s. with top sheet Nut & 2olt
dinmled.

m ““’”r

n “KSP”C”’
,-“1

1
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17.S46 SPACER, PLATE NUTS

1 STYLE

I Plate N., spacers

IboTwo Lug
Type. .

—. 6
0

kLo
0 One Lug

Type
--

6

Po

Lining space, c1

= ‘- o
0

17.S47 NUT, SPACER

-113-

PARTNO. MATERIAL FA5TENER REM.MXS TYPICAL INSTALLATION
NOM DIA4

I
,.,-..... I

BAC-S18F
Plate

2024-1
No. 10

Fo, .ganeml stand-off

%“
BAC-SI 8G Tube

6061 -T 1/4 & 5/16 ~pa.e, .s.gewithn.f
plate,. TW lugtypepre-
ferred where spcmepermits.

Plate
BAC-Sl~ 2024-T No. 10

BPC-S18S Tube
6061-T

1/4

~

PLATE
figure 17.646- I

5F-S

Ft.,,,. 17 AA7-1. ----- ,. .
17.64S RADIUS FILLERS r

I

R.ad!usfilier, .are allowed. maximum gap of .040 per BAC 5300.
W& lasmaim.m goPismq.ired mo&ainincmowd tensi.n loads
.rreAcez doflecti.n, theall.awable maximum *.aPskuld be noted
on the drawings os follow:

MAXIMUM GAP BETWEEN R~lUS FILLER AND THE RADIUS
OF FORMED PART (OR EXTRUSION) SHALL BE .XXX. k

Figure 17.648-1
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APPENDIX I - BOEING DESIGN MANUAL

SECTION 26

ADHESIVE BONDING

26,01 General
26.02 References

26.021 Structural Adhesives
26.022 Non–structuc.l Adhesives

26.1 Advantages of AdhesiveBond,ng
26,2 %pesof AdhesiveBunding

26.21 StructuralBonding
26.22 No.–strucfureJ Binding

26.3 FmmsofAdhesives
26.4 Designof AdhesiveBondedJointi
26,5 Designof AdhesiveBonded Parts
26.6 Stmctiral Bonding -Design information

26.61 Design of A&esive Bonded Strictures

26.611
26.612

26.613
26.614

Metals S.hc.hle for Structural Adhesive Bonding
Selection of an Adhesive Bonding System

26.6121 Selection of Adhesives

Cured Bond Line Thicknesses
Drawing Callout

26.62 Adhesive Bonded Honey comb Sandwich Fanels

26.7 Non–stmctural Adhesive Bonding –Designltiormation

26.71 Selection of an Adlxslve System

26.711 Selection of Adhcsivm
26.712 S.rface &quirements for Non–str.ct.ral Bonding
26.713 cost Information
26.714 l)rawing Callous
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SI:CTI(), N 2(;

All HE Sl\rE BONLIISG

26.021 ST RUCTURAL.4UHES1VES

A. iws . BOEING MATERIAL SPEClFICAT1ONS

Structural A’lhesivcs 10, Metal to
11.(.1 SandwiC)I Assemblies FM61
system.

Moderate Ternperatur, curing
Structural Adhesive System.

Corrosion 1nbibiting Adhesive
?rfme,

Structural Foaming Adhesives

structural Foam–in.PPace Ad–
hesive

B, BAC– PROCESS SPECIFICATIONS

BAC 5452

BAC 5514-542

BAC 5514

BAC 5514-551

BAC 5514–570

BAC 5514-5S0

Stmc,”, al [?<>.., }i,,l) ding

Structurally Bonding Metal–to–
Metal.

Common Bonding Bequiranents
for Structural Adbmives System.

Structural BondinEwith Modemte
TernPemture Curing Adbesivm
(BMS 5-51).

Structural Bonding with Mod–
mate Temperature Curing Adh+
sives (BMS 5–80).

Jh\c ,;s14.56$ i’Lpplk.ti.1, .1 Corr. si. n Inbjbit.
i,,~ Adhmi,, P,;,,,.,

flA(; 5514–590 Structural Bonding with Foaming
Adhesives

26.022 NON–STRUCTURAL ADHESIVES

The follrming spec~ cations should be called out when
wplicable = indicated by Figures 26.711–1, 26.711–2
and Paragraph 26.714,

A. BACSPEC1F1CATIONS

BAC 5010 Application of Adbesi.es
BAC 503s FIocessingof Acrylie P1astics
BAC 5407 Structural Bond,n~ of Metal to Wood or

Plastics
BAC 5444 Bonding Sh,rm and Fillers
BAC 5447 Frccessing of Tbmmoplastic Sheet Materiak
BAC 5472 B.”ding of Cork Composition Ablative b-

SUJation Material.

26.1 ADVANTAGES OF.4DHES1VEBOND1NG

1<. AdhcsivC boding may be faster and less expmsi.e
than other (nbrication te.b”iq.cs such asweldi.g, bmzing
or mwbmiml fmtmi”g with rivets.

F Gdvani. action will not n.mdly result from the
b<mdi!tg of dkxin,ilmr metals. The adhesive used is,gen-
emlly a good die]dric and thus m“ bond and insulate
simultmco.sly.

~, ~~ithpr<,percar, topre.ent warpage,tie.se.f el.st.-
meric ad besives permits tbebo.ding ofdissimilar materials
with widely differing coefficimts of expansion, This k pri.
!marily .pplimble to nonstruduralb ondi”g.

H. Bonded szmdwicb mnstruclion presently offers tie
optimum strength-weight ratio for=rtain str.&.ralappli-
cations. &e Sedicm 216 for design information.

[. As a result of the more uniform load distribution,
structural adhesive bonding inmewes mmpo.ent fatigue
life.

.J. ,Tbe .,i.c~>:dastic chamcteristi. of adhesives in lam.
inated sheds !r”provcs resistance to sonic fatig.e.
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26.2 TYPES OF AUHESIVE BONDING

26.21 STRUCTURAL BONDING

Stl’,,ct,,ri,l b<,,lding i, UScd in primary and SCwxlary

.trtId. r:*lareas WIICK bond i,,t.grity is req. imd SW).
tural b.ncli,vg r.q. irm desig,?. that . . . b. ec.sily and
rdi.bly (i! bricutcd during ProccsskIg. Great., control
,~vcc mittcrials and bonding techniques is rcquimd i.
structural b,,,] di,, g hcca. se of the load-carrying rq.ire
,,,0,1s the a.scmbly must meet.

