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The Ship Structure Committee recognized, as a result of studies sponsored
on the use of aluminum and fiberglass in ship construction, that a variety
of joining techniques must be considered. Many mechanical and adhesive
techniques have been employed in other industries, Some of these methods
might have a marine application and provide an alternative to welding.

This report describes the study that was made of these alternative fasten-
ing techniques. It is not an endorsement by the Ship Structure Committee
of any concept or process. Many of these concepts would require a more
penetrating examination before they could be adopted. However, much of
the material has not been readily available to the marine community. In

some cases this information might prove useful especially in weight
critical applications.

This report is published to assist in developing cost effective and safe
fastening techniques. Comments on this report and suggestions for areas
of critical need in ship structural research would be most welcome.
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ABSTRACT

This report is aimed at defining festening processes and techniques that are
not widely used in ship construction today in terms of their applicability and
potential for improving cost, construction, reliability, and maintenance of hull
structures and attachments. The study includes similar and dissimilar metal-to-metal
end metal-to-nonmetal Joints, & generic fastener matrix of typical fasteners,
fastener installation equipment and processes, proposed applications of explosion-
bonded materiels, and cost comparisons of various fabrication technigques. Fusion
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wc;uing, diffusion vonding, friction ch.ding, and adhesive bcndir'xg are discussed.

Several fastener standards and vendor proprietary fasteners are included as figures.
Extractions from Boeing 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 infiluence the direction tsasken 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 capsbility in many
areas. Premiums attached to weight of airframes resulted in the introduction of
honeycomb construction and adhesive bonding. Several other Joining processes
received impetus. These include plasma and electron beam welding, diffusion bonding,
and mechaniecal fastening.

Parsllel with the sbove activity, the Jet commercigl transport came of age.
This growth in the commercial market provided the opportunity to develop new pro~
cesses offering cost-effective returns. The gquest for increased customer acceptance
emerged in one form as extended-life airframe warranties (fatigue-rated structure).

These factors contributed to the utilization of a full complement of material
forms (sheet, plate, extrusions, castings, forgings, weldments); materials
(aluminum, steels, titanium, nickel magnesium, glass-reinforced plastics, etc.);
alloys within a basic metal family; and heat-treat tempers to their best advantage.
As a result, & delivered aircraft represents a conglomeration of materials and
meterial conditiong, each of which may require a unique Joining method., Qutfitted
ships represent & similar conglomeration of materials and 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 Z-inch diameter. Struc-
turally rated blind rivets, families of vendor proprietary interference fit
fastener systems, and several classes of riveting make up the process inventory.
These include fastener 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 sirframe include low fabrication cost
and capit#l equipment requirements, proven reliability, repairability/panel
replaceability, fail-safe design philosophy, and fatigue considerations. End item
inspectability is also a pertinent consideraticn.



Portable tools and mechanized equipment (including multiaxis numerically

controlled panel riveters) have been developed to install the various types of
fasteners.

Unlike aireraft, the quantities of ships constructed on a particular produc-
tion run are relatively few in number. The extensive use of hard tocling and
Jigging is not warranted in the assembly stages due to the high costs involved.
However, production and modular assenmbly 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 end construction by compartments or sections.

The interest of the government and the civilian gector in fest-shi
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such as the hydrofoil and 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 bimetalliec joinings) are documented in this
report, along with fastening systems that have in the past been used parimarily in
the aircraft industry.

IB., SCOPE

On the basis of prior screening, a selection was made of specifie types of
pttachments to be studied in greater detail. These include: Beveral aspects of
equipment and systems installation and joints between dissimilar materials (metals
and nonmetals combinations}. Both of these were studied for:

a) Fabrication cost and practicality

b) Maintenance requirements and savings
c} Corrosion and fracture characteristics
d) 1Inspection requirements

e) Weight

f) Fatigue capabilities

g} Comparison with other methods

h} Reliasbility

The following Jjoining 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 metals explo-
sively bonded in place
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¢) Use of friction welding for dissimilar metal stud welding

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

e) Use of explosive bonding to Jacket foreign metal structures for pre-
vention of underwater electrolysis

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

g) Bulkhead penetrations
h} Mechanical fastening for structural and nonstructural joints
i) Adhesive bonding of similar and dissimilar metal Joints

J) Hole preparation

k) Coldworking holes for increased fatigue strength
1) Fluid-tight flush fasteners for hydrodynamic environments.

As this study is conceptusl in nature, no hardware has been fabricated.
Individual applications of proposed techniques will regquire evaluation on their
own merits.
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II. INVESTIGATION AND ANALYSIS

ITA. IDENTIFICATION OF PROBLEM AREAS FOR STUDY

This part of the program 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, and visits to
vessels under construction and in service. These visits provided first-hand
information as to use-experience problems assccisted with ship structure, and, in
addition, served to familiarize the authors in the language of the industry.

Based on initiel discussions with the advisory group and subsequent consulta-
tions and reviews, it was determined that connections and attachments made below a
ship's waterline would be internal connections only and that nothing should pene-
trate the cuter hull. However, above the waterline, where connections and attach-
ments other than welding have been proven ecconomical and safe, such information is
in the recommendations contained in this report.

Welding of conventional steel ship structure is discussed briefly in this
study because it is bhased on well-established processing knowledge. Emphasis was
placed on identifying fabrication problems in steel and aluminum structure, systems
attachments, and what is generally known as outfitting.

Based on service experience and history, 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 manifests itself
in many areas during initial construction and while the vessel is in subsequent use.
The areas where galvanic corrosion can be 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
suggest alternative fabrication or attachment methods. Table 1 identifies areas
pertinent to the scope of this input and includes a brief summary of proposed
alternatives. Discussion in the remarks column is sometimes brief because of space
limitations. Additional discussion may be found in the sections of this report
referenced in the remarks column.

IIB. GENERIC FASTENER MATRIX

Mechanical fasteners are produced commercially in a wide variety of sizes,
shapes, alloys, protective finishes, and heat treatments. Their respective instal-
lation requirements vary from squeeze deformation to interference fits. The
current fastener inventory can satisf§ a multitude of requirements, both structural
and nonstructural. These applications include fluid-tight 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 potentisl for applicaticn in
fabrication of ship structure. With few exceptions, these sre government-approved
standard parts. In fact, several of these fasteners are already being used in
specialized applications in the shipbulilding industry.
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TABLE 2

GENERIC FASTENER AND APPLICATIONS MATRIX

Generic name

identification

Alloys

Characteristics and suggested applications

Solid-shank structural rivet {see Appendix H 17.611)

Filush head MS20426 5056 AR Characteristics

BACR15DY A-286 Primarily shear rated

MS20427M Mane! Available with protective coatings

BACRI1BEE Ti-BAI4V Fluid-tight processes available
Universal head MS20470 5056 Al Fatigue rated

BACR156DX A-286 Applications

MS20615M Monel Below waterline applications

BACRI1BEW Titanium Thin-gage applications

alloys Thin sheet lap and butt joints
Structural shear and tension joints
Stug BACR158D 5056 Al Fluid-tight assemblies and bulkheads
Index head BACR15FH 2117 Al Hand-driven installations
2024-T351 Machine or yoke squeeze installations
Electromagnetic riveting
Structural blind fasteners {see fig. 2)

Protruding head NAS1398C A-286 Characteristics

NAS1398NW Monel High strength

NAS13988B 5056 Al Available with protective coatings

BB678 CRES Labor saving installations

BB352 CRES/6061 Shear and tensile rated
Flush head NAS1399B 5056 Al Loc_ked. stem'—ho|d filtling and non-hole-filling

NAS1399C A-286 FlLHd tight with Sealant

NAS1399MW Monel Applications

BB677 CRES Limited-access areas

BB351 CRES Thin sheet and sandwich construction

BB44S A-286 Bracketry attachments

6061 Al Temporary repairs

Closeout panel attachment

Nonstructural bli

nd fasteners (see Appendix H 17.613}

Protruding head MS20602 5056 Al Characteristics
NAS1738 5056 Al Low strength
NAS1738 Monel Locked stem—hale filling and non-hole-filling
Fiush head MS20603 5056 Al Hollow shank
MS20605 Monel Applications
NAS1739 5056 Al Noenstructural attachments
NAS1739 Monet Nutplates
Name plates
Blind nuts (see table 3}
Protruding head BNG40 CRES Characteristics
BN549 A-286 Structural rated
Flush h BN RE Fluid tight
lush head BNggg CA_zssé Fiush and_ protruding head
BN562 Ti-6AI-6V-25n Labor savings
BN158 5056 Al Applications
Three-piece system BNB1108 A-286 High-temperature applications
Fuel and fluid tanks
BNB1102 A-286 S I and brack h
BNE1110 A-286 tructural an . racketry attachments
BNB1111 Ti-6AI-6V-25n |  Systems attachments

Honeycomb sandwich panel attachments




TABLE 2

CONCLUDED

Structurai threaded fasteners {see figs 6 and 7}

Protruding head BUS1634 Steel alloy Characteristics
BUS1734 CRES High strength
BUS1936 Steel alloy Fiuid tight {with seal nuts or sealant)
Tensile and shear rated
Flush head Euﬂfff Etfeiinalloy Predetermined torque without torgue wrench
et e ohEe Various protective coatings and finishes
BUS1836 Steel alloy Removable for repair and modification
Six wing SW1050 4140 Applications
SW1055 A-286 High-temperature applications
SW2060 H-11 270 ksi Fit-up bolts for joining assemblies
SW2262 H-11 230 ksi Above and below waterline applications
SW2565 Ti-6Al-4V Deck machinery attachment
SW2855 Ti-6Al-6Y-25n
Structural lockboits (see Appendix H 17.634)
Flush head BACB30GQ Aluminum Characteristics
alloy Shear and tension rated
NAS1436-42 Steel alloy Fatigue rated
NAS1456-62 Titanium alloy, Fluid-tight bolts and collars avaitable
CRES Various protective coatings and finishes
Protruding head BACB30GP Aluminum High-temperature and corrosion resistant
alloy Weight sa\_rings
NAS1446-52 Steel alloy Labor saving
NAS1465-72 Titanium Applications
e ._%1]9! Limited-access applications
BALB30DX A CRES Fanel lap or butt joints
Stump type NAS1414/1422 4037/8740 Bra_ckeFry and equipment support attachments
NAS1424/1434 | Optional Fluid-tight joints
NAS2060V/ Ti-6Al-4V
2712v

Quick release fasteners {see Appendix H 17.634)

Protruding head

Flush head

BACS21Y

BACSH
SALSS

14

Applications
Equipment covers
Access panels
Tension ioads to 1700 Ib
Shear loads to 3580 Ib

Note: See text for general discussion and cited enclosures and figures for additional 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
allowables be established for each fastener system. A wealth of data exists within
the shipbuilding end aerospace industry on the various physical and 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 case of product
applications. These application criteria mre often called design allowables,
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 1ife of the
particular wvehicle.

Specifically, these involve:
a) A full range of fastener sizes, lengths, and meterials
b) Various types of joints
1) Single lap
2) Double lap

} Butt

= L)

) Fluid tight
5) High load transfer

¢} Various applied loads
1} Direction
2) Magnitude
3) Frequency

d) Environment
1) Thermal consideration%
2) Corrosion-prevention requirements
3) Material compatibility
4) Material properties

e) Structural life requirements

1) Stress limitation, corrosion



2) Fatigue limits
3} Stress concentration factor
f) Structural maintainsbility and repairability
1) Tooling reguired for installation
2) Tooling required for maintenance
3) Accessibility after assembly
g) Safety margin and fail-safe requirements

h) Hole tolerances

l...l

)} TFastener fit

M

Y ®
7 ks
3) Fastener repair/replacement.

For nonstructural attschments and joints, not all of the sbove considerations
would come into play. These are included and referenced primarily to structural
Joints as 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 seversal years. It is in the form of design manusls, process specifica-
tions, snd manufacturing menuals. This information is subject to varying degrees of
transferability to the design of ship structure for reasons previously delineated.

The problem encountered in transferring design sllowables from one industry
to another are typified by the following: Whereas the allowables for coldworking of
fastener holes in 2000- and T000-series aluminum alloys would be directly trans-
ferrable, the allowables for coldworking holes in 2T70-300 ksi steel would not be
usgble for the weldable alloys usually used for ship structure. It would be neces-
sary to conduct a series of fatigue and corrosion tests hefore coldworking of holes
in low-strength steel could be used. Obviously. in situations where the same
alloys, loading parameters, and service envircnmentis are involved, the allowables are
directly transferrable.

ITC. MECHANICAL FASTENING AND HOLE PREPARATION

Mechanical fasteners have been with us since the earliest days of shipbuilding
and can be expected to be with us in the foreseeable future. Most of the implementa-
tion of advanced Joining techniques insthe fabrication of current airframe
structures has been in the category of detall part and subassembly manufacture.
These new processes offer significant advantages; however, they often require more
stringent in-process control, 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-
ance, mechanical fasteners will still have many applications in final assembly
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joining and attachment of eguipment and systems. Mechanical fastening is cost
effective, can usually be performed with low-cost assembly tools, and is forgiving
of teolerance accumulation between sections to be joined.

At one time, spot welding of skins to stiffeners was widely used in the air-
craft industry. As reliability, performance, repeirability, asnd service life
requirements beconme 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.

Mechanical fasteners have undergone a continucus 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 avold the proliferation that
comes from using a variety of fasteners for duplicate applications.

The Boeing Company is currently undergoing standards revisions to eliminate
mich 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 from 3500 to the use of only 50 options., An internally generated
fastener manual for 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 another
factor that should not be ignored in activities relating to the stendardization of
fasteners.

Methods that could be employed to control proliferation are (1) design
standards, (2) central control of purchasing of fasteners, (3} controlled increments
of grip length and diameter, (4) use of standard sizes, (5) use of coarse threads
for fasteners over 1/h-inch dismeter and fine threads for smaller diameters, and
(6) standerdize fasteners to one alloy for each application.

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

ASTENER STANDARD

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

The Assembly Directory and Handbaokr published yearly by Hitchcock Printing Co.,

P et 11 vt IR e d o demaliind mn mmmPnmmaman that da Af LarvraTliahTla

NH.CQUUJ.I’ J..I.-J.-, .LD & BPTLLILCAVLIVIR SU.J.\-I-G c:.uu. vECINLCaL PeieIeiice whnav i3 i LuvVailuaocis

assistance to design and assembly personnel. It contains lists of standards and pro-
ducts available from sbsorbers to zippers. Complete sections on fastener standards and
specifications (NAS, MS, AN, etc.) are printed as are manufacturer names {Reference (2)).



-12-

THIS COPY HAS BEEN SUPPLEMEMNTED BY THE ADDITION OF INFORMATION AS INDICATED

BY THE FLAG NOTE AS OF

10JUNT70 , BY THE BOEING COMPANY.

NATIONAL AEROSPACE STANDARD

ALROSPFACE INDUSTRIES ASSOCIATION OF AMERICA. INC .

P213 DE SALES STREET W W WATMINGION, B £ 100

[AD MAMRING (T0 BECOME LFFECTINL 1 JUNL 1943) S SE—
-
3
MATLALAL CODE - W FOR MONLCL, C FOR A+734 et e
¥0 LETILR FON ALUMLNUN j ENGT =] o o
GRIP NUMVER DPTIONAL FOR ALK WAFEAIALS LOCK MAY NE ;":':‘ o
—_ [N LA |
AANUFACEURER" S EOLNTIFNCATION 1 THIS ARCA A PAR ALY [
35 MAHDATORY FOR RLYETS f ) . 0
BF | Wtk Ivep arTen { et
28 | Lowy 9n . } . .
3k, - ! -- + W
HH I ] B .
Sib -
§a§ see seiwpLe |- B
B CONFLGURATION
£ -l enireicario] Q& 9
L EET PANTI AL L wer 10 COUNTERADRE OF
& | SERRATIORS SERRATIONS EILEED SLELYE SHANK [
44 ' KIVET DIA OPELONAL [«
i : <
HH AL, ALLOY _DIOR MAX. & B
H P WOAEL & A-dBE0z0n WAk o T O
i ! 1 Zm @
H kiver | omiver | A ' £ L 2
. DIAMETEN SIZ€ }+.003 +.410 ae™ m
2 |.InorutED — [MGENTLD NUMHER | NOMINAL| -, 00% - -.000 {HAx ] = ~ P
e | tiRcee ar o LIAMETLR] (D1A) {0IA.} 52 3 Oz.
: \(fj {1 cone 4 s [z Tlzso eomz | ose [ 1ee g m.m 58
) m ]
1 s es6 | 156 | .31z s.018 | .07 | 10 [|S
cont “A* N ne cot 1M = i 88&8 i3
PART WO, PAKT NO. . 90 ) 1er |37 2009 | L0s0 [ 95 = En
SPIMDLE GONFIGURATION LDEMTIFILATLON . 250 | 250 500 ».028 | .t07 o - E EE Z.
S —— -]
INFERCHANGLABILITY: THL “A™ CODE RIVETS {FUtlL SERRATLONS) AND NG CODE RIVETS (PARTIAL SLARATIONS ] ARL Eé] == O 8
PHYSICALLY AND runcz_luuuv INTE RCHANGLABLL EXCEPT FOR EHSTALLATION TOOLS (PULLING HEADS), 3 = (W)
—~ CAUTIQN ~ RIVETS WITH DIFFERENT SPINDLE CONFIGURATIONS CANNOT BE = 3 S[;J
INSTALLED WITH THE SAME TOOL (PULLING HEAD); SEE PARAGRAPH 2 o vt
6.3 OF NASI400. = =
(a) 007 SKANK DIA [NCALASE PERMISSINLE WETHIN 100 INCH OF BASE OF HEAD &9 ﬁ wm%i-:)
LTS = =]
FOR MATUREAL, FENISH AND CDLOR SLE SHEET 2 i = [E:] =i

OB
g, | oo E AEIA A=
I AUD LETTER @ AFTER pASTC PART MUMEER TO INDIGATE 5056 ALUNINUM ALLOT SLEEVWE - o i < 'JZ 1
i M Dby <
% AGD LETTER O AFTER 8ASIL PARYT Nurul® TO iNUICATE 2017 ALUMLNUM ALLGY SLEEVE - H{
SPL [ ADD LETILR M AFTLR BASIC PART MUMGEH TO INUICAIE MONEL SLLEYVE @m o 0 B4 )
aul ADU LETIER C AFTEW BASLC PART RuMBER TO INULICATE A-ZBE CUHRGSION RESISTARNT STEELL SLEEve [SEaFERR (=]
}:? ADO LLTTER & AFTER MAT4RIAL CGUE LETTER TG INMDICATE CADMIuM PLATED SLEEVE ~ 2 1) ]Z =3
227 | MUY ALLTTER 5 AETER WATERIAL CODE LETTER TO [MUICATE SILVER PLATED SLELYE g9y EQ o
A A LLTTRR A 1IN PLACE OF (+) BEIWEEN CIAMETER & GRIP T0 LAGLCATE RIVET WITH FULL SCRRATED STEM ; oy —

-
vef | cannpie or ranr wommers; g 22 =
2 EEgls =

H il =
By WAST19BM4-4 « MICKEL-{QPPER-ALLOY (MONEL) RIVET, ,125 Q1A WITH .1BA T .250 GRIP Eilem Eﬂa"
.v... RANGL WITH HO FINISH OK SLELVE, WITH PARTIAL SERRATED ST(M AkD C{—< a B =1
T IWOLNTED DOT Ok CONE LoeMTIFICATTON, o § ) —d
e =S, 10 E
e RASIIABRA-4 = 5056 ALUMINUN-ALLOY RIFET, 125 DIA MLTH )88 TO 250 GRLP RANGE, 9 Lﬂ C» ('LJ. }4'_
;5; WIFH PARTIAL SERAATEO STEN ANO IMBENTED 00T GR COWE JOLATIFICATION, " oOloo :'-'_‘“ g
" 2 [ s
5;: NAS1IF6MEAAL = NICKEL-CUPPLR-ALLOY (MOMEL} RIVET, _32% DIA MLTH 188 T0 .250 GRIP H = &J ; _hg —
‘53 RANGE CADMIUM PLATED, WITH FULL SERRATEL STEK AMD TRDENTED —H (5] 59 =
sod CIRCLE lD!l'l[I'ICA'HOI‘. List of - [
1 Current Sheets = e D [42]
ud WAS)I7EDAA4 = 2017 ALUMINUM-ALLOY ®IYET, 125 DIA WITH 188 1D .250 GRIF RANGE, 2 2= = Z £
zl‘ WITH FULL SEARATLO SITA AN9 FMUEMTED CIRCLE LUENTIFICATLON, SHEET WO REY, MO = G ) r‘t‘i 3]
it : L e g g
HH (2) comrLuteLy acorawn ' EL|O G oL &
a. : 2 L ITS] A
; w BlESoTE
s L (8] 2

FRS] E [s}i=30)

CUSTODIAN. RATERIONAL ACRDSPACE STAMMDARDS COMMITTEE o Py ]

gmmmmg
PROCUREMENT oL CoaREaTion £
SPECIFICATION STANDARD PART [+]
RIVET-BLIND, PROTRUDING HEAD, H
Y
wAS 1400 LOCKED SPINDLE NAS 1398 <

Shawt 1 ot 2

Prblbhad and diondovied

BY Hatwonst Dandords Avigcaton, b
1321 Foutannth Sieel, N W
Weknghs, © ¢ 10003

Coupyiight, 1963, Aerospace Incusicles Arsociation of Amefica, Inc.

BOEING STANGARLL

PAGE 80.71.5.1.1

FIGURE 2
EXAMPLE BLIND RIVET STANDARD

PAGE 80.71.5.1.1



10 FEB 8T

DATE

-13-

BOEIN LG
' RESTRICTED USAGE : FOR REPAIR WORK ONLY , OVERSIZE SHARK

HEAD MARKING:
DEPRESRED .0Q10 MAX, ARRANGEMENT OPTICHAL
!

MATERTAL [ ¥ = BAT-4Y TITRNTIM)
SERTES {21 = TLVI0)

SIZE DASH NUKAFR

SUPPLIERS SYMBOL

TND OF FIN MARKING

W GRIP DASH NO.
} DEMESSED 010 MAX,

SEE SHEET T FOR DIMENSIONS NOT SHOWN.

@_ TABLE v [3 >
ot
TR YA T /R B v C R N A T A 1 ul " ”,',? L‘{fr
e MIT-Lrji7)
BITRR EERERI
VAT 2

LHranaf e
RECRNL: | B B
NERS1 B
-1l

$7%
by teyin=12

R R RO 1d
PRI S et Coex

o= GRTP DASH HEOMBERS TH .2 LHCBREIENTS,  n
@ CE> raimird PLATRD, ALLES
TITAM M STANDARD B

PR FLAGNCTES, MATRRTAL, FINISH, COTOR TRENTIFICATION AND PROCIREMENT INFORMAZTON_ GFR SHERT O

E SHFETS 1 T # ROK RTF AT DR Rl S0FNE s,

OTRR MR bR EPAGE BT 10t ALK T TR ILAFL AS REPLAVEMENTS FOR PACES HW
TRITE ATRURAET .

My oM gE T
F'R

°F ?
PUEH FREE FOor) !

AE OVFHLTZE TAPER SHANK ROTT HAS TARCER "A". "B" AMD
THE, YK GRIPOAND TENGTY DIMFESTONS ARE THE SAMY
@ FUR CBT, "B, M AMD "K' RIMERSIONS (WHICH CONTROT, [LAME

TIFE FITMAFE
‘HE, SFF

TET 1,

Rev. (B) 22 vov &7 () 29 MAY 68 () 10 MAR 70

ITAGE ANTY APPLICATION TUFCRMATICN

THE..E GVERS I7E BOLTS AFE TD B ITMED AS BEPLACEMENTS FAR BCIAS SHOWN N1 “HFET 1, WHFN THE 1ICLE FORCTHE STANTARD 3TE BOLT
15 OVERSIOE, OR MUST BE MADE NVERS I7F TO CORRECT DAMAGE OR MIZAT IGNMFNT,
CODF: FI1RST DASH HUMPER INDICATES HOM, THREAD S1ZE IN .62 PNCREMENTS,  GEOC HOTH LA"\ E3 MALL CF TIHF ihP RANGE
1N 06D 1ICREMENTS .

A T

EXAMELF GF DOEING STANDARD NIMBRER: BATBIOMWG-17% - BOLT, UNTLATFD, LURFrO #9174 DRY FILM MUBRICATRD, OVERSTIF SHANK; FOR
REI LACEMENT OF BACHOMJb-10.

.

SKE NOTF UNDER TABLE ¥ KPGARDYNG CADMSM FLATFD ReLLT,

oo HERT ML BT0s

PROTRUDING SHEAR HEAD,

Y BOLT, TAPER SHANK,
LHH[:B3OMW SH 7 : [HH[:BBOMW SH 7

6AL- 4V TITANIUM ALLOY

B EING ST AN A0
PAGE B80.12.6 9. 7 PAGE 80.12. 6. 9. 7

FIGURE 3
EXAMPLE TAPER SHANK BOLT STANDARD



| 14e

DRILLING FASTENER HOLES THRY BRAZED HONEYCOMB FOR ATTACHING WING PANELS

SELR CLARMPING POMLA SEID I8 gl

107y 051 mini D8 0
PRSI TR LK FUrad ) D TOOLANT SPFLY SYSTEA TR 7 SOLAND
i rmcumi P ——
" "'3.49“
e
HGedy
gfw%&a
& ol ft
. @**&m&:
LT e B e
TERRRGERES AR Ly g,
I ETT v
Shpe o st AT BT LAk Do Bakaw
B R Aids Vi xsaa{w&am i T
% ‘ i L ] B4 iR
”

& f .
; -
& . "
£
B - - Ay s
¥ .
: . . .
: &
&
% - : -
! - ¢ . O
; FrEel Al APPLACATION : o
e T e BB 8 e Boa Tom W e -

FlG. 4 - OMARK-WINSLOW HS-2 SPACEMATIC DRILL
gt

FIG. 5 - SQUEEZE YOKE RIVBOLT INSTALLATION ON 747 SPAR



~15—

Another megazine published biweekly by Penton Publication, Cleveland, Chio, is
the Machine Design Magazine. This Journal feastures periodic reference issues devoted
to fastening and Joining and several other specific fields and areas of application.
The reference issue reviewed for this report contains articles and technical litera-
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such as spring clips and self-sealing fasteners.

FASTENERS: TYPES, APPLICATIONS, AND INSTALLATIORNS

Fatigue-rated structural fasteners are available with straight and tapered
shanks, flush and protruding heads, many alloys ranging from aluminum to titanium,

and with several types of corrosion-preventive coatings or electrodepositions that
can he n'nn'de to nrn‘\ﬁﬂﬁ a fluid-tight condition.

Installation conditions include: Interference fits, net fits, clearance fits, .
and taper hole/shank interference fits. Holes can be precision drilled and reamed
or broached, then coldworked to increase fatigue resistance.

Fasteners can be installed by squeeze operation, pull or push operation, or
slip-fitted into a hole. Fastener retention is 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 HS-2 drilling unit averages $1,500 per wnit (Figure 4). This drilling
unit has very close tolerance and depth stop capabilities, and its use is intended
where less sophisticated units are not adequate. They also manufacture large-
cpacity hydraulic drill motors.

Fagtener installations are normally one- or two-man operations. The installa-

tion of titanium RivBolts in the T4T spar is shown in Figure 5. The C-yoke is
semiportable and requires a spring balance for handling; however, smaller units are
available. Equipment costs are generally low. Maintenance and repair are also low.

A metrix 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 discussed in the follow-
ing parsagraphs.

BUS Fasteners. The Hi-Shear Corporation began marketing a proprietary family
of marine fasteners during the 1960s. The BUS Hi-Lok fastener (Figure 6) is & two-
piece, high-strength, torque-controlled, threaded structural fastener designed
specifically for naval and commercial ship construction. The BUS Hi-Lok consists of
a high-strength marine-type bolt; & high-clamping nut with s wrenching hex torque-
off feature for teorque control; and matching lightweight, air-driven, installation
tocling with Hi-Lok adapters designed for minimsl clearances. This system is
designed to provide hole-sealing capability. The manufacturer claims the BUS Hi-Lok
system exceeds the vibration requirement of Mil-Std-167 and the strength requirement
of Mil~B-23470. The Hi~-Shear Corporation offers s marine fastener system booklet
that containe this information.
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8ix~Wing Fasteners. The six-wing fastener system is alsc available for high-
tensile strength applications {Figure 7). 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 jJoints
requiring high clamp forces, high tensile strength, and fatigue resistance. The
attachment of machinery to the deck or the engine to the engine support mounts are
examples of potential uses. The unique wrenching feature facilitates bolt removal
when replacement or repairs are necessary.

Blind Fasteners. Several proprietary systems of blind fasteners and blind
nuts are availeble from several sources (Tables 3, 4, and 5). These are avallable
in flush and protruding heads as well as various alloys and heat treatments (see
matrix). The distinguishing features of each fastener vary and depend on design or
intended application.

Tables 3, U4, and 5 indicate representstive fasteners and are not included as
single sources or types. As an example, the Voi~Shan Visu-Lok is available in cor-
rosion-resistant steel, a flush-head configuration, and can be used for panel
closeout.

Lockbolts., In addition to the fastener systems mentioned, there are several
lockbolt systems availeble for consideration. Lockbolts come in various configura-
tions, such as flush and 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 and steel deck coasming. The manufacture of aircraft
requires the installation of lockbolts in many areas. Structural applications
ineclude attachment of window and hatch reinforcing doublers and stiffeners in the
body sections. Prlmary structural appllcatlons include installation of the wedgehead
lockbolit on the aerodynamic surfaces of the wing to make the wing ski Jstrlnger
Joint and for high-shear load-transfer joints or skin splices.

Rivets. Rivets are available in a variety of alloys, heat treats, coatings,
and head configurations, & few of which are shown in Appendix H. Those listed in the
natrix are fatigue rated and fluid-tight rated for structural applications. Rivets
can be installed in thin sheets (less than 1/8 inch) and thick lap or splice joints;
do not reguire tight hole tolerances; and are easily installed by hand-driving,
machine-riveting, electromagnetic-riveting, and portable squeeze-riveting processes.
Rivets can be instelled in plain holes for interior structural applications or into
countersunk holes for exterior, below-the-waterline, structural applications.
Squeeze operations are generally throat limited, depending on applicetion. Riveting
the longitudinal framing on modular units and hull plates would minimize distortion
of the structure cesused by continuous seam welding. Splice-butt Joints, similar to
those in sircraft wing structure, could be applied to primary hull structure
{Figure 8). An example of hand riveting is shown in Figure 9 and of numerically
controlled (N/C) machine riveting in Figure 10.

Modularized or "jumboized" structure could be mechanically fastened with
fatigue-rated fasteners in preassembled units. Attachment of internal structure and
ribbing could be facilitated by portable rivet-squeeze units, thus eliminating the
need for welding "all around" in aluminum structure.
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TABLE 3
BLIND NUT SELECTION CHART—COUNTERSUNK HEAD TYPE®?
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Stringer

BACBIOPT Bolt or Wadgehead Lockbolt

FIG. 8 - WING SPLICE JOINT

FIG. 10 - RIVETING STRINGERS TO 747 UPPER WING
?ANEL ON GEMCOR DRIVEMATIC RIVETING MACHINES
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Nitinol. The Navy-developed Nitinol alloy offers promise as a riveting mate-
rial. Composed of nickel, titanium, iron, and cobalt in wvarious percentages, Nitinol
can be formed to & configuration, chilled, and reformed to allow easy installation.
Upon warming, the Witinol assumes its origlnal formed configuration. Nitinol is
currently being used commercially in tubing fittings and blind fasteners. Grumman
Airecraft is conducting an evaluation program on Nitinol fasteners (Reference (3)).

Drilling Equipment. Rivet installation in large panel areas, such as hull
plates, can be pleced on a production basis with the implementation of equipment
similar to the Omark-Winslow track drill and the Boeing electromsgnetic riveter
(EMR). Several scurces are available for various sizes of portsble air and hydrau-
lic power driven feed drill units that are equipped for speeds and feed rates for

steel, aluminum, or titanium.

The track drill (Figure 11) is designed to repeatedly produce close-tolerance
plain and countersunk holes. This unit travels in a vertical or horizontal motion,
is self-~indexing, end has & clamp force adjustable up to 1,500 pounds. The drill
unit requires the attachment of a removable and reussble 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 gquantity and special
features. A prototype unit has been tested and found practical. Plans defining the
performance requirements for a production unit are being made.

Electromasgnetic Riveting., Electromegnetic riveting (EMR) is a high-veloecity,
single-impact riveting process that converts electromagnetiec energy into rivet form-
ing energy. The EMR equipment (Figure 12) consists of e power pack and two, semi-
porteble, hand-held rivet guns with special power transmission cables, interconnecting
asir systems, and power pack. As compared to large automatic hydraulic riveting machines,
the EMR equipment is substantially lower in initial procurement cost and, furthermore,
features quieter operation and reduced floor space requirements. As compared to con-
ventional hand gun driving, EMR is far superior in quality and repestability while
the noise level is reduced by several magnitudes {see Table 6). Standard available
aluminum and titanium as well as steel rivets can be used with the EMR process, and
rivet installations 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 manufacturing rate.

= +h R
Because of the spplied dynamic impact principle in the EMR proces

the static force application in hydraulic machines, the EMR guns can be handheld or
incorporated in a lightweight truss~frame type of structure with practically
unlimited throat depths.