Design information . . Nr.dural adhesive bonding is
given in 26,6 and structural adhesive bonded honey–
comb sandwich panels in Sec+io. 216.

26.22 NON–STRUCT URAL BONDING

N.,, –structuml adhcsivm are considered those adhesives
that may fail in service wi!ho.t endangering the safety of
the aircrafi. They am ..1 used where stnxtuml integrity
is rec,,, ir.d. as the bond strength relti.bility is of a lower
order. .No.-smuctural adbesi.es are used far joining mb-
bw, foam, pk.sties, P.brics, leather and metals, wbik str.c-
t.ral b..ding mainly concerns metal-to-metal fastening.
1. general, the sk... strength of non-structural adhesives
is i,, tie m.ge of 200-1200 psi and the P*.?I strength
rt.nges from 10 to 30 lb-in. per inch width.

N-,,,, -str.ct. r[d bonding is generally faster and 1.ss el-
P.,,,t.. fi.rI .tr..t.r,a1 b..~,.g $. th. s. appljc.ti. ns
where structural integrity is not mandatory.

Design ird.rmatio. on “on–str”ct.ri.l .dhesivc bonding
is given in 26.7. Non-structural adhesive bonded sand–
with pam?ls are a .“ique system in Umrnwlves, not repre–
se”ting adhesive hondi”g as such; i“forrn ation may be
fo””d i“ SCch” 218 (new).

26.3 FORMS OF AUHESIVES

Adhmivcs are a“ailable in two basic forms: ( 1) dispersed
i“ a 11.idiiing carrier solvent, ether organic o, aq. eouv
awl ( 2) free of volatile carrier. The latter, i“cl.des fJrns,
solvc”t- freepastes, powders, and hot melts.

The fit’st form of adhesive is most cmmno” bcca.m air
drying can be crnployed i“ many cases to remove the
carrier fluid for develcmme”t of . good bond, .1s., com-
mon pa,”t brushes or sPr’ay guns c.” be used to aPPly
them, depe”di”g o“ the usage.

Tbe carrier – fy adhesives are rapidly gaining favor as
the most pytmal for assembly Iuy str..?.ral bo”d,”g.
They prov,de tbe siywxst adhemve b.”ds obtainable.
1“ W*Sclass of adhes,.es ace ( 1) adhesive films, .ns.p-
ported or SUpPOfl@(2) lump and powder adhesives
which are heated and cured by heat or aolve”t reactmn,
(3) pastes, solvent free, which must be cured to develoP
cohesive strength. The epoxy resin based paste adhesives
are among the most vers.tife adhesives available.

26.4 DESIGN OF ADHESIVE BONDED JOINTS

A, JOINT DESIGN. To realize maximum .ffkie”cy from
adhesives, joi”[s should be expressly desig”cd for adhesive
bonding. The detailed stress analysis of a“ adhesive
bonded j.i”t is difficult, partly because <d the nonH”ear
stress. strain .har.cteristics of adbedves. Stress analysis
has show. that stresses are “cl ““i fonmly distributed
across the adhesive joint, being greatest .( (be free edges
of the glue line.

B. TYI’Es OF JOINTS. Sdmtio” of adhesive joint de
signs is a compromise between stce”gth and joint prepara-
tion cost. The design of metal-tometal joints is infl.e”ced
by the magnitude a“d direction of tie load lb. joint wfll
have to bear. Fieure 26.4–1 show, several mmsible
j.i.t ..,~iw.fi..,: 1. ...–.tm.~.r~ .wlic.fi~~ fi~fle
more than selection of a desired joint c.”figuratio. is
required. However, in stmctinal applk.atio”s, more
detailed consideration must be give” to lb. effects of
the i“di”id”al joint o. tbe pert co” figuratio” a“d load
distrlb.tie”,
C. ANGLE JOINTS. The lcwer portion of Figure
26.4– 1 presents an evaluation of angle joints for msk-
tance to cleavage against four directions of stress
application. When heavy sections am bonded, tie park
should be de$iwed so that the adhesive k in shear.
Cleavage stresses should be avoided or nd”imized whe”–
..,. Possible.

D, BLIrT JOINTS. Buttjo!”ts are easily fabricated but
are Imprw?ical because of probable failure whc” loaded
in tension. i“ cases where a butt joint must be made, .
bonded shear component should exist along at least part
of the bond he,
E. LAP ,JOIKTS. Lap joints arethenmst commonly used
adhesive joints. Peak stresses develop at the ends of the
lap due to the eccentricity of Irxadi”g rmulti”g from the
finite tbickm= of the ioi”t a“d the differe”ticd str,ai” in.
d“md between adheri”ds a“d adhesive by the load.

F, SCARF JOINTS.Scarfjoints are butt jo!”ts where
the joint .“s1. is less than 900 Tbe joint is relatively
costly to Droduce, Because of machining m~.ireme”ts
it cainot tie used on lhin stock.

G. JOGGLE LAP JOINTS. Joggle laps arc a means of
lining up tensile forces i“ joining thin sheetor part, but
should be avoided if complete sealing of the joint is r’+
q.ir.d.

r



26.4 DESIGN OF ADHESIVE BONDED JOINTS at the ends of a lap joint tend to resultin an apparent
(Cmtinued) failing stress lower (ban the actual or the. mtk’al value.

H. ST’RAP JOINTS. The strap, doubk strap, recessed
(This apparent f?iling stress k defined as the observed

double strap, beveled double strap, half lap a“d double
breaking load di.,ded by the lap area). Itbas been found

la)> all provide good resistance t“ bending stresses.
that the failing stress is [“dependent of the width of over-
lap but dhni”ishes with increasing le. gtb of overlap. FI&-

1. STKESS CO&7CENT RAT10NS. Stress co,lctmtrati.ns
. . . 26. 4–2 show, tie effect of overlap le.stb at room
tan. erahl ,,.......

TYPICAL ,JO1h,T U)NFIGIJRATIOhTS

TM.. .f Str.,.