The EMR process was initially developed by The Boeing Company for riveting por-
tions of the large Boeing T4T wing panels, which could not be reached by automatic
riveting machines. The EMR process, however, is generally appliceble to any structural
design where fluid~tight, fatigue-critical, snd/cr large-dismeter fastener installa-
tions are a requirement. EMR should not Pe confused with electromagnetic forming.

Both use electromasgnetic energy to accomplish work. EM forming uses a single coil
and rigid backing plate, whereas EMR uses two series coils that deform or upset the
rivet placed between them.

The EMR system is composed of a capacitor bank and two coils, each abutting
against a copper-faced driving ram. The coils are contained in two separate hand-
held EMR guns. The work ecycle consists of charging the capacitor bank to a preset
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TABLE 6

INTERFERENCE PROFILES—HAND DRIVEN—EMR®2

P 0,001
UNIVERSAL H sLuc
HEAD RIVET I REVET
BEFORE ? e BEFORE
INSTALLATION ‘ 1 007" INSTALLATION
|.*."
A [ =~ )
4 PAL Ty o D Wi
3" Prmem - ] 026
/, « HAMD DRIVEM RIVET
4 DIA, H E

INTERFEREMCE RANGE

. .
178 Dia. EMR RIVET

EQUIPMENT/PROCESS COMPARISONS é‘i’:g; rg“m‘:ﬂ:es ﬁ;ﬂ; EMR

Fatigue Rated Capability . ... ............ Excellent Good Excelient
Noise ...t High Very High Low

Maximum Practical Aluminum .

Rivet Capability....................... 1/2"dia. 3/8"dia. 5/8"-3/4"dia.
Panel Size Capability................... Limited Unlimited Unlimited
Cosmetic Quality ........ooviivi. ... Excellent Poor Excellent
Reject Probability ..................... Low High Very Low
Structural Distortion/Damage Probability.. .| Low High Low

System Maintenance.................... High Very Low Low

Maximum Rivet to Rivet Rate ( 3/8"dia.)..| 7/minute 4/minute 20/minute
Direct Labor Ratio ..................... 0.85 2.1 1.0
Procurement Cost ,..................... Very High Minimal Relatively Low
Operator Fatigue . .......... ... 0s. r Low Very High Low

3Reprinted from EMR brochure.
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TABLE 7
EMR TECHNICAL INFORMATION—BOEING 747 PRODUCTION SYSTEM 2

Maximum Proven S_ysterh Capability ( Fatizue Rated Interference Profile )

Aluminum Rivets......oo 3/8" diameter x 1" grip

Titanium Rivets ( Beta I ). ..., 1/4" diameter x 1/2" grip

Stainless Steel Rivets { A=286 )oovvniviiiiiiniiia.. ., 1/4" diameter x 1/2" grip

Deformation Time. oo 5x 10" Second

Deformation Energy.. ... ... ... . i, 400 Ft. ~ lbs. (Equivalent to 30, 000 Ibs.

static force.)

Power Pack

Maximum Stored Energy Rating .......................... 6500 Joules

Energy Requirement (3/8" dia. Alum.Rivel)... 2600 Joules { 3800 Volts )
Maximum Charge Voltage ... ... ...coviiviiieiiinne. 46000 Volts
Maximum Cycling Rate ...........oiiiiii s 20 per Minute
Input Requirements

Electrical. ... oo 440 Volt - 3 phase

A 90 psi
Dimensions .. ... i 36" wide x 48" high x 60" long
WEIGhE - out e e 2200 pounds

Hand Guns

Body Size. ... i 6-1/2" dia. x 15-1/2" long

Overall Length c.oviii i, 23-1/2¢

Junction Box Protrusion ... covve i i e 6"

Recoil Mass ( Internal J.oovveoiiiiii i, 45 pounds

Total Gun Weight (each )..............coociL, 75 pounds ( Used with counter balance )

Gun Power Cables

Ty P ettt e Multiple Low Inductance Coaxial

Minimum Bend Radius «oovvviiii i 0"

Protection .o e individual coaxial insuiction with armored
sheathing plus neoprene sheathing.

Length oo e Cables are custom designed for specific

applications as part of a " tuned " circuit.

Coils
DT 1 P 5" dia.x 3/4" thick
Life ( Driving 3/8" dia. Alum. Rivets )................ Over 10, 000 shots

9Reprinted from EMR brochure,
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voltage level, followed by a rapid discharge through the series-~connected coils.
Synchronized by the current, the guns produce electromagnetic forces on the drivers,
repidly forming a rivet with equal and opposite forces {see Table T). The EMR process
can be used with several commercial rivet configurations and 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

- =1 .. o U,

P D 2 U R R TP, JU RS U R L R . fre T T T I T
UUUCLLLIL capallilby 1060 Buruciurgd lasbvelel lnsuvdallalloll \rigure 135) DUL 15 capaple

pr

of functioning independently. Advantages of EMR are:
&) Proven performance in production of Boeing ThT wing panels
b) A high-rate installation capability {up to 20 rivets per minute)

c} Built-in repeatability and guality 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 low capital acquisition cost

k) Minimum floor space requirement

1) Balanced impact forming of rivet to minimize structural distortion
m) Growth potential for larger rivet installation and bolt replacements
n) Manufacturing rate flexibility.

Cold Expansion Sleeve System. Under applied load conditions, each hole has
gssociated with it a region of stress concentration where the applied stresses are
magnified from two to three times their normal value. Hole expansion by coldworking
successfully reduces the effect of this stress concentration by causing compressive

radial stresses to remain around each hole. These residual compressive stress fields
effectively prevent part failures from priginating at the holes.

The cold expansion sleeve system (Figure 1L) is s Boeing-developed process used
for increasing the fatigue life of metal structures {aluminum, titanium, and steel)
by causing compressive residual stresses around the fastener heole. The system consists
of the radial expansion and sizing of fastener holes to achieve greatly improved
fatigue performance while simulteneously 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.



"FIG. 13 - BOEING ELECTROMAGNETIC RIVETER AND
OMARK-WINSLOW TRACK DRILL

FIG.

14 - BOEING COLD EXPANSION SLEEVE SYSTEM

- AIR/HYDRAULIC PUL
WORKING HOLES
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Radial expansion of the fastener hole is achieved by pulling a hardened steel
mandrel through a patented prelubricated sleeve using either a power or manual pul
(Figure 15). Once colaworked, the sleeve is removed and the fastener is installed.
The cold expansion sleeve system can be used with several different fasteners, inc
ing lockbolts and conventional rivets. For close-tolerance or interference-fit
precision-shank fasteners, it is necessary to ream or broach the hole to size afte
coldworking.

Drawing the mandrel through the split sleeve causes a radisal plastic flow of
metal. Compressive stresses will be found surrounding the coldworked hole for a
distance extending approximately one radius from the edge of the hole. This compre
sive stress region provides fatigue protection for a fastener hole. The compressiv
residual stresses oppose the applied tensile stresses and act as an obstacle to th
initiation and growth of fatigue cracks.

The distance from the edge of the coldworked hole that the compressive residu
stress extends depends upon the amount of hole expansion. Extensive testing has be
conducted to determine the optimum expansion range that occurs during coldworking.

The cold expansion sleeve system has a number of advantages: (1) It allows
greater expansion of fastener holes than previously used methods, (2) the process
produces a controlled amount of coldworking, (3) use of the prelubricated sleeve
reduces problems of galling end tool breskage, (4) all work can be accomplished by
one man from one side of the structure. The sleeve process is for a high degree of
coldaworking (large radial expansion), but a straight mandrel process is also avail
able. A solid, one-piece, tungsten carbide mandrel is being used to coldwork holes
in high-strength steel (300 ksi) on the T47.

Honeycomb and Sandwich Panel Fasteners. Lightweight nonstructural bonded pan:
are being incorporated into shipbuilding. This type of structure requires special
fasteners and installation techniques for attachment of support equipment and pane!
installation.

Honeycomb sandwich structure provides optimum strength-to-weight ratios as we:
as thermal and acoustic insulation. Methods of joining sandwich panels and making
attachments to sandwich panels vary considerably.

Fasteners for sandwich or honeycomb structure are available commercially from
several manufacturers such as the Shur-Lok Corp.; Voi-Shan, a division of VSI Corp.
or the Delron Co., Inc. Table 8 is an example of sandwich panel fasteners from the
Delron Company, Inc.

Before selecting a fastener, load considerations must be made for tension, she
or torque loads. The type of adhesive used in the sandwich and the physical propert
of the sandwich must be known. Once these questions are answered, the designer can
choose the suitable fastener. Additional considerations for proper fastener selecti
should include:

a) Type and size of fastener to be used
b) Blind or through-hole fastener

¢) Flush or protruding head
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TABLE 8

DELRON SELECTOR CHART—HONEYCOMB AND SANDWICH PANEL FASTENERS?

’ L I ) 101 & 102
™~ AT Grommet-type fastener, consisling of o plug and
sleeve jection. Used for bolting ond riveting
%l ’ ] ” panels 1o ttructural members, Nooring, bulkheads,
{l | | vlc. Avgiloble in thru-rivel and thru-bolt slyles.
1) L1

400 All-Metal

All-metal two piece, molded-in fatiener, with Roal-
ing nul, similar to 400 RF, but for use where panel
it tubjected to elevated temperotures during curing
cycle, or environmental lemperalures over 1465 F
atter insialiaiion

103

GrommeY-type fosaners, consisting of e plug and
sleeve seclion with internal threads. Used for
bolting equipment and componenis lo honeycomb
¥

ond sandwich panals withou! an s=tarnol nub

40GC RF

Three-piece, molded in fastener, wilh flocting net,
vimilar to 400 HF & GF, but with c removable
thraaded tlement that con be reploced, il dom

loble with

aaed  withou! rem
oged, withou! rem

g
or withoul self loching fealure

i 104

Grommel-lypa fasleners, comisting of a plug and

I l slesve seclion with non.melallic, self-locking fea-
! lure? Used lor bolling equipment to heneycomb

| J ard iondwich panels withoul an external nut

400 5 & SE

One piece, matded in fastener, 1imilar 1o 400 HE
& GE, bul wilh o groove in hend tha) may be
snapped inlo top cover theet for velf retention dur
ing polling. SE hoi potting vanl helet Avoiloble
with or without self lacking fealure

106

Grommet-type lusleners, consisling of o plug and
leeve seclion wilth infernol, olt metal, self lacking
ihreods. Used for boiling equipment to panels
subjected to elevated temperature

400 SF
Two piece, molded in latlener, similar ta 400 5 &
SE. but with o threaded inner section that provides

u Yy inch, ol diredtional, horizonial foot, fer

abgnment ol alloching members. Available with or
without self locking feature

WICAF

A mechanicolly inualled blind fastener for light
tood £ " Lond

applicalions. Preassembled Iwo piece construction

400 HA & CA

Two piece, molded in lostener, adjuilable for panel
thickress variations of Y inch. Instolled in holey o1
thre-boll lype. CA type designed far flush mounting
ol counlersunk strewi. Availoble with internal
thread, wilh 60 wathoul self lacking fealure.

30J3F

An adjustoble.lyps laslener for panels thot vary
! El
Availeble in vorious maleriolt, heod sizes and
lypes, including threeded sell tocking. - Two-piecs
consliuction,

in thirkn

¢ hayond normal mar ng limits

¢ heyo

600 Flared

A slructurol fotlener. machanically intlobed Body
mum pull.out and shear itrength in all load diec.
tions Availuble in thro-bolt, thry sived nnd internaol
threaded, with or withoul sell lecking fealue

A04H & G .
One-piecs, molded.in type lostener, designed for
vie with o minimum amount of poiting moierioi
Recommended for moderoiely high tension pull
oul, compression and sheor loads. Avoiloble with
or withoul jell locking fealure. Grooved lype
ovoilable 1¢ be threaded inlo cover sheel

e
———

601 & 402

A siructural taslener thol provides moximuym
steength values by upporting the cover qhesn
from within the (ote area. Avatable for thry belt
ond Mru-rive! applicationy 1n flored and non Dired
types Precssemhblrd Iwo pitce consbuthinng,

400 HE & GE

One-piece, molded-in fustener for moderolely high

tgntion pull-out and theor load Minimem potting

moteriol required, with venl holes for injection.

Avaiable with or withou! threaded 1elf-locking

featurs. "'G” iype threaded into lop cover sheet
£

403 & 604

A stivciuial fai f s 801 & 402
wilh inlernal threads lar blind applicalions Avad
able 1n flared ond non llared Iyper and wilh ar
wilhgut the sell loching feoture, Preasiembled bwo

piece consteuchion

lood op i3 i use of heovy Dond- | . ! "1
ing matericl. Available for flush and non Auth I \.! ‘ §

400 HF & GF NERER
Two piece, molded.in faylene:, nimilar 10 400 HE & !
GF, but with a threaded ner section that providet |
% inch, afl directional, horizantal floot, ollowing
fo- misalignment of mounting holes in atlaching L
member. "'G' type thrended intc lop cover shael,

3Reprinted from: Delron Honeycomb and Sandwich Panel Fasterens catalog.

700 Standard

A slructural tattener incorpornting o figoting 1eif-
locking nul Dewgned for poisible mitalignment
in panel applicahont Precsiembled two pince con
slruction, Al avoeiloble, 700 F, wilh flaring fea
turg thol grips oppotite cover sheel
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d) Torque requirement of threaded types
e) TFastener material

f} Environmental tempersture

g) Molded-in or mechanical connection

h) Fastener and sandwich material compatibility.

IID. EXPLOSION BONDING

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

Increased use of electronic equipment eboard ships for communication and naviga-
tion and the demand to lower topside welght, increase maneuverability, and reduce
ballast led to the introduection of aluminum superstructures. Initial installation
techniques used lockbolts and sealants. As this method proved unsstisfactory, the
clad materials have been implemented as transition joints between the aluminum deck-
houses and steel decks. Known as bimetallics and trimetellics or 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 elsborated upon in this section of the report.

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

The procedure for achieving an explosive bond consists basically of placing
the cladding plate above and parallel to a base plete. An 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 4,000,000 psi in the vicinity of the detonation (Figure 16
and Reference (4)).

The interface formed by the impinging metal causes a fluid-flow phencmenon or
"jetting". The jetting that occurs removes oxides and foreign materials between the
two plates. The resulting metallurgical bond is of a strength greater than the wesker
of the two sheets. Hundreds of metals have been c¢lad 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 smell sirips and samples to establish feasibility and are
not aveilsble commercially. Other materials were clad but not reported for proprie-

tary or classified reasons or for not being spplicasble to ship construetion.
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) Explosive
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FIGURE 16

SCHEMATIC OF EXPLOSION BONDING PROCESS ILLUSTRATING JETTING
PHENOMENON WHICH REMOVES OXIDES AND FOREIGN MATTER
FROM SURFACES BEING JOINED

TABLE 9
METALS THAT HAVE BEEN EXPLOSIVELY BONDED TO THEMSELVES?

Ferrous metals

Low-carbon steels 1004-1020 Stainless steel 17-7PH
Medium-carbon steel ASTM A-285 Stainless steel type 301
Medium-carbon steel ASTM A-201 Stainless steel type 304
Medium-carbon 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 AlIS| 4130
Alloy steel AlS! 4340
Stainless steel type 200 series

Nonferrous metals

Aluminum 1100 Nickel

Aluminum 2024-T3 and -0 Titanium—commercially pure
Aluminum 2214-T6 Titanium-BAl-4V
Aluminum 5083-H24 Titanium-5A1-58n-6Zr
Aluminum 6061-T6 Titanium-8Al-1Mo-1V
Aluminum 7178-0 Titanium-13V-11Cr-3Al
Aluminum 7075-T6 ’ Zinc

Aluminum 1100/1.5 lithium

Copper

Brass

Cupro-nickel

Bronze

Beryllium copper

e xtracted from DMIC document 225, Explosive Bonding, Linse, Whitman,
and Carlson, Battelle Memorial Institute
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TABLE 10

Low-carbon steels 1004-1020 to:
Stainless steel-—ferritic

Ctainlace ctpal 30 carias
SLENLESES STegi— oV series

Stainless steel—200 series
Ductile cast iron
Malleable cast iron
Aluminum and aluminum altoys
Copper
Brass
Cupro-nickel
Nickel
Zinc
Titanium

iMediurmn-carbon steeis ASTM A-Z201

and A-212 to-

Stainless steel—300 series
Stainless steel—200 series
Aluminum and aluminum alioys
Copper
Brass
Cupro-nickel
Bronze
Nickel and nickel alloys
Titanium and titanium alloys

Tidnmtiiome FEA
HIGiiuim o93A

Stainless steel—ferritic
Stainless steel—300 series
Stainless steel—200 series

Ahiminum and aliimiroam alloye
AUmMinum and aiuminum anoys

Copper

Brass

Cugpro-nickel

Bronze

Nickel and nickel alloys
Titanium
Titanium-6Al-4V

Low-alloy steel ASTM A-204 to:
Stainless steel—300 series
Stainless steel—200 series
Aluminum and aluminum alioys
Copper
Brass
Cupro-nickel
Nickel and nickel alioys
Titanium and titanium alloys
Hastellroy B, C, F
Hastelloy X

Medium-carbon steel ASTM A-286 to:

Low-alloy steel, ASTM A302 to:
Stainless stesl type 410

Stainlace stopl—farritic
S1dinaess siegi—rerritic

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 AIS)I 4340 to:
Stainless steel—300 series

Maraging steel to:
Stainless stee!—300 series

Hadfield steel to:
Aluminum and aluminum alloys

Stainiess steei—200 series to:
Low-carbon stee! AlIS| 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
Low-alloy steel ASTM A-387
Aluminum and aluminum alloys
Brass

Stainless steel—300 series to:
Low-carbon steel AIS] 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

| ow-glioy stee!l ASTM A202

LWV Gl J1CT1 Aad i ATy

Low-alloy steel ASTM A-387
Alloy steel AIS] 4130
Alloy steel AISt 4340
Maraging steel
Aluminum 6661-T6
Copper
Brass
Nickel and nickel alloys
Titanium and titanium alloys
Molybdenum

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

YT Val

Ar . . ~ , . e .. .. .
“extracted 1Trom DIVIL document 225, Explosive Bonding, Linse, Whitman, and
Carlson, Battelle Memorial Institute
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Stainless steel type 304 to:

T niekal ahenmione
LA LIV N M IR R RIS R ]

Stainless steel type 321 to:
Stainless steel type 347

Stainless steel type 347 to:
Stainless steel type 301
Stainiess steei type 3217
Hastelloy X
Aluminum 6061-T6

Stainless steel—martensitic, type 410 to:
Low-alloy steel ASTM A-3870

Stainless steel—ferritic to:
Low-alloy steel ASTM A-387
Medium-ecarbon steel ASTM A-285
Low-carbon steel AISI 1004-1020
Titanium and Titanium alloys

Aluminum and aluminum alloys to:
Low-carbon steel AIS] 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-212
Low-alloy steel ASTM A-302
Low-ailoy steel ASTM A-387
Stainless steel—300 series
Stainless steel—200 series

Copper
Titanium and titanium-6A1-4V

Aluminum 1100 to:
TiHanium-6Al-4V
Aluminum 1100/1.5 lithium

Aluminum 2014-T6 to:
Alioy steei AiSi 4130

Aluminum 2219 to:
Stainless steel type 301

Aluminum 6061-T6 to:
Bery!llium copper
Stainless steel type 347
65% beryllium-35% aluminum
Titanium-BAl-4V

Zircaloy-2 ,

Molybdenum

Brass alloys to:
Low-carbon steel AiS] 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212

L.ow-alloy stee
Low-alloy stee
Cast steel
Stainless steel—300 series
Stainless steel—200 series
Nickel and nickef-base alloys

Cupro-nickel alloys to:

Low-carbon steel AIS| 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Low-alfoy steel ASTM A-204
Low-aiioy steei ASTM A-302

Bronze alloys 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 AISI 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 stee} ASTM A-387
Stainless steel—300 series
Brass
Titanium and titanium alloys
Copper
Nickel and nickel-base alioys
Columbium and columbium-base alloys
Tungsten
{conel X

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

Titanium and titanium alloys to:
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
Low-alloy steel ASTM A-387
Stainless steel—ferritic
Stainless steel—300 series
Maraging steel
Aluminum alloys

I ASTM 204
I ASTM A-302

>
=
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In mid~1966, development work was started to produce a bimetallic transition
insert for joining aluminum bus to steel anodes and cathodes in alumimum smelting
slants. This Joint used 1100 aluminum and 1008 steel.

30NDED SHEET

Recognizing the need for e marine industry epplication, Du Pont started develop-
ment in 1966 of a clad sheet that would facilitate attaching the aluminum superstruc-
ture 1o the steel deck. The resulling bonded sheet is a triclad employing alumimum
alloy S4S6 bonded to A516 Grade 55 steel with a commercially pure 1100-series alum-
inum interface between the structural materials. The 1100-series alumimum makes a
significant contribution to the ductility and impact resistance of the triclad. The
resulting thickness is 1-3/8 inches. A similar product, Transition Insert, is produced
commercially by the Kaiser Alumirmm Co. {Reference (6)) and Northwest Technical
Industries, Inec., of Port Angeles, Washington. The final product is a purchased item
available in sheet or strips and is not an item that requires bonding in the ship-
vards. Mechanical cutting to the desired part configuration is performed in the
shipyard.

Most commercial applications encountered to date utilize Du Pont's Detacouple/
Jetaclad sheet and plate. Thicknesses range from a few thousandths of an inch to
over a foot, while the cladding metal thickness varies from 0.0001 to 1-1/2 inches
(Reference (T7)). The bimetallic sheet is produced in the same manner as the triclad
but does not have the 1100-series alumimum slloy in the interface and can be of
mmerous alloy combinations. Standard welding techniques available in shipyards are
scceptable for fabrication with this material. As with all inert gas welding techni-
ques, however, adequate provisions for protection from the elements should be provided,

TUBE CLADDING

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

Applications for explosive bonding include tubular cladding in condenser or
neat-exchanger applicetions 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 eliminete galvanic couples.

CORROSION THESTS

Several seawater/salt-spray corrosion tests are currently under way, the most
extensive being conducted by International Nickel Co., at Wrightsville Beach, North
Carolina. In conjunction with Du Pont, several samples of the Detacouple strip were
velded to 5456 aluminum alloy and mild steel panels and have been subjected to
splash-epray tests in excess of 5 years.

A graph of the result of the unpainted sample is shown in Figure 17. Galvanic
corrosion penetration has reached approximately 0.063 inch in the unpainted samples.



SLINS3¥ 1S3L NOISOWY0d - /I “91d

{"ut) aydwes paiutedun ‘winulwnje up vonesauad UOISOLCY

~-36-

Q160 80 L0790 SO0 v g0 sz0. 20 Sio c».
S TR T I T i ]
UBLILUGIIAUZ U PIW "HONE] By) uf dnsodxe Jeak | 0] DiEmOdWwOD paiepisred sy Bullse 0 sanoy LaEXIS,
03 w0 AiQ 1g BuIping diys ung AQ pawnpiad xaom “S8UI 213G PALILL Ag paumoy, 51
“§luled asEQI0 3Jam S1e0)
PI1Y1 pue pucoas [awnad eI GGG "0 00 1UIE4 21Med *SIuied [AULA 21BWSIYD DLIZ 120D 1) JO S1SISUOD wird,
WOUIWNE U] Y1dap wnwixew s :n:m:mcman 4
LEGL Anr P ABopouysay autieyy wioy uotiruLoul,
S¢
auoy 14 ooot PLREILY &
0000 44 0001 palredupy LIG211-8 WLSY 1581 Aeids-14es 245 Snanuuoy
BUON syuocw Z| NeHULY
pBO/8LA unfiaq 'pale 2215 PUIyaq ¥
auop syluew 7| BIBOIYD JNZ YLIM [Iun I UOYBaT UEBLAWY §F O PALE WAl UG w
£LoC Sylubity > pajuedun PApIam Idlls WOESULI) 2pIM- Ul | X Turgy . W
auopy syiuow pg | pauied duio] uarysues pue ja ed s 4
auop syIuow 7| (9818 (paluizdun aued winuwn)y P m
auop SUIUCW pE M
auop SHILOW g1 alured Ajslzpdwio v 2
N 4 aP?lued Aigisjduiog 20/01/11 unbeg :
800 SiLow f2 “O'N Yakag apiasiyblag ‘1501 Aesds-yse)ds g m
£L0°Q syiuow 2y “Sjpued (3315 PIIW PUR WNUIWNGE GE55G g 8
22070 SO ¢ nauedun g/l X -4 X -E U pepies Julol uonsuesy o't w
_n.:: voneinp USILIPUOD Liawdang uondasap uawioads pue 153 | Jearg 2
uore B aunsodx 3] i - B
Jo yidag wnuuny - 2
! st s
wnutwn|e ..m.
W1 UQIS0110D . 8
BIIABID HURAIED) oz kX
eSINIOC NOILISNWYL
030NO8-NOISOTdX3 40 DNILSIL NOISOMY0D - 1T 314Vl o
—{0E
~—¢+0
~— S0
'131U3J UOISOLI0D oo
yaeagd apASLYBIIAA 5,00 AN
|euCIzRUIALY| 3B PalI0gJad 5153




-37-

Initisl samples demonstrated the corrosion resistance of the bond zone. The initial
corrosion product, hydrated aluminum oxide, occupies a larger volume than the alum-
inum consumed and acts to seal the srea from additional corrosion (Reference (9)).

An identical series of corrosion tests for painted samples is currently being
condueted in conjunction with the unpainted samples. The painted samples were

scratched across the bond zone to simulate localized paint failure. No significant
corrosion or pitting wes noted after 27 months of continuous testing (Table 11).

YECHANTCAL PROPERTIES

Mechanical property tests have been conducted by Du Pont (Table 12); Boeing
{Reference (10)); and the Naval Ship Research and@ Development Center (NSRDC) Ref-
erence (11). Results of these tests are documented by the respective agencies.
Fesults of these tests and the fatigue tests conducted by Du Pont {Teble 13 and
Zeference (12)}), can be summarized by the following:

a) Explosive bonded samples meet or exceed the claims made by the manu-
facturers.

b) Fracture along the eluminum-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 continucus areas.

¢) TFatigue tests yielded no failures in the bond zone,

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

e) Use of clad materials is s cost-effective method of fabrication and in
many cases offers an attractive alternative (Table 1L and Reference (13)).

SIPERSTRUCTIRE /DECK TNTERFACE

D e AL b e L) ke AR ot di Ay ke b ¥ e i kR

One major structural area where galvanic couples have caused problems has been
in the attachment of aluminum superstructure to primary steel-hull structure. The
initial riethods for this attachment involved applying primers and sealants to the
faying surfaces, fastening with steel lockbolts, and fillet sealing. This method
nas proved troublesome from a maintenance standpoint as sea action has caused fasteners
o shear or loosen.

A typical installation of Du Pont's Detacouple as a transition Joi

. omwa o aam oa a w . e a4 s owmae w0 fv oA . fn
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INSTALLATION COST STUIES

Installstion cost studies conducted by Hunter's Point Navael Shipyard in 1972
reported the installation cost using Detacouple to be lower than a similar joint
aade 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
spinion that an additional 10% saving will result from (1) reduced forming costs for
+he Detaccuple with the use of dies, (2) greaster efficiency by mechanics as they
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TABLE 12

MECHANICAL TESTING OF EXPLOSION-BONDED TRANSITION JOINTS?

Description of test and specimen

Specimen condition

Results

Remarks

Standard ram tensile; testing 1100 aluminum/ As clad 20,000 psi typical Broke at 1100 atuminum/
A-516 gr. 55 steel interface wtimate tensile steel interface
As welded B 15,000 psi typical Broke at 1100 aluminum/
ultimate tensile steel interface
Extended ram tensile; testing strength of As ctad 18,500 psi typical Broke in 1100 aluminum
the 1100 aluminum interlayer ultimate tensile
As weldedb 13,500 psi typical Broke in 1100 aluminum
ultirnate tensile
Triple-lug shear ASTM A-263 As clad 14,000 psi typical Shearing of the 1100
shiear stress aluminum
As weldedb 11,000 psi typical Shearing of the 1100

shear stress

aluminum

Welded tensile; 1/4-in.-thick 5456 aluminum
plate welded 10 1-in. transition joint
welded to 1/4-in. mild steel

As clad and welded

51,600 psi typical
ultimate tensile

Failed in 5456 aluminum
plate a1 heat-afiecied
z0ne

Charpy-V ASTM A-370

Testing A516 steel

Specimen cut from stee! portion
of clad parallel to interface
{a} Notch in steel below bond
zone
(b} Same as above but notch
at underside of steel

60-130 ft-ib

70-130 ft-ib

All tests carried out at
15° F¢

1IZOD {unnotched)

1/2-in. 1100 aluminum 1-1/2-in. 1008 steel

“As-clad sample cut perpendi-

cular to plane of clad
Grip on steel, impact on

Tearing of aluminum

No debonding or separa-
tion of the alominumy/
steel interface

aluminum
Drop weight test, E-208-66T, type P-2; As clad NDT-15°% F No debonding and no
1/2 in. 1100 aluminum on A516 gr. crack propagation into
55 steel the aluminum layer
Shear test (A-263) after thermal cycling As clad 14,000 psi typical

between 500 F and water {80° F}, 2500
eycles; 1/2-in, 1100 aluminum/1-1/2-in,
1008 steel

shear strength

Binformation from Marine Technology, July 1871

Bheat treated at 600°F for 1/2 hour in air to exaggerate heat during welding. Decrease in strength is due to partial annealing

of the 1100 aluminum.

Typical requirement for shipboard applicatisn is 15 ft-lb at 15° F.
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FIGURE 18
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ALUMINUM DECK HOUSE FABRICATION COST ANALYSIS?

TABLE 15

Labor in manhours

. Estimated

s per linear foot Boeing
Shop Lockbaolt Detastrip Costs

Loft templates 1 0.09 .080 $0.09
Duplicate loft templates 11 0.08 .070 0.08
Fabricate steel coaming 1 0.17 .100 0.17
Drill holes (3/8 inch holes, 18/linear foot) 11 1.08 N/A 0.64

Install gasket material 1 0.02 N/A N/A**
Install lockbolt (18/linear foot) 11 0.90 N/A 0.02
Cut to length and bevel (Detastrip) 1" *N/A 110 N/A
Form Detastrip (radius corners) 11 N/A .067 N/A
Fit up Detastrip (align) 11 N/A .359 N/A
Fit up Detastrip (tack) 26 N/A .164 N/A
Weld Detastrip to coaming 1/4 inch 26 N/A .184 N/A
Weld Detastrip to BHD 3/8 inch 26 N/A .365 N/A
Weld tee joint (Detastrip) 26 N/A .109 N/A
Weld butt joint (Detastrip) 26 N/A .067 N/A
Weld stiffener to Detastrip (aluminum) 26 N/A .034 N/A
Drill holes (3/8 inch holes 12/stiffener) 11 0.11 N/A 0.43
Install lockbolts (12/stiffener) 11 0.10 N/A 0.01
Straight bulkhead, Detastrip welded 11 N/A .280 N/A
Total manhours/linear foot 2.565 1.989 1.44
Labor cost at $12.00/manhour/$10.50 (Boeing) $30.80 $23.89 156.12
Material $12.60 $13.22 12.60
Total cost/linear foot $43.20 $37.11 $27.72

Savings per foot: $43.20 - $37.11 = $6.09/linear foot/$15.48 per linear foot-Boeing

Note: 1. Detastrip fabrication values were obtained from direct time study of a mockup per

code 138 sketch MF1 48-72.

2. Values for lockbolt fabrication were obtained from ""E”" standards 383.2-0517,

0543, and 0612.

3. Boeing estimates for lockbolt installation were conducted by Industrial Engineering
and based on the production capabilities and labor cost at Boeing.

Hole preparation with Quackenbush QOA-11 to drill ream, countersink, and apply
SRF and install cadmium-plated sheet lockbolt in standard manhour (SMH) is:

ltem Per hole Per foot Per stiffener
Hole preparation 0.0356 SMH 0.64 SMH 0.43 SMH
Fastener 0.0001 SMH 0.02 SMH 0.01 SMH
Total 0.66 SMH 0.44 SMH

*N/A — Not applicable

**N/A — Note: If two coats of BMS 10-11 H(SRF) type 1 are used

would be required.

, no gasket material

A nformation extracted to include Boeing cost estimates from Hunter Point

Naval Shipyard report 2-0094, and modified
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become familiar with this fabrication method, (3) use of mechanized welding to reduce
welding cost, and (4) greater overall efficiency for all operations due to refine-
ment in production sequences ang techniques (Reference (13)). Tt could also reduce
costs by eliminating requirements for stocking lockbolts and purchasing the tooling
required for their installation. This test represented g first-time use of Detacouple
compared to 12 year's experience using mechanical fastening techniques, Boeing Indus-
trial Engineering has conducted a similar cost analysis of the lockbolt Joining
method. Using the tooling date from the Hunter's Point study, the total installed
cost per foot of lockbolts is $27.72. Use of aircraft fabrication techniques results
in savings of 36% when compared with the shipyard installation of lockbolts.

Tacoma Boat Building Company, Tacoma, Washington indicates a man-hour labor
saving of $5.00 per foot when using 345 feet of Detacouple to attach the aluminum
deckhouse to steek deck on a tuna seiner. (This figure is based on labor rates only
and does not ineclude material cost. Cost studies indicated deckhouse fabrication
rates to be 7.3 feet per hour for Detacouple as compared to 3.6 feet per hour for
similar lockbolt installation methods,) The customer benefits from lower fabrication
costs in addition to lower maintenance requirements (Reference (1k4)).

MACHINERY AND EQUIPMENT ATTACHMENT

Two areas subject to galvanie corrosion in aluminum structure involve outfitting
and systems attachments. These areas encompass everything from the mounting of deck
machinery to the attachment of nameplates and operating instructions.

Due to strength considerations, cost, and availability, most deck machinery is
fabricated from steel and iron. While this does not present a problem in conventional

The current method of attaching steel deck machinery and related equipment to
aluminum structure requires the use of primers, leaded paints, neoprene gaskets,
sacrificial pads, phenolic bushings, and liberal applications of sealant around joints.
This method is not only time-consuming, costly, and inefficient, but also requires
repeated applications when sacrificial pads corrode or paint and sealant are damaged.

deck gear, would be to use the bimetallic sheets ag pads to interface the steel
welded or mechanically fastened directly to the deck through compatible materials
and would not require costly maintenance. Several suggested applications of explo-
sion bonded materials are shown in Figure 19.

The Alcoa deep-reaching oceanographic research vehicle, Seaprobe, uses Deta-
couple mounts to attach equipment supports to the aluminum structure.

Plates serve as reinforcements and eliminate the need for steel reinforeing doublers
or thick plate sculpturing and machining.
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PROPOSED BIMETALLIC APPLICATIONS
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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 standard solid
copper block, thus lowering the cost of the chill bars.

The current design and development effort 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 primary structure to the 25,000-cubic-meter
aluminum LNG spheres (References (15) and (16)).

ITE. ADHESIVE BONDING

The demand for high-performance military aircraft, reliasble commercial transpor-
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 materisls are incorporated into aircraft as flight con-
trol surfaces (flaps, ailerons, and rudders), as acoustical attenuating structures
on turbine inlet and exhaust ports, or as insulating walls of cyrogenic tanks of
space vehicles.

Information on the thermal properties, structural limitations and applications,
and fatigue resistance of adhesive-bonded structure is available through government
sgencies such as the Air Force and NASA. 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 develomment «.f new adhesive systems with high gtrengths. good environmental resis-
tance, excellent ranufacturing properties, and moderate costs. The ultimate perfor-
mance of the adhesive systems are highly dependent on the surface preparation process
of the mateii«is to be bonded. Materials such as wood, GRP, or glass may be prepared
for vonding by a simple solvent wipe and/or light abrasion. Consistent, high-quality
hanmde T wmatrnl anvmPan
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 sllow 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 structursl applications.

s el Ty wmanti e A Ahamt Anl _dwmmamad Aan_dernas smahAan A daaadmand
Gt D MHWLILIGL LY 1SUUWLILT O LUGGLLOLTAMICI DLWVIT LY PC PICUULLIUL VLITaUuUCLLU

Adhesive honding of steel has not received as great an emphasis because of its
lover strength-to-weight ratio as compared to aluminum or titanium. In general, low-
carbon steels are normally sand-blastedror vacu-blasted with aluminum oxide partiecles
to remove lubricants and scale prior to bonding. As indicated above, a good chromated
primer may then be appiied or if the adhesive system to be used hes a primer system
of its own, it should be applied. The more common adhesives like the epoxies, phenolics,
nitrile-phenolies, etec., normally have primer systems that provide better wetting of
the surfaces to be bonded. Considerable evaluation of chemical treatment of steel to
prepare the surface for bonding has been performed recently, primarily on AIST 300~
series stainless steel, but alsc on low- and high-carbon steels and high-strength
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alloy steels. Most of the treatments are satisfaetory for bonding where the stress
levels are quite low and are pointed pPrimarily at nonstructural applications such as
rub strips and fire shields. To bring the confidence level in bonded steel up to the
level that prevails for aluminum, an extensive test program would be necessary. Such
@ program must consider surface treatment and long-term exposures (15-20,000 hours )

bonded specimens should be exposed to the various environments while under stress to
obtain the most meaningful results. This type of testing necessarily is expensive anc

Adhesive bonding can be considered as a fastening technique for noncritical,
structural applications, especially on the newer type ships such a hydrofoils and
surface-~effect vessels where aluminum structures are more common. Even on steel struc
tures, however, adhesive bonding can be used to an advantage over classical welding o

galvanic corrosion. Two-part adhesive systems can be used to provide very short cure
cycles--as short as 2 minuteg--or thermosetting materials can also be used with short
applications of heat in the 300°-L0o° F range for cure. Bonding pressure can be sup-
plied through mechanical clamping devices, simple vacuum bagging techniques, or
through clamp-up Pressure supplied through the use of bolt-type fasteners that can

clamps can be used to cure the adhesive. Pressure can be supplied through clamps or
fasteners through the flanges. The fasteners can be removed after the adhesive is
cured or left in place unless dissimilar materiels are involved and then could still
be used if some dielectric Jacket material were used to separate the dissimilar
naterials. Bond strengths from 1,000 to 5,000 psi in shear or flatwise. tensile can be
developed, depending on the specific adhesive materials used and/or the particular
means of cure and pressure application.

Generalized statements on adhesive applications cannot be made. Each particular
type of structure, material combination, fabrication sequence, etc., requires indi-
vidual consideration to obtain the optimum physical properties from the materials as
vell as the most economical cost.

With the exception of the chemical processing requirement for surface prepara-
tion of aluminum, most two-part adhesives and the fast-curing thermosetting adhesives
can be handled and applied in normal shipyard conditions. Personnel working with the
adhesive materials must be trained in their handling, application, and curing. Writ-
ten instructions alone should not be considered adequate.

Another consideration for adhesive bonding as a fastening technique is the Join-
ing of noneritical structural parts rather than welding or using mechanical fasteners.
For example, nonstructural bulkheads fabricated as skins with welded or rivetedq
stiffeners could be changed to adhesive-bonded stiffeners or have honeycomb sand-
wich structure substituted in their place. In addition to bulkheads, mnodular-type
divider panels in crew quarters or office spaces on large ships, partitions in heads,
galley cabinets, decorative interior panels, and some types of floor structure all
lend themselves to bonded sandwich~type structures. This is especially true in alum-
inum structure. It is also assumed that the newer surface~effect ships or hydrofoil
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ships are more weight-critical than some of the larger, steel-hulled ships, and the
higher strength-to-weight ratioc 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 febricated from bonded sandwich and be both light in weight and 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 aireraft in structural areas due to the permeability of adhesives to
moisture. Here agein, generalized statements sbout the overall applicability of the
bonded structure is usually not feasible from a cost standpoint, since more tooling is
normally required than would be needed for welded or riveted structure. An exception
would be the application of standard module sizes for bonded partitions, but if some
amount of duplicate production is involved, then tooling costs of bonded structure
can be amortized. Consideration of each structure must be anslyzed on an individual
basis.

If studies show defiinite cost or instzllation advantages 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 maske or buy finished honeycomb sandwich structure is one of economics. The
size and quantity of parts will determine the physical plent 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 necessary nondestructive test equipment will
have to be ineluded in the final analysis. The equipment required for a typical bond-
ing facility for aluminum structures is shown in Appendix D.

ITF. WELDING

The advancements made -in the art of welding ships are historical and well doc-
umented. It is sufficient to say that advances in welders, automated panel fabrica-
tors, and welding equipment and improvement of flame 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 elaborastion on these advancements will not be made
here.

DISTORTION

One problem csusing 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 ,0f 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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FRICTION WELDING

Interest has been expressed in using friction-welding techniques to projection-
veld 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-ineh-
iiameter bar of 6061 eluminum is approximately 7,000 pounds. This is in addition to the
torque parameter also required. Such forces could not be exerted by manual application;
however, friction welding has proved to be a satisfactory method of joining dissimilar
metals with machine application.

JISSIMILAR METAL JOINTS

Several methods of Joining dissimilar metals have been advanced. Generally, the

~AAe A~ 4+
research and development thal went into these methods was aimed at satisfying parti-

cular needs such as tanks and vessels for corrosive and cryogenic propellants and
fluids.,

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

Table 16 lists a number of dissimilar materials that have been joined by several
different techniques and processes. Again, these examples reflect the aerospace appli-
cation and 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 fastened Joint would not be cost effective.

Advancements in stud-welding techniques are available on a commerecial basis. For
example, the Nelson Electric Compeny produces merine cable and pipe-changer supports
for & range of pipe and cable sizes as well as the necessary stud welder. Once the
stud is welded into position, the cable clamp is threaded on the stud and crimped
around the cable. The pipe hanger is welded directly to the bulkhead and is available
in various lengths, or & channel stud is welded in position with an adjustable strap
and carriage bolt. The p.l._pc hanger uses a rubber insert between clamp and p.l.pe for
vibration dampening. OUnce the pipe is installed, a locking tab is inserted and bent
over, retaining the pipe and insert. This system would facilitate adding or subtract-
ing pipes of different sizes.

r

RECENT DEVELOPMENTS

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

Procedure

Aluminum to stainless
steel

Aluminum to stainless
steel

Aluminum to stainless
steel

Stainless steel to

molybdenum
Titanium to aluminum

Copper to nickel

Dip-braze after tin-
coating the stainless
steel,

Solder after nickel-
plating the aluminum,

Diffusion-hond after
interface coating
application.

Vacuum-braze.

Solder after nickel-
plating nickel on
titanium and
aluminum,

Diffusion-bonding after
tin soldering.

Aluminum to stainless
steel

Dip-braze after silver-
plating of stainless
steel.

Aluminum to beryllium

Stainless steel to
beryllium

Columbium to
moybdenum

Direct dip-braze.
Vacuum-braze,

Diffusion-bond
honeycomb sandwich

Columbium to stainless
steel

Tungsten to titanium

Tungsten to copper

Tungsten to stainless
steel

Tungsten 1o aluminum

Titanium to aluminum

Inert-gas braze.

Tungsten-ARC inert-gas
braze with aluminum
brazing alloy.

Titanium to stainless
steel

Resistance-weld-
machine braze.

Tungsten to molybdenum

Maolybdenum to
columbium

Molybdenum to stain-
less steel

Nickel wire to copper
wire

Stainless steel to low-
alloy steel

Electron-beam weld
Electron-beam weld

Electron-beam weld

Capacitor-discharge-
resistance microweid
Percussion-stud
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-
scopic plastic deformation results in intimate metal-to-metal contact end {2) diffu-
sion completes the bond and ultimately eliminates the interface. Stage 1 plastie
deformation is due to the limited metal-to-metal contact caused by surface roughness
and contaminations, as no resl 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 aresa and bonding occurs, stage 2.

Deformation bending involves gross plastic flow (307 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 aluminum 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, erystallographic orientation, post-heat
treatments, and Joint design.

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

Both diffusion and roll bonding are time, temperature, and pressure controlled.
Roll bonding requires higher pressures and temperatures and s shorter time for proces-
sing than the diffysion 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 tc the
limited applications available, limited quantities produced, and the cost of equipment
necessary to complete the processes.

ITI. CONCLUSIONS AND RECOMMENDATIONS

r

1. Mechanicel fastener systems have had and will have continued application in ship
construction. Their major areas of application have been in secondary structure
and system attachments. The modern fastener systems svailable todey have demon-
strated their performance 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 special 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 and can be installed in drag-critical areas
where flushness control is mandastory.

The welding of thin plate (less than 3/8 inch) creates 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.

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

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

Comparative instellation 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).

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

Stud welders for welding aluminum studs are commercially available for studs up
to 1/2-inch diemeter. 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 aluminum 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 bimetallie-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’residusl stresses in and adjacent to the
weld area are causes for concern. The latter will become increasingly pertinent

as operating stress levels approach design limits.

Adhesive bonding, as applied in aireraft, has been limited primarily to alumimm
end titanium, due to weight considerstions. Aireraft contain a wide range of
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bonded material 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, kitchen and toilet facilities, low-pressure
piping and dueting, acoustic insulation for sonie fatigue, or areas of high-
frequency vibration.

Adhesive bonding and sandwich panel construction lend themselves to modular
construction and have been used as deckhouses on patrcl craft produced by foreign
nations. Adhesive-bonded sandwich panels and construction offer & high strength-
to~weight ratic 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 necessary gqualification tests before incorporating 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 allowables and add to the list
end matrix, as required, to accommodate new applications. Take care to avoid
excessive fastener proliferation.

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

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 stern-tube installations, bulkhead penetrations, pipe flange con-
nections for dissimilar pipes, and deck pads for equipment mounts.

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

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.

Consider possible applications for items in Appendix E such as in-place tube
welder, laser slignment, and new bulkhead penetrations.

The logical step to follow a study of this type is a developmental activity
encompassing the design and fesbrication of selected joint hardware to assess
end validate the comparative advantages of different Joining methods. For exam-
ple, welded versus mechanicelly fastened joints for a given application should
be compared, each designed for use with its unique Jjoining process.
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¢, Similarly, material trades in selected applications can be evaluated with the
design of a selected Joint for steel, aluminum, and combinations using explosive-
bonded strips as the interface. Again, each should be designed to take advanteage
of the properties of the particuler materisls being compared.

e ———— — _..._-_.--‘

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

In-service experience can be monitored to validate the projected performance of
the new designs and 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 nonstructursl compon-

P A S P . |
ents can be a&pplied.

APPENDICES

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

Piping systems, which inciude 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 are presented for congideration,

and the cost effectiveness of these systems over a period of operating time remains
to be established.

The adhesive-bonding equipment shown, represents typiecal eguipment found in the
aircraft industry. It is not necessarily optimum for shipbuilding applications. The
economies of purchasing completed parts should be considered before making & capital
expenditure.

The in-place tube welder described snd shown in Appendix E was developed to weld
high-pressure stainless steel and titanium tubing in limited-access areas where con-

ventional welding techniques could not be applied. High-quality welds sare obtainable
on a production basis.

Flectrical systems encountered in shipbuilding range from electric lights to radar
installations. Combatant vessels are equipped with a variety of complex electronic sys-
tems outside 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-Ceble Transit units for tubing, pipe, and wire connections
eliminates stuffing-tube arrangements and the necessity of potting and sealing to
meintain 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 additionael flexibility
vhen instslling instrumentation systems, especially those invelving multiple connec-
tions between components. Flat cables can be used efficiently in limited-access areas
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Lagser opties, 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 technigques tco 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, theretfore, included in the
appendices of this report for information as to the current state of the art and the
Joint sharing of this technology between the different industries.

APPENDIX A

PIPING SYSTEMS

Piping systems currently installed on commercial and military shipping use steel
nines bhoth C{r"har'h'ﬂn }.Ln ar\r? 80 anAd ateal numnes writh hranza hunehinee anAd Pi++3noa
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Large gate and 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, Maryland, 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, bellest, 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 of these systems would have to be determined
from cost-effectiveness and reliabilitf standpoints.

While these systems may save weight and installation costs, the fluid prime
mover will be predominantly the steel pump due to availability and cost considerations.
Again, galvanic incompatibilities can cccur, 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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TABLE 17

COST COMPARISON FOR ALUMINUM ALLOY AND STAINLESS STEEL VALVES?

; Pressure 304, 316, and 356-T6
(Ibs) ($/each) ($/each)

3 flanged 150 Gate 263.00 268.00
4 flanged 150 Gate 376.00 389.00
6 flanged 150 Gate 610.00 622.00
8 flanged 150 Gate - 809.00
3 flanged 150 Globe 407.00 273.00
4 flanged 150 Globe 478.00 512.00
6 flanged 150 Globe 809.00 891.00

3| nformation taken from SSC report 281, p. 75.

TABLE 18

MATERIAL COSTS—BILGE SYSTEM IN BALLAST TANKS (U.S. DOLLARS)?

. Fiberglass-
Item Aluminum SBtI:‘;k Ga;:::;z':d reinf%n_‘cer’ PVC lined
plastic
Specification 6061-T6 A53 AB3 Bondstrand | Resistoflex
or equal
Thickness Schedule Schedule | Schedule - -
40 80 80
2440 feet of 4-inch pipe $5,967 $5,630 $6,750 $10,248 $16,104
Aluminum bulkhead penetration (50) 5,967 5,630 6,750 10,248 -
Aluminum spools (40) - 1,800 1,800 - —
Flanges (70) 1,376 506 760 539 Included
Ells (150) 3,420 1,014 1,402 2,520 8,295
Couplings (36) - - - 194 —
Valves (10) e Not included i
Cathodic protection - 1,720 1,720 - -
Total cost $10,763 $10,670 [$12,432 $13,681 $24,399

3jnformation taken from SSC publication 218, p. 78.
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Severszl suggested methods of pipe-to-pump attachments, bulkhead feedthroughs,
and pipe tapoffs fabricated from bimetallic stock are shown in Figure 19,

While an interested perty would have to develop the necessary rupture and
fatigue data, the concepts are practicsl and offer an attractive cost-savings poten-
tial. This process could eliminate the costs of waste washers and gaskets and mini-
mize related maintenance, corrosion, end rust allowences 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 Guard, predominantly in bilge snd ballast sys-
tems. Cost analyses from SSC Publication 218, Design Considerations for Aluminwm Hull
Structure, are shown in Tables 18 and 19 for bilge and ballast systems,

Nondestructive test (NDT) procedures are available commercially for in-process

controls of explosion-bonded materials. These included X-ray technique and dye-
penetrant inspection of the bond join and weld bead.

APPENDIX B

WATER SYSTEMS

or sanitary engine coollng and consumption purposes and a salt-
st. The potable water is from two primary sources: (1) on-board
shore supplied. The salt system is ocean supplied.

Two weter systems
potable water system fo
water system for balla
desalinization and (2)

are in common use for ship operation. These are the fresh

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 alumimm
structure, different problems arise--some chemical and some regulatory. If aluminum
pipe systems are used for both freshwater and saltwater systems, corrosion problems
will occur due to the varicus differences in fresh water found in different ports.
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The installation of aluminum piping in aluminum structure would simplify construc-
tion and eliminete the necessity of galvanic isoclation technigques that would be
required for a steel-pipe system. The aluminum pipe would be lighter than steel due
to differences in density and would not have the heavy-duty (schedule 80) wall-
thickness requirement as dces 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
galvanic incompatibilities. "Sailor proofing" GRP pipe would be more difficult. Unlike
bheavy-duty steel pipe, the GRP could notrbe used as a "chinning bar." Allowances for
reinforeing and protecting piping in passageways and overheads must be considered.

Difficulties encountered in a GRP system include fabrication because GRP is
mot 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 hydrocfoils. 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 struectures, and is
formable. In small dismeters, welding or mechanical couplings can be used effectively.

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

For econcmic and regulstory 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 ATR SYSTEMS

0il 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 from black steel due to the nonconductive characteristics of fuel oil and
fire prevention requirements. The introduction of aluminum or plastic pipe should be
considered for future use. As new materials and design allowables become available,
regulatory agencies should consider their implementation after appropriate testing
has been completed. The installation of black-steel fuel lines in aluminum structure
will create galvenic corrosion problems if isolation procedures are not adequate.

The installation of stainless 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. These penetrations 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 construe-
tion and jumboizing. Design and fabrication techniques used in aireraft use modular
construction and systems installation for preinstallation of many of the electrical

systems, hydraulic 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 system will be used. Safety experience geined with
mobile aluminum truck tenkers should maske &n all-aluminum pipe system a major con-
tender for ship service, due to their impressive safety record.

r

Compressed-air systems involve two mejor areas of ship operation. They are a
4OD-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, & schedule
40 aluminum low-pressure system has been previously recommended. High-pressure stain-
less steel could be implemented for engine-start, eliminating galvanic couple problems
associated with penetrations of steel pipe through eluminum bulkheads. This, us

used in



FIG., 21 - TYPICAL SPRAY BOOTH FOR APPLYING
ADHESIVE PRIMER
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FIG. 22 - TYPICAL OVEN FOR PROCURING ADHESIVE FIG. 23 - CLEAN ROOM FOR ASSEMBLY OF PARTS TO BE
PRIMER BONDED
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conjunction with pressure reducers and regulators, could be reduced to a single
high-pressure system, with the regulators and reducers supplying the low-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 heve to
meet regulatory epproval, 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, etec.,),
puup pressures, safety allowables, etc.

APPENDIX D

A typicael bonding facility for aluminum structures would require the following:
a) A chemical processing line with the following tanks (Figure 20):
1) Trichloroethylene degreasing tank
2) Alkaline cleaning tank
3} Werm water rinse tank, either immersion or spray
L) Sodium dichromate-sulfuric acid deoxidizer tank
5) Cold water spray rinse tank
6) Dryer tank

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 ineluded in the clean room and required special facili-
ties are:

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

2) Ovens 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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The clean room should have filtered incoming air and should be pressurized
from 1/2 to 1 psi, in relation to adjacent areas, to be sure all air
movement is outward from the clean-room area. The primary purpose of the
clean room is to provide a segregated area for the special handling
required for the "clean" part during the priming, precuring, and assembly
operation.

e¢) 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 alsc the total volume of
bonded parts. The autoclave requires area and handling equipment for
steging and handling the bonding tools in and out. There is considerable
experience in the design and fabrication of autoclaves for adhesive
bonding in the aerospace industry.

As indicated above, the total bonding faecility 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
parts required for the bonded assemblies, and the required nondestructive testing
equipment (Figure 25) for inspection of assemblies in process and after the final
bonding operstion. In-process controls are also required to maintain bond quality and
reliability and reinforce confidence level.

APPENDIX E

IN-PLACE TUBE WELDING

The in-place tube welder (Figure 26) was developed for in-place production
wvelding of stainless steel and titanium high-pressure hydraulic systems and is s
commercially availabhle 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 operstion and are showm in
Figure 27. The space envelope dimensions required for a typical head and auxiliary
bridge tool are shown in Figures 28 and 29. Depending upon the application, various
types of weld Joint configurations have been ugsed successfully. Several of the more
popular and practical Joints are shown in Figure 30.

For those heavy-wall tube joining epplications requiring the addition of filler
wire, suitable miniature crawler-type weld heads are available. Due to the additional
mechanisms to handle wire feed, these héads are substantially larger than the nonfiller
vire adding-type head. A representative head availsble at this time is shown in Figure
31, with its space requirements in Figure 32.
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Butt Joint With
Filter Metal Insert

Flare Bevel Butt Joint

Flange Butt Joint

s

§ . Weatherhead Sleeve Joint
Butt-Sleeve Joint {Swaged and Welded)

FIGURE 30

TUBING WELD JOINT CONFIGURATIONS
FOR GTA TUBE WELDER
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FIG.32 - TYPICAL GTA TUBE WELDING HEAD
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APPENDIX F

ELECTRICAL SYSTEMS AND THEIR ATTACHMENTS

The installation of electrical systems and connections between components has
presented numerous problems to the design and fabrication contractor of both steel
and 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 an aluminum structure, afford the opportunity for contaminants to enter
adjeining compertments. This condition can be eliminated by fillet welding the pipe
and bulkhead at the point of penetration. Suggestions and recommendations for dissim-
ilar metal penetrstion of steel pipe through aluminum bulkheeds 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 are armored. Even when conduits are used, a stuffing tube arrangement
mst be fabricated to ensure each compartment's integrity. This process creates addi-
tional outfitting difficulties and higher costs, both in material and labor, and is
not conducive to visual inspection or postservice modifications.

MULTI-~CABLE TRANSIT

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

Multi-Ceble 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 L4-3/L to 9-3/8 inches, depending on model. The MCT uses
cable modules made from Teeron, a DuPont neoprene compound that expands when heated.

The installation procedure is relatively simple., An oblong hole is cut in the
bulkhead to accept the MCT frame which is then 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 Teceron block, conforming to the
respective cable dimensions, is installed with a slight coating of lubricant on the
block. Armored cables have G.E.'s RIV-102 or 106 sealer spplied 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 against fire, water, and air leaks. MCT
will accommodate cables or pipe ranging in outside diesmeter from 5/32-inch to 3-3/h
inches. These units may be purchased in gang or group mountings. Additional cables or
tubing may be installed by adding the necessary insert blocks. Cables may be removed
in the reverse manner. An added advantage of MCT installetion is that fabrieated
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FIG. 33 - TYPICAL

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 leskage and grounding are important, MCTs with
conductive rubber hlocks are available.

Fire tests conducted at the Lockheed Flectronices Environmental Test Laboratory
demonstrated that MCT could withstand 1715° F for 1-1/2 hours, when attached to a
1/h-inch steel test panel. The rear side of the MCT and cebles remained relatively
intact during the test. MCT inserts are not subject to attack from liquid chemicals
or hydrocarbons. MCT is reputed to comply with Mil-P-16685C, U. S. Military Standard
167, Mil-8-901C, Mi1-5td-108D, ASTM-E119-61, and the JCSIS fire-test standard.

Cost comparisons indicate the MCT units will save 50% of the installation costs
over the cable-tray or conduit-and-sealing-coripound methods of ecable installstion.

FLAT CABLE

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

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

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

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

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

APPENDIX G

OPTICAL LASER APPLICATIONS

ot A AR

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 research pro&ram is to apply alignment state-of-the-art

T mvr] oA L2 ] 4+ T4 mamamadal ame mdem oman hinill awantd A
ll.lU"J.CU.E,C U..I..“.al. CA_LJ‘:.L&CILLC UU DLIJ.FUU..LJ.\.«LJ—LL& W-Lul.l a_p::\.a.a..l_ UN_\:JLI.“DJ.D A ETY Lh“.L.L CLC\-\J&UII u.nu.

{ 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:



“7 0=

NOILISNYYL I¥IM ONNOY OL 378YD Llv1d -- 9€ "9Id

370NNG FYIM
ANNOY OL Q3UWdWOD ATEW3SSY 378¥0 Lv1d - S€

INIWANTINIT
ERELR
Wy

£




a)

b)

4)

e)

)

g)

h)

i)

_71_

Optical instruments require experienced personnel. Lasers do not.

The accuracy of optical instruments depends on resclution, definition,
proper certification, removal of parallax, pointing (dependent on
physiclogical and psychological characteristies of individual operators),
end proper targeting and target lighting. Lasers depend primarily on certi-
fication. Human interpretations would be eliminated for machinery and
other precise alignment applications.

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

The laser beam can be detected wisually as well as electronically. Optics
normelly 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 dees not require initiasl focusing to find the target and refocus-
ing to achieve final alignment.

Unlike optics, the laser field of view is the entire field of view of the
operstor 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 summery of applications of the optical laser includes, but is not limited to,
the following:

a)

b)

Alignment of ways 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 instdllation

Lash-rail alignment

SBuperstructure-to-hull and deck slignments



V7.1

-72-

APPENDIX H - BOEING DESIGN MANUAL

SECTION 17

FASTENERS, GENERAL

INTRODUCTION

17.11

Riveting - General

17.2 SYMBOLS AND CALLOUT

17.3

17.5

17.6

17.21

17.22

17.23
17.24

17.25

Fastener Symbols
17,211 NAS Symbols

17.2111 Examples of NAS Symbols
17.2112 Basic Rivet Code

17.212 Obsolete Symbols
Fastener Cailout

17.221 Parts List Callout
17.222 Location Callout

Hele Location Symbols
Matching Holes

17.241 Holes tc Mate With Stendard Parts

17.242 {oordinating Holes

17.243 |dentical Parts Except for Holes
Hole Size Collout
17.251 Selection of Hales for $tandard Fasteners

17.252 Standard Holes for Structural Fasteners
17.253 Hole Size for Blind Fasteners Group |

FLUSH REQUIREMENTS

17.3}
17.32

SEALING

17.51
17.52
17.53

Toleronces
Countersinking and Dimpling

17.321 Countersinking

17.3211 Minimum Sheet Thickness
17.3212 Callout

17.322 Dimpling

17.3221 Edge Margin
17.3222 Callout

r

Calioyt
Types
Maximum Spacing

FASTENER USE CHARTS

17.61

MNAS Symbol Fasteners

17.611 Solid Shank Structural Rivets
17.612 Lock Bolts 8 Hex Drive Bolts
17.613 Blind Fasteners



17.621

17.622

17.623

17.624

17.625

~73-

' 17.62 Threoded Fasteners

Bolts

17.6211 Titanium Fasteners

17.6212 Self-Locking Bolts

17.6213 Non-Standard Threaded Fasteners
17.6214 Specially Surfaced Stee! Bolts
17.6215 Bolts Without Cotter Holes
17.6216 Qversize Bolts

17.6217 Radius Ciearance

17.6218 Bolted Sloping Surfaces

Screws
17.6221 Tapping Screws

17.62211 Thread Forming Screw
17.62212 Threed Culting Screw

17,6222 Drive Screws

17.6223 Wood Screws

17.6224 Set Screws

Nuts

17.6231 MNut Use Charls

Piate Nuts and Gang-Channel Nuts

17.6241 Gang-Channel Nuts- Drawing Callout
17,6242 Plate Nut Hole Clearance - Drawing Callout

Sheet Spring Nuts

17.63 Special Fasteners

17.631
17.632
17.633

17.634

]
o Cr

17.641
17.642
17.643
17.644
17.645
17.646
17.647
17.648

Pins Use Chart
Shear Pins
Metal Stitching

17.6331 Edge Margin and Spacing
17.6332 Capacities and Dimensions

o B | T
i:"_éBJJ DIUWng \_.UIIUU?

Quick Release Fasteners

17.64 Washers, Specers, and Shims

Woeek oo
¥Yasners

Shims, Plate Nuis
Spacer, Sandwich Board
Rivet, Spacer Head, Blind
Spacer, Rivefand Bolt
Spacer, Plate Nuts

Nui, Spacer Plate

Radius Fillers




.y
SECTION 17

FASTENERS, GENERAL

17.1 INTRODUCTION

A. Faostener information is presented in three sections:

I. Section 17 cantains callout instructions for allfasteners and holes,
hole sizes, sealing informatien and usage charis.

2. Section 18 provides strength data, edge margins and spacing
requirements.

3. Section 19 contoins descriplions of fastener installation tools and
reloted informotion which must be considered in design.

B. The instcllation of fasteners is controlled by process specifications:
I. BAC5004 for rivets, lockbolts and blind fasteners.
2. BACS5009 for bolts and nuts.

Drawing forms contain references o these specifications in the title
block area.

C. “In oddition, where applicable, additional process specifications
should be called out on drawings. For example:

1. BACS018 for installation of cotter pins and similar scfetying
devices.

2. BAUS5047 for installation of fasteners which must be fluid tight.
3. BAC5049 for dimpling ond countersinking.
4. BACU508S for installation of metallic sandwich spacers.

17.11 RIVETING—GENERAL

Joint design and associated fostening concepts shall continue the
practices used on previous commercial models with exceptions to
provide increased reliability, weight and cost reductions. A brief
resume of the major current proctices ond recommended changes
follows:

Riveting

For structural fluid tight riveting, the use of NACA and modified
countersink automatic riveting in accordance with 8AC5047 shall be
continued. Avoid the use of rivets where the material thicknesses
add uvp to more than 2.5 D.

Avoid use of dimpled rivet installations in exterior and aerodynamic
surfaces. Flush rivets shall be of the shear head type (BACRISCE)
in thin skin applications.

Conventional 1080° flush head and pratruding head eluminum alloy
rivets for interior struciure, sub-structure and attachments sholl be in
accordance with MS standards 20426 and 20470,

For nutplate attachment use hollow pull-stem rivets (BACRISDR),
except in seal areos, unless prohibited by customer specifications. In
blind riveting applications requiring structural strength and fottgue
resistance use the Cherrylock and bulbed Cherrylock locked spindle
aluminum alioy rivets (NAS1398 and BACRI5D)).

For high temperature service the monel Cherrylock {NAS1398] shall
be used.

17.2 SYMBOLS AND CALLOUT

17.21 FASTENER SYMBOLS

17.211 NAS SYMBOLS

The NAS523 Symbol System is used to call out permanenl type fas-

. Thea factanar o chy 172117 Do
tenser unils on u\uwmg: The tastener units shown in 1/7.21 T£, DG3IC

Rivet Code, con be called out with the NAS Symbol Sys‘rem. A
threaded bolt that is used with various nuts, pins, metal stiching, and
miscellanecus special fasteners cannot be included in the NAS Sym-
bal System.

botmar inido oo drmusinac

A. The NAS Type Symbol is basically o cross with the intersection
af the center of the fastener in the plan view. Faslener identity, size
and installation instructions are indicated by letter-numeric coding
within the quadrants of the cross.For convenience the four quodrents
are referred to as shown below regardiess of rotation.

< Sy

S 2k

Figure 17.213-1

RIWINE
N L

TWIE

B. Busic Code. The fastener is identified by o non-significant two-
lefter code in the NW quadrant, which defines aoll fectures except
diameter and grip or length. lt also includes the collars for lockbolts
and Hi-Shears. When inclosed in a box, installation par BACS5047 is
required. For code lefters, see the usage charts. Code letlers fo be
used by the entire uircrcuft industry are added to NA5523 cmd then
to the Design Manual. Code letters forindividualcompany use begin
with X. Consult Seatlle Standards Unit for assignment of new code
letters.

C. Diameter and head location areindicated by a number and letier
in the NE quadrant. The number is the same as the diameter dash
number of the part or the last one or two digits of part numbers
which express the nominal diameter by these digits, the letter N or
F refers 1o NEAR SIDE or FAR SIDE of the manufactured head. If
the head location is optional, or is clearly shown by the drawing the
letter may be omitted.

D. Rivet length and spotweld cptional are shown inthe SE quadrant
by o number and letter . The number is the dash number for the
length ar grip of the part; it is omitted for conventional rivets except
in madification kit drawings per PM, D-4%00. The letter W, if used,
permits spotwelding instead of riveting.