*3;PPI

Shew
(tie or botb

Tensile
(F:!) members

members flcab]e)

TYP.S of Joints

~ ~::~:w Good
Butt

‘ome”mes”esi:b” *
Good lkactical Double SkaP

LaP

‘Xpen,iv,hachnn. ~
Good

~ us.~~..ca
Very Good Re.xssed Double Strap

tleveled Lap

[ ~ [ “’c”’t’roduc’io” *

Very Good

Very Good
scarf Usually Practical Beveled Double Str.P

~ y&,:@&,ed

Good
Requires Machining I {

Joggle Lap
Half Lap

~ &%irnesDesirabk ‘tifi~lB~anLoad ~
Good

strap Double Lap

Angle Joint Stress E.al. ation

**

em
+ - Stress ilrwiio.

F@,, 26.4–1
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26.4 DESIGN OF ADHESIVE BONDED JOINTS
(Continued)

‘Yt>lCAL ACTUAL F’AII.l NG STI*lXS I.AI>,JO1iNTS

6,000

4,000

2,000

overlap ins.

SOTE The bond strength of the overlap varies with the
le”@ of the lq, thick”,,, of the materlzd, and
its yield strength.

F&m 26.4–2

26,5 DESIGN OF ADHESIVE BONDED PARTS

When designing parts for adhesive bond,ng, tbe following
basic design guides should be followed if the maximum
strength of tbe adhesive is to be achieved:

A StiJfnes$ and thermaf expansion coefficients of the
adhere”ds sbo.ld be as similar as possible.

B. Awa”ge the adhesive bond in shear or compression
avoiding llatwise te”sio” and peel.

C. Strew concentrations at edge of joints can be reduced
in heavier str”ctum?s by tapering the edge ofadherends or
“sing stepped doublers.

11. Make thebond area large enough to carry tbe required
load.

26.6 STRUCTURAL BONDING DESIGN
1NFORMATION

26,61 DESIGN OF .4DHES1VE BONDED
STRUCTURES

A. LOAD DISTJU BUT ION. U“iJom load distribution is
necessary t. ob?ai” uptim”m joint emciency a“d faigue
life, Close c.ordi. ation with both the materials technology
organization and the tooling group is “.C.SS.W i“ order
to avoid excessive pmd.ctlo” cost.. Tbe following objec–
tives apply for optimum adhesive bo”di”g design

1.

2,

3.

B

Minimize any’ stress co.cmtratiom in the adhesive
bond.

Provide efficient dktrib.lion of load,ng to the attached
mnpone”t.

Apply strc$wsi. shearor compression.

CUlllhTG ESSENTIALS. Extensive processing is re-
q.,red in structural bonding. The bo.d,ns Pr.ms ,.
cwres

1, 13”.” Pmss”re dktrib”tio” t“ ..s”,, P,OP., contact
d“ri”g the flow and wetting stages of (he cure, m.
seq”e”tly dimmsio.ml tolerances em very critical.
These kdma”ce pmhlems c.” occur when nested parts
having cont.”, arc b“”ded.

2. Temperature applkation as ““iform as pussihle to
Pmdde even curing [~f .11 $ecfion$ of the bond.

C. DESIGN OB,JECTJVES, The ab.ve requirements
make it necessary t. design parts a“d details .,K,ch c.”
be easily fabricated.

D. DESIGN PRECAUTIONS, 1“ the design of assembly
or installation of bonded structures the following preca”–
ticms should be taken

1, Avoid locating fasteners in tbe vicinity of juggles

2. Consider the effect of any possible corrosive attack.

E. Make the contours “f nmti”g structures as %kntlaras
possible to ens.,, uniform Prcs$ure wwl[cati~n t,, ~1
S,CFIO”Sof the bo”dlhw

.
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26.612 SELECTION OF ,4X ADHRSWE BO>,IIIXG
SYSTEM

26.6121 SELECTIONOF AI)F,F:SWES

Flwres 26.6121-1 and X;.G121-2 pmvidc il,furmmk,.
. . !k wimlkm and mcch.nic.l pmperlics .[ $imcmml
adh.si.,,.

1. TWXof l,mdin,.

2. [,,,m.,,,!g ,,,,,,,.,,,, ”,.

3, Fl,, id ,,,,<,..,, ,J1,.4 fud, IHIIS :1.1 I II>dr. ul,c
ilu!d, ,.1, ,,,,.), L,.

4. C!}rrc,,i,).,

1.

2.

3.

4.

5514-570 5-70 lu.r,lim,rr 300
Honeycomb

SWC,fY k’r machinw! honeycomb

Smdwid,
laminated,d~e end w“,,. edge
h,meycon,bas,w,,bk

5514-580 Len M*.1-t*M.t.1 180 Alter,,.!, ,. El,\C5514-65,
Stmum,.
,UUrntiumHoneycomb

““’”’’” o @
~ L!vni”!ded s,.,, ,s availabk as ~h$, 5.69. TYP~cal drw+w r.UWI shall be lbY

the ,,0,= Iwo PLY .l,XXX SHEETS LAL,, X,4U:D PEH ,%1,, ,;.69, The “,,,.
shall refer,. the app,icah,epar,, by flag !,, the s,..!+ she a,,d ,,,.,.,,., m,urnnof
thepa,,, list. 1

@ SeeLIM$4-4.,,, ,-f.fm ho>c,co,nb core drwingca,,w,,, I

Fiw,e 26.6,2,.,
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2S.6121 SELECTION OF ADHESIVES (Continued)
—
—

Temperature, ‘F

Fisure 26,612 1–2
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26.613 CURED BOND LINE THICKNESSES

T’hC cured numin.1 bond line thickness for structural Id-
hcsi. cs varies, depc. ding on the usage of the adhcsi.c,
c.rinw .ress. re. width of the overla. and the chemical

26,614 DRAWING CALLOUT

l)ru!uir,g. sh.11 ..1)””! the adhc.ive system and Proms, by
the fallowing:

.
nature of t),. adhesive. The values’ given in YIg.re BONI1 WITH BMS 5-XX P.YII lIAC 54.,.
26.613-1 are for t?.ical wide arm bonds ( 12” x 12” )
and would V~,Y ff ti-e’mwrlq was SITI,ll.,.

:(!l{ 1,:11IION1l l,!NI!