E. Countersinking and dimpling instructions are shown in the SW
quadrant as follows:

1. Dimpling is indicated by a D followed by o number indicating
the number of sheels 1o be dimpled, if more than one.

2. Countersinking is indicated by the letter C. No number is used
with countersinking.

3. Flush both sides is shown by placing the letters and number {as
applicable) on two lines. The upper line applies to the manu-
factured head, ond the lower line to the driven head. The angle
of the driven heod shall be thesameas that of the manufactured
head except as noted in paragraph F below.

F. Fluid tight riveting {(per BAC5047), is shown by enclosing the basic
code in a square in the NW guadrant. Ploce 82 below the counter-
sink code in the SW quadrant when on 82° driven head angle is
required (NACA style].

G. Rivel symbol blocks as shown below will be prinied on drawing
forms stocked at the supply counters, or upon request to the Repro-
duction Unit. Several blank spoces are provided for listing the
rivets used on the drawing and the code for each. More spaces may
be added by the draftsman if required.
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17.211  NAS SYMBOLS (Continued)

BK = MS20470B CE = P (CKL)

BA = MS20426A XLP = BACB30LA

DZ = SALI00-T &6LC~C NAS 528

XPC = BACB3OMB*A**|J XC = BAC-R15BB-AD
& BACC30X

—~ HOLE LOCATION FOR X DIAMETER RIVET

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

BASIC CODE , DIA DASH NO.
ENCLOSED = FLUID FIGHT / MFD HEAD LOC
OPEN = STANDARD / N = NEAR SIDE

F = FAR SIDE
XX |xx

DIMPLE/CSK INFO———— D2C[X W —=—— SPOT WELD OPT

D = DIMPLE "NC____ LENGTH DASH NO.

2 = NO. SH DIMPLES
C = CSK INSTRUCTURE
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

E: The Basic Fastener Code and the equivalent part number(s)
that are noted the Rivet Symbol Code box, shall be the
same as those listed in 17.2112 and D5%90. These include

codes for material, finish, etc., as required.

Example: XPC = BACB3OMB*A**lJ & BACC30X

Where: BACB30MB
IIAII Cﬂde
"U" code

Basic Part Number
A286 material
Unplated
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§7.2111 EXAMPLES OF NAS SYMBOLS

&
I

i MS20470B4, UNIVERSAL HEAD, 5056~F RIVET, 1/8 DIAMETER. HEAD DIRECTION
OPTIONAL. SPOTWELD OPTIONAL.

BAKBM  MS20426A6, 100% HEAD, 1100-F RIVET, 3/16 DIAMETER. COUNTERSINK 100° NEAR

C SIDE FOR MAMNUFACTURED HEAD,

BAKF MS20426A%, 100° HEAD, 1100-F RIVET, 3/16 DIAMETER, MAMUFACTURED HEAD
ey FAR SIDE. DJMPLE OUTER SHEET AND COUNTERSINK INSTRUCTURE 100°

oC BOTH SIDES.

pzler SALTO0-T4-5 (BAC-B30P~6-5), 100° HEAD, $TEEL, SHEAR LOCKAOLT, INCLUDING
“HI—  2024-T4 COLLAR 61C-C4 (3AC-C30A-CE). 3/16 DIAMETER, 5/16 MAXIMUM GRIP.

COUNTERSINK 100° FAR SIDE FOR MANUFACTURED HEAD.

xLpl s BACB3OLAS-3, 100° HEAD, BLIND BOLT HUCKBOLT, 3/16 DIAMETER,
EEaT A =2 3716 NOMINAL GRIF. COUNTERSINK 100° FOR MANUFACTURED HEAD (Direction
assumed to be obvious).

CEl6 P6D (BAC-RISAP-4-147), BRAZIER HEAD, 5054-F BLIND RIVET (HUCK CKLj,
o 3/16 DIAMETER, .129 - .165 GRIP RANGE. (The uso of letter D For grip is an
excaption to the stondard code).  Head Direction Obvious.

EL BAC-Ri58B-6AD, 2117-T3, 3/16 DIAMETER, UNIVERSAL HEAD RIVET, MANUFACTURED
HEAD FAR SIDE. FLUID TIGHT PER BAC 5047,
[(xcler BAC-RI5BB-8AD, 2117-T3, 3/16 DIAMETER, UNIVERSAL HEAD RIVET, MANUFACTURED
a% HEAD FAR SIOE, COUNTERSINK 82° FOR FLUID TIGHT DRIVEN HEAD PER RAC 5047.
_l& HOLE LOCATION FOR A 3/146 DIAMETER RIVET. (The number signifies rivet diameter

in thirty-seconds.)

Fig. 17.211141

1 7.23 {Continced)

2. The assembly or insigllation drawing shall locate the parts,
Indicate the fostener and associated parts such s nuts, waoshers,
etc., and show the hole size per 17.25.

Where hole patierns gre duplicoted on other drawings o note
shall be added stating which drowing shall be used as o pattem,
Drawings showing holes which are not *o be used for pattemns
shall show the note:

USE RIVET (BOLTY HOLE LOCATIONS SHOWN
ON XX-XXXX

This note should also be shown on assembly drowings not used
as hole patterns.

e | | |
l

£ |JSE RIVET HOLE LOCATIONS SHOWN ON |7
23-000.

| 23-0000

Te L L 1
! 1 1 1 g

A flag and flag note may be used when space is
limited,

Figure 17.23-1

17.24 MATCHING HOLES
See DM BI, Section 13.

17.241 HOLES TO MATE
WITH STANDARD PARTS

When holes in @ detail part or ossembly must mate with holes In @
purchased or government furnished item the sizes and locations shall
be completely dimensiored and toleranced to assure fit if essembly
is on @ higher drawing. The nate, "LOCATE TO MATCH" shall
not be used. I a G.F.E. port is brought fogether with Boeing parts
for assembly, use note "USE HOLE LOCATIONS SHOWN ON
——————————— v (GFE PART).

17.242 COORDINATING HOLES

Coordinating holes shall be used in accordance with DM 81,
1.532.

17.243 IDENTICAL PARTS
EXCEPT FOR HOLES
Parts which are identicai except holes or hole locotions require

different port numbers. This applies to parts drawn as seporate de-
tails or called out by dosh number an an assembiy or installation.

A. When a standard part i drifled for in‘srg!lgﬁun, it shall be

given a new number ond treoted as a MAKE FROM part--see PM
2481, Section 5.034.

B. Boeing detailed blank parts which ore used in two or more as-
sembljes heving different hole potterns sholl be trected as in A
obove.
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17.25 HOLE SIZE CALLOUT

A. HOLE SIZES NOT SPECIFIED ON THE DRAWING. Hole sizes
for conventional riveils and Cherry, Olympic, Huck, Dupont chemi-
colly expended blind rivets, are controlled by BAC 5004 or
BAC 5047 and shall not be shown on the drawing.

B. HOLE SIZES SPECIFIED ON THE DRAWING. All fastener holes
not included in A above must have the size and tolerance clearly
specified in decimal dimensions on the drawing. These include,
bolts, screws, swaged collar fasteners, blind lockbolts, jo-Bolts, and
Deutsch Blind rivets.

Hole sizes may be specified in various ways, such as by note ot the
fastener location, or by o general note near the title biock for each
size ond type of fastener used, or by a combination of such notes.

if the purpose of a hole is not readily apparent o nate shall be
added to reference its use. This also opplies to blank holes.

When a cleorance hole is one belt size larger than the bolt, Manu-
focturing assumes the drawing is in error. Te aveid misunderstand-
ing and delay, a special note should be added. For example, if a

.33 hole is required for a 1/4 bolt the following note may apply:

NAS1306-7
_dj(/— BACNIO GWé
391

The method used to produce a hole will not be included in the
drawing callout; the size and tolerance will indicate the required
method .

Holes may be called out with or without the fosteners os shown:

.379
375 DIA HOLE
375

37
4 Holes for 24-XXXX

EP 375 DIA HOLE
375

5 places .190
XI[6F @7

3

DIA HOLE

4 places

NOTE: Solid ¢ for .5 diameter or less.

17,251 SELECTION OF HOLES FOR STANDARD FASTENERS

The precision required in drilling holes for bolted structural joints

317 carrKfng shear loads is determined by the nature of the loads and
313 "5y DIA. OVERSIZE HOLE FOR NAS 1304 BOLT by the number of bolts in the joint. Ses Figure 17.251-1.
SELECTION OF HOLES FOR FASTENERS
) Recommended
Joint Condition or Loading Fostener Type Hole Type
Joint transmits large portion of load carried by airplane
component (wing empennoge, etc.). Close Talerance Bolt Close Ream ()

Joint subject to frequent load reversal {buffeting or
vibration) .

Less than four fas-
teners in joint,

L R
R

(e el

Jaint subject to rapidly opplied loads as a result of
high acceleration of large masses.

Four or more fas-
teners in joint.

Close or nonclose
Tolerance Bolt,
or Lock Bolt

ClassV &

Joint in fluid tight structure.

All

Close Ream CD

Joint in secondary structure.,

Jeint in primary strugture :
in shear and greater thon 50 per cent in bearing}.

adjacent structure, use Class | hole.

A, Not subject to reverse and/or rapidly applied loads.
B. Over-strength (morgin of safety greater than 25 per cent

NOTE: Where resulting allowable motion in joint will tend to overload

All

Class 1 3

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

Joint where close fit is obviously not required, and alignment of predrilled holes
is difficult, Exempies: Clamps, fairlaads, instrument and equipment support
brackets, junction boxes, liniag trim, miscelluneous supports and brackets.

Al

Clas il 3 @

@ Hole sizes for blind bolts are shown in 17.253.

(@) Close tolerance bolts may be Installed in close reamed holes in oll materials.

r
(@) Lock bolts in transition fit holes shall be restricted os follows {not for blind lock bolts):
A.  Material single thickness next to coliar sholl be at least .25 times nominal fastener diameter.

B. Total material thickness shall not exceed 4 times neminal fastener diometer,

@ Class Il holes do not necessarily provide the largest clearance advised for all designs. Where
the design allows, and either fabrication or assembly is more economical with larger clearances,
lorger holes moy be specified with sizes in accordance with 7.431.

Figure 17.251-1
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17.252 STANDARD HOLES FOR STRUCTURAL FASTENERS

A. Hole size for bolts, screws, lockbolts, pins and other similar
structural fasteners are given in Figure 17.252-1.

B. Manufacturing practices for hele preparation and fastener in-
stallation for all but extreme design requirements are specified in
Process Specifications BAC5004 {for lockbolts and blind fasteners)
and BACS009 {for both screws and nuts). The requirements of BAC
5004 and BAC5009 are specified by a note silk screened on draw-
ings near the title block. Speciclinstollation requirements, where nec-
essary, must be clearly specified in detail on the drewings. In such
cases, it must be established that the requirements are within manu-
facturing capabilities and are economically justified: consultation with
the applicable divisianal staff is recommended.

Some provisions of BAC5004 and BAC5009 are as follows:

1. Fastener holes are required to be within 2° of normal to:
a. The surface under the head of protruding head fasteners.
b. The surface surrounding the top of countersunk fastener.
c. The surface in contact-with the washer face of nuts.

NOTE; "within 2° of normal’ is intended as o shop tolerance, in
coses where design is such that the surface under the bolt
head or nut is not nominally perpendicular to the hale with
1/2°, the drawing shall call for a spotface (per DM Book 81,
7.4132) as optional.

The perpendicularity of installed fasteners is alse controlied by
limiting the permissible gap under fastener head and nuts. This
gap is influenced by hole abnormality, cocking of fasteners heads,
lack of fastener straightness, abnormality of nut threads in rela-
tion to the washer face of nut, surface irregularities under nuts
or heads of fasteners, bending of the fastener and compression
of the clamped material.

[

C. Aluminum collars swaged on lockbolts can accommodate more
slope than nuts on bolts. The permissible slopes given in Figure
19.34-1 include the 2° deviction fram normal allowed for shop hole
preparation.
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Holes listed in Figure 17.253-1 are for high strength blind fosteners
{Huck Blind Bolt].

HOLE S1ZES FOR HUCK BLIND BOLTS
BAC B30LA & BAC B30LB
Nominal Hole Diameter

Size Minimum Muaximum
5/32 164 167

316 199 .202

/4 .260 263

£/16 .312 315

3/8 .374 .378 ,

Figure 17.253-1

17.3 FLUSH REQUIREMENTS

The selection of countersinking or dimpling, and the flushness toler-
ance that must apply, shall be in accordance with this section.

-7 9-
17.252 [Continued)
reny e
STANDARD HOLE LEIMITS PER NAS 618 W
Nominagl Diameter] Close Ream Transition Fit Class | Class It Class 1il
Fostener {r Alum and Mag in Steel
Min iax Min Max Min _Max Min Max Man Nax ™in Viax
A 067 .067 .081 090
1 075 080 | 093 [(.103
) nao Pt 1ns 110
V4 e A UTD UG T .11G
3 .101 . 106 .120 L1317
4 Use 114 M| 136 147
50r1/8 | -i27 J1320 G147 .158
3 close 140 45 Lal 172
8 or 5/32 <1635 . 1645 161 164 regm - 164 .168 166 7 .192 .203
10 or 3/16 . 1895 . 1905 JE7 190 R - 190 -194 190 199 .218 .229
174 L2495 1 .2505 247250 | dliameters -250 .254 .250 261 | 279 2%
5/16 L3120 L3130 . 309 .313 for 32 L6 L3113 . 327 .342 ,354
38 . 3745 .3735 371 - 375 .375 .37% .375 .391 404 416
7716 L4370 L4380 .A34 .438 standard 437 .442 438 .457 467 .47%
1/2 L4995 .5005 496 .500 fasteners .500 .505 .500 -521 529 .54}
2/16 . 5620 .5630 .55% .563 562 .567 .563  .58% .591 410
5/8 L6245 6255 621 .625 L4625 .630 625 1 .645 L653 672
3/4 L7495 .7505 750 1 757 750 773 .778 797
7/8 .8745 .8755 875 i .882 .875 .898 .903 .522
1 L9995 1 1.0005 1.000 1.010 1.000 1.026 | 1.028 1.047
T1/8 L1245 | 1.1260 1.125 1.135 1,025 | 1155 | 1.153 | 1.172
11/4 L2495 1 1.2510 1.250 1.260 1.250 f.280 | 1.278 1.297
13/8 1.3745 | 1.3760 1.375 1.385 1.375 1.405 | 1.403 1.422
11/2 F.4995 | 1.5010 1.560 1.510 1.500 1.530 | t.528 1.547
(1) Closs 11 holes and “3  thru & holes are not shown in NAS 618.
(1) Oversize fasteners are for repair work only and shall not be used in design.
(3 Transitien fit for 5,/32 B3CDX, B20DY, B30GP and B30GG is . 162 - 165, not per NAS 618.
(@) For holes with larger tolerances see note (1) in Figure 17.251-1.
(5} Washer required under fillister screw head.
Figure 17.252.1
17,253 HOLE SIZES FOR BLIND FASTENERS GROUP | 17.31 TOLERAMCES
n

10
is included in

005

BAC 5004 and 5009. Drowings which require compliance with these
specifications need not call out nermaol tolerances. However, if toler-

+01

ances smoller than 002 are necessary they shall be selected from

n
A. The normal fastener flushness tolerance of -

Figure 17.31-1 and called out on the drawing by symbol or note as
shown by example.

B. These tolerances are mandatory for dimpled structure to permit
the use of standard dies. The same (or larger} tolerances are pre:
ferred for countersunk structure. However, countersinking tools can
be adjusted to satisfy special requirements.

C. Drawing callout examples of an individual tolerance included
with a symbol as a generat note:

aF AL MACTOHNADL DIOTC INICTAIIEM 1LY +.005 {Ing

T ALL MO£LV4LU RIVYEia NINIOIALLCLY LU oM _ 000 I|II‘|
O] AREAINDICATED) -

XFV]| ALL BACB30GY RIVETS INSTALLED FLUSH +$g (N
D AREA INDICATED). T




17.31 (Continued)

-80-

FLUSHNESS TOLERANCE

DRAWING
FASTENER (1) (TC BE SPECIFIED ON REMARKS
NUMBER DRAWING)
+.005
Aluminum Rivets ﬁé&ggA -. 000 1. Preferred. Requires practically ne shaving.
Aluminum Lock~ BACB30GQ +.002 2. For critical aerodyriomic areas. Requires shaving.
bolts -.000
+.002
-.004 1. Usual, a3 driven.
Maximum stem protrusion 2. Normal stem retention.
NAS1399 above skin 020
Blind Rivets BACRISDD
Group 11 BACR15DF +.,002 1. for critical oerodynamic arews,
BACR15D. . -.004 2. Requires shaving.
Maximum stem protrusion 3. Normal stem retention.
above skin 002
Shear Lockbolts BACB30GY
1. Coannot be shaved.
2. Cannot be installed in below-flush applications
which require aerodynamic smoother,
Tension Lockbolts BACB30DX +.002
Tension Lockbolts Stumps | BACB3OHG -.005
1. Cannot be shaved.
Steel Bolts B ACB30LU 2. Cannot readily be installed in below-flush
applications which require aerodynamic
+.005 smoother except with specialized dimple
NAS583-590 -.005 tooling.
Huck blind bolt BACB30LA +.005 1. May be shaved.
-.005 2. Must be corrosion protected
after shaving.
Huek blind bolt BACB30LB +,005 1. Must be corrosion protected.

(D Contact applicable divisional staff unit for data on fasteners not included.

17.32 COUNTERSINKING AND DIMPLING

Figure 17.31-1

On a direct cost-per-fastener basis, countersinking a hole is cheaper
than dimpling. However, when the increased shear strength of dimp-
ling joints is considered, the smaller quantity of fasteners required
with dimpling may occosionally make the dimpled joint less ex-
pensive than one using countaersinking. In addition, limitations such
as thickness, material condition, accessibility, etc., apply to hoth
processes and will, in part, influence choice.

17.321 COUNTERSINKING

Countersinking is necessary where sheet thickness is toogreat to use
dimpling or in applications where the size or shape of an assembly
does not permil occess to dimpling equipment. Countersinking and

dimpling ore controlled by BAC 5049.
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17.3211 MINIMUM SHEET THICKNESS

The minimum material thicknesses which are recommended for coun-
tersinking are shown in Figures 17.3211-1 and 17.3211-2, Sheets
thinner than those listed must be dimpled. Sheets whose thickness
is sufficient to countersink, may be dimpled.if within the limits of
Figure 17.322-2, These limits are not valid where integral fuel
tonk sealing is a requirement - see 17.5.

The minimum sheet thicknesses are based on the minimum practical
limitation including tolerances that would provide a satisfactory
installation. Countersinking resulting in a sharp edge is poor design
praciice where service life is o factor. Consuli Stress Unit for infor-
mation regarding sheet thickness, fit and spocing that will insure
satisfactory fatigue life far a specific design.

A. For use with manufactured countersunk rivets.

MINIMUM SHEET THICKNESS FOR COUNTERSINKING @

_ - — T
11 T, T’_ K T 3 1 1
‘—q FT ﬁ FT Eﬁ [ T

T, = Thickness of sheet or sheets countersunk.

T, = Thickness of top sheet held in place by flush head.

Fastener o
Diameler 332 | /8 |53zl anefija 506 as | 7he| /2 | 916 578
Rivets,
:!md r‘ 040 | 051 | 064 | 081 {125 (125 |.156
ivets,
Alum. 7 | .032 | 040 040 | 050 }.063 {.063 | 063
Lock Balt 2
BACRISCE [T .0511.064 [ .08 |.125
Shear Head L .
Rivet 12 032 ! 040 | 050 |.063
I shear T 052 | 066, 073 ].093 | .102{ 112 .i21} a3
{ Lock Bol. | L !
1 Deursch VT ' i 049 049 049 | 049 : 057 | 057 | 066 | 064
T river i 2 (T i
I M T H H
; S on N } :
: Zﬂ(;?u!?, iri{ i ‘ D085 1010 - 138 | 1a7 b 195 1.222 ;249 !,m
o to-daly, i : H i
: by ' i ! !
1 H-Strength ;Tzf ! ' | as7 057 | 057 1057 | D66 | Lok | 066 | 066
Biind v H ‘ :
Fasteners l l il i i
|

@ Values apply to any combination of fastener and fastened
material, ond are based upon zero flushness. Where fas-
tener heod is permitted below flush, volues of T) and Ty
shall be increcsed by an amount equal to the maximum
permitted below flushness.

Figure 17.3211-1

B. For use with shop driven flush heads.

Figure 17.3211-2 T3 volues apply to both cauntersink and protruding
head rivets whose shanks are driven flush in a countersink sheet to
a diameter of 1.5 times the shank diameter,

MINIMUM SHEET THICKNESS FOR COQUNTERSINKING

z

¥
I ‘ |-——+—— 1.5 D Minimum
Ts. T Ty

Shop Driven Head

* * /—-—- Manufactured
— < ~ — Head
. !

T, = Combined thickness of sheets.

—_
"
I

= Sheet thickness ot the surface in contact with the
manufactured countersunk head.

T, = Sheet thickness ot the surface in contact with the
shop driven head.

Rivet Size T T, T;
1/8 .080 .040 040
5/32 .110 040 .030
3/16 .140 .050 .071
1/4 190 -063 .090
5/16 .220 .063 -100

Figure 17.3211-2

17.3212 CALLOUT

A. NAS CODE FASTENERS. Countersinking is called out by the
letter “C'" in the SW quadrant. See 17.211.

B. OTHER. Countersunk holes for flush head fosteners, such as
bolts and screws, which are not covered by symbol callout described
in 17.21, shali be specified as follaws:

1, For exterior {aerodynemic) surfaces and parts countersunk on
assembly, do not dimension countersink. Callout as shown:

BACB30LUSG -20
BACNI0 GWé

279 :g;; DIA.

CSK 100° NEAR SIDE 4 PLACES

NOTE: Drawing or BAC 5009 will control flushness.

Figure 17.3212-1

2. Compietely dimension the <ountersink on the drowing (se
Figure 17.3212-2 if the holes must be pre-countersunk. Tais cal
cul necessitates the inspection of countersink size instead «
fastener fit. Controlled interchangeable iiems are examples ¢
this requirement. For countersink diameters and fimits see Figur

17.3212-3.

.291
.279.279 DIA,

325 5y 0

" CSK 100° x .5
x 315 s

4 PLACES

Figure 17.3212-2




17.3212 (Continved)

COUNTERSINK DIAMETERS FOR 100° FASTENERS
NAS514, NAS583-590, BACB30OLU, BACB30AB, BACB30BF

Theoretical Flushness |
Fastener Countersink Limits ~ For Reference
Diameter Diameter () Only; Do not S@Cify

on drawing
.233 +.000
No. 4 225.2§ - 009
.2 +. 000
No. & 280.280 - 009
wio & w345 +.000
he. B “e 335 -.012
.400 +.001
316 -3%0390 013
525 +.001
1/4 .515'5|5 _'gcljs
657 +.001
516 645 445 -.018
787 +,007
y8 775775 -.020
.920 +.001
7/16 .905'905 - 02
1.050 +.000

1/2 B 1.035] 035 026

A change of .001 in countersink diamater will offect
flushness by approximetely 00042,

These limits are approximate because head sizes and
tolerances for verious fasteners are not identical, They
repratent varictions of head diameter, head angle,
countersink diometer and countersink angle.

Figure 17.3212-3
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17.322 DIMPLING

Dimpling is used where sheet thicknesses are toc small for counter.
sinking and where the higher shear strength of a fastener in dimple
sheet will permit the use of fewer fasteners in o given joint.
Dimpled joints are either a combination of dimpled sheet and
countersunk instructure or of multiple thicknesses of dimpled sheet

as shown in Figure 17.322-1.

Figure 17.322-1

A. Extruded, forged or machined sections shall not be dimpled.
B. Dimpled parts subject to fatigue and heavy vibration should be
made from 2024~T3 in preference to 7075-T6 provided strength and
other considerations permit,

C. Warpoge of sheet during dimpling, due to metal expansien dur-
ing forming, can be minimized by observing the requirements of
17.3221.

D. Warnaans of dimolad inints dus to rivet shank awnan
page plagd jaints qua fivel ihank @xnan

v P
be minimized by use of countersunk instructure and/or by non-ex-
panding shonk fosteners.

sion con

E. Thickness limits and ollowables for simultaneous dimpling of
multiple thicknesses may be obtained from the applicable siaHf unit.
In such cases, the total thickness of iheets to he dimpled ot one
time is considered os o single thickness in Figure 17.322-2; drawing
notes shall clearly designale dgreos which may be multiple dimpled.

Figure 17,322-2

o e

g

-

MATERIAL THICKNESS LIMITS FOR DIMPLING
MAY!MHM@ IYTANTIvNIY]
lllllllllll i pPNpnumm
ALUMINUM, MAGNESIUM CORROSION RESISTANT STEEL®
. . . Portable Stationary .
Dia |Portable] Stationory|Portable | Stationary Armealed 74H Annealed VAR Dio .010].0161.020 | .025 | .032|.040 |.050
32| .050 -050 .50 .050 050 .040 . 050 (050 B3/32 {CAM
CONVENTIONAL-L/S [ 083 | 063 1,063 [ .0b3 | 040|083 063 F1/8 TCAT M
RIVETS s3] | Lo | orL | an 071 Y7 T 52T CAT M
{Except BAC- 6] .07 090 . 090 070 090 040 090 Y6l C | A M
RISCE) 74 |08 . 125 | 125 100 040 1125 050 [ 174 C | a M
5716 . 04: 090 . 140 Rl .032 125 050 |58 [ A M
1/1 050 050 , 050 .050 L050 040 050 2050 / CA [ M
m?rlg 20106 .3?3.0 'OBE 08 T .06 -640 .063 . 5732 C | AM -
. . x 080 . .040 -.080 . 043 3 CA
1/4 063 . 090 125 . 125 100 040 .!;..5 030 ,46 2‘ A M
050 050 050 .050 050 040 .050 (050 #3716 | CA [ M
SHEAR HEAD 1/4 07 Kird] Ri7d] 071 071 .40 Nirdl . 1/4 Cl A M
FASTEMNERS LTAT- S 3N O 080 080 0 ,040 0BG . 5718 CAl M
3/8 | .06 , 100 | .100 ; ~040 7100 .050 [ 378 € | A ™
;‘]g .877 . J'_g‘g % Ogg -040 .080 063 g C| A | M
. . ) N .l ,040 100 . 063 10 C_I A M
T O feEAP 74 T 0ed T~ 000" T100 T a0 .40 140 80 /4 ()
/16 Q50 .10 2l 32 MFE 050 157768 C A M
3/8 04 043 .080 125 .083 025 090 040 3/8 [« A
(D Above the heavy line is the moximum material thickness for obtalning a C - Corrosion Resistant Steel
structural advantage over countersinking. Below the heavy line is the maximum A - Aluminum
material thickness within the dimpling mochine forming capacity. M - Magnesium
NOTE: Clearances for the stationary machine {CP-450 EA) and a typical port-
able dimpler are shown in Section 19. For other portable yokes see
Standard Tools, Volume 111,
Consult applicable C.A.D. staff unit for:
{a) Limits for dimpling titanium, or materials other than those shown.
(b) Limits when simultanecusly dimpling multiple thickness of
materials.
(D Austenitic Group which includes 301, 302, 321, 347,

i A S

[ VP



17.3221 EDGE MARGIN

Where o dimple is wificiently coinad to ossure proper nasting g
rodial stress remains around the hole. The greoter (less restricted)
expansion between the hole and the edge causes distortion. This
can be minimized by:

A, Addmg 50 per cent to the design edge margin. For design

na morain see Saction 18, Thicknetes lase than 050 need o nniv

ed
ge morgin see Sec cknestes lost 050 need

the design edge margin.
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B. Adding a stiffening flange. The minimum flange heights shoul
agree with DM B1, Section 1 , or as listed for formed sections in th
BAC standard pages, The flange must have sufficient flat surfac
for dimpling die contact.

The use of butt straps without a flanged edge is not recommende
whera no other stiffening mernber is present, Waviness in fhe skg
[ . Y pup—— PR — PR |

Spu:..c -Vvlll sl 'ﬁecuk.iw UT ﬂl'-‘eUT II[BI(.h (JIIJE T ulmp!ing und rlvq
ing unless stiffening restricts the waviness.

/A

Warpage

-~

)i

- 15 Design

N | L i
Usissd ﬂwk

A=

Figure 17.3221-1

17.3222 CALLOUT

A, NAS CODE FASTENERS. Dimpling is called out by the letter
D in the SW quadrant, See 17.211.

8. OTHER, Dimpled holes for flush head fasteners such as bolts
and screws which are not covered by NAS symbol caliout shall be
specified as follows:

BACB30AB-4-15
DIMPLE 100° 4 PLACES

Figure 17.,3222-1

17.5 SEALING

Fastener sealing information is found in:

A, BAC Process Specifications:

1. BAC 5000 Sealing (in general)

2, BAC 5047 Fastener Instatlation; Fluid Tight

3. BAC 5504 Integral Fuel Tank Structure Sealant
4. BAC 5732 Integral Water Tanks.

B. Documents as specified by Projects:

1. 0[-15248 integ-rul fuel tanks.

C. DRAWINGS. Projects shall issue sealing installation drawing

1o define s.eallnn raouiraments for anoch model ai rnlnnn

g el aqu eqacry e

17.51 CALLOUT

The Project sealing installation drawings shall be referred to by

anmta CEAI DEDR NMD AW KIS 30 NN Am ol DBenfomt demusioae o
MO8 JLAL FRh RAIINGG L7=uvwuu Off dic 7i0ojeci Grawings #l

quiring sealing provisions. Reference to BAC 5000, Process Spec
fication for Sealing, shall be made as a plicuble on the sealh
instaliation drawing, In addition, these drawings shall compla'}
dgscnbe or illustrate all sealing requirements not included in B
5000

17.52 TYPES

Type and levels are per BAC 5000.

17.53 MAXIMUM SPACING
See 17.5B.

17.6 FASTENER USAGE CHARTS
The following usage charts provide convenient reference and com

parative data for fasteners in common use. The BAC Standan
(D-590) should be consulted for complete information.

17.61 NAS SYMBOL FASTENERS

In this classification those fasteners oppear which are shown f
drawings by NAS symbols.



17.611 SOLID SHANK STRUCTURAL RIVETS
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SOLID SHANK STRUCTURAL RIVETS

PART

i e

i ——

ILLUSTRATION AND PAGE MATERIAL SIZE DESCRIPTION
NUMBER RANGE
MS20470 AL 1100, 1/16 THRU | INIVERSAL HEAD
80.90.1.2.1 AL ALLOY /8
[ 5056, 2117,
2024, 2017
/ 2024, 2117, V8 - 7/ | CLOSE
] 80.90.6.8 AL ATIOY INTVERSAT, HEAD
k____ll
‘ M320615M MONEL 1716 -
< ! 80.91.1.3.1 7/16 CORFOSICN AND HEAT RESISTANT
M520426 AL 1100, 100° FLAEH HEAD
80.90.1.1.1 AL ALLOY 1/16 THRY
5056, 2117, ¥8
2024, 2017
BACRISBA 2117, 2024 1/8 -/} CLOSE TCLERANCE SHANK
80.90.6.7 AL ALLOY 106 FLUSH HEAD
BACRISCE 5056, 2017 3/32 - 1/4| SPECTAL LOW HEIGHT 100°
80.90.6.9 AL ALLOY SHEAR HEAD
e MONEL
. MS20427M MNEL CLOSE. TOLERANCE
80.91.1.1.1 CORROSION AND HEAT RESISTANT
100* FLUSH HEAD
r
Figure 17.611-]
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17.612 LOCK BOLTS & HEX DRIVE BOLTS

These fasteners are recommended for use when a reduction in cost
ond weight is desired on permanentinstallations, provided the tensile
loads de not exceed the values listed in 18.21, If the joinf requires
the high shear strength of these fosteners they are recommended in
lieu of rivets because of greater rigidity and better clamp-up. The
shear type has a heod ond collar of minimum size for use where
loods are primarily shear; the fension type has a heavier head and

bl
CoOnai.

The diometer tolerances for lackbalis {0015 in.) with swoged coll-
are per NAS618, while closer toterances (.0005in.and 0010 in.j
offered with Hi-Lok fasteners (threoded collar). However, there i -
higher cost associated with the Hi-Loks as compared to lockbolts.
pull-type lockbolts have a 1-inch pin tail. See 18.21 for allowabi

Pull-type shear tockbolts and Hi-Loks are intended for shear applit
tions where tocl clearance is adequate. They offer extellent clamp
action and good sealing properties. Pull-type tensite lockbolts prov
good residual tension and sealing properties. Stump~type tensilé¢
shear lockbolts and Hi-Loks are recommended for applications wh
there is not sufficient tooi clearance for pull-type lockbolts,

1.OCK BOLTS 8 HEX DRIVE BOLTS - TENSION TYPE
PART SiZE STRENGTH MAX.
ILLUSTRATION AND PAGE RANGE 70°F MATERIAL FINISH TEMP. MATING COLLAR
NUMBER {AaTED) Faw F
5/32 - 34 250° ¥AS 1080 80.80.5.5
BAC B30DK 5/16 - 3/8 95 ALLOY SIEEL | CADMIUM 250° NAS 1080P 80.80.5.5
80.81.6.15 5/% - 3/8 4500 HAS 1080R 80.80.5.5
5/ - 1/4 CADMTUM 2500 NAS 2080 80.80.5.5
IR | mac Baomx <2 A 86 - a8 9 2266 Zr lusiee  woss
8.81.6.15 316 - 1/4 BARE BAC C30Q 80.6.30
BAC B300P 5/32 - /8 (TN ALUMINUM ANCDTZE 250 HAS 1080D 80.80.5.5
B0.81.6.23
5/32 - 1/4 Eg NAS 1080 80.80.5.5
BAC B30DY 5/16 - /8 95 ALLOY STEEL | CADMIM 250° NAS 10B0P 80.80.5.5
80.81,6.16 5/3¢ « I8 u5pe MAS 1080 §0.80.5.5
5/32 - 1/4 2500 NAS 1080 80.80.5.5
IR | e s com ) Y528 - 38 % | a2 Zr lusime smii |
Bo.81.6.16 V16 - 14 BARE 400* BAC C30Q .80.6.30
BAC B300Q /R - 38 44,5 ALIMINGM ANCDTZE 2504 NAS 10500 86.8¢.5.5
[ 80.81.6,24
3/16 - 9/16 2500 MAS 1080 80.80.5.5
gscsa%mc %Bﬁ . %5 ALLOY STEEL | CACMIUM iso' S 10800 $0.80.5,5
81,6, - 1 %_Mm__m.m.g.s%
® 316 - 14 DIFF.CD.NI. BAC C30L 80.80.8.27
BAC B30GR V16 - /8 .5 ALUMDAM ANCDIZE 250% NAS 10600 50.80.5.5
80.81.6.25
16 - 5/16 250° NS 1080 80.80.5.5
BAC B3gHD e 85 ALLOY STERL CACMTUM 250 NAS 1080D 80.80.5.5
80.81.6.31 316 - /4 i _ua_mam_%m.g.s_A
316 - 17h DIFF.CD.NI. BAC C30L .80.6.27
BAC B306S 316 - 3/8 w5 ALUMINGM ANCBIZE 250° NAS 1080D 80.80.5.5 :
80.81.6.26
=
BAC B30JC 5/32 = 1/2 % ALLOY STEEL | CADMIWM 4500 BAC C30X 80.85.6.28
80.85.6.30
“m . BAC B30JC{ ) A 5/32 - 1/2 % 4286 CADMIUK OR 450° BAC CIOK 80.95.6.28 .
80.85.6.30 BARE 800 BAC C30Z 80,85.6.31
B 5/32 - /2 % BAL-uY CADMIUM 4500 BAC C30X( M 80.85.6.28
= 8. 85, 6. 40 TLTAILYY
BAC BIOMB ( )A 5/32 = 1/2 95 A286 CAIMIUM OR y50° BAC C30X 80.85.6.28
““I . 80.85.6.22 BAFE Bo0° SO C30Z 80556 31
BAC BIONX 5/32 - /2 % SAL-UY CADMIUN 450* BAC C30X( )M  80.85.6.28
80.85,6.39 TITANTUM
BAC BI0HA 3t - w8 4.5 ALUMINM ANODIZE 250° BAC C30P 80.80.6.29
80.85.6.8
“m . BAC BIOND 5/32 - 1/2 95 286 GADMITM OR u50° BAC C30K 80.85.6.28
80.85.6.36 BARE 8000 BC 302 80.85,6.31
BAC B3ONZ 5/32 - 1/2 %5 BAL-UY CADVIUM 450° BAC C30X( )M  80.85.6.28
(== 80.85.6.41 PITALLL
[ e 20426 meAD sTE = 509 HEAD STYLE

Figure 17.612-1
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17.612 LOCKBOLTS & HEX DRIVE BOLTS (Continued)

LOCKBOLTS & HEXDRIVE BOLTS- SHEAR TYPE

BAC B30GW 3/16 - 3/8 95 ALLOY STEEL | CADMIUM 250° BaC Q30K 80,80.6.26
""l" B80.81.6.28 50° NAS 10BOE 80.80.5.5
_ I BAC BI0GW ( A 3/16 - 3/8 95 AZ86 GADMIUM 250° BAC C30K 80.80.6.26
80,81.6.28 3716 - 174 BARE s00° BAC C30L 80.80.6,27
BACB3OGP 5/32=-3/8 44,5 ALUMINUM ANODIZE 250° NAS 1080D 60.80,5.9
80,81.6,23
BAC B30GY 3/16 - 3/8 95 ALLOY STEEL | CADMIUM 250° BAC C30K 80.8G.6. 26
'_””“""”"" 80.81.6.29 i50° NAS 1080E 80.80.5.5
BAC B3OGY( ) A 3/16 ~ 3/8 95 A286 CADMIUM 250° BAC C30K 80.80,€, 2f
80.81.6.29 3/16 - 174 BARE 300° BaC C30L 80,80.6.27
Egcafjagu;? 3/16 - 3/8 u4.5 ALUMINUM ANODIZE 250° BAC C30K( } F 80.80.€,26
%%?32@ 5/32 = 1/2 95 ALLOY STEEL | CADMIUM 250° BAC C30M 80.85.6.15
ggCBBSgFW JA 5/32 - 172 (B A286 CADMIUM OR 250° BAC C30M €0.85.6.15
(o - kb _ BARE 800° BAC CIDAB*F  £0.85.6.33
“-\m“ ' gg;agjg(ig 3716 - 3,8 b4 5 ALUMTINIY ANCDIZE 250° BAC C30P 80.85.6.1¢
ggclgsgmlrm 5/32 - 172 95 Ef‘&;; fv CADMIUM 250° BAC C30N 80.85.6.15
SACBBSgFg 5/32 « 1/2 95 ALLOY STEEL | CADMIUM 250° BAC C30M 80.85.6.15
BAC B3OFN( J A 5/32 - 1/2 95 A2B6 CADMIUM OR 7500 BAC C30M 40.85.6.15
80.95.6.2 BARE 800° BAC C30ABxP  80.85.6.33
'-n“" . ggcagagugc R 3716 - 38 45,5 ALUMINGM ANODIZE 250¢ BAC C30P( )R 80.85.6.16
BAC B3ONW 5/32 - L2 95 b ALY CADMITM 250° BAC C30M 80,85.6.
80.85.6.38 T:TA:'IUH ? 2615

[I== M5 20426 HEAD STYLE

Figure 17.612-2
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17.613 BLIND FASTENERS A GROUP I These are high strength steel structural blind fasteners

which may be used with weight savings in place of bolts and plate
Blind fasteners are used primarily where oneside of the assembiy is nuts in permanent lockout areas. Fasteners in this greup are
inaccessible for the instollation of conventional fasteners. For high BACB30LA and BACBSIOLB blind lockbolts {See Fig. 17.613-1) They
corrasion areas, see A286 self-pivgging rivets. For clesrances and are subject to the following limilations:

typical installations see Section 19.
. Use primarily in shear.
Drrawing callouts shall be per 17.22.
. 2. Use where the fastener is a part of the permanent structure and
Hole size callout for Group | shall be per 17.25. is not subject o removal.

Hele size for Group il and Groupllishall be per BACS004 and need 3. Use only where slandard fasteners are not suiteble.
not be specified on drawing.
4. Do not use where foiled fasteners could fali into air intakes.
Blind fasteners are divided info three groups according fo their
limitations. 5. Design allowables not listed must be substantiated by test data.

6. Wilh joints of unequal sheet thicknesses, the siress allowable
shall be the one that applies to the sheel with the lawer ql—

lowable.
STRUCTURAL BLIND FASTENERS- BOLTS
A . oAC EI0TA 5432 - 348 ALLOY STEEL Cabmim 4500 HIGH STRENGIR
80,70.6.16.1 HON-HOLE FILLING
.| BAC B30LE 5/% - 38 |azov sEL | capMiiM 450®
ilhhib 80,70.6.17
Figure 17.613-)
B. GROUP il. These ure lower strength aluminum atloy and maonel 2. Do nct use for Huid tight joints.
blind fasteners which may be used in areas and for applications
where conventional rivets cannot be used. They are subject to the 3. Chemicaliy expanding lexplosive] blind rivels may be used enly
same limilations as Group | fasteners and to the following restric- in atl-metal or non-inflammable areas.
tions taken fram MS33522:
C. GRQUP I, These are nen-structural blind tastenerswhich may be
I. Do not use on control surface hinge brackets; wing or control vsed for lightly-louded applications.  They are subject to the some
surface attachment tiings; landing gear fittings. fimitations as Group |l fasteners,

BLING FASTENERS — RIVETS
ILLUSTRATION | PART & PAGE SIZE |\ TERIAL | Fini Max
UMBER RANGE SH | DESCRIPTION
Oy NAE L350 178 - 1/4 5056 NICETZE z50
_ £3,71.5.%.1 ALMER
8 1368 VE - 1A | — . - . o
p 'ggt-fl_j;t_’;.} e Aﬂé‘z:t\uv ANOLIZE 2 ih.e minimum blind side sheet
o P - - ” thickness allowed when using
B0.715.101 SR e rosa 20 | NAS 1398 or NAS 1399 biing
rivets is D/4, where D equals
the hole diameter,
A5 1399 L&~ 1/ 5058 ANCDIZE 253
% 20.71.5.2.1 AL Hole filling and locked stem
N uAS 13360 18 - 14 2007 ANODIZE 250
™ 33,71.5.2.1 LLUMIIT
LAE 13590 5 - L MOREL CADMTA® st
ERSRIERN BARS 500
N r
X i AlSERP B - 36| 505% OO =T -
P — Be.0050 AL ? Nen-~hole filling lockead
stem - thi
‘.,,_,,____._] =AC RISES 18 - 316 5056 ANODIZE 250 srem 1 Fc_)r in sheet
pE— Be.71. 6050 AL instalictions
* BAC FLSDR 3/32 CARBA CcanbTIRE 1500 Non-strueture]
1.71.5.10 aT .
80.71.0 L Hollow rivet used only for
H4C RISTE-P 23R CAFBON AT Lsco nut plate attachment
80.71.6.45 STHEL

Figure 17.613-2



17.62 THREADED FASTENERS

17.621 BOLTS

The fastener index charts {Figs. 17.6211-1 thru —-4) give comparative
information on usage of recommended standard bolts. For complete
part numbers and dimensions see the BAC Standards, D-590. Other
infarmation may be found in the following references:

Screw Thread Standards for Federol Services,
1944 plus 1950 Supplement and 1957 Amendment

Heondbook 28

MIL-5-7742 Military Specification for Screw Threads (Synopsis
of H-28)

rMIL-B-7838 Bolt, Internal Wrenching, 160ksi FTU

MIL-5-8879 Screw Threads, Controlled Radius Root with In—

creased Minor Diameter; General Specification
DM Bock 81 Section 7 Thread Design Specifications

UM Book B1 Section 18 Rated Strength Data

-88-

Threaded Fasteners are available in alloy steel corrosion resistant
steel, and titanium.

Alloy steel bolts shall be used whenever possible in structural appli-
cations. Tensile strengths of 160 to 180 ksi and 220 ksi are available
in standard bolts.

In primary structural applications, alloy steel bolts smaller than 1/4
inch diameter shall not be used unless approved by the applicable
divisional stoff,

Cadmium plated alloy steel bolts are mited to temperature expo-
sures up to 450°F. High—strength alloy steel bolts are also available

with platings that will withsiand temperatures up to 90G°F.

Corrosion resistant bolts are available with cadmium plated finisk
and passivated. CRES bolis are used inexposedareas through alum-
inum [plated bolts} for high temperature areas up to 1200°F (pas-
sivated finish). CRES bolts are about twice as costly as alloy stees
balts. They are presently available in strength levels upto 200ks.
FTU.

PROTRUDING HEAD STRUCTURAL BOLTS-ALLOY STEEL
ot ST sHank [ HEAD | 01 FinisH
A, MaX. | SIZE = al | IS
ILLUSTRATION NOMBER TOF | 70°F | TEMP |RANGE| o 3|5 |4 L 35| |3E|MATERIAL| MATING NUTS
AND CLASS Fsu j Fiu | °F S|E|Z|E[g|5 28,5138
Elz|lz | Zz|olx|S|2f Q3
=) = =3 2 - " “& o S 19w
BAC BI0NE 125 10-32 ALLOY GROGP 11
80.1.6.120 95 - w0 | RO |x |xfx fxtx oL | eRuPIrp |
! I 160 1-1/4 GROUF IV
Sy | = 1607 i
BAC BION® 10-32 ALLOY GROUP II
80.1.6.121 95 | 160 {asov [mRD [x [xfx [x R STESL
958 1-174
BAC B3ONK 4s0® | 10-32 MARAGING | GROUP II
80.10.6.32 1S6 125 THRU (X (X X X X STEEL
nmu‘l (= 65 €0.® | 2-12 GROUP II (CRES)
| BC BI0N uspe | 16-32 B-11 GROUP I1
1.6.1 125 | 125 ™R | | x X X X SE, [ oRFITcEsT ]
B> 58 apoe | 2-12 T (cres)
L BAC BYOFD 10-32 ALLOY GROUP ¥
& 80.1.6.89 106 | 180 | 450 | THRD x|x |x] > x | srr
180T
BAC BYOMT 450° | 10-32 H-11 GROUP VIT
80.1.6.119 125 | 20 THRU x|x (k] > X STEEL -
OT] soae | 13 anLUP VI (Cns)
= BAC_B3ONG . 10-32 N MARAGTNG | GROUP VIII
= 80.1.6.123 156 260 wsue | THRD x{x |x| B X STEEL
2607 -3/
NAS 1217 §32 ALLOY GROUP 11
-1.5.29 95 125 450° | THRU b4 X x|x STEEL
958 /8 CNLY
NS 1218 -ty ALLOY GROUP ¥
%1.5.30 95 | 260 | w500 |y X X |x X STEEL
B 180T /8 ALY
. e 160T
BAC B30EM 10-32 ALLOY BIC NLOMD
&1.5.33160T 95 160 900% ’I‘Hﬁg X X |x X STEEL 80.60.6.33
5/1
NAS 623 8-32 ALLGY GROUP 1T
80.1.5.22 95 |15 | usee | mwRu X x XX STEEL
| 958 B
PROTRUDING HEAD STRUCTURAL BOLTS - CORROSION RESISTANT B ANTI- MAGNETIC
BAC B3OLY 80 | us0e  [10-32 X GROUP_I
g 80.10.6.26 955 95 ™RU (X [X [x (X X A-286 | GRGUP TY TCRESY |
125 | 8o0® |i-1m x
- 7 s N SELE- LOCKIRG BOLT
80.10.6.28 95 160 45J° |THRU [% |X [x [x |x A-286 GROUP ¥
> 1607 Tue ] 1-1/4 s TROUP ¥ (CRES]
= BAC B30NM 10=32 SAL-uYV GROUP ¥
= 80.12.6.12 95 | 160 | use  |[THRD X i |x i TITANIUM B
= 160T TS
BAC BIONR fo 10-32 ‘- GROUP
§0.12.6. SAL-uY +‘F
[2>12 6.13 955 95 = 450° TR X X LR 1rTaMzunl GROUP II
| e s | 103 x crour 13
_”Il"m [%03'_10'5'301 108 ue | 125 P 'I'mvw x |x X X " PO 120 4 o
AVATLARLE IN USE ONLY NUTS WITH DRY FILM
AP, > [E v v rEweEe =
(B> PaTicue Rt (2> LIMITED BY NUT CRPRBLLITY U0 o e INSTALLATIONS ONLY LUFRICANT WITH TITANTUM FASTENERS

Figure 17.621-1




17.621

BOLTS (Continued]

80—

PROTRUDING HEAD STRUCTURAL 80LTS -

CORROSION RESISTANT & ANTI- MAGNETIC {CONTINVER)

STRENGTH JRR . Y.
RATED] SHANK | HEAD | pamyl  ©INISH
owi4 max | SIZE al 1= gl-1 ¢
ILLUSTRATION NUMBER TO®F | TO°F | TEMP |RANGE| 2| |2 § . 5 E 2 ;g MATERIAL | MATING NUTS
AND CLASS Fau | Frao j °F HEHEHEHHER
z|lz|E|ZXT|o|x| 3 w fad
HEIEEI MR & et
BAC asguz us50° | 10-32 > GROUP VII
80.10.6.26 110 200 THEY X[x |x A-286
=& P AN AP Qe . GROUP VII
= [ LULF1 sgi® 374 X
& 10
BB IINE 5 ( TAPY I * « bil-uy
Teom) | 7| ] T | we = i
BAC B3OLK I e e ] o I
9 80.10.6.27 58 95 — ﬁidi o0 |x L x X 5| X 286 i - (CEES)
- = e = o
- FRI X TFOUP 1. (CREo)
BAC B3ONT 80 =40 Y croge 1 [
80.12.6.15 95 450° | THRU x X x| x Ff]‘f':; T S
958 125 38 VIUANILM -
] BAC BIOLN 4soe | 1 x 5 GROUP V
= 80.,10.6, 29 95 160 THRU X x| x A-2
= e 60T, sooe | /8 X jmm)v
BAC BIONS 14 o GROUP ¥
0.12.6.14 . - | 9% | 160 | w50 | TR X x|zl |x BaL-b: Mo~
lb 1 3/3 TLIAEN LU -
FLUSH HEAD STRUCTURAL BOLTS - ALLOY STEEL
BAC B3OLU 125 8-32 GROUP ITI AND III
80.2.6.48 % 450 | THRU | X | X x| x X ALLOY
958 160 | STEEL GFOUP v
|| BAC BI0EL 10-32 GROUP I
80.2.6,30 95 80 wsee | THRD X X x| x ALLCY GROUP 11
B> > 958 i STEEL
FLUSH HEAD STRUCTURAL BOLTS - CORROSION RESISTANT & ANTI-MAGNETIC
A | wc sk 2500 | 8-32 .. |self-ocking vele
£0.11.6.23 95 160 5o | THRU X XK 1 4-285 [ Croup ¥
g58 805° | 1-1/4 X Group V iCres}
BAC BIOLH [ L X
§0.11.6.20 95 ?“JOZ THRU | X | x X X 4-286
58 125 (R el X
BAG BIONN 10-32 BAL-LY
= 80.13.6.9 954 95 | 180 | 4s0° | THRU X XX X TITANI M
= b= Hi Iy W
= - i —
= BAC BIOLP 3 2500 | 10-32 X
- 80.11.6.22 955 %5 160 4507 | THRU % x| x £-2B6
w00 | L-1/4 X
BAG BIOLL u5e° | 10-32 X GROUP I, GROUP II
' £0.11.6.21 059 % | B0 B LR I L A-286  oropr 1, GHOUP 11
= 3 {CRES)
BAC B30MS 10-32 .. Ly | GRwPV 5=
80.13.6.5 55 160 usee | THRU X X|x X :‘I':A;;Un
958 >4 o
= BAC BIONU 10-32 ALy i ==
= o 80.13,6.10 %5, i5o° | THRU % x x|x ;i‘:j:lv .| GROUP II
= = [ 955 v co e
T FATICUE RATED. E.) LIMITED BY NUT CAPABILITY I':.L’>i.',.-.._... N SEIF-LOCRDND SERIES TEs (st T PERMAMDWT THSTALTATIONS OMIY

[b USE ONLY NUTS WITH DRY FLLM LUBRICANT WITH TITANIUM FASTENERS

Figure 17.621-2
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17.621 BOLIS [Continued)

PROTRUDING HEAD SCREWS - ALLOY STEEL

5-32
THRU
@ M3 16998 - 125 bsor | 5/8 b3 X X ALLOY GROUP VT
80.1.1.13 PLUS STEEL GROUP 1T
6-32
S 24678 — 160 450° | THRU X|x g X ALLOY TAPPED HOLES
80.1.1.171 §0'T 58 o8 STEEL
= 449 1%
= M5 21262 — 160 250° | THRY b ol -l X ALLOY TAFPED HOLES
= 80.1.1.8 160T 578 z|o STEEL SELF-LOCKING
W=
i 2K u-tp R
a'l-“m”"“ BAC S12CE - 125 k500 | THRO X x 1 TS % ALLOY GROUP 11
80.1.6.971 25T 10-32 oz STEEL
w| o
i = 10-32 zlg
.“mmmnl NAS 563 SERTES - 160 usge | THRY L E Zlx ALLOY TAPPED HOLES AND
p 80.1.5.17160T Ik 2|e STEEL SER
w| &
pra——— . 4-bo @ld
— w NAS 600 SERIES - 125 unge | THRY x xizlg|X ALLOY GROUP 11
. §0.1.5.181 95T 3/8 z STEEL
= 2-56 ALLDY
= BC S12BE [ - 125 Ysge | THRU X X X E& GROUP 11
é 80.1.6.31125'1‘ e
= 1601 2-56 ALLOY
= BAC S12EG [ - 160 50° | THRD £ % % STEEL & | TAPPED HOLES
2 60.20.6.18 3/8 CRES SELF-LOCKING

PROTRUDING HEAD SCREWS - CORROSION RESISTANT & ANTI- MAGNETIC

STRENGTH THD
(RATED} SHANK | HEAD |, pygryy|  FINISH
PART, m
PaRT. MAX. | SIZE =1 =g e
ILLUSTRATION NUMBER TO*F | 7O*F | TEMP |RANGE al3d|gid - g E 2 52,‘ MATERIAL MATING NUTS
AND CLASS Fsu | Fiu *F Jleld |z eizia|a|5 (38
zlglzgl2lalzl2l9lulel
=3 2168 = J “ o & a jow

M5 16996 — 8o 700° | 3/8 X X X CRES
So.1.1.11 PLUS
80T 0-80

[EE————————

7 80 700° | THRU X% TAPPED HOLES
L1 g /8 AND INSERTS

M3 21295 — 80 250° | THRU X X X CHES TAPPED HOLES
80.1.1.9 80T 8 SELF-LOCKING

il ®
?

75 T00° | 2-56 RETHANCS S o
BAC S12BE  |i:= - THRU CRES (2=t )
m "ﬂmm“m“ 80.1.6.81125'1\ 125 800° | /8 * £ * c;JaOLPJ;I?:PL:;)
L A | T80T =
BAC 512BG |4 — 75 250° | THRU X X % CRES TAPPED HOLES
80,20.6.18 /8 SELF-LOCKING
125T [
BAC S12CK - 125 500° | THRU X i X CRES GPOUP LI {CRis)
. 80.20.6.29 38 GROUR TII(CRIG)

[Z=> LIMITED BY NUT CAPABILITY [I”>> USE YN PEFMANENT INSTALLATIONS GRLY [T USFE ONLY NUTS WTTH DRY FILK LUMRICANT WITE TITANIUM FASTENERS

Figure 17.621--3

FLUSH HEAD SCREWS - ALLOY STEEL

u-bo

! NAS 514 _ 125 450° | THRU X X X ALLOY GROUP II

= 80.2.5.2 1251 38 STEEL

= .

FLUSH HEAD SCREWS - CORROSION RESISTANT B ANTL- MAGNETIC

-w 1257 49 ey

— BAC S12ER - 125 | use® |THRU X X X LAl | oRoE I >

= 80.20.6.30 38 TITAATL

=

« [T USE IN PERVANENT INSTALLATIONS ONLY T5=> USE ONLY NUTS WITH DRY FILW LUERICANT WITH TITANTUM FASTERERS

Figure 17.621-4



17.621 BOLTS {Continued)

91~

TAPERED BOLYS - SHEAR TYPE

PART SIZE STRENGTH MAX.
ILLUSTRATION AND PAGE RANGE TO*F MATERIAL FINISH TEMP MATING COLLAR
NUMBER (maTED) Fau *F
BAC BIOKD 3716 - 1 108 ALLDY STEEL | CADMIUM 500 B M) 80.60.6.
—"“lll 80.2.6.42 110 A 286 FASSIVATED g BAC NIOHY{A) 85.35.3.50L
BAC B30MU 316 - 1 35 GAL-8V CADMIUM U500 BAC NIOHWM)  80.60.6.50
80.13.6.6 TITALIUM
BAc B30PB ¥16 - 1 108 ALLOY STEEL | CAOMIUM s SACNLUHY (M) 80.80,6.50
_“““' 80.2.6.51 110 A2 I PASSIVATED | Bﬁ BAC NIOHY(A} %_E.%,gﬂ
BAC B30MW 316 <1 95 BAL-4V CADMIUM 450* EAC NMOHY(M}  B0.60.6.50
80.12.6.9 TITANIUM
TAPERED BOLTS - TENSION TYPE
%’3232"?? ¥i6-1 108 MIOY STEEL | CADMIUM a5ge BACNIORD  80.60.6.57,1
BAC BI0PD(A) 316 -1 1o A 286 Cadmium __4g0e BACKLORD(AM) 80,60,6,57,1
—““m 80.2.6.53 Silver 300° ACNIORDUAY 80.60.6.57.1
BAC B3OPE V6 - 1 108 | Aoy smemr | carmmm usge BACHIORD  80.60.6.57,1
80.1.6.126
BAC B3OPE(A) 16 - 1 286 Cadmjum ysge aacumnm%i_
Pl\l“\l RN RS y " ' bl sope | PREMATTRMY BOR.BT

Figure 17.621-5

r




17.6211 TITANIUM FASTENERS

A. Comparison of fitanium ond steel

-g92-

TITAMIUM- STEEL COMPARISON
ltem Titanium Steel
Weight 163 Lbs/Cu in .284 Lbs/Cu in (74%
heavier)
Corrosion Equal to CRES Cadmium ploted steel not
Resislance as good as fitanium
Galvanic Equel to Cadmium | Cadmium plate - Fair
Corrosion plate
Magnelic 1.00005 Alioy Steel =High
Permeability g 302 CRES =1.003
304 CRES =1.020
A286 =1.007
Alloy GAL-4Y See procurement specs.
Temp Limits Tt 450 {Limit of 450°F {Limit of Cadmium
Cadmium Plate) plate}
Quaolity Equal to steel plus | See procurement specs for
Contral fatigue tests requirements,
Figure 17.6211-!
B. !. General Information

1. Drawings shall show fastener installation per Boeing process spe-
cifications BAC 5004, BAC 5009 and BAC 5054 as applicable.
Drawings shouid specify that the torque for nuts used on titanium
bolts be in accordance with BAC 5009.

2. Titanium, rubbing or sliding agoinst itself or many other mate-

rials, such as olioy steels and corrosion resistant steels, will gall
readily. This resulls in lhe creation of severe stress risers tend-
ing to early fastener failure. Aveiddesignswhichresult in motion
on the boli surface.

Titanium bolts shall not be used in close reeamed holes in sleel
or compasite steel-aluminum structure where tightening from the
bolt head side is required. Galling of the fastener shank vsually
results in these installations ond creates stress risers leading to
early boll foilure.

C. Usage

Titanium fasteners are primarily used where weight is the prime
consideration (see Figure 17.6211-1 for weight comparison). Their
use is subject 1o the following limitations:

Only titanium fasteners shown in Figure 17.621-1,2,4, and 5
sholl be used. These range from .19 inch diameter through 1
inch diameter.

Fasteners of .19 inch diameter shall be used only if the cost/ib.
conforms lo the specific requirement of the Project invelved.

The rated ultimate sirengths for titanium fasteners shall be in
accordance with 18.21 and 18.22.

The jointstrength cnd edge margintablesin 18.23-1, 18.23-3,
and 18.23-4 shall be used for tifanium fastener designs as op-
plicable.

BACB30MR, titanium tension fasteners, from .25 inch diameter
through .75 inch diameter, may be vsedin primery tension ap-
plications.,

The use of titanium in contact with liquid oxygen is prohibited

since eithar the presence of fresh surface, as produced by ten-
stie rupture, or impact may initicie a violent reaction
of the surface in confact with liquid oxygen may result in a
reaction atenergy levelsas!owas [0ft-lb. In gaseous oxygen,

and from temperatures of -250°F and above, a partial pressure
of about 30 psi is sufficient to ignite a fresh tilanium surface.

| P
L mpall

Titonium festeners shall not be used for single joint connections

attachment, structural pin joints, or

control rod and attachment, structural pin joints

such as control «
applications where the fastener is subjeciedto rotatingor sliding
motion because of potenticl fretting or golling of the titanium

bolt.

Titanium belts shall be used only in conjunction with steel nuts
that are fubricated with o moiybdenum disulfide dry-film meeting

tabulated in Figure 17.621-1, 2, 4, and 5.

Collars far shear type and tension type titonium hex drive bolts
are prescribed in Figure 17.612-1 ond 2.

Nuts for Taperiok fasteners ore prescribed in Figure 17.621-5.



17.6212 SELF-LOCKING BOLTS

Self-locking bolts shall be used in installations which do not oliow
the use of self-locking or costellated nuts (topped holes, etc.).

A. The lacking action of self-locking bolls moy be achieved by two

methods:

1. A piostic insert installed on the threaded porticn of the bolt [the
use of this type is limited to temperalure environments upto
250°F).

2. Mechanical displacement of the thread pitch diameler (the temper-

ature limitatiens of this type cre controlled by the boit material
or finish).

Both types of self locking bolts obtain the locking action from friction
created by the interference between the mating threads. Locking
torque and other performance requirements are subject fo confor-
mance to MIL-F-18240.

B. Self Locking Externolly Threoded Fasteners shall be Subject to
the Following Limitations:

1.

Fasteners shall be selected ond used in & manner that will
permit functional and dimensional interchangeability with a
part that has only the ctiributes described ond defined by the
applicable standards and specifications.

Fasteners shall be used only in applications thatpermit engage-
ment with complete internal threads over the minimum external
thread.

Self-locking externally threaded fasteners shall not be used as
follows:

a. Al joints in control systems, at single attachments, or where
loss of the fastener would offect safety of flight.

b. As an oxis of rototion for another part unless the fastener
is held by a positive locking device that requires shearing or
rupture of material before torsional loads would be applied 1o
the fastener in such o manner as fo relieve the initial stresses
of the assembly or turn the fastener loose.
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EXAMPLE: Bearings, Bushings, Clamp-up bushings, Pulleys,
Cranks, Levers, Linkages, Hinge pins, Axles, Shafls,
Spindles, Gears, Cams, Cam Foilowers, Sliding

mechanisms, and Pivo! points,

c. At any single bolted siructural joint which serves as ¢ pri-
mary load path, the failure which would endanger the safety of
personnel or would render the equipment inoperative or cause
its destruction.

EXAMPLE: Fixed joints, Tie rods, Struts {fixed length members)
Wing allachmenis to fuselage, Stabilizer surface
attachments, Longeron joints, Alighting gear joints,
and Engine mounts.

Fastepers that contain a self locking element design which in-
torporates on insert or portthatis non-metallic sholl not be used
in parts where the locking element will encounter keyways,
slots, cross-hales or thread interruptions,

Fasteners shall nol be used in assemblies which raquire that
fasteners be removed for routine servicing purposes more times
than the number of removals specified in the approved lock-
ing element or fastener specification or standard.

Fasteners shaoll not be used on jet engine aircroft in locotions
where a loose fastener could foll or be drawn into the engine
air intake scoop.

Fasteners that have had the locking element reworked or re-
processed by other than an approved manufacturer shall not be
used by centractors or field maintenance personnel cf the
services.

Self-locking elements classified as 250°F are intended for use at
ambient temperature conditions {-65°F to 250°F) and are design-
ed to function satisfactorily at temperatures thru that range.

When fosteners are used in opplications requiring controlled
terque, such as clamping molded gaskets infuel cells, considera-
tion must be given to the maximum and minimum focking torque
permitted by the locking element or fastener specification or
stondard cpproved for use.



17.6212 SELF-LOCKING BOLTS (Continued)

10.

For the self-locking element designs thal incorporate an insert
or part that is non-metallic the entering end of threaded holes
used in conjunction with self-locking externally threadedfasteners
shall be countersunk 90 to 110 degrees. This countersink shall
have o minimum diameter .015 in. largerthanthe major thread
diameter of fostener. This is to prevent first thread from cutting
the self-locking element,

Unthreaded holes or portions of holes thru which the focking
device of fastener must pass shall have o minimum diameter
sufficient to clear the locking element if the specifications of the
fastener permit the locking device to protrode beyend the max-
imum major digmeter of the thread.

Self-locking externally threaded fasteners shall not be used with
plain nuts, costellated nuts, or self-locking nuts,

17.6213 NON-STANDARD THREADED FASTENERS

A.

DEFINITION

Bolts, screws and threaded pins which are unavailable under MS,
NAS or BAC standards beccuse of one or more distinguishing
features cre classified os non-standard.

USAGE

Avcid the design of special fosteners for the following reoscns;
Compared to standord fasteners, higher costs are normally in-
curred in procuring end using nen-standard items because of low
volume, special identification and inspection procedures and
possible reguirements for cuslomer approvol. In some insiances,
development and qualification testing are necessary.

Customer procurement of replacement parts becomes mare
complex and costly.

when usoge of non-standard fosteners is necessary, their design
sholl be directed toward’ achieving the moximum degree of
similarity to their standard counterparts to take odvantoge of
existing supplier focilities and technology available from the
production of similar standard parts.
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C.

Prudent selection of the part characteristics and manufocturing
options allowed will usually result in higher quality parts ot the
minimum cost.

DESIGN PRACTICE

Neon-standard bolts, screws and pins shall be designed in accordance
with the fallowing cansiderations:

Specifications

Bolts, screws and pins which are similer in function, strength,
performance rating and geometry to standard bolts shall, 19 the
extent practical, be designed io utilize the corresponding pro-
curement specification for standard bolts selected from Figure
17 6213-1. Where MiL-5-7742 threadsarecalied out, show threads
in accordance with MIL-B-7838 as cllowable option. it is not
permissinle to substitute MIL-5-7742 threods for MIL-B-7838
threads. For processes which must vary from the bolt specifica-
tion {heat tregtment, plaling, efc), call ocut a specification in
accordance with Procedures Manual 9481 Sectian 10.092. See
Section 18.21 for description of various threod forms.