,\dhesive

—

;;w;,y?:de ~~
BYI s 5-42

:1’ype 2, (;mde 6
rype 3, Gmde C
BMS 5-51
Type 1 .,ith 1
TYP. 2. G~.de 5
‘qYPC2. Grad. 10
1 ype 3, Grade 16

BMS 5-70 ~

(TYpel Liquid Ad.
hcsive with Type 2
Tape Adhesive)
ffonded per
BAC 5413

CKNI; SS!-X A]

red Notni. al

o.d Thickness
riches)

00s
,011
,004

,003
.008
.012

.01

,005
.010
.015

) WEIGH I

Nominal
Weight
lb/ ft

.055

.07

.03

.03
,06
,08

0S5

@3

.::
—

@ Heavy scrim in thehcmdline keepsbond thickness
fairly .nlform regardless of pressure m length of
overlap.

@ This i$. .ery bi.h flow adhesive, N..FOW b,,..
overlqs (.50 (. .625) wJlh.veanommeJ .006 In
bond line. \Video..erlaps with the same pressure
will have .01 to ,012 inch thfck b.ndli.es.

F@,. 26.613–1

flAC 5514 ,C.mmon Bonding Itq.imment. fur str.c.
turd Adhesive systems,,, collects and specmes al the
common processes for ail structural bonding adhesiv.
systems. A BAC 5514 dash.. umbwcd specification is used
for each specific adhesi”e systems individual processing
requirements. For ease of reference, the dash number will
be the three digits of the flIMS numbers. Therefore, the
BMS WW not need t. becalled..t. The mllout will the.
be

BOND PER BAC 5514-35I(BAC5514.5s0 OpTIONALI

The c.llout shall be referred to by flags in lb, aPPro-
P.i.te Place 0. tie field .fthe drawing and in the rnate–
.1.1 c.1.m of the fist of materials for both details and
their asssmblks.

NOTE For drawi”gcallo.t ofspecific promssesa. d/o,
materials, see tkerefere”ces i“ 26.021.

26.62 .4DHEsWE B0NDEDH0NEYc0kfB
SANDWICH PANELS

Honeycomb sa”dwkh structure$ consist oftvm high den-
sity faces or skim separated by a relatively light weight
stabilized core. The function of the core is to stabilize
and separate the faces and to resist transverse shear
loads and local crushing loads mrnml tolhefacez. lhe
selecticmof the core and face materials wifldepe”d upon
the p.rticular requirements the # ruct.re must meet.

The designations, structural and no”–str.clural, are
wssd to describe the two types of bonded sandwich con-
struction. No”–str.ct.ral sandwich panda are covered
in Section 21S.

Structural sandwich p..ds are covered in Section 216.
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26.7 NON-STRUCTURAL ADHESIVE BONDING 6.
DESIGN 1NFORMATION

7.

26.71 SE1, ECTION OF AN ADHESIVE SYSTEM

,\. l’),. fc,llc,\vingc(,nsider.ti(,.s should apply when select 8.
i.g IIo,I.structura) .dhcs iv. sys[ems

1.

2.

3.

4.

5,.

The c. ring my uim“w.ts, i.e., temperature (elevated or
mom), prc,sure a“d cure the.

Special requirement, such as CO1O., electrical pro-
perties, and high frequency heating from nearby elc-
tronic eq.ipme”t incl.dbw radar a“d antenna systems

The materiti$ to be bonded must beresistantto corro-
sion resulting from the action of harmful substances
p..,..t i.. ., pr.d..ed f..m th. .dh..ive used ~-
tho.gh this type of action is comparatively ram, it
must he recognized and avoided.

Ph. “,atcriafs to be bonded, their surface COIICMO.
(rough or smooth, POWUS<,r. ..-pom..s h their Sus-
ceptibility {. crozing (acrylic and po)ystyre”e PI.s. 1:, ample%
((.s ); IImibility; imeth”d of pcebond treatment. a

TIT. cn.ir<,nm.”tal rmi$t. n.? of tbe adhesive bonded
]Uint to moisture, oils and greases, BMS 3-11 Hy- b.
dv.ulic Fluid, ozone, fuels a“d solvc”ts, temp. mt”re
(.Iso cyclic temperature change), ..tiatio”, and fluids
s“.h as c)eani”g matcrida coffin, “A”,, etc. c,

Some epoxy compounds read detrirne”ially with
co.mr and brass.

Some “mprene adbmi.es read with moist.re to
release hydrochloric acid.

Some silicu”e adhesives react detrimentally with
copper a“d brass.

The type of loading [o which tbe adhesiveh”nded
joint will be subjected, i.e., fatigue, shear, tension, peel, Y. Bonding .,s1 considerations are heavily influenced
vibration, .nd their streng(h rq.iremet,ts. by the labor involved i“ application F’@”re 26.713-1

shows cost of bo”di”g a o“ef”.t square are.. Even
The method “f adhesive appli..ti.n, i.e., ma”uaJ
br”sb, extension g.”, spray, &Ip, roller coat and

under thew comparable co”dhiom, the rnetiod of
application Ca” ..,”s, total costs to vary 0“,. 300;4.

tr”’wel. For large areas, h,gh production, or peculiar shapes,
consult the Materiafs Tech”oloW orga”fzation for cost

The assembly req. iremen!., i.e., assembly Iocati.” a.afysis and g“ida”ce.
such as factory or field, tbc . . ..ss of bo”dinfi tools
such as spiny guns, rollers, vacuum bagging equip- B, When dm design of non.structur.l joi”t$ approaches
mcnt, bonding jigs, elevated temperature curing ccluip- a.y of the Ifmitt.tions noted i“ Figure 26.71 l-2ccms.lt the
mmt ( OVC.S a“d brat guns). Materials Tecb”cdogy organization

.
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26.711 sELEc,r [ON OF ADHESWES ,Thcv also have xc,ud ft,tiz. e char.ctccistics. l{ OWWW,

A. Tbe adhesives show. in Figure 26.71 1–1 am rsom–
rigid adhmi\m h~ts,c rcl.t~\cly w,or h<,riding qualities
when stmsscd in p,.] ,Ir clmvzge.

mended for .omt ructuralbondhg applications,

B, ,rher.,osettingudhcsivcs( i.e., Types 38, 54, 59, etc.)
C. SUmeiulhesi\ws shu\vhigl, tensile and shear strength
hut h.ve po. r resiskmce t. u>t, stantor .ihrating stresses.

arc relatively rigid m,d exhibit bjgh tensile and shear Tbe ~.bb.r-h.s.d ~,dh~si.., (i. e.. ‘1’YPe. 4048. ~:~,~1..)
stre@I (S,C Figure 26,711.2 whether tbe load be appl,ed ba., e l,w tm.ile .r shear strength, b“t bemuse uf film
a[ a fast r.tc ( dynamic), or a constant loud (strati.), cl.stkity, devel.p hhgb peel .r clcavagc strmgth.

—
SUGGESTEDBAC50,0ADH.,, V,, ,,,,,, .,,” “.,,0,, s C(, M,,,..4’,,IJ., 0, S,, RFAC,,

A.,,,,,, BAc 503.9

0,, ”,<,,, 12 17 30
40 48

Crick 12 ~~ 3g 40 12 38
40 48I 3, , 4.

, , , J 1 1 I 1
k’d, I 12 59 130 40138 4“13, :,” 130 141

44
,. 54 58

Ill ,,1 1? ,,, ,,. ,!, ,, :,” .,(, .,,
54 ,“ 1. .,, .,. ,4 ,“

M 1, ,’” ,,) ,“ ,, ,,, ,, ,. ,, .,, ,, .,(,,,, ,,
(.,,,.., ,) ,“ ,1 4“ 5, ,4 ,“ .,, ,“ ,4 ,“ ,.

.s,,,,,, ,2 4’4 ,, ,(, ,(, 48 12 :!8 :!8 40 w 4!1 4“ ,,! ,,, :,”
5, 5!+ 48 5, 5, 4“ ,, 48 5, s,

.1(, :+. 1<1 44 4(, 64 :$” 5,
54 .1. .,: .)” :>, ,,! ., ,8 5,

,, ,, :,, ,,” ,,) ,, ,,, M 40 ,,

., .“ . . ,, ,0 ,0 .0 ,,. ,,. .“ .,4 ,, !“ ,, ,. 4, ,5,

,,,,,, s,.,& ,, .!4 w 4“ 38 4“ .,4 ,3” 4, ,,” ,,, :3” ,,, ,, :,8 ,“ !“ ,4 :,8 ,,, ) 4, 4(, ., 3,
m,,., ,..,,,,..,.s 5, 5!+ ,8 5, ,8 ,) ,8 5, ,“ 5, ,“ ,, ,, ., , ,“ ,5, (i. ,. 5, ,, 4“ :?

~~:~ @ “ 5’ :: 3“: ““:; “8 ‘“ 4“ :: : :?+ “n :; “’H H H K “’ :: H
[,!,,, .,,,,.,,, ,2 ,2 ,8 ,, 48 ,2 ,“ ,. ,,
,,,>,.,

,“ ,2 ,“ ,, ,“ ,, 1“ ,, 4“ ,, ,,

,“ ,, )“ ,8 ,“ .,“ ,,Iv%(,v,,>,,<,1.,. ,, ,8
id., kl.xjblc

I“”-m

v / / / / /—— .
F@,, 26.711.1 (Continued)

—1
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2(;.71 1 SE1. KC I’10X OF AD141.XIVFX , (( Ia)ti81t(L’d 1

I,,1’.,,,,,,,. , :( ::,3: 404J

Lk--l--l- i I I -;----+

t i

l--
,!

,,
,,!,, ,(,,,,,

,{,>l!1>,!
,,,,,,,. .

; ,“ i+ ++++

I ,, ,,!,,, I ,2 ,,,)1 , :1”15 :,”1 5 :*8I ,, 4“1:,”

NOTE

lM1>OFITANT

F@,, 26.711-1

Steps NKessary To Seled The Correci Adhesive

1. Determine the nature of tbc materials to be bonded:

F.. Check tbc available vendor !nfommtion.

h. Consult the Materials Technology organization
when unable to determine the nature of the sub-
strates.

2.

3.

4.

5.

6.

Ch.xk the process d.cuments and specifications under
26.022, If your bonding job i. covered by one of tbe
documents or spccificc.tions, roll..t that particular
document or specification. If your job is ,notcovered
by ..y d...mt.t . . .w.ifi..fi... pr..~d t. step 3.

Sdect the pmsihle adhesive types found in .Fig.re
26.711-1 by matching the substrates.

Referring to Figure26,711-2, seledtheproperadhesive
for your job. D4emd.e which (if any) of the possible
adhesives meets tbe requirement. for this job. S=
Figure 26.711-2 for important criteria to consider,
i.e., BMS 3-11 Hydraulic Fluid, oil, fuel and water
resistance,etc. Consult F@,, 26,713-1 to compare
costs of suitableadhesives.

For any applicable criteriaa not covered by F@rm
26,711-2 and 26.713-1. consult the Material. Tech-
nology organization for recommendations.

Drawing callout for tbe adhesive you b.,, selected
is described in 26.714.
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21<.711 Sl<r. xc!’lox OF AIIHKSIVW ,(’”nti,lu.<1,

ll,IV ,;,,,,,
,Ty,,c x,!.

,-,

!J

12

17

1$

:30

34

:38

]B<,stik 1 W8A

]I<ntik 10(,”[{
/\ ’r,,l,, r,,,,, r

N<,s,ik 10117
]+in,,r

Cyd<,hm mu,,,

Lww-,1’himm
],,, Federal
S,,’wicalkm
,T’PT–’2 66,

[.auxiie RF2!X15
29[15Hardc,wr

Casmphm I+S-
216 4’,w60YI
Catulyst

CUt,dill ‘IX
/%..1.,.1”, w

H<>s,ik 10U7
Prim,,

FIMS 5-43

llLIS 5-29,
Typ, 1

F:C-776
P,i,..r

A block two co,np”nent,
,0,,”, ,.mp. ra,. rc CUr,,, g
N,<, Pr,nc bus. adhesive
in a To].,,,, vchick

Cyclohexamne vinyl
SOl,,ent for bonding
vinyl palls “r film, 10
themselves. —

A one part synthetic
rubber base adhesive
in a naphtha vchiclc,

A blend of s!]lvenls used
for b“ndiw SW,”, &
Ccl)ulosic plastic, 1(1
thw”s,lves.

A tw. component, rc-
s,,reim,l resin b,,.,
k,rm)dehydc catalyzed,
r“oln ,empcrat.rc ..,,.!

.dhcsivc.

A ant p.rt ,,,””, ten>ye
at.,, SCtti,,g Ni[r”,el-
).1.s, base adhesive in
a K,,,,”, & Ester vehkle

A ““e Pd. waler MS

&:$, r.bber base .d-

A two part, Polyamide
min. EPOXY base ad--
hcsi.w

PER’I’IM

vi,”. )

Amearan~e

Ilkk, brushubk
syrup.