Highly reliable bolts and pins

All ferromognetic bolts and pins, which gre used in areas where
the failure of such a part would endanger persaonnel or would
become a hazard to the functional operation of the vehicle, are
classified os "highly relioble” ond must undergo magnetic par-
ticle inspection per BAC 5424, Class A. A special note on the
drawing is necessary to indicate such o requirement.

Avoid hollow shank fuse bolt design because it has proven im-
practical to control processing {particularly heat treatment] to ar
adequate leve' to maintain failure strength of fuse within narrow
design limits, Whenever possible, use conventional bolt desigr
as fuse bolts. Allow o minimum tensile strength variation o
+ 15,000 psi.

Materials

Although some of the specifications listed in Figure 17.6213-
provide a larger schedule of moteriols, it is desiroble to stand
ardize and {imif the materials selection to only those shown i
the Figure 17.6213-1. See item 7.c for drawing requiremant



17.6213 NON-STANDARD THREADED FASTENERS (Continued)
4. Forge

Forged heads, rolled head to shank fillet radius, and rolled
threads are required for high strength and fatigue applications.
The use of headed blanks is gpreferred. Where strength and/or
fatigue considerations permit, allow machining from ber stock.
A note allowing for eptional machining should appear on the
drawing.

5. Standard wrenching

Design permitting, non-standard bolts should ulilize standard
wrenching by specifying head dimensions which conform 1o the
lotest bolt standards. This will avoid added fabrication and main-

tenance costs.

6. Marking

Mon-standard bolts shalt be marked in accordance with PM S4B 1,
Section 5.011. On fasteners, head marking is normally raised or
depressed on protruding heads and depressed on flush heads.
Head marking shall include manufacture’s identification.

7. Drawings
a. Separate drawings
Nean-standard bolts shall be detoiled on separate drawings per

PM G4BT Section 1.031. All differences from the standard shall
be delailed on the drawing.
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b. Drawing type

standard iscompletely
.
T

Non-standard bolts whase variation from a
H the projeci on a pro-

e [ M Ty Py s I Py
GeEslgacu Uy poeinyg, muy oe raiguseyd oy
duction release drowing.

Non-standard bolts with some fealures which are vendor designed
should be released on specification cantrol drowings {see PM 9481
section 10 and 11,

Non-stondard bolts with a requirement that absolute control
of replacement bolts {after delivery of end product to customer}
be from specified sources, should be released on a source con-
trol drawing.

c. Moterial columa

For non-standard bolts which are essentially modified standerd
bolts, the material column should only show malerials selected
fraom Figure 17.6213-1, whereas highly refiable paris are limited
to H-11 (AMS 6485) ar 4340M {BMS 7-26).

d. Stock size

It is preferable to make non-standard boits from headed blanks
with on option for machining from bar stock. I is therefore
desiroble to indicote a “suggested stock size” for the optional
machining process in the stock size column.

e. Source control

If it is required to limit the sources for reasons of specicl manu-
focturing processes, qualification tests, etc., a note should appear

on the drawing as follows.

Pracure from XYZ Bolt Company, Address; City, State.

QUTLINE FOR THE DESIGN OF SPECIAL BOLTS AND PINS

H (I;' )Runge Material Application Procurement Spec. Thread Spec. Type of Finish
® ®
160 - 180 @ 4340, 8740 Tension BP5-F-469 MIL-5-7742 QQ-P-414
or Shear MOD Type IO, C1.3
180 - 200 @ 4340, 8740 Tension BPS-F-4%9 MIL-5-8879
or Shear MOD Cad. Fluob.
220 - 240 H-11 Tension BPS~F-69 MIL-5-8879  Fer TWASE72 or AMS2414
or Shear MOD
270 - 300 4340M Tensian @ MIL-5-8879 BACS5804
or Shear MCD
160 - 180 A - 286 CRES Tension BPS-Fu69 MIL-5-7742
or Shear MOD QQ-P-416
200 - 220 A - 286 CRES Tension BPS-F-6% MIL-5-8879 or Passivated
or Shear MOD

NOTE: The use of headed blanks is preferred.

specified if needed.

A-286 perAMS5737,  H-1lper AMS6487

Frm e Y T EEFR Ya R )t
LRNBUIT STOTT UNir Jur recommenuanions

CICCNS)

Where strength and/or fatigue considerations permit, oflow mochining from bor stock.

Temperature limitation 450°F. For temperatures up to $00°F use AMS 2416 finish. Other finishes may be

Materials Specifications: 4340 per MIL-S-5000, 8740 per MIL-5-6049, AMS$6322,4340M per BMS 7-26C|.2.

Use A1S1 8740 or 4340 for bolt sizes through 5/8 and A1S1 4340 only for sizes over 5/B.

Figure 17.6213-1



17.6214 SPECIALLY SURFACED STEEL BOLTS

Speciolly surfaced steel bolts, pins and studs shall be used for
applications where galling would occur with standard codmium
plated sieel bolis. See Book 81, Section 14 for recommended surface
treatments.

17.6215 BOLTS WITHOUT COTTER HOLES

Bolis without cotter heles shall be called for when used with self-
locking nuts. See the code or example of part number on NAS and
BAC standord poges for proper designation of bolts without cotter
holes.

17.6216 OVERSIZE BOLTS

See BAC 5004 and BAC 5009 for alist of oversize bolts, lockbolts,
hi-shear rivets and hole sizes.

Oversize bolts shall be used for repair work only. They shall not be
used in new design, and shall not be called for on drawings. How-
ever, fitlings should be designed lurge encugh to permit the use of
oversize bolis in the shops or replacement by the next larger size
stondard bolt in service repair. Clearance and edge margin for the
next larger size standard bolt must be considered in order to avoid
replacement of an entire fitting due to dumage of a bolt hole.

17.6217 RADIUS CLEARANCE

Due to the lorge head to shank radii on some protruding head
fasteners, {e.g., NAS 1303 Series, BACB30OMT, BACB30LM Series,
etc.), a clearance problem exists. Radius <learance may be obtained
by countersinking the structure or adding a washer under the head
(preferred).

For structural reosons o clearance shall be provided for Class T and
Close Ream holes os described below. Radius clearance for Class T
and Class I holes is noi o siructural problem, however the design
should provide ample clearance.

Approximately .008 chamfer can be obtained by noting:

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

Where woshers are used to provide clearance:

Use an .063 thick aluminum washer (AN 960) if loss of preload is
of no concern. Use a countersunk steel washer MS 20002C, BAC
WI0AK-C) if loss of preload is of concern. Drawing notes shall
specify the direction of countersink face 1o mate with the fastener
radius,

BACW I0BP washers moy be usedunder the head of BACB30MT bolts,
r

_96_

17.6218 BOLTED SLOPLING SURFACES

Seif aligning washers (BAWI0BT) shall be used on bolted sloping
surfoces. The maximum slope is 8° from perpendicularity with the
axis of the boli hole.

Max

Slope
| g
{ \L

\

—"

I P

yups)

Figure 17.6220-1

17.622 SCREWS

17.6221 TAPPING SCREWS

A. LIMITATIONS for Use per AND iQ087 {Airborne Application)
Tapping Screws Shall Not be Used Under the Following Conditions:

. As fasteners for the fabrication of primary structure.

2. Where the joint is subject to rotation which would tend 1o loosen
the screw.

3. As fasteners for structure or accessories where failure might
result in danger or damage to the airplane or personnel.

4. Where loss would permit the opening of o joint to air flow or
leakage.

5. Where required to cut their own threads ond are subsequently
subject to replacement without increase in diameter size,

6. Where subject to corrosive mediums, such as exhaust gases,
sali spray, etc.

B. CLEARANCE HOLES.
Clearance holes are used as necessary to permit parts to be drawn

together ond to allow tolerances for matching hole patterns. See
Figure 17.6221-1.




17.6221 (Continued}

PROTRUDING LENGTH
SIZE MAJOR | CLEARANCE THREAD THREAD
DIAMETER | HOLE FORMING | CUTTING
SCREW SCREW
N
No.2 | .086 106" 00 ® 6
No.4 | .12 -l%:}gg .27 .21
No.6 | 3 | 15718 .32 .25
No.8 | .144 182°192 38 25
8L JI
.219
No. 10f .190 -209 500 .46 .32
.244
No. 12| .216 -234 o .49 Q)
No. 14| .242 .261°27¢ .55 o |
4 | .25 261" 308 O] .37
(1)  SCREWS NOT AVAILABLE IN THIS SIZE

Figure 17.6221-]

C. LENGTH.

The length of tapping screws Installed in sheet assembties shall be
such that at least two complete threads of the grip extends beyond
the assembly. Select standard lengths by adding the “protruding
langths'” shown in Figure 17.6221-1 to the material thicknesses.
These "protruding lengths™ include allowance for minus toleronces
on the screw. Standord screw lengths are: .250, 312, 375, .50,
.62, .75, 875, 1.00, 1.25, 1.50, 1.75, and 2.00. Both length and

diameter are indicated by the MS dash number. In MS 24618-21,

gramerer Gicaied = SO n H 80

21" indicates o diameter of .138 (No. 6 screw) and o length of .75.
D. MATERIAL AND CORROSION PREVENTION.

Steel screws ore codmium ploted. Corrosion resisting steel screws
are passivated. Tapping screws wsed in aluminum alloys shai be
installed with o phenolic or aluminum washer, The washer and screw

shall be coated with zin¢ chromote paste before insertion so as to
completely seal the connection.

17.62211 THREAD FORMING SCREW

A. TYPE.

(D TYPE A (STD PAGE NO. 80.30.1)

MS24615 STEEL 82 @ NS
MS24616 CRES csK Zeh

=T @t

(D) SPACED THREAD WITH GIMLET POINT
Figure 17.62211-1

M524617 Round

M524618 CRES Head

B. RECOMMENDED USES.
1. in place of wood screws.
2. In light non-structural assemblies to reduce cost and weight.

3. In wood or plastics and in combinations of wood, plastics and
metals.

€. HOLE SIZES.

1. Interference hole sizes, which are sufficiently undersize to secure
the screw, are listed in MS24631 (80.30.1.5). These ore similor
to drill sizes and should be shown in the callout as the nominal
size. Fixture drilling tolerances per DM Beak 81, Section 7.411
shall be odded to obtain the plus toleronce. An example for a

NEE:]

No. 8 Type A screw in 032 aluminum alloy sheet is .116 16

2. Clearance hole sizes are shown in Figure 17.6221-1,

17.62212 THREAD CUTTING SCREW

A. TYPES. Thread cuting screws have ends of Type D, F, G, or T,
at the manufacturer’s option. Da net specify.

O g |, (e | o fum | g
T Qb AR Al
MS24627
| (80.30.1)
MS24627 STEEL
e
ME24628 CRES
M5 24629 STEEL
MS 24630 CRES
BAC $12BN
(80.30.6.16) STEEL
(1) MACHINE SCREW THREADS WITH FLUTED ENDS

Figure 17.62212-1

B. RECOMMENDED USES

1. For attachment of name plates, efc., where rivets are impractical
due to removal and replacement of plates, Replacement of screws
requires the use of the next larger diameter screw.

2. For attachment of name plates in blind holes.

C. HOLE SIZES

1. interference hole sizes are listed in MS24634 (80.30.1.10). These
are similar 1o drill sizes and should be shown in the callout as
the nominal size. Fixture drilling folerances, per Book 81 Section
7.411 shall be added to obtain the plus tolerance.
An example for No. 6 Thread Cutting Secrew in .063 atuminum

itz
alloy sheetis . 110 |14

2. Clearance hole sizes are shown in Figure 17.6221-1.



17.6222 DRIVE SCREWS

MS521318(80.50.1.1}is o round head, carbon steel, cadmium plated
scraw. Insertion is by driving without wrenching,

A. RECOMMENDED USES: Drive screws may be used to attach
nameplotes not subject to repeated removal and replacement.

B. LIMITATIONS. Do nof drive in metais foo thin to resist damage.
Sheet thickness equal to screw diameter is considered minimum,

C. SIZE. The recommended size for use with name plates is No.
4 which has 6 maximum diameter of .114

The available lengths are as follows: MS21318-19{.12), -20(.1%),
-21(.25}, -22(.31), -23(.38).

109
Interference holes are .104 104

For other drive screw sizes see MS21318

17.6223 wOOD SCREWS

Wood screws are obsolets for new design, UseType A Threod
Forming Screws.,

17.6224 SET SCREWS

Figure 17.6224-2shows headless set screws with hex socket and with
three point types. Screws with hex socket are preferred for Boeing
design to stondardize installation fools. The point typesare ilustratad
and described below.

1Y) f'i@ [

Cup Foint Conae Point

-._98_

NAS 1081 provides self-lacking set screws with flat or cone point, .

A. CUP POINT. The cup point is the preferred paint for general
use. This point is the easiest to pracure from commercial sources.
It may be used for permanent or simi-permanent location of machine
parts where cutting of the shaft by the sharp point is not object-
icnable. It should not be used against hardened shafts and is seldom
spottad in.

B. CONE POINT. The cene pointis especially adapted for permaonent
location of a machine part. It may be used against hard or soft
shafts and should alwoys be spotted in. The included angles of the
spot and point should be the same.

C. FLAT POINT. The flat point is to be employed where frequent
rasetting of the point is required with the leost possible damage to
the surface against which the point bears. It may be used againsi
hardened shafts but is not suifable for spotfing in.
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17.6224 SET SCREWS (Coniinued)

SET SCREWS — ALLOY STEEL

PART & PAGE SIZE | MAX
FINISH DESCRIPTION
ILLUSTRATION! " \yMBeR RANGE {TEMP*F
0-80
MS 51966 THRU 450 CADMITM FLAT POINT
80.20.1.12.1 172
2-64
MS 51974 THRU 450 CATMIUM COME POINT
80,20,1.14.1 /2
— 2-56
= MS 51963 THRU 450 CAIMIUM CUP POINY
= 80.20,1.9.1 1/2
— 2-56
= MS 51565 THRU 50 CADMIUM FLAT POINT
— 80.20,1,11,1 1/2
2-56
MS 51973 THRU uso CADMIUM CONE POINT
80.20.1.13.1 172
L.bp
¥S18063 THRY 250 CALMIUM CUP POINT SEiF-LOCKING
20.20.1.28.1 1/2
i-4p
MS18065 THRU 250 CADMIUM FLAT POINT, SELF-LOCKING
80.20.1.30.1 172
440
MS1B067T THRU 250 CADMITM CONE POINT, SELF-LOCKING
80.20.1.32.1 1/2

SET SCREWS-CORROSION RESISTANT & ANTI-MAGNETIC

0-80
MS 51023 THRU 350 PAISIVATED CUP PQINT
80,20,1.5.1 1/2
— 0-80
== MS 51038 HRU 350 PASSIVATED CONE POINT
e 80.20.1.8.1 10-32
= 2-56
= MS 51021 THRU 350 PASSTVATED CUP POINT
— 80.20.1.4.1 e
—
2-56
M5 51029 THRU 350 PASSIVATED FLAT POINT
80.20.1.6.1 1/2
3
i 440
3 MS1B064 THRY 250 PASSIVATED CUP SELF-LOCKING
1 80,20.1,2¢.1 w2 v
3 440
d MS18066 THRU 250 PASSIVATED FLAT POINT, SELF-LOCKING
80.20.1,31.1 172
Y0
MS18068 THRY 250 PASSIVATED CONE POINT, SELP-LOCKING
80.20.1.33.1 12

Figure 17.6224-2




17.623
A.

1.

NOTE:

B.
NUTS
1.

NUTS
CONTROL SYSTEM APPLICATION

CLAMP UP. Use only all metal self-locking nuts on
bolts that are used:

a. To clamp up on the innerraces of bearings and/or
bushings.

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

On steel alloy bolts use steel alloy nuts such as,
BACN10JC or BACNI10GW; and, on CRES
bolts use only CRES nutssuch as, BACN10JC*C
or BACNI0GW¥A (* dash number).

UNCLAMPED. Use non-self-locking nuts with a sepa-
rate locking feature such as castellated nuts and cotter
pins on bolts for unclamped staticor rotary joints with
bushings or bearings.

LIMITATIONS APPLICABLE TOSELF-LOCKING

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

Corrosion-resistant steel self-locking nuts shall 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 through the
nut. Flat end bolts, studs, or screws must extend at
least 1/32 inch through the nut.

Plate nuts shaill be installed with rivets, screws, ar
projection spotwelding. If projection spotwelding is
used, control shall be maintained in order that re-
moval, by drilling out the welds, permits replacement

[RNICE'S T ITAN [SI I UKL PN R (PRI M e
WIUL S1anQdaro aruledq piate pols.,

-100-

Nuts which are attached to the structure shall be at-
tached in a positive manner to eliminate the possibility
of their rotation or misalignment when tightening is to
be accomplished by rotating the bolts or screws, The
manner of attachment shall permit removal without
injury to the structure and permit replacement of the
nuts,

All self-locking nuts that have had the locking element
reworked or reprocessed by other than a nut manu-
facturer shall not be used by contractors or field main-
tenance personnel of the services.

Special nuts, which depend on friction for their anchor-
age and torsional rigidity, such as ¢linch nuts, single-
rivet plate nuts, and similar devices, arenot acceptable
for use in aircraft structural applications. They may
be used on aircraft equipment and component parts,
such as instrument mountings and electrical equipment.

Self-locking nuts shall not be used in conjunction with
bolts or screws on jet engine aircraft inlocations where
the loose nut, bolt, or screw could pull, or be drawn
into the engine air intake scoop.

17.6231 NUT USE CHARTS

The following charts of nuts are divided into nine groups.
These groups are determined by thread height, material,
and strength.

See Figures 17.621-1 through 17.621-4 to determine nut

PR SRR S FE T P
Udage 10 paricular Dols.



17.6231

AR

NUT USE CHARTS {Continued)

-101-

GROUP I BQ KS!| - SHORT THREAD GROUP II 125 KS! SHORT THREAD (CONTINUED)
MATERIAL WATER1AL
PART PART —r——{
ILLUSTRAT(ON | AND PAGE SIZE 1% 31 DESCRIPTION ILLUSTRATION| AND PAGE R‘i‘:é 5El 8 DESCRIFTION
NUMBER RANGE 2 P! & NUMBER 35 &
10-32 - 6-32
@ BAC NiOJD THRU % | X | CASTELLATED, THAU ¥ | % | HOM-FLOAT ONE LG
B0.60.6.53. 1-1/4 450° AND $00° ¥R PLAIN BASE 450°F
- 12 - -2 AND BOO*P
’—'— {—
BAC N1OJC 1/2-20 | X ¥ [ BEX, SELF-LCCKING F 4-4p
ﬁ 80.60.6.52. THRU LOW HEIGHT /‘% BAC N1OKB THRU x| x| FLoaTING DNE LUG
2-12 4509, 900°F B80.62,6.132 /8 USCEF AND BOOPF
A * =T o
1oy 5_32
THRY % | % | HON-FLOAT ONE LUG
5716 100° C'SINK US0°F
- AND BOO®F
632
THRY X | x | MON-FLOAT CORMER
V16 m.tguag.ﬁ 50°F
. -2 AND 800°F
EAC W1GHF
GROUP IT 125 KSI SHORT TMREAD ] 80.62.6.135 b
Ta-u0 THRU X | % | NON-FLOAT CORNER
BAC NH1OJC | THRY X | ¥ |HEX, SELP-LOCKING 5716 100* C'SINK 4S0°F
80.60.6.52 | 7716+ LW HETGHT -2 AND 800°F
20 us0°, 900°F - — L S
— ' 10-32
l10-32 b mac oy 1 |mR0 | x| x | MIN-FLOMTING MR
BaC NICHY THRU X | X [12 POINT SELF-LOCKING (* 80.62.6.123 | 516 114 DEEP CTBORE
B0 .60, 6.50 1-12 CAPTIVE WASHER - 24 US0°F AND B00°F
" BAC N10KD 14 % | X | LARGE AXIAL FLOAT TWO
THRU X | X |MINIATURE NON-FLLAT — B0.62.6.133 - 2§ LG PLAIK AND DEEP
t/6 TWO LUG 450°F, BOGOF BORE US0% AND BOO°F
-2 r—
BAC N10KH 10-32 | % { ¥ | PLOATING OME LuG SILE
440 Q 80.62.6.137 BY SIDE RIVET HOLES
THRU X 1 x |oME uw asoe, BOOSF 450°F AND BOOF
1|58
I - BAC N1OJU 10232 | % | X |FLOATING TWO LIG
BAC NLOJF i B0.62.5.125 GUEYED BASE 450°F ,
80.62.6.122 } g d L _| BOGTF
b THRY X | X |CORMER TYPE 4S0F, 10-32
5/16 800°F s |BAC MIOTE THRU X | X |FLOATING ONE LUG AND
- 2k A B0.£45.6.76 £/16 TWO LUG DEEF C*HORE
@ -2 450°F, AND 800°F
» : =
Uolmml x| x| SPORT UG TYPE 450°F, = 10-32
-w £/16 AND 800°F BAC NL1OJT THRU % | X jSELF-ALIGNING TWO LIG
- 24 F 80.65.6.77 5416 FLOATTNG 450°F AND
—— - - 800°F
632
BAC N1OJY THRU ¥ | % |TWO LG FLOATING 10-32
#0.62.6.129 s CAPPED Uso°F, HOOPF BAC N1OFD THRU X SEIF-ALIGNING
- - 80.65.6.52 12 SPHERICAL BASE 250°F
- 20 AND U50°F
10-32 -
THRU % | X |TWO LUG PLAIN BASE 10-32
18 CAPPED 4-U°F AND B0CCF BAC N1OMT THRU X SFLF-ALIGNDG
-2 N 80.65.6.60 v SPHERICAL BASE W50°F
- 2y
. 632
EAC N10KA THRU A | X |TWD LG FLOATING 10-32
80.52.6.131 B BASE CAPPFD K50°F BAC N1OKC | THRU X | X |NON-PLOAT ONE LUG, TWO
~ 20 AND B0O°F 80.65.6.78 /8 LUG AND CORMER DEE
-k C'ECRE COLOR CCDED
| 10-32 - 200°F WITH ALUMINUM
f THRU X | X [ONE LUG FLOATING SHELL 450°F wiTH STEEL
38 BASE CAFPED 450%F i SHELL
- 24 AND 800°F
.. 6~32
u-40 MIMIATURE - FLOATING \ BAC N10F% ITHRU X CLIP ON HUT POR PLAIN
BAC N1GJN  THRU X X [PLAIN BASE 450°F, : 80.67.6.13 1 AND DIMPLED HOLES.
80.62.6.121 5,/16 soooF ’ - 28 DIMPLE PART AVAILABLE
~ 24 IN 10-32 SIZE ONLY 450
L0 10-32
"THRU X | X [HOM-FLOATING TWO LUG BAC N1OGF ITHRU X NUT PLATE SFLF-LOCKING,
b PLAIN BASE 4S0°F B0.62.6,64 L/L FLOATING, SPRING
- 24 AND BOOoF - 28 LOADED ¥50°F
. 4-40 632
BAC N1OJR X | X |FLOATING TWO LUG ASC°F, |‘ BAC NIOKJ THRU % | X |MINIATURE, RIGHT ANGLE,
80.62.6.124 3/8 BOOOF  # 80.66,6.44 1032 FLOATING 450°F, BOCPF
- 24 =
_ )
ITHRU X { % |NON-FLOATING TwWO LUG [®]
516 100° C'SINK 4S0°F
- 24 AND 800°F
BAC N1OMX 1/4-28 +250 LATERAL FLOAT M3 21209 440 X |HELICOTL INSERT
o 80,62,6,113 £ X TROM CENTER 80.100.1.2 ITey LS0°F
5/36 070 MINIMUM LONGI- 1-12
-4 TUDINAL FLOAT 4507

Figure 17.6231-1




17.6231 NUT USE CHARTS (Continued)

-102-

GROUP IIT 125 KS| - LONG THREAD GROUP X |BO KSI -LONG THREAD
"[NATERIAL WATERIAL]
PART SIZE [3 o PART si2€ [3 g
ILLUSTRATION | AND PAGE pance |58| 4 DESCR:PTION ILLUSTRATION | AND PAGE nance |228] & DESCRIPTION
NUMBER 2t & NUMBER JE{ %
=32 NAS 577 174 X BARREL NUT FLOATING
BAC NIOR THRU | X GAP MUT 250°F 80. 65,5 -28 H50°F
80.50.6.,3 172 OR 450°F Y
- 20 1-172
.12
10-32
i ™RU | X | % | w0 wi FLoaTING BAC N10GW 10-32 | X | X [ 12 POINT EXTERNAL
Jg 5716 FEMWARLE NUT 80.60.6.37 § | THRU, § 5o
-2 VARIABLE ¢'BORE -
US0°F AND BOCSF -1z
10-32
BAC NIOKE THRU | X | X | OHE LUG FLOATING BAC N1OJZ 1/2 X | X | FLOATING CAPPED SELF-
80.62.6.134 174 REMOVABLE NUT 80.62.6.130 -20 SEALING TWO LG PUEL
- 28 v *BORE RESISTANT 250°F
450°F AND BOO%F
10-32
TR (x| X | comeR FuoaTInG
5/16 REMOVAELE NUT 450°F &
Zou VARIABLE C'EORE BOO®F
3 GROUP T  MISCELLANECUS NUTS
BAC N1OJV THRU | X% | X | HON-FLOAT CAPPED lex on- :
‘b fo-e2.6026 || 8 W0 LU 450°F A0 T 10 | x| % [carnon svests cres®
- 24 B00°F . 80.61.2.2 and Aluzinum
pee, 2500, 4500 & 70g°
HAC N1OJW THRU | ¥ | X | NMON-FLOAT GAPPED = ]
B e |m O G e ween | ot {x] x e rensmiticorin
- 24 AND 80G°F ’ e 2-56 ws6° § 700°
10-32
PLATE,SELF- LOCKING
%,“fg x| m%;g%ﬁm AN2S6 632 RT. ANGLE, ALUM,OR
i+ MSE"‘LM pheril . THRU STEEL NUT ALUM.
3 10-32 BRACKET 250°T
10-32
BAC N10JZ THRU | X | X | FLOATING CAPPED SELR-
80.62.6.1% 5/16 SEALTNG NON-PUEL
Ja CORNER
@ e i GROUP WIL 220 K§! - LONG THREAD
10-32 | et KUT HOH-FLOAT
BAC NICHC TRE | X BARFEL
‘ ||| sttt CAPPED seLp- O BG.65.6,74 1-1/2 PART CAN BE CODED
5/ NG, FUEL 2 FOR_ETTHER 250° OR
o2u RESISTANT ™WO LUG LOW o
MAGNETIC 250°F
32 10-32
BAC NIOKR THRU | X | X | 12 POINT EXTERNAL
BAC N1OJX THRU X | X | NON-FLOAT EA?PED ‘ BC.60.6.51 1-1/2 WRENCHING FATTGUE
B0.62.6.128 5/16 CORNER 250°F, LS(eF s RATED U50°F & 800°F
-2 AND B00°F
4-ig
MS 21209 THRU X | HELIDOIL INSERT
80,100.1.2 112 450°F
GROUP XX 260 KSI - LONG THREAD
10-32
BAC K1GJG ™0 | x 12 POINT EXTERNAL
80.60.6.56 2-12 WHENCHING - FAT IGUE
o
GROUP I¥ 160 KSI| - LONG THREAD RATID 450°F
174
P e
BAC N1OKG THRU | X | X | MON-FLOATING TWO LUG
80.62.6.136 9/16 250°F 1/4 - 28 THRU
- 18 1/2 - 12 CAN BE CODED
FOR 450°P & 800°F
10-32
BAC N1GJD THRU | % | X | CASTELLATED,
80.60.6.53 1-1/4 4SOPF B00°F
- ’ GROUP IX BEARING RETAINER NUTS
10-32 12 POINT, 391
?:c:;uznﬂ ) THRU | X | X | CAPTIVE WASHER M5 19068 THAY X SPANNER WRENCHING
+89:0a3%, 1-12 ga0oT. so0er y 80.66.1.6 7.867 NOW-SELF LOCKING
632 1.173
bBACS138E TRy | x THRLADED INSERT BAC NIOGR ™R | x SPANNER WRENCHINO
80.100,6.23 N/2-20 LIGHT WEIGHT u5¢e 80.60,6.492 10,565 SELF-LOCKING
T7%-28
i-12 NAS 509 THRU | X DRILLED JAM NUT
BACS13BF THRU | ¥ THREADED INSERT 30,61.5.1 2 1/4- FOR ROD ENDS
80,100.5, 74 1-12 HEAVY DUTY w5p° 12

Figure 17.6231-2

e § A e



17.624 PLATE NUTS AND
GANG-CHANNEL NUTS

Plate nuts and gang channel nuts of aluminum alloy of any type
shall not be used in primary structure for tension applications.

Steel plate nuts and gang-chonnel nuts may be used for rension
applications.

The restrictions of 17.623 also opply to self-locking plate nuts and
gang-channel nuis,

The specifications for nut plates with NAS numbers are referenced
only on the BAC Standards pages with which they are grouped.

17.6241 GANG-CHANNEL
NUTS - DRAWING CALLOUT

Gang channel nuts shall be called out by BAC Commercial part
number as specified on the applicable pages of the BAC Standard
Book, D-390, unless the stock strip must be cut other than midway
between two adjacent nuts. The gang nut strip must be detailed to
show the end dimensions of speciol cuts, and it shall be called out
in the drawing parts list as follows:

A. Anindividual dash number of the drawing shall be cssigned to
each gang nut channel and placed in the PART NUMBER column.

B.  The BAC number minus the code for the number of nuts shall be
ploced with the nome in the NOMENCLATURE column.

C. The commercial part number noted on the BAC page shall be
shown in the STOCK SIZE column, together with the number of nuts
in the strip.

D. The name and address of the vendor as shown in the illustrated
callout on the BAC poge shall be placed in the MATERIAL column.

FUT-GANG CHANNEL G1000-3-4
lﬁ (NAS 359PS) f 12 MUTS D {
{ HOMENCLATURE z (5“-"-‘4 SLZEU MATERIAL }

1> KAYNAR MAMUFACTURING CO. INC, 820 EAST I8TH STREET, LOS ANGLES 21,
CALIF (OR EQUIVALENT).

A separate detail drawing shall be mode for each specially cut gang

nut channel which it used on more than ane drowing.,

-103-

17.6242 PLATE NUT HOLE
CLEARANCE - DRAWING CALLOUT

The screw hole size to be punched or drilled in material where a
plate nut is to be attached shall be Class Il {per Figure 17.252-1)
ond shall be specified at the part indicater for the plate nut, as

shown below.
NAS 68043
/ 218-22% 1A HOLES

1
rd L2118 T

To avoid excessive repetition on drawings which call out a great
many plate nuts, the clearance hole size may be omitted from the
plate nut part indicators, and the hole size information added to
the general drowing notes as follows:

CLEARANCE HOLE SIZES FOR PLATE NUTS SHALL CORRES-
POND TO THE SIZE OF THE PLATE NUT AS SHOWN:

- 229
No. 10-32 '2]8.2!8 DIA HOLE

Size Plate Nut Clearance Hole Size

17.625 SHEET SPRING NUTS

Sheet Spring Nuts are light in weight and economicel, Their use
is controlled by MS 33538.
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QUICK RELEASE FASTENERS

QUARTER TURN

.

T 1
STUD HEAD STYLE '% STRENGTH MATING COMPONENTS
MAT'L PROTRUDING RATING | GRIP
ILLUSTRATION STL!D FLUSH o a
ASS'Y a %\q% %, %&\1% 2 %, [RANGE]
FINISH *] % B
dACS21M Alloy Stewl] 051
20.21, | Cadmium to 30,22 30,22 90,20
§,9.7 Flate 500 5.7 5.5 6.2
b4 x| x| x 700 | 700 4500
381 Wwibx| R12X c20% RLLK
to 90.22{90.12 90,27 90,20,
FI@, 1 1.580 §.14] 6,7 6.5 6.2
CRES AL R12% | 511X | 20X R1LY
Passivate ¥ o | 250° 30,22 J90,22.80.22, Bo, 20,
L4NG 6.7 | 5417 [ 645 6.2
L0581 R12X G20X R1lX
% 350 1350 to 90,22 4 go,22, pa,z20,
500 6.7 6,5 6.2
% e 5508
.38l Wiox| Ri2x G20X R1LX
to 90,22{90.217 0,22, k0,20,
1,850 6,14 6,7 6.5 5.2
BACSI1Y| Alloy Steel W10X 2044 R11Y
90,21, ; Cadmium x| x| x 90,22 90,22, o, 20,
6.10 Plate 030 B.lY 6.16 6.3
X 200 jz200 tTo 3509
" 1,529 W10X RILY
‘3 x| x}xjx 80,22 B0, 20.
! rIG. 2 6,14 5.3
H
EP' Heryllium W10X GZ0AA RilY
I Copper XX x 80,22 90,22, Ba, 20,
= i s Lol Cadmium L0430 £.14 6,16 6,3
A Piate X w0 | 208 to | wspe
i 1.629 W10X R1LY
FIG 3 T x| x| x| x|x 90,22 Bo.20.
6.1k 5.3
BACSZ1Z| Alloy Steel 200, 100 R11Y
30,21, | Cadmium > ko’ 20,
&h 5.11 Plate 20077200 | 000 Wi0X 518% | 6,
Bhi X x{x|x» T to [ us0°fag, 224 90,22, -
S we . 50 | L7139 6.1% 6,11 [P11AB
ﬁ*\ fT—— | FI6. 3 B> ko.zo,
;D';i o . 200 77 200 6.6
+ | =t - —
Lokl ' BACS21AE| Alloy Steel. .158
»dg’ﬁ_{j—_—l 90,71, | Cadmium x to
Ane 6.1k Flate 1,557 El2AB RLLAL
e P 1709%3580 us0® 90,22 90, 20
a4 Fe. s L058 5.9 6.7
m FIG. & X to
1,457

b Strangth is dapandent on typs of BACRL1Y receptacls,

@ Strength is dependent on type of BACRLLAB receptacls.