VW thin, clear
pal. arnbcr
liquid.

Brown, thin,
brushabk
liquid,

A ,1,.,, water
th,n liquid.

Black, rne{iurn,
brushabk SYWP.

char, pale
yellow, medium
syr”lJ

cream COluced,
thin paste.

Cl..., light
Y.11ow, medium-
hea,,y syruP.

12hysiml Pr”wrtiee
&Rinmry uses

T<,ugh, flexible, control
type r.hb,, -met .,.d
for bonding & splicing
NeoP,enc rubber & Neo-
pr... . . . ..d f.h,ic 10
themsclws. Not r=om-
nwnded for de-icing boot,.

Used for bondin~ vinyl
~i:,: m.”, to thcm-

A flexible contact ce-
ment. Fmvides immediate
stcenah without <Imping.
will not craze acrylics.

A deer liquid used for
h,,.dl”g Polystyrene,
A– B– S, & Cellul. sic
plastics !,, themsd.,cs.

A rigid adhesive high in
tensile & shear strength.
Lrsed (., bondh?g wmd to
wood & wood to wood
laminates. Forflyanay
&.Oll-fly.wayappli.
.,,1””s,

A t,ansparenl, rigid
thermoplastic adhesive,
which dries rapidly to give
immediate s[rengih. Will
craze acrylics & other
tiennoplastics. Used for
bonding wood, PaPer, felt
& cork to themselves &
to each other.

A li~ht amber flexible
contact adhesive. Easy
application, non-na.m-
,,m.ble, & Possess,. very
little odor. Used for
bonding Pawr, chri[ts &
pkacards, felt, Pdbri<, &
other PO,... materials 10
metal & wood.

A .i@d general purpose

EPOXY adhesive high j.
tensile & shear stre”sh.
Used for bondimg Poly-
,S ter a mnoI k rlber–
glass laminates & metals
to themselves & mch
other. Not to be used
on copper or brass.

F@urc 2$.711.2 (Continued)
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9

2

7

Y

;0

t4

38

l{.s[ s,,,,,,
T“ liquid,

R,wis, a,,, k, water
& 011. P<,or rcsis-
,.”,, to fuel. .N.t
BMS 3-11 r,sis..

ta,,t.

Restricted only by
,17, ,Ir”pwlies “f
the viny].

R.,[,,..,,.w.,.,,
1,””,rcsisttln.e t“
coil, & fuel. .\,”,
HMS 3- I 1 resis.
,.”,.

Rcstrictcd only by
the ProPcrtk, of
the plastics.

Resktant k> water
“[1, & fuels.

F.!,,.,M..c,~.
water& oils. r“”,
resist . . . . to fuels.
Not Bh~S 3-11 ,,
S,st*. t,

Resistunt to fuel,
oil, & FINIS 3-11.
F’. ir resistance ,.
w,,,,.

,\i J1lk.

,\,,plka,k),,
& [:.,,

Brush ,xp!iicati<m
C,, ccs ., ,“0,”
,Cmpcra,. r,.

Brush Or dip.

cur,, by SOlvmi
CVupomtlon

Brush, sPatula
or sprayed. Cures
by solvent c\,t-
Por.tion.

—
Stiff brush,
sp.,.la roller,
or spreader.
CUrcs ,[ ,0””7
temperature
or v,i!.h aid of
hwt UP t<>
250° F. Re-
Qulrt’s contact

P,,,,.,,.

sl igh Uy less slightly 1,ss
than r,!a,erial t],.. ,nlat. ri.l
being h,,,,ded. hri,,g bonded.

— -–—–-~

+

Slightly 1,ss Slightly less
tlul,, material “r ,“,.,,,.). s
being bonded. greater th. n

the materk.1
being bonded,

MI L- R.6855, B<,nd is stmmger
Class 1, Grade than wood wher,
60, Buns-N density ,, .76 or
rubber b,}nded 1.ss
to XM4-T3

—___
5.711.2 (Continued,

tehtrickl <Inly
!y the pr,, per, ie,
If ,h. vinyl.

-3 VFtc’ 125. F

<es,rictcd only

w the Prowr lie!
>f the plastics.

W(I.F

.2[I° F to 200SE

16(YF

>rawic, g
:,!ll !,.,

AC 501
YPE 5

!Ac 50,
YPE 9

lAC 501
.YPb; 12

!Ac 5(I 1
YPE 17

@

!Ac 501
YPP: 30

@

@
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AC 5,,,

YPC N u

4(1

44

45

46

47

48

49

——

50

13>1s 5-14

BP.l S 5-19

Bh!S 5-58

A-40Y4

a

A-4 (NO SiW
..”. Adhcwive

A.40W
cm.lyst

$## @_

BMS 5-57

BMs 5.30

BMS 5-34

AD1

l)escrip,i<m

A ,,,,, w.,,, B.”J-N b.,.
room te.,per.!urc curing
adhcsiw i. a Ketone
“.ll[. )..

A twu pan, Polywlflde
rubber bus, room temper
.,”,, curing adhesive &
sealant. 100% solids.

A tn. part ,..w temper-
Xuce vulcanizing Silk...
,ubber.

A two component,Sili-
cone resin, mom tempcr-
at.m curingadhesive.

%0.. part, silicon.
,.s., ,00 m tenperat.m
:.nng, pressure .emiti.e
mdhesive.

—.
4 mu part WW-N base
adhesive in an ester
,“1”,.,,

4 (w” .Olnpment My.
mlfide- Epoxy, room
ernwrature curing ad.
)e,,ve.

\ 0., part, non-solvent,

apid setting, room tam

Pert... curing adhesive.

-127-

L>ght brown t,]
amber, nwdi”n
br”shab)e syru

‘1’hkk, brown
paste,

water clear,
thin syrup,

clear t“ milky,
nwdi”m syruP.

Tan to arnbe~
br”,hiablc, rned
syrup.

& ,O1O,l,.s%
digbtly milky,
low viscosity
Iiq”id.BMS 5-36

Figure 26.711.2 (C<

———

Cure. m a flexible rubber.
Used for bonding Silicone
rubber sheet and extrusions
to metals & plastics ur to
Ihenlselves. Ii, .s, i.
Iim ited to appljcatio .S
where bond strength is not
critical.

A c.nt..t type SiIico.e
adhesive, C“,,, to a
resilient film. IJsed f.,
bonding silicones to them-
selves . . other materials.
It% use iz limited to .mw
placations where bond
strength i, “Ot critical,

FEW.., sensitive ad-
hesive. May be used for
low strength app!i.alio.,
UP to 600° F such as bond.
i“g low density ins”] ation
rnat,r ial.

A tough, flexible, low odor,
?“nkdct tyPe adhesive WIUI

wad Peel strength. ShouId
be used i,, area, where ..s.,.
$e. ger .omforl is a con.
;idera!io.. Bonds fabrics,
kit, cork, wood, 8...-N
“, bber, g].,. nwta IS, &
vinyl .la.tic..

4 tough ri@d adhesive.
Utied where BM S 3-11 re-
list . . . . k required.

,
,d )

Rt., i,Iunt t<, waler,
,il, & fuels, Xot
13MS 3-11 rcsis.
,.l, !.

tesistant to [.el,
“,1,,, & salt spray
P.. r ,esi s?.”.. ,0
3MS 3-11.

an...

tesisva”t m Wdt,r.
,“” r ,.s !Ma,,ce to
II & f“d Fair
IMS 3.11 resis.
.“,,,

!esistmt t“ water,
,“!3. resistmwx to
il & fuel. ?4.!
MS 3-11 resis.
,.1.

,Csismnt to Mater,

i], and fuels.
dot BMS 3-11 re-
SIs.nc..

,,1s..., to BMs
-11, “i]% ,.d

,,1s. Poor water
:,.11 spray
,Sistance.

m r ,,s,.,. ”., m
,te, & At spray.

xistant to BMS
11, oil, and fuels.
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,\( 51
,1X .\

41)

44

45

46

47

48

49

,50

Brush, Cures by
,Oly,.eri,..! ion
,, ,,,”,. temp..
.,,,.. [1”,s no,
,Cq. ire clmlp–
,,lg.

Brush or sPriy
LIeconws tacky
by SOlvent
,Vapo,at, o”.

B,..]> or spray,
cure, b, solvent
Wp<>riio”.
Maybe re!!c<r-
u.,wJ with
mthyl ethyl K,-
tone UQ to 24
hours .Cter aw
“lie. tie..

Brush or swab.
cur.. at room
lctnperature by
n,oistuce ab-
sorption.

,\ll HF,SIVF, I,1{{1},131{T[1;S (C,,,, ti,, ue<

18(Y
1,.. I

S,,c,, glh

15 lbs/in; M1l,-
W,.5(;65 (.,,,,0,,
webbing) ,.
:al”mrn u,”.

very I.w pe4
,,re,, ~h.

_a_
1.51 b,/:,,;
M I L-W-5665
,0 ;,lumi,, um,

,MIL. W-5665,
,Tyw 11, class

3, (C”tt”ll
webbing)
bonded to

:~:w” @

F@,,, 26.71

Shea,
S,r,ngtl,

175 phi; M1l.-
\v-5685 ,C<,tk,
W,bl, ing, t,,
aluminum.

278 w!;
,Iuminum t“
.Iu,,, i,,.,,,.

135 psi;
.I. ”,in.,” to
alunlin”m,

All [,.n.5665
:rype 11, class

J. (cotton
webbing)
bonded to
2024-’I’3
aluminum,
281 @

2V24. T3
aluminum to
alur” i,,.,.

10 psi,

G

100 Psc M1L.
W-5665 to
al. mi”um.

200 @ MI L-
W-5665 (.
aluminum

(

BMS 1-11,
;rade 40, to
,1.minm.
$1s. alum-
““m to

~$:xm” o

2 (C<mtinucd)

65°F ,. (j””°F

WJ°F

160e F

18VF

Ilw. ing
Ctlll””t

BA[: 5fJ11J
TYPE 4,,

HAC 5010
rww 44

BAC 5010
TYPE 45

BA[ 5,110
TYPE 46

BAC 5010
TYPE 47

——

BAC 5(110
TYPE 48

BAC 501U
TYPE 49

@
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.

,51

53

54
Grade

56

58

59

60

68

IMs 5-W

;.,” N-29
;old bond

;Uco~_39
LCCCIC,.,0,

kc” N-15
‘rimm

IMs 5-25
;r.de 1

IMs 5-25
;rade 3

~wn 828

?rom~lliti.
)kmhydrid,
i,.elcmtor

KC-RHO

won 913

Q-,-0121

RTV 1200
Primer (

93-046

RTV 1200
Prime,

Ik,c,i,>ti <,,>

11>.,> COmpmxmt. Ne”-
,,,,”, bay ,.”,” tywr-

.,1.,,cunllgadlles,w

A w<, c<,n>po,xmt, alur--
in.m filled, roo,n te”IPtir–
.,”,, c.ri. g, 8,>0X% resin
base adhcsi,?

A two c<,,nPc,n,nt, h,~h
tcn,pcruturc curing, F.PW
resin sdhc, iv..

A one mmponmt,

,,,0”, Mllper. ture
s,,0 ,ngw.! hetic
rubber adhesi.e.

A two comln>nc,i room

tcmperat”r, or heat
curing F.poxy resin base
adhesive.

A two cmnPonentroom
tmlwrat”m v.)c.niz-

ing SJico “, w bbcr
a{lhesivc,

—

Cleur amber,
low .iscosity

hq. id.

,!.(,,,”,vkcosit,

Yr.P. ~11..
Irab t<, black
(,1<,,.

C..ay paste

—
canary yellow

ww.

I.ight 1.,,,
bru,hable syrur

creamy, mite

paste.

heavy black
paste.

Synthetic rubber c“”
ccn>cnt, C<,od flow .?
,istancc, heat rwis[a)
Synthetic rubber to n
wood, & ,n<,st other >

A rigid EPOXY resin systcm
high shear strc,>b~h. Bonds
n,ctal, Buns-N rubber,
acrylics, wood, & glass
to thernselws & to each
other, C.uod bond
stmwth to oily Inctals.

c,,,,, w a WI,[(C rubbery

solid. Excellent WI
strength a,,d good d=-
trical i.subati.g Pr”pctie%.
Good .Clh.si<,n t“ silicone

rubber and r“”,, other

Rcsista,>l t<] Bkf S
3-11, oil, & fuel.
1,””, ,,s(s,..., [“

w:%{., & ,.1, spray.