MULTIPLE LEAD

STUD STRENGTH RATING MATING COMPONENTS
STUD T HEAD STYLE om. | GRIP | MaX
MAT'L NOM. .
ILLUSTRATION .
ASSY e DIA. |RANGE| TEMR
HEX SOCKET TensiLe | OVBLE | peceptacie RETAINER
FINISH SHEAR RING
BACF34B-B  [Alley ,125
90,20.6,32 St=el Flugh 250 to 509 1000 S4u0 BACF348~RY BACF34SR
Cad Plate s 1,062 90,20.6,32 90.20.6,.32
BACTI4C-B  |Alloy .188
80,20,.6,34 Steel Flush «375 ta u50° 3800 15008 BACFI4CER BACFI4CESR
Cad Plats .99? 90.20,.6,34 90,20.8.346
072
250 to 2000 4500
BACF34D-B Alloy Flush 1,133
90.20.6,29 Stesl Protruding
Cad Flate 1713
L3125 to w50 3500 9500 BACFIWD=R_ _ BACF3uD=-R
1.172 40,20,6,79 80.20.6,29
<148
L L37% to 6000 13000
1,147

Figure 17.634-1

e m o 2 A o
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17.632 SHEAR PINS

Shear pins may be used as fasteners to relieve overstress, or to pro-
vide for intentional separation of mechanically mated parts. The
shear pins are designed to shear when the shearing force reaches o
predetermined value.

When the design requires these types of shear pins, the following
criterio must be considered:

A. The shearing edges must be well defined ond sharp. Clearances
must be kept to a minimum so that failure of the shear pin is not
appreciably influenced by bending stresses. Shear pins should be
installed with a transition fit. The interface clearance between
shearing edges should be in the order of that obtained when using
DM 17.252 Class | holes (based on pin size), with a maximum inter-
face clearance of 10 per cent of the shear pin diameter.

B. The minimum strength for shear pin matericis, except for stand-
ard fastener application, is taken from the allowcble strengths speci-
fied in Section 21. For critical shear tolerance limits, tests should be
performed to verify analytical values.

T. The predictability or variability of minimum and max-
imum shear strengths are strongly influenced by the
shearing edge condition and clearance.

2. Shearing edge material must be hard enough to insure
that the edge will not break or deform during the
shearing action.

C. Strength ollowables that appear in Section 18 should not be used
for undriven riveis used as shear pins, since these aliowables de-
pend on an increase in strength from wark hardening during rivet
installation.

D. If more than one pin is used all the directions of force applica-
tions must be known. For example, if two parts fastened by shear
pins are designed to separate with application of an axial force,
laterat forces (bending moments) that may be inadvertently applied
must also be taken into account. Where warranted, a fest program
should be conducted to determine the dynamic shearing force on
specific part.

E. Sheor pin applications should be designed so the pins con be
readily inspected for structural integrity. Include indexing marks,
where practical, for visval detection of pastially sheared pins and
for reatignment of parts prier to removal of partiatly sheared pins.
The use of check holes is also recommended for visual inspection.
Avoid, where possible, use of sheor pins in critical applications
wttlere periodic inspection of the pins and shearing edges is not pos-
sible.

F. For critica! applicetions, a Specification Control Drawing or ¢
Boeing Stondard may be prepared to control minimum shear strength,
maximum shear strength or both. |f such a drawing is prepored, the
requirements must include at least the following: Material, all di-
mensions, strength requirements and testing method. [2-2860, Pro-
cedures of Mechanical Testing of Aircraft Structural Fosteners is
recommended for fasteners. Shear pin drawings shouid corry o note
ta the effect that materiol substitutions per BAC 5005 are not allowed
without prior approval of Engineering.

G. Always use the largest margin possible for shear out over the
maximum operating stress.

NOTE: Consult the applicable divisional staff for: Stress aliow-
ables, material recommendations for shear pins, shearing
edges, inserts {when used) and dimensional limitations,

Pinion

Pin Retainer

ﬁ/
N U

Steel Shearing
Edge Inserts

Shear Check Hole —

— Shear Pin

i
Shear Pin ?‘r_ Power Shaft \ \ / ;:Iurninum
O e
s i _J|IC ! §
Direction +
' £ of I
A - [ | Applied I Diraction
b & B
1 Applied
Inserts | .Force
= Spaced = :
i 120° +
Steel Parts 4 3 3

i
A

Example of Design for Overstress Relief Example of Design for Intentional Failure

r

Figure 17.632-1



17.6332 (Continued)

F % ¢ Sraple

. Clinched Side
of Staple

B-B

End View of
Clincher and Dies

“— Dashed lines indicate
the lowered or form-
ing position of the
formers,

Side View of Metal Stitcher

Figure 17.6332-2

17.6333 DRAWING CALLOUT

A drawing symbol shal | be used to indicate metal stitches whenever
they appear on drawings from either the driven or clinched sidé.
The symbol may be made freehand using the approximate dimensions
shown below. On a long row of stitches only two or three symbals
on each end need be shown.
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Typical Metal Stitch Drawing Symbo!

The process specification shall be called for on the drawing by o
general note with symbel, such as:

I l METAL STITCHES PER BAC 5404

be indicated by odding to the gen-

Spacing for metal stitches m?«
information, such as:

eral note above, the require
SPACE APPROXIMATELY____INCHES or___EQUAL SPACES.
Otherwise, the spacing shall be dimensioned on the drawing.

Flush stitches in soft matericl shall be indicated by o note on the
drawing. When it is desired to restrict clinching to o particular
side, @ note shall specify:

CLINCH FAR SIDE or CLINCH NEAR SIDE

Unless this is so noted on the drawing, the shop will usually clinch

against the horder or heavier material .

aga arce

The edge margin and starting point of each row of stitches must be
dimensioned on each drawing os shown in Figure 17.6333-1. When
it is required to place the stitch at an angle to the centerline of the
row in order to prevent cracking of the material being stitched, the
symbo| shall be shown at an ongle and dimensioned as shown.

Starting —1
Point

. N

o]

Margin

R

! —

G Stitch Row

Figure 17.46333-1
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17.633 METAL STITCHING

A. When designing minor, nonstructural assemblies involving the
attachment of asbestos, fiber, rubber, felt, fabric-base laminated
phenolics, cofton webbing, etc, to aluminum alloy, mild steel,
annealed stainless steel, brass, or copper sheet metq!, considera-
tion should be given to metal stitching. In addition, minor thin
gage, all-metal parts such as ammunition boxes, ducts, and chutes
may be assembled by stitching with a possible seving in preduction
time and cost.

B. Comparatively brittle malerials such os methyl methocrylate,
Tenite, paper-base laminated phenolic and magnesium alloy sheet,
efc., cannot be stiched. Some relotively brittle materials, such
as hard black osbestos, white fiber asbestos, and certain types of
plastics can be successfully stitched by using a metal backing strip
25 by 020 under the crown of the stilches. For these materials,
a note on the drawing should cllow the optional use of a backing
strip.

h

el Stitches cannot be driven flus ast meatal Byt their e in
C. Stitkches connot be driven flush eet metal but their use in
ducts, boxes, etc.,, is permitled at the dlscr tion of the Project Engin-

eer. Stitches can be driven flush in soft materials.

D. When stitching paraliel to the groin would tend to cause crock-
ing in wood or other material with a definite grain, the stitch shall
be placed at an angle of frem 15° to 30° to the centerline of the
stitch row. The exact angle within this range is at the option of the
shop.

E. Metal stitches use 051 diameter zinccooted steel wire per speci-
fication MIL-W-6714 with @ minimum tensile strength of 290,000
psi. The length of stitch is approximately .5 inch and is formed from
a one-inch length of wire for work thicknesses up to .17 inch plus
twice the extra thickness for work over .12 inch.

17.6331 EDGE MARGIN AND SPACING

Stitches can be located .12 inch from a flange on the side of the
work against which the stitch is clinched and from (12 1o 31 inch
from @ flange on the crown side of the work. The greater ¢cleoronce
is necessary on heavier work. The recommended minimum edge

margin is .12 inch.
Suggested stitch spacings are as follows:

A 75 inch approximately for a single row of stitches in ducts
with light, internal pressure where minor feakoge is not critical.
This spocing is also considered the minimum design spacing for
stitching.  (The shop minimum row spacing of stitches is .70 inch.}
1.00 inch for metal-to-metal joints ?(ﬂunn hghf laads.
1.25 inches for rubber, flber felt, or nonsfressed metols.
1.50 inches for asbestos, canvas, efc.

The cbove stitch spacings are in no way engineering standards and
con be vaoried to suit particular requirements. Stifch patterns and
sealing compounds for pressure-tight seams have not been determ-
ined.

The drawing minimum design stitch spacing in o row is .75 inch with
70 inch considered the shop minimum. The minimum row spocing
for metal stitches is .19 inch.  See Figure 17.6331-1 for appliga-
tion of these minimyms. The drawing nominal dimensions for mar-
gins and spacings with the lolerances applied should not be less
than the minimums given.

MINIMUM STITCH SPACING

_75Min—|<——i .|2Min——1 I-Q‘_.]Z Min

‘Ill—_"l' 1 ] —-:

19 Min

End loops in cotton webbing strips 1 inch wide or fess for oMaching
to cleots, rings, buckles, etc., may be mode with metal stitching.
A minimum of two stitches shall be used and spoced as shown in
Figure 17.6337-2

METAL STITCHING WEB END LOOPS

i
|
:l

I
,20—.-| I,-_..._fzs

Figure 17.6331-2

17.6332 CAPACITIES AND DIMENSIONS

The maximum recommended moterial thickness values for satisfac
tory production stitching on present equipment are given in Figure
17.6332 1. The principa! dimensions of present Boeing equipment
are shown in Figure 17.6332-2,

STAPLING MACHINE CAPACITY FOR VARIOUS MATERIALS @

Max
Max Single
) Number of Sheets Total o
Material and Remarks @ Thick. TS:ii:_*
fin) dn
Clad 2024-0, 3003 4 sheets of .040 . 160 102
Clad 2024-T3 2 sheets of ,040 .080 . 064
Type 302 Annealed
e Resist. Sreel 2 sheets of .020 .040 | .032
Type 302 1/2 Hard
Core Resist. Steel 2 sheets of 016 .032 .020
18-8 Full Hord
Stainless Steei 1 sheet of .020 .020 .020
Wood and Piywood,
Rubber, Rubber-bonded| .75 possible on fine
Canvas, Canvas Card- | grained wood. .75 --
board and Asbestos
Plastic, Hard Plywood |Type of plastic and
(Compressed and Im-  [amount of compression | .38 --
pregnated.} cre governing factors.
Melded Phenolic, Too brittle; cracking
Hard Rubber, tendency does not - --
Procelains permit stitching

@Any combination of gages of any one metal, the sum of which
does not exceed the maximum total thickness listed above, can
be stitched, providing that no individuo! sheet of the combina-
tion exceeds the maximum single sheet goge listed for that
material.

@Specific recommendations cannot be made for applications which
uyse combinotions of metael and sofl non-metallic materials. In

such cases, trial tests should be made; consult the applicabie
staff.

Figure 17.6331-1

Figure 17.6332-1
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17,631 PINS USAGE CHART
PART
PIN TYPE NUMBER MATERI AL REMARKS
Cable Eye
Flat Head Pin
Pin Recommended Use: In shecr:fpiicurions
ﬂ:ﬂ where little or no tension load exists, such
M$20392 STEEL as fork and eye connections. Use in place
of bolt and nut will sove weight.
Dowel Recommended Use: As an alignment
( D index in symetrical assemblies to
STEEL avoid improper installation. Dowel
AS 607 ASE pin and mating guide hole must have
NAS 6 H.ERDENED diameter lorger than any bolt holes
O to insure pin can only fit in correct
hole,
BAC-P18C
Two Hole
Cabl Recommended Use: In place of flat head
I[2 [®)4 2024-T Jule pin when direction of removal is unknown
@ BAC P18C STEEL Pulley 9 time of installation,
e
Putley Guard
Shear Pi
°r ' BAC Pige
Quick Release BAC PISAL Recommended Use: Primarily in shear
BAC P1BAM applications where quick disossembly is
--.gm NAS 1333 g}"égl_ necessary. Handle types available: Ring
Nt 1346 (illustrated), "E", "T", or button,
Available in drive sut or non-drive sut
types.
Spring Pins
Recommended Use: In sheor applications
| STEEL when installed in drive fit holes.
M5 146562 AND Design limits and hole sizes: Per M333547
Seal Retainer Pins
 (— Recommended Use: To attach seal cloth
T E to BAC-1520-484 or BAC-1520-470
BAC P18G CRES Seal Clath seal extrusion.
Safety Pin
29523
Recommended Use: To attach safety
MS29523 CRES chain to structure.
&n Chain
Cotter Pin Recommended Usage: As o sofety
retaining device.
Cotter Pin Cadmium plated steel pins may be used with
MS 24665 STEEL cadmium plated fasteners in temperatures
(o—f\E_-—, CRES up fo 450°F.
CRES pins should be used in corrosive areas
. or in non-magnetic applications up to 800°F.
NOM BOLTSIZE | ¥10 I 1/4 I 5/16 3/8!?,’]6 |1/2 9/16]5/3 3/4[?,'8 -] 1-174
STEEL 134 287 357 359 360 362
M5E24665 -
CRES [DASH NOS. 153 304 374 374 377 379
NI-CU 193 338 408 410 411 413
NOM COTTER PIN ex3/e | 332x1-1/4 |18 i-172 | i/8x1-3/4 | 1/8x2 | 1/8x2-172
SIZE
Figure 17,631-1

Lt 8
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17.64 WASHERS, SPACERS AND SHIMS
17.641 WASHERS

Washers sholl be selected from the following standards in the order

A maximum of two additional washers may be used to allow for grip
of preference shown for the application needed:

adjustment of the bolt,

To protect the surface of the structure during installation of a
fastener by fightening, one standerd washer maoy be used under
sither the bolt head or the nut (whichever is being turned).

For prevention of dissimilar metal corrosion between washer and
structure see the finish document listed in DM Book 81, Section 14.

STO PART

TYPE DWG NO. MATERIAL RECOMMENDED USAGE

MS520002
Heat-Treated Alloy Steel Per ® and @

BACWI0BN @
Al Alloy (Clad 2024-T3 or General usage @ . @ , @ , @ '

ANS60 T4). Carbon steet, CRES

i and brass. @ ; and @
BACWI0AT Steel and Alum Alloy Large |.D. for use with tapered shank fasteners per

Plain @,@,@,ond@.

ANS70 Steel Large OD for use on wood.
M527183 Steel Thicker and larger than ANS60 per @ , @,
and @ .
BACWIOP General usage for washers not found in other standards.
NAS1197 5052 Al Alloy Per (3) with magnesium.
M520002 To obtain a clearance with the large head-to-shank
Countersunk Heat-Treated Alloy Steel radii on high strength fasteners, in designs where stress
BACWIO0BN will rot opprove the required countensinking in the
materigt under the fastener head. Also and
Lock-Split M535337 Steel Where not restricted per AND10476.
MS35338 CRES
MS35336 and Bronze
Lock-Toath See Stondard Page 70.7.1.0
MS535790 Carbon Steel and Bronze
Counter Bore AN975 Steel With AN386 Taper pins.
self Aligning BACWIOBT Steel Concave and convex washers are used together.
- With BAC-514C vibration insulators {shock mounts per
Vibration Stop ANBO13 Steel and Al Alloy AND10405 and AND 10407},
MS19070 Steel With M519068 lock nuts to retain bearings.
Bearing Retainer . . .
With ball bearing, self-aligning rod ends to prevent bolt
BACWI0Q Steel head from slipping: through end in case of loss of balls.
) BACWI0U Steel and Al Alloy
Dimpled 100° BACWI0Z 5052 Al Per @ with 100° csk fasteners.
BACWI0AM For 220 K5I Bolts
Used for accurate control of
f,:j{é:’,‘;ﬂg BACWI0AP Heat-Treated Alloy Steel For 160 KS Bolts preload in bolt fo obtain maxi-
s~ T i e ot mum fatique life.
BACWI0AG For 125 K51 Bolts mum feligue Tte

@ To insulate dissimilar metals against corrosion. Wherever
possible, the washer material should be similar to the
material upon which it rests rather than to the bolt or nut
material so that corrosion, if it exists, is created between
the replaceable bolt ond washer instead of washer ond
fitting or sheet. Use 5052 aluminum alloy washers with
magnesium alloy per DM, Book 81, Sect. 14.0323.

Where moterial next to nut is steel, use MS20002 steel
washers. Use 2024-T3 or 2024-T4 washers (AN$60 for sizes
1" and smaller; BACW10P for larger) if material next to nut
is aluminum alloy.

® Used under nut to campensate for difference in bolt grip length
and material thickness per 19.512.

In the interest of weight saving, tweo washers are recommehded
as @ maximum for any one opplication. However, the use of
more washers is preferred to the use of a holt of special length
or washer of special thickness.

@ To distribute bearing load over o grecter area to prevent com- @
pression of material under bolt head, screw head or nut.

@ To prevent galling of aluminum or alurainum alloy sheets less
than .051 thick and other soft materials when bolts, screws,
or nuts are tightened, or by lock washers (per AND10476). @ Used next to plastic laminates to prevent crozing caused by

‘ driving solid rivets and swaged collars, see DM, Book 81
Sect. 24.311.

Figure 17 .641-1
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17. 642 SHIMS, PLATE NUTS
TYPE PART NO. MATERI AL dzp | rickness REMARKS
Plain_Plgte Nut Shim NAS463 1010 Steel or better g‘; 160’ 016, .03z
‘ Type W |NAS43C Cres (30, 302, 321,0r347) | {72 10638 .090 .
@ b NAS463D 5052-H36 5‘413 I::;sgeneral wse with plate
MNAS4430D | 2014, 2024, 7075, or 5052 | 3/8 '
@ Type T {BACSTBL | 20241 e | 9728 15
(Type W only)
BAC - Mo, &, 8& 10 1z
AC-518M Magneasium /4, 5’/!6& /8 5
Type F [BAC-S18U | 2024-T4 ;;‘]‘3 o | 125, 188,
A .250'4 .32
. . 1010 Steel or better For general use with plate
Floating Plate Nut Shim NAS463 Cres (301, 302, 32}, or 347) | No. 6, nobs.
ae 10 | .06, 032,
Type X NAS463C 1/4, .063 & .0%0
N AS4430 5052-36H -5/16
s
Type Y [NAS463DD | 2014, 2024, 7075
. No. 6,
o] O Type B BAC-518M Magnesium 8& 10 125
1/4,
gflé
8
oo() Type C
Countersunk Plate Nut Shim |\ 1crnn_ 1010 Steel or better
Type W [NASS00C Cres (301, 302, 3210r347) | e 5 | 0s0. 090 For use with 100° dimpled
104 "/4 Tal 125 sheet. Usz of csk plote
NAS500D 5052-36H : nuts preferred to use of
5 O @ Type T |NASS00DD | 2014, 2024, 7075, 5052 shims.
© Type F
’
Minicture Plate Nut Shim
No. .032 and
Type A o 2| 063
.375
@@ Type B NAS 1195 2014, 2024, 5052, See Standards | For use with miniature
or 7075 Page plate nuts.
b

Recommended Use: With plate nuts, to increase material thickness to accommodate grip of bolt. When attaching plates, panels,
etc., which would be removed for maintenance in metals of varying thicknesses it is preferable to use shims so bolts may il be of

some grip length to avoid instaliation errors. Use washers per 17,641 with hex nuts, Drawing Callout: Per PM, D-4900

Typical Installations

Nut Plate
Spacers
v NAS500 CSK Spacer
; : e E el |, .4;1[:3% :
; — B s ) L i ;ii|=: & “\-..—.
l'\flk 1]'\ : IIL LN J r'k l"\:'l‘l : ':-1#'1
| [ 1 !
) LN RN PN PN
Figure 17.642-1




17.643 SPACER, SANDWICH BOARD
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FASTENER @
STYLE PART NO. | MATERIAL | NOM DIA REMARKS® TYPICAL INSTALLATION
| Z 2024-T4 No. 10 For use in primary aluminum
‘Y Sleeve /4 structural sondwich with skins
% P 5/16 thicker than ,040
Sleave BAC-S18AB | 7075-Té
Plugs
BAC-518AB
No. 10
CRES
Type A See 1/4 For use in primary steel structural
Plug for Countersunk Standards 516 sandwich with skins greater than
Fasteners Page .040
See Standards Page for
applicable fasteners.
Type B Plug for roruding
Head Fasteners
For use in secendary aluminum
structural panels with skins
thinner than 040 or secondary
structural load attachments in
2024-T4 No. 8 primary panels with skins thinner
No. 10 than .040
1] /4 Dimple formed with hot dimpling
2-2 dies. 7 (,,,,,,,,,
. J BAC-S1BAC \
B I
f’//’ %// SR
May be used with any 100° CSK
No. B fasteners which will fit the speci
o. . e fied inside diometer except pull
416 CRES | No. 10 :‘;nﬁ“ in steel or titanium |0 Tockbolts.  See Stamards
/4 page.
Especially designed for flooring
attachment; skin thicknesses less
No. 8 than 040,
2024-T4 Neo. 10
N 3 1/4 May be used in any secondary N
§-§ loading & spocer application, "r, J ‘
N N
[ 1 il
§ \\ BAC-518AD Elmple formed with hot dimpling LY \\“m “\“\L\
§ \ les ‘“ \““\4 :“-’ff lrrrm
& \ -k\\\\ PSS \
\\\\\\\\\\\\\\{ &
r b
May be used with any 100° CSK
CRES fasteners which will fit the speci-
See As above in steel or titanium fied inside diameter except pull
Standards anels type lockbolts. See Standards
Page i ) page.

® Strength of these joints is dependent upon the sandwich construct -

@ The note, INSTALL PER BAC 5085, shall be added to applicable drawings.

n. Consultthe applicable divisional staff unit for information,

Figure 17.643-1
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17.643 (Continued) -112- i
S,
STYLE PART NO. | MATERIAL | FRSTENER REMARKS TYPICAL INSTALLATION | 4
Sandwich Board Spacers
[ No., 8, 10
Sleeve Type A " and 1/4
- ugs For use in sandwich board
i balsa wood, etc. to pre- ! -~ Honeycomb
! T A
4] ype vent crushing of materiol.
p—t -
= a3 N BAC-518P Thd
y spacer
] . Type A, B, or C, plug
\_Sleeve Type B 6081-To may be used with either =
= Type Aor B sleeve, For i BAC -S18P
installation doto see —--——- s:cf:er 8
| BAC-518P Standards page. %
L[—-_ Type B —
Tha'si @ - ! Core Bolt
eave r—]
Type A f‘%
s S = 10-32 For use as a self-lacking |
IP' ||_]”E_ ' '\H tapped hole in sandwich -
Tt * - board, efc. ‘E
Thd Sleeve 2024-14 — H Gore Bol
! F]@hll]i Type A, B, or C plug may =\ _—pac-siac
L - be used with either Type A —— spacer
f—"— or B sleeve. See Standord
page for installation data.
Flanged Spacer 2017-T4 |]z/8 &,3/32 Stronger in shear than
— BAC-518C or oo oT | S18P. See BAC-S1ED
— 2024-T4 | ' /4 for installation data.

Figure 17.643-2
17.644 RIVET, SPACER HEAD,BLIND

STYLE PART NO. | MATERIAL | FASTENER REMARKS TYPICAL INSTALLATION
NOM DIA ‘
HeudI used to space sheets. Sheet
. R 1/8, 5/32 | nstelled withCherry or
Spacer Head, Blind Rlveil B AC_R 152 &/37“/ Olympic rivet gun. BAC-R15Z
Pull-Thru - Break-off t {preferred

M— - H= ype (preferre

b _JTI- n Stem 5056-F with blind rivets) limited éN“z‘ﬂ,"‘é

J L[ Break-Off | BAC-R15BY to applications where the ore rivet

1 Stem BAC-RI5CC broken stem can be retrieved

on blind side. See Std pg
for installation.

Figure 17.644-1
17.645 SPACER, RIVET AND BOLT
STYLE PART NO, | MATERIAL | FASTENER REMARKS TYPICAL INSTALLATION
NMOM DIA
2024-T & Gen Usoge : Spacing sheets,
NAS42 4130 or 8630 ggz ithru wire bundle clamps, pulley
_________ Steel rivet guards, etc. with rivets. Pulley
Spacer
2024-T & Same usoge as NAS42 with
No. 4 MNAS43 Spacer
NAS 43 4130 or 8630 bolts & screws except not BAC -
Steel thrv 1.00 for pulley guards, AC-318K spacer '
P e — 2024-T .
{ ~ No. 8,10 | For use with top sheet Nut & Bolt
_______ ) CSK Spacer BAC-518K 68{:]-]’ and '/4 dimpled.

Figure 17.645-1
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17.646 SPACER, PLATE NUTS

STYLE PART NO. | MATERIAL | FASTENER REMARKS TYPICAL INSTALLATION
NOM DIA
Plate Nut Spacers
Plate
— Type BAC-518G Tube For general stand-off
] - 1/4 & 5/16| spocer usage with nut
(] s061-1 |1/ / plates. Two lug type pre-
H ferred where spoce permits.
' Plate
BAC-518R 2024-T Neo. 10
BAC-5185 Tube /4
6061-T /
Plate
2024-T To attach lining with
W BAC-CI15F-5 clips.
BAC-518 Tube
6061-T
Figure 17.646-1
17.647 NUT, SPACER PLATE
SPACER PLATE NUTS STD NQ. | MATERIAL THREAD TYPICAL USAGE
Coast
Heavy Duty 356-Té
BAC-N10DW Forged .10-32
2014-Té

For stand-off attachment
of equipment etc. parallel
te mounting surfoce

BAC-NI10DY | 2014-Té .10-32

Two Lug
=]| Light Weight BAC-NI10DZ | 2014-Té .10-32
@,
' BAC-NI10DX | 2014-T4 10-32

Drawing Callout - Per PM 94B1 Section 10

Figure 17.647-1
r

17.648 RADIUS FILLERS | |

Radius fillers are allowed a maximum gap of .040 per BAC 5300, @

When less maximum gap is required to obtain increased tension loods .

or reduce deflection, the allowable maximum gap should be noted ! [ Radius Filler

on the drawings as follows: (such as BAC 1512)
MAXIMUM GAP BETWEEN RADIUS FILLER AND THE RADIUS ". 040 Maximum Permissible
OF FORMED PART (OR EXTRUSION) SHALL BE XXX, d

Figure 17.648-]
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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-structural Adhesives

26.1 Advantages of Adhesive Bonding
26.2 Types of Adhesive Bonding

26.21 Structural Bonding
26.22 Non-structural Bonding

26.3 Forms of Adhesives

26.4 Design of Adhesive Bonded Joints

26.5 Design of Adhesive Bonded Parts

26.6 Structural Bonding ~ Design Information
26.61 Design of Adhesive Bonded Structures

26.611 Metals Suitable for Structural Adhesive Bonding
26.612 Selection of an Adhesive Bonding System

26.6121 Selection of Adhesives

26.613 Cured Bond Line Thicknesses
26,614 Drawing Callout

26.62 Adhesive Bonded Honeycomb Sandwich Panels
26.7 Non—structural Adhesive Bonding — Design Information
26.71  Selection of an Adhesive Systern

26.711 Selection of Adhesives
26.712 Surface Requirements for Non-structural Bonding
26,713 Cost Information

26,714 Drawing Callout
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SECTION 26

ADHESIVE BONDING

26,01 GENERAL

This scction comtiins mformation 1o aid in the selection
af adhesives tor structural and non-structural applica-
tions. N also presents guidinee concerning typical joint
conligurations and data on strongth and comparative
cost.

26.02 REFERENCES

Documentation and specifications for structural bonding
are quite different from non—structural bonding because
of the rigid controls required for structural bonding, and
consequently are listed separately.

26.021 STRUCTURAL ADHESIVES

A, BMS - BOEING MATERIAL SPECIFICATIONS
1. Sheet Stock

BMS H-64 Laminated  Aluminum  Sheets -

Structurally Bonded

2. Adhesive Systems

KBS 5-42 Structural Adhesives for Metal-to
MVetal Assemblivs AF 9330 8ystem.
BMS 5-51 Maoderute  Tewperature Curing

Structural Adnesive System.
BMS 5-70 Structural Adhesives for Metal to
Metal Sandwich Assemblies FM6G1
System.
BMS 5-8( Moderate Temperature Curing
Structural Adhesive System.

BMS 5-89 Corrosion  Inhibiting  Adhesive
Primer

BMS 5-90 Structural Foaming Adhesives

BMS 8-30 Structural Foam-in-Place Ad-
hesive

B. BAC - PROCESS SPECIFICATIONS

BAC 5452 Structural Foam Honding

BAC 5514-542  Structurally Bonding Metal-to—
Metal.

BAC 5514 Common Bonding Requirements
for Structural Adhesives Systems.
BAC 5514-551  Structural Bonding with Moderate
Temperature Curing Adhesives
(BMS 5-51).

BAC 5514-570

Structural Bonding with BMS

5-70.
BAC 5514-580  Structural Bonding with Mod-
erate Temperature Curing Adhe—
sives (BMS 5-80).

BAC 5314-589  Application of Corrosion Inhibit—

ing Adhesive Primer
BAC 5514-590  Structural Bonding with Foaming
Adhesives

oo e L2 aral
LO.UaAs  WNNUIN-O 1 VUL

The following specifications should be called out when
applicable as indicated by Figures 26.711-1, 26.711-2
and Paragraph 26,714.

A. BAC SPECIFICATIONS

BAC 5010 Application of Adhesives

BAC 5038 Processing of Acrylic Plastics

BAC 5407 Btructural Bonding of Metal 1o Wood or
Plastics

BAC 5444 Bonding Shims and Fillers

BAC 5447 Processing of Thermoplastic Sheet Materials

o < W diom o ~F IVl Y e o fbi s ALTat . T
BAC 5472 Bonding of Cork Composition Ablative In—

sulation Material.

26.1 ADVANTAGES OF ADHESIVE BONDING

AoAn adhesive distributes  stresses more uniformly
throughout the bonded area than mechanical fasteners.

B. A bonded oxterior jeint in an airplane or aerospace
vehlele presents a smooth acrodynamic surface to the
vlements, thus eliminating the drag caused by nen-flush
micchanical fasteners.

€. The use of an adhesive bond can reduce the weight of
the systen.

I With the proper selection of the adhesive, the con-
thwity of an adhesive-bonded joint reduces the probability
ol leakage, und therefore, can eliminate the need for extra
gaskets or sealants, This is an important advantage over
rivets where buckling of thin metal sheets takes place
between rivets, making gasketing or sealing mandatory.

I. Adhesive bonding may be faster and less expensive
than other fabrication techniques such aswelding, brazing
ar mechanieal fastening with rivets.

F. Galvanic action will not normally result from the
bonding of dissimilar metals. The adhesive used is gen-
erally a good dielectric and thus can bond and insulate
simultancously.

(. With proper care to preventwarpage, theuseof elasto-
meric adhesives permits the bonding of dissimilar materials
with widely differing coefficlents of expansion, This is pri-
marily applicable to nonstructural bonding.

H. Bonded sandwich construction presently offers the
optimum strength—weight ratio for certain structural appli-
cations. See Section 216 for design information.

I. As a result of the more uniform load distribution,
structural adhesive bonding increases component fatigue
life,

J. The visco-clastic characteristic of adhesives in lam-
inated sheets improves resistance to sonic fatigue.



26.2 TYPES OF ADHESIVE BONDING
26.21 STRUCTURAL BONDING

Structural bonding is used in primary and sccondary
structural areas where bond integrity is required. Struc-
tural bonding requires designs that can be easily and
reliubly Tabricuted during processing. Greater control
over materials and bonding techniques is required in
structural bonding beeause of the load-carrying require
ments the assembly must meet.

Design information on structural adhesive bonding is
given in 26,6 and structural adhesive bonded honey-
comb sandwich panels in Section 216,

26.22 NON-STRUCTURAL BONDING

Non-structural adhesives are considered those adhesives
that may fail in service without endangering the safety of
the aircraft. They are not used where structural integrity
is required, as the bond strength reliability is of a lower
order. Non-structural adhesives are used for joining rub-
ber, foam, plastics, fabrics, leather and metals, while struc-
tural bonding mainly concerns metal-to-metal fastening.
In general, the shear strength of non~structural adhesives
is in the range of 200-1200 psi and the peel strength
ranges from 10 to 30 lb-in. per inch width.

Non-structural bonding is generally faster and less ex-
pensive than structural bonding in those applications
where structural integrity is not mandatory.

Design information on non-structurai adhesive bonding
is given in 26.7. Non-structural adhesive bended sand—
wich panels are a unique system in themselves, not repre—
senting adhesive bonding as such; information may be
found in Section 218 (new).