Re.istant t,, ..,,,
and oil, Pw,r Ic–
Sista, w, ,,, [., )s,
Not 11!,1s 3-11 r,
SIstalll.

Resista,,t ICI BMS
3-11, oil, and fuel.
Poor resistance i“
water and salt spra,

—.—
Resistant t“ utter

and oil. Poor
resist,,.,, to fuel,.
Not HMS 3- I 1
resistant.

Resislant to water
and oil, Poor

K
Resistant t“ fuel,
oil, BMS 3-11, &
water. ?4”[ r,–
sistant to salt
spray.

Rcsi$ta.! !,, Wuler
and ,,..”,. Poor
resistance kI oil.
Fair resistance t“
BMS 3-11. Not fuel

resistant.
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MC 5111[1
y,,. N<,.

51

Y2

53

54
Grad. 1

54
Grade 3

56

58

59

60

68

Application
?2 cur.

Knife 0, swt.1..
Cures by Poly-
merization at
~50D-5~,WI d,, 5 to

Brush o, sPray.
cures upon ,o1-
.,”( .Vt. p”ration
at room temperature

Knifeor smt”la.
Cures by 6olumer-
izatm. at room
,Wrlwral., e or al

Sp.tul.a,trowel,
or sealantg...
cures at .0””!

tanpaature

lU lb,/in
Mylar U>
u Ih,,. i,lu,n.
5 lbs/in,
y ,0

“ 1“”’”’””’ c

Klgid ad-
h.siv. -
wry 10.,
W) strength.

Rigid adhwitt
very low pee)
,tre”@h,

FUgidadhesive
.T,y lk>w peel
siren~h

R@d adh,, ive

very 10. peel

strength.

M lL-M, -5665
TyIE 11, (J,,,

@J;j:dW~bbln!

.:~ti: @

R@d adhesive
very low pm+
s,rength.

B>is 1-22 sili–
cone rubber
bonded to
2W24-T3
alu”li.,, m,
30 It@.

I

Figure 26.111-2 ( c<>.t

!1[1 psi
Mylar t“
i,lu,,linul..
15( I ,psi,

Nyl<m ,,,

““”’’’’”’””@

10(1 psi,
,1.,,, i,, un, ,0

““”’’’’”m’a

2024. TJ
al””, in. m
bo,,ded ,,,
alum inure
1863 psi c

MI L-V-5665
Type 11, Class 3

~o$;c; w#bbins)

:~w~m @

X)24-T3 alumi--
“lUm to alumi-

MS 1-22,
.,ndfi,iched
,emeen
!KW4–T3
IUr”hl”m
.p she.,,.

G!34 psi .

65*F ,“ 1w“ F

.—
:JUU. F

q

I),,il,,,, g

cull<,.,

13AC 5010
T1’t’ti 51

HAC 5( I101
TYI,E5:1

7lUAC 5,),,,
TYPE 54
G1L4LIK ,

J
!IAC5U1O
TYPE S6

. .._u
1FIAC 50101

TYI, E 58uB’\c 501”

p

TYPE 59

BAC 5010
TYPE WI
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26,71 I SE1,ECT IOX OF AD F%ESIVES , C<,,, thu,<i )

@ R,fec to mi.im.”, ,,,s ,...,rc?t?t.

@ Refer,<,,), . . . . . . . .. . . ,,,.,,, d I&,,:,,.

@l

2

3

@l

2

@ 1

2,

3,

@ 1.

2.

.

F@,, 26.711.2

! ,,lkyd ,.,,,,,,,,.,

2. ,\myl,, ,;,,,,,,,.,

:,. vinyl ,,,,,,,,

J Xitc<>c.!)’,lt’,e ,,,,<,,,,,,
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2fj.713COSTINFORMATION

Comparativecostsofadhesivebonding...g~...inFk+
.,, 26,713.1.

..,. ”,. . . . . . . . . . . .“.,, ,,,..,., ,,> \, ,$, ,., ,... ,.,.. .,l., r)r. !fl.

.“>1 LJr IN”. w-.lr. .k, ,,,. -. -,, !! !..>,.,. . . . . . . . . ..-

6.00

7, W

c

s 6.00~

~

5.00
5

:
~ 4,00

5

c 3,00

$
z
: 2.00

1.00
59 1217 193034384044454647 494951525354565859 6068

Adhesive TyPe Per BAC 5010

Costs are for hond,ng two flat, non-porous surfaces one
foot square and include .11 rnanufacturhw costs, incl.d-
ing prime. where .ece$saIy. Material, lab.. and o.erhead
costs were included. Data m-verified i. August 1966.

Fia. re 26.713. I

26.714 DRAWING CALLOUT Kx.mP1e BOND PER 13AC 5010, TYP1,: 38, SPECIAL
METHOD 1.

To obtain the proper drawing callo.t for nonstructural
adhesive bondhug follow the steps outlined in the footnote The cdlo.t shall be referred to hy flass in the appro-
to F@re 26.711-1 and use the appropriate BAC 5010 Prl,atePlace on the Ii@Idof the drawing and i. tbe ma.
Typ number as i“dkated i“ Flg.re 26.711-2. The call- tend column of the list of rnateriafs for both details and
..t shall appear on the drawing a.: their .ssemblie..

BOND PER ( Drawing callo.t from Figure 26.7 11-2). NOTE Y.. drawing cdl.ut of specific processes and/or
materials, see the references in 26.022.
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his report is aimed at defining fastening prncesses amd techniques that are not
tidelyused in ship construction today in terms of their applicability and potential
‘orimprnving cost, construction, reliability, and maintenance of hull structures an
attachments.The study includes similar and dissimilar metal-to-metal and metal-tO-
~onmetaljoints, a generic fastener matrix of typical faateners, fastener installa-
tion equipment and processes, prnposed applications of explosion-bended msteriala,
md cost comparison of various fabrication techniques. fision welding, diffuslc?n
!onding,friction welding, and adhesive bonding sre discussed. Several fastener
;tandardsand vendor proprietary fasteners are included as figures. Extractions fron
being Design Manual sections on mechanical fastening and adhesive bending are
.ncludedes reference attachments. Fastening systems ad techniques that merit
hrther study or veriflcation are identified.
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