26.3 FORMS OF ADHESIVES

Adhesives are available in twobasicforms; (1)dispersed
in a fluidizing carrier solvent, either organic or agueous;
and {2) free of volatile carrier. The latter, includes films,
solvent-free pastes, powders, and hot melts.

The firsi form of adhesive is most common because air
drying can be employed In many cases to remove the
carrier fluid for development of a good bond; also, com-
mon paint brushes or spray guns can be used to apply
them, depending on the usage.

The carrier —{ree adhesives are rapidly gaining favor as
the most practical for assembly line structural bonding.
They provide the strongest adhesive bonds obtainable.
In this class of adhesives are (1) adhesive films, unsup-
ported or supported; (2) lump and powder adhesives
which are heated and cured by heat or solvent reaction;
(3) pastes, solvent free, which must be cured to develop
cohesive strength. The epoxy resin based paste adhesives
are among the most versatile adhesives available.
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26.4 DESIGN OF ADHESIVE BONDED JOINTS

A. JOINT DESIGN. To realize maximum efficiency from
adhesives, joints should be expressly designed for adhesive
bonding. The detailed stress analysis of an adhesive-
honded joint is difficult, partly because of the nonlinear
stress-strain characteristics of adhesives. Stress analysis
has shown that stresses are not uniformly distributed
across the adhesive joint, being greatest at the free edges
of the glue line.

B. TYPES OF JOINTS. Selection of adhesive joint de-
signs is a compromise between strength and joint prepara-
tion cost. The design of metal-to-metal joints is influenced
by the magnitude and direction of the load the joint will
have to bear. Figure 26.4—1 shows several possible
joint configurations. In non-structural applications little
more than selection of a desired joint configuration is
required. However, in structural applications, more
detailed consideration must be given io the effects of
the individual joint on the part configuration and load
distribution,

C. ANGLE JOINTS. The lower portion of Figure
26.4—1 presents an evaluation of angle joints for resis—
tance to cleavage against four directions of stress
application. When heavy sections are bonded, the parts
should be designed so that the adhesive is in shear.
Cleavage stresses should be avoided or minimized when—
ever possible.

D. BUTT JOINTS. Butt joints are easily fabricated but
are impractical because of probable failure when loaded
in tension. in cases where a butt joint must be made, a
honded shear component should exist along at least part
of the bond line,

E. LAP.JOINTS. Lap joints arethe most commonly used
adhesive joints. Peak stresses develop at the ends of the
lap due to the eccentricity of loading resuiting from the
finite thickness of the joint and the differential strain in-
duced between adherends and adhesive by the load.

F. SCARF JOINTS. Scarf joints are butt joinis where
the joint angle is less than 90°. The joint is relatively
costly te produce. Because of machining requirements
it can not be used on thin stock.

G. JOGGLE LAP JOINTS. Joggle laps arc a means of
lining up tensile forces in joining thin sheet or parts but
should be avoided if complete sealing of the joint is re-

quired.

R o T



26.4 DESIGN OF ADHESIVE BONDED JOINTS

(Continued)
H. STRAP JOINTS.

The strap, double strap, recessed
double strap, beveled double strap, half lap and double
lap all provide geod resistance to bending stresses.

I. STRESS CONCENTRATIONS. Stress concentrations

at the ends of a lap joint tend to result in an apparent
failing stress lower than the actual or theorctical value.
(This apparent failing stress is defined as the observed
breaking load divided by the lap area). Ithas been found
that the failing stress is independent of the width of over-
lap but diminishes with increasing length of overlap. Fig-
ure 26.4-2 shows the effect of overlap length at rocom
temperature.

TYPICAL JOINT CONFIGURATIONS

Types of Stress

I

Lap

——

Beveled Lap

Scarf

———

Joggle Lap

——

Strap

Good - Practical

Very Good -
Usually Practical

Very Good -
Usually Practical

Good -
Unless Complete
Sealing is Required

Fair -
Sometimes Desirable

Lap Joint Butt Joint Bonded Lap Joint

% é ff % , Members
Peel Cleavage
{Ome or both (Both members

Shear Tensile members flexible) rigid)

Types of Joints .
¥ ) | ] Unsatisfactory jood -
Butt in tension. Sometimes Desirable

I

Double Strap

Good -
Expensive Machining ‘
Recessed Double Strap

)

Very Good -
Difficult Production

Beveled Double Strap

Good -
Requires Machining l

I

Half Lap

Good -
Difficult to Balance Load

i

Double Lap

Angle Joint Stress Evaluation

*

— -
Poor Poor Fair Fair
Poor jood Fair Good
v v '
t .
Good Good Good Good
Fair Good Good Good
‘_ ‘_
‘ ¢ ——p = Stress Direction

Figure 26.4-1
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26.4 DESIGN OF ADHESIVE BONDED JOINTS
(Continued)

TYPICAL ACTUAL FAILING STRESS - LAP JOINTS

6,000

4,000

Failure Load - lbs

2,000

]\lL Pl '
2 3 4
Orwverlap - ins.

NOTE: The bond strength of the overlap varies with the
length of the lap, thickness of the material, and
its yield strength.

Figure 26.4-2

26.5 DESIGN OF ADHESIVE BONDED PARTS

When designing parts for adhesive bonding, the following
basic design guides should be followed if the maximum
strength of the adhesive is to be achieved:

A, Stiffness and thermal expansion coefficients of the
adherends should be as similar as possible.

B. Arrange the adhesive bond in shear or compression
avoiding flatwise tension and peel.

. Stress concenirations at edge of joints can be reduced
in heavier structures by tapering the edge of adherends or
using stepped doublers.

. Make thebond arealargeenough to carry the required
load.

E. Make the contours of mating structures as similar as
possible to ensure uniform pressure application to all
sections of the bondline.

26.6 STRUCTURAL BONDING DESIGN
INFORMATION

26.61 DESIGN OF ADHESIVE BONDED
STRUCTURES

A. LOAD DISTRIBUTION. Uniferm loaddistributionis
necessary te obtain optimurn joint efficiency and fatigue
life. Close coordination with both the materials technology
organization and the tooling group is necessary in order
to avoid excessive production costs. The following objec—
tives apply for optimum adhesive bonding design:

1. Minimize any stress concentrations in the adhesive
bond.

2, Provide efficient distribution of loading to theattached

cormponent.

3. Apply stresses in shear or compression.

B. CURING ESSENTIALS. Extensive processing is re-
qu@red in structural bonding. The bonding process re-
quires:

1, FEven pressure distribution to ensure proper contact
during the flow and welting stages of the cure, con-
sequently dimensional tolerances are very critical.
These tolerance problems can occur when nested parts
having contour are bonded.

2. Temperature application as uniform as possible to
provide even curing of all sections of the bond.

C. DESIGN OBJECTIVES. The above requirermnents
make it necessary to design parts and details which can
be easily fabricated,

D. DESIGN PRECAUTIONS. In the design of assembly
or instailation of bonded structures the following precau—
tions should be taken:

1. Avoid locating fasteners in the vicinity of joggles.

2. Consider the effect of any possible corrosive attack.
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26.611 METALS SUITABLE FORSTRUCTURAL,
ADHESIVE BONDING

Figure 26.611-1 lists metals that may be bonded.

MATERIAL SERIES

Wrought Aluminur Alloy 2024
3003
B052
5406
60451
TOTS
TS
7178
Corrosion Hesistant Steel All
Magnesium AL
HEK31
Titanium UL-BAL4Y

Ti-BAL-1Mo-1V
TiC P

Figure 26.611-1

CTION OF AN ADHESIVE BONDING
EM

26.612 SELE
VST

173

A. CHGICE GY ADHESIVES. Fuor structural bonding
the dass known as thermosetting adhesives s used. Two
primary thermosetting types are ihe epoxy and phenal-
formaldehyde (commonly called phenolic) resin systems
Modifiers arv added to give desired propernt iber
thermosctiing resing are gvailable but are not used (o any
great extent,  Figures 26.6121-1 and 26.6121-2 pre-
senit information for assisting in the ction of an ad-
hesive system. DMBJAL Sevton 2 presents design
allowable information for the varicus structural adhesive
systems.

26,6121 SELECTION OF ADHESIVES

Figures 26.6121-1 and 26.6121-2 provide information
on the seiection and mechanical properties ol structural
adhesives.

B. ENVIRONMENTAL CONSIDERATIONS Serviee
conditions or resishitnee fo environmental factorsthet must
be taken into acenunt include the following:

1. Type of loading.

2. Operating temperalure,

3. Fluid exposure - JP-4 fuel, BMS 3-11 Hydraulic
Fluid, alt spray, uc,

4. Corrosion,

C. STRENGTH CONSIDERATIONS. Stremab consid-
erations that musl be accounted for inciude:

1. Tensiic shear stremyth.
2. Peel and faligue strengths.,
3. Creep strength.

4. Flexibility, stability, ete.

ature bonding pro—

IMPORTANT NOTE: Elcvatedtemp
cesses will cause a doss in the m

the alumitum alluy sheet muterials being bonded. For
example, bending pee BAC 3514 of trailing edge ussem—
blies with the BMS 5-70 adhuesive system van subject the
aluminum alloy materinl w wmperatures in excess of
325°F for as much as 60 minutes. The loss in mechani-
cai propertics of the material is dependent on the tem-
perature and accwmolative time of expoesure: Design Man-
uals B1A serics, in the 4 subscCtions provide data
on the resuiting reduced values.

ADHESIVE SELECTION CHART FOR STRUCTUHRAL BONDING
Process Adhesive In-Service
Specification | System BME | Type of Structure Temperature Remarks
BAC No. Numbcr Limitations, °F
5614-542 5-42 Metal-tn—MMetal @ 250 Specify for bonding of sheet,
Structures ' doubiers, and stiffenees of
aluminum alluy, magnesium
alloy, or titanium.
5514-551 5-51 Metal-to-2Metni 18} Specify for machined
Structure Aluminum honeycomb asscrublios for
Honeycomb Sandwich laminated and sguare edue
assemblies: For bonding of
@ @ sheet doublers and stiffeners
~ ~ of aluminum and titanium.
5514-370 5-70 Aluminum 300 Specify for machined honeycomb
Honeycomb laminated edge and square edge
Sandwich honeycomb assemblies
T
5514-580 5-80 Metal-to-Metal 180 Alternate to BAC 5514-551
Structure
Aluminum Honeycomb
Sandwich @ @
@ Laminaled sheet is available as BMS 5-69. Typical drawing callout shall be by
the note: TWO PLY .OXXN SEEETS LAMINATED PER BMS 5-GY. The note
shall refer to the applicable parts by flag in the stock size and material column of
the parts list.
@ See BMS 4-4 and 4-0 for honeycomb core drawing callouts,

Figure 26.6121-1
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26.6121 SELECTION OF ADHESIVES (Continued)

MECHANICAL PROPERTY CURVES OF DIFFERENT BMS SPECIFICATIONS

wide x 7.5 inches, with a .50 inch

overlap.

! Values are from DM84A3

¢ Section 532

400

-

51

BMS 5—

BMS 5-80

| Substrate: 2024T-3 Clad Aluminum -}

“L Specimen: .063 in. thick x 1.0 inch

i
:
:
o
r
5

Flos
s

1

| BMS 5-42

|

REERIM

4
13

+
i

-200

1]

Load vs. Temperature

T

i
1

;
1
;
1

WP ut 3ad 5q1 0001 - PROT 1eaYg ayeumm[)

500

300

200

-300

-400

°F

]

Temperature.

2

Figure 26.6121-
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26.613 CURED BOND LINE THICKNESSES

The cured nominal bond line thickness for structural ad-
hesives varies, depending on the usage of the adhesive,
curing pressure, width of the overlap and the chemical
nature of the adhesive. The values given in Figure
26.613—1 are for typical wide area bonds (12" x 127)
and would vary if the overlap was smaller.

CURED BOND LINK THICKNESSES AND WEIGHTS

Adhesive Cured Nominal | Nominal

Bond Thickness| Weight
{inches) Ib/ft

BMS 542

Type 1 with @ - e

Type 2, Grade A 009 .0b5

Type 2, Grade B 011 .07

Type 3, Grade C 004 .03

BMS 5-51

Type 1 with @ .

Type 2, Grade 5 003 .03

Type 2, Grade 10 .008 .06

Type 3, Grade 15 .0L2 .08

BMS 5-70 {3)

(Type 1 Liquid Ad- .01 085

hesive with Type 2

Tape Adhesive)

Bonded per

BAC 5413

BMS 5-80

Type 1, Grade A — —

or Grade B with - —

Type 2, Grade 5 .005 .03

Type 2, Grade 10 .010 .06

Type 2, Grade 15 015 .08

Cured bond line thickness will vary with pressure
and width of overlap.

@ Heavy scrim in the bond line keeps bond thickness
fairly uniform regardless of pressure or length of
overlap.

This is a very high flow adhesive. Narrow bond
overlaps (.50 to .625) will have a nominal .006 in,
bond line. Wide overlaps with the same pressure
will have .01 to .012 inch thick bond lines.

Figure 26.613-1

26,614 DRAWING CALLOUT

[rawings shall cailout the adhesive system and process by
the following;:

BOND WITH BMS 5-xx PER BAC 54xx.

BAC 5514 "Common Bonding Requirements for Struc-
tural Adhesive Systems”, collects and specifies all the
common processes for all structural bonding adhesive
systems. A BAC 5514 dash-numbered specificationis used
for each specific adhesive systems individual processing
requirements. For ease of reference, the dash number will
be the three digits of the BMS numbers. Therefore, the
BMS will not need to be called out. The callout will then
be:

BOND PER BAC 5514-551 (BAC 5514-580 OPTIONAL)

The callout shall be referred to by flags in the appro-
priate place on the field of the drawing and in the mate—
rial column of the list of materials for both details and
their agsemblies.

NOTE: For drawing callout of specific processes and/or
materials, see the references in 26.021.

26.62 ADHESIVE BONDED HONEYCOMB
SANDWICH PANELS

Honeycomb sandwich structures consist of two high den-
sity faces or skins 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 normal to the faces. The
selection of the core and face materials will depend upon
the particular requirements the structure must meet.

The designations, structural and non-structural, are
uged to describe the two types of bonded sandwich con-—
struction. Non-structural sandwich panels are covered
in Section 218.

Structural sandwich panels are covered in Section 216.



26,7 NON-STRUCTURAL ADHESIVE BONDING -
DESIGN INFORMATION

26.71 SELECTION OF AN ADHESIVE SYSTEM

A, The following considerations should apply when select-
ing non-structural adhesive systems:

1. The materials 1o be bonded; their surface condition
(rough or smooth, perous or non-porous); their sus-
ceptibility fo “crazing™ (acrylic and polystyrene plas-
tics); flexibility; method of prebond treatment.

2. The environmental resistance of the adhesive bonded
juint to meoisture, oils and greases, BMS 3-11 Hy-
draulic Fluid, ozone, fuels and solvents, temperature
{also cyclic temperature change), radiation, and fluids
such as cleaning materials, coffee, urine, ete.

3. 'The type of loading to which the adhesive-bonded
joint will be subjected, i.e., fatigue, shear, tension, peel,
vibration, and their strength requirements.

4, ‘The method of adhesive application, ie, manual
brush, extension gun, spray, dip, roller coat and
trowel.

The assembly requirements, i.e, assembly location
such as factory or field, the access of bonding tools
such as spray guns, rollers, vacuum bagging equip-
ment, bonding jigs, elevated temperature curing equip-
ment (ovens and heat guns).

ot
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6. The curing requirements, i.e., temperature{elevated or
room), pressure and cure time.

7. Special requirements such as color, electrical pro-
perties, and high frequency heating from nearby elec-
tronic equipment including radar and antenna sy stems.

8. The materials to be bonded must beresistantto corro-
sion resulting from the action of harmful substances
present in, or produced from the adhesive used. Al-
though this type of action is comparatively rare, it
must be recognized and avoided.

Examples:

a. Some epoxy compounds react detrimentally with
copper and brass.

b. Some neoprene adhesives react with moisture to
release hydrochloric acid.

c. Some silicone adhesives react detrimentally with

conner and hrass
COPPEr and ar'ass.

9. Bonding c¢ost considerations are heavily influenced
by the labor involved in application. Figure 26.713-1
shows cost of bonding a one-fout square area. Even
under these comparable conditions, the method of
application can cause total costs to vary over 300%.
for large areas, high production, or peculiar shapes,
consult the Materials Technology organization for cost
analysis and guidance.

B. When the design of non-structural joints approaches
any of the limitations noted in Figure 26,711-2consult the
Materials Technology organization.
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26.711 SELECTION OF ADHESIVES
A. The adhesives shown in Figure 26.711-1 are recom—
mended for nonstructural bonding applications.

B, Thermosetting adhesives (i.e, Types 38, 54, 59, etc.)
are relatively rigld and cxhibit high tensile and shear
strength (see Figure 26,711-2 whether the load be applied
at a fast rate {(dynamic), or a constant load (static)

They also have good fatigue characteristics. However,
rigid adhesives have relatively poor bonding qualities
when stressed in peel or cleavage.

C. Some adhesives show high tensile and shear strength
but have poor resistance to constant or vibrating stresses,
The rubber-based adhesives (Le, Types 40, 48, 53, etc.)
have low tensile or shear strength, but because of film
clasticity, develop high peel or cleavage strength.

SUGGESTED BAC 65010 ADHESIVE TYPES FOR VARIOLS ('(JM_E[NA']'[ONS OF SURFACES
Acrylics BAC 5038
Cellulose 12 17 30
40 48
Cork 12 44 | 30 4012 38
59 1 48 40 48
Felt 12 59 [ 30 40|38 40 (34 38 |30 34
48 48 48 40 48
Glass, iz 59| 30 40|12 3812 38{38 4038 40 44
LCeramics 48 40 48 (48 48 48 54
Leather 12 59 | 30 48|12 38|12 38|38 4B{ 12 38 [ 12 48
48 48 48 58
Melamine 12 59 | 40 4B |38 40|38 48|28 40} 38 44 | 38 48|38 44
48 54 48 54 54 654 58
Bleel and 12 38 | 40 48|48 40| 38 8|30 40038 10 1y [RCO S I TR R (ST T
Aluminum 44 54 48 534 48 48 54 | 48 A4 54 48 54 b
Bruss and 12 44 | 40 44 [ 40 44712 J8 |40 48] 12 40 T2 4n |2 4012 40140 34
Cupper 51 48 51|48 o1 44 48 RT3 48 |44 aH 4R
Nylon 12 14 12 40|40 48114 S| 38 4ul 38 40 4n I Bk |38 AU EE b0 44 |40 44 [ K a3t
51 59| 48 §11(51 48 H1 |48 51|51 G40 aR G | ol[4s ab 48 5]
Paper, i2 549 | 12 30]12 O 12 30| 30 4| 12 guofaz o2 1M 12 48112 48|12 14
Cardhoard 34 48 |48 34 a4 |48 34 48 | 44 4R
Phuenoties 12 44 | 30 40112 38 40|38 4138 40|38 40 44 | 38 44 12 bS] w2 4(] 38 40 44
31 59| 48 44 48| 438 48 8 hi | 48 44 34 544 48 |48 51
Polyester & 12 44 1 30 40|38 40 44| 38 44| 38 20| 38 40 44 | 48 48 |8 48 M 4d |40 44 |38 40
Epoxy Laminates 51 59| 48 5148 51|48 51{ 3K 51|48 51 | /1 31 18 31 6H AR 51 |44 48 5]
Polystyrene 12 59| 17T 30|30 3830 38|38 44| 12 34| 12 G812 RLE D 34 (12 a4 |12 A8
A-B-§ @ 48 48 44 48 52 | 4% iR 16 |4 4 51
[l yurethane 12 12 48] 12 48|12 44| 4B 12 EE N A T I 1412 48112 a5 |12 48
Foam
Polyvinyl Uhlor- 12 44 43 48 48 44 3] 18 14 EE) 45
ide, Flexible
Polyvinyl Chlo- 14 48 48 Sty ds 44 i1 iR PEOAR |44 sl 44 48 144 48|44 48
ride, Rigid
Rubber, 12 RY [ 40 18|40 48] 48 9| ad] 10 14 I 541 40 i8] 4o I8P AY 1H] 40 48
Huta - N it} 58 3t a4 ol 5%
Rubber, Butyl 44 44 44 44 14 41 14 i4 <4 ER2 Tt 44
Rubber, 44 5 44 5 14 044 5 M K [ 314 1 44 5 AN 5 4 n 44
Neoprene 53 58|53 S8 533 h8| B3 HH| 5Y BLN ATl W] HH| 53 K| 52 ax| 563 54
Rubber, ) 68| 46 60| 46 GO 46 G0) 46 6o 46 H0 S IERTRY IR s L6 GOl At s s 50
Silicone G 5Y L1} tH 64 HH Lt 68 G 8
“Fellon 12 59 30 40: 34 40 12 34) 30 40| 385 10 44 b2 Jx| 38 b 38 40 g4 | s a1
48 48 34 48} a4 18 O i aB| 48 54 06| 48
Wood 12 58| 30 40 12 30 38| 12 38| 38 40| 19 Sz 0| 1Y dof 12 GE[12 38 4002 40| A 38 40
48 40 4B| 44 48 AH o4 N AK| 0 dK| 44 34| 44 48 51
r rd
.\\{9
AT <F
- ¢ ; o « &
e a5 o . & &
B & & & 1Y B o X >
# o & e &° S5 ¥ =

Figure 26.711-1 (Continued)



26.711 SELECTION OF ADHESIVES (Continued )

~124-

B SUGGRRTED BAC 5010 ADHESIVE TYPRES FOIR VARIGUS COMRINATIONS OF 5URFACES (Continued )
— e e — = e T e e
Paper, 30 34 -" ]
Cardboard
Phenolics 30 44|38 40 34
38 4K (48 54
,,,,,, e RS AR S I e — ]
Polyvster & 12 34 |38 44 | 38 44
Epoxy Laminates 48 Al 23l 5l
Pul‘vai_\'rt;r;' ) 12 g0 |12 38 l'a!. IHT 12 38 -
AN @ 5 48 44 48148
(S S S P
Polyurcthdne 12 48|12 48§ 12 48|12 48|12 48 T
Foam
ekt VY PR S - I S B PR EE S
Polvvinyl Chlur- 48 44 48 48 48 9 48
e, Floxible
Polvvingl Chlor- ! 44 38 |44 48| 44 4844 48|48 9 48 9 44
ide, Ragid : 48
—_ b JS —_—t—
Rubbier, p 48 59|40 48] 40 48|48 59 48 40 44
Huna LY 54 54
Hubber, Butyl 44 34 44 49 [ 44 44
Robbee, | 5 44| 5 4] 5 14| 5 s3] 5 58 | 5 a3
Neopeme R IGT. NS S| DY HH | o8 S1)
Hubbor, 16 GO |46 BO| 6 i | 46 BU ) 36 K BR | it 68 46 60
i silivone [:13) 68 68 8 B
r_l_.E-n ’ -in() J";" :}8 400 44| JH dd [ 38 4K} 12 48 |48 44 4840 34| 43 5 24|46 GO |38 40 _47
4 54 81 54 59 34 68 48 a4
Wood 19 48
@ Band Koy alite and Balturon ABS materials in urcordanee with the spe-
cification outined in 3AC 3447,

Figure 26.711-1

NOTE;
IMPORTANT

This table is intended for use in finding the
possible BAC 5010 adhesive types suited for
bonding various combinations of surfaces.
Because of the variations in the nature of the
materials listed and the varying criteria of
usage, it is imperative that the designer
strictly adhere to the 6 steps outlined here
for proper adhesive selection.

Steps Necessary To Select The Correct Adhesive
1. Determine the nature of the materials to be bonded:
Check the available vendor information.
Consult the Materials Technology organizaﬁ:)n

when unable to determine the nature of the sub-
sirates.

Check the process documents and specifications under
26.022. 1f your bonding job is covered by ane of the
documents or specifications, callout that particular
document or specification. If your job is not covered
by any document or specification, proceed to Step 3.

Select the possible adhesive types found in Figure
26.711-1 by matching the substrates.

Referring to Figure 26.711-2, select the proper adhesive
for your job. Determine which (if any) of the possible
adhesives meets the requirements for this job. See
Figure 26.711-2 for imporiant criteria to consider,
i.e.,, BMS 3-11 Hydraulic Fluid, oil, fuel and water
resistance, etc. Consult Figure 26.713-1 to compare
costs of suitable adhesives.

For any applicable criteriaa not covered by Figures
26.711-2 and 26.713-1. consult the Materials Tech-
nology organization for recommendations.

Drawing callout for the adhesive you have selected
is described in 26.714.
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ADHESIVE PROPERTIES
BAC 5014 Manulacturer’s Visual N )
Type No. Designation Appearance Physical Properties
or BMS No. &Primary Uses
Bastik 10084 A black two component, Black, brushable Tough, flexible, contact
room ternperature curing syrup. type rubber cement used
Bostik 10088 Neoprene base adhesive for bonding & sphcmrg
Bl Aceelerator in a Toluene vehicle, Neoprene rubber & Neo-
prenc coated fabric 1o
Bostik 1007 themselves. Not recom-
i Primer mended for de-icing boots.
i .
Cyclohexanone vinyl Very thin, clear, Used for bonding vinyl
9 Cyclohexanone solvent for bonding pale amber parts or films to them-
vinyl parts or films 10 liquid. sclves,
themselves.,
A one part synthetic Brown, thin, A flexible contact ce-
rubber base adhesive brushable ment. Prov:ldes lmmedlfite
12 BMS 5-55 in a naphtha vehicle, liquid. strength without clamping.
Will not craze acrylics.
Lacquer-Thinner | A blend of solvents used A clear, water A clear liquid used for
17 per Federal for bonding Styrene & thin liquid. bonding Polystyrene,
Specificalion Cellulosic plastics to A-B-85, & Cellulosic
TI-T-266., themselves. plastics to themselves.
Lauxite RF2905 A two component, re- Black, medium, A rigid adhesive high in
2905 Hardener sorcinol resin base, brushable syrup. tensile & shear strength.
formaldehyde catalyzed, Used for bonding wood to
Cascophén RS- room termperature curing wood & wood to wood
216 FM-60M adhesive. laminates. For flyaway
19 Catalyst & non-flyaway appli-
cations,
Catalin 726
Accelerator 30
Bostik 1007
Primer
A one part, roem temper- Clear, pale A transparent, rigid
ature setting Nitrocel- yellow, medium thermoplastic adhesive,
30 BMS 5-43 lulose base adhesive in syrup, which dries rapidly to give
a Ketane & Ester vehicle. immediate strength. Will
craze acrylics & other
thermoplastics, Used for
bonding wood, paper, felt
& cork to themselves &
to each other.
A one part, water dis- Cream colored, A light amber flexible
persed rubber base ad- thin paste. contact adhesive. Easy
hesive, application, non-flam-

34 BMS 5-56 mable, & possesses very
little odor. Used for
bonding paper, charts &
placards, felt, fabrie, &
other porous materials to
metal & wood.

BMS 5-29, A two part, Polyamide Clear, light A rigid general purpose
Type 1 resin, Epoxy base ad-- yellow, medium- Epoxy adhesive high in

hesive. heavy syrup. tensile & shear strength.
EC-776 Used for bonding Poly-

38 Primer ester & Phenolic fiber-
glass laminates & metals
to themselves & each
other. Not to be used
on copper or brass.

Figure 28.711-2 (Continued)
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26.711 SELECTION OF ADHESIVES {Continued )
ADHESIVE PROPERTIES (Continued)
BAC 3010 Resistance Application Flash 180° Shear Temperature Drawing
Type No. To Liguids & Cure Point Peel Strength Limitations Callout
Strength

Resistant to water | Brush application. | 40°F MIL-W-5665, | MIL-W-5665, 200°F BAC 5010
& vil. Poor resis- Cures at room Type 11, Class | cotton webbing TYPE 5
tance to fuel. Not temperature, 3, (cotton web- | bonded to

5 BEMS 3-11 resis— bing) bunded aluminum:
tant. to 2024-T3 539 psi

aluminum
8 Ips/in (2
Restricted only by 7 Brush or spruy. | gacy Slightly less Slightly less Restricted only | BAC 3010

9 the properties of by sulvent evap- than material than material by the properties | TYPE 9
the vinyl. orations. being bonded. | being bonded. of the vinyl.

Resistant to water. | Brush or spray. 54°F MIL-W-5665, | MIL-W-5665 —30°F to 125°F | BAC 5010

12 Poor resistance to | Cures by solvent Type II, Cluss {cotton web- TYPE 12
oils & fuel. Not release. May by 4, {cotton web- | bing) bonded
BMS 3-11 resis- reactivated with bing) bended 16 | to aluminum:
tant. naphtha. 3024-T3 80 psi

aluminum.
101os/in (2) ©
| _

17 | Restricted only by | Brush or dip. Below Slightly less Slightly less Restricted only | BAC 5010
the properties of Cures by solvent | go°F than material or sometimes by the properties | TYPE 17
the plastics. cvaporation. being bonded. greater than of the plastics,

{ the material
{ being bonded,
Resistant to water, | Brush or spreader‘l Resin MIL-R-6855, Bond is stronger 300°F @
oll, & fuels. Cure at room 102°F Class 1, Grade | than wood where
termperature or Acti- 60, Buna-N density is .76 or
19 with ald of heat valor rubber bonded | less.
up to 130°F. Re- 177°F. to 2024-T3
quires clamping 1 aluminum
during cure. 9 lbs/in
S S

20 i Fair resistance to | Brush or roller 0°F MIL-W-5665, [ MIL-W-5665 200°F BAC 5010
water, oils, & coat, Cures by Type 11, Class | (cotton webbing) TYPE 30
fuels. Cannot solvent evapor- 3, (cotton te aluminum:

| stand continuous ation. webbing) bond-| 300 psi
| immersion. Not ed to 2024-T3
1 BMS 3-11 resis- aluminum,
| tant. 6 lbs/in m
i Fair resistance to | Brush, spatula Above MIL-W-5665, | MIL-W-5665 ~20°F to 200°F @
34 water & oils. Poor | or sprayed. Cures | 80°F Type I, Class {cotton webbing}
I resistance to fuels. | by solvent eva- 3 (cotton web- | to aluminum:
Not BMS 3-11 re-| poration. bing} bonded 55 psi
1 sistant, to 2024-T3
aluminum
1 1.5 lbs/in )
} Resistant to fuel, Stiff brush, Part AB: | 2024-T3 Aluminum to le°F @
oil, & BMS 3-11. spatula, roller, 395°F aluminum aluminum

38 Fair resisiance to or spreader. Part CD: | bonded to 1000 psi
water. Cures #t room 468°F 2024-T3

temperature aluminum

or with aid of 3.7 lbs/in )
heit up to

250°F. Re-

quires conlact

pressure.

B ;‘Tlgure 26.711-2 (Continued)
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ADHESIVE PROPERTIES
'_I_’smA(f 5010 | Manufacturer's Description Visual Physical Propertics Resistance
Type No. Designation Appearance & Primary Uses To Liquids
or BMS No.
A tough, flexible contact Resistant to water,
A one part, Buna-N basc, | Light brown to dark| type adbhesive with good oil, & fuels, Not
40 room temperature curing | amber, medium, peel strength. Provides BMS 3-11 resis-
adhesive in a2 Ketone brushable syrup. immediate strength with- tant.
vehicle, out clamping. Should be
BMS 5-14 used where good fuel re-
sistance is required &
odor is not objectionable,
Bounds fabrics, felt, cork,
wood, Buna-N rubber,
glass, metals, & vinyl
plastics,
A two part, Polysulfide Thick, brown Cures to a tough flexible Resistant to fuel,
rubber buse room temper- | paste, rubber, with good peel waler, & sali spray.
44 ature curing adhesive & strength. Used for bond- Poor resistance to
sealant. 100% solids. ing nonporous materials BMS 3-11,
BMS 5-19 such as phenolic & poly-
ester laminate, & metals
to themselves & to each
other where a flexible
adhesive with good peel
strength is required. The
gap filling properties of
this adhesive are very
good.
BMS 5-58 A two part, roogg temper- | Light hrown, pour- | Cures to a flexible rubber. | Resistant 1o water.
ature vuleanizing Silicone |able paste. Used for bonding Silicone Poor resistance to
45 A-4094 rubber. rubber sheet and extrusions | oil & fuel, Fair
I to metals & plasties or to BMS 3-11 resis—
N themnselves. Its use is tance.
limited to applications
| where bend strength is not
| critical.
E A-4000 Sili- A two component, Sili- Water clear, A contact type Silicone Resistant to water.
! cone Adhesive cone resin, room temper- | thin syrup. adhesive. Cures to a Poor resistance to
, ature curing adhesive. resilient film. Used for oil & fuel. Fair
46 A-4000 bonding silicones to them- | BMS 3-11 resis-
Catalyst selves or other materials. tance.
Its use is limited to ap-
A-4014 plications where bond
Primer @ strength is not critical.
A one part, Silicone Clear to milky, Pressure sensitive ad- Resistant to water,
base, room temperature medium syrup. hesive, May be used for Poor resistance to
a7 BMS 5-57 curing, pressure sensilive low strength applications | oil & fuel. Not
adhesive. up to 800°F such as bond- | BMS 3-11 resis-
ing low density insulation | tant.
material.
: A one part Buna-N base Tan to amber, A tough, flexible, low odor, | Resistant to water,
adhesive in an ester brushable, medium | contact type adhesive with oil, and fucls.
48 solvent, syrup. good peei strength. Should | Not BMS 3-11 re-
BMS 5-30 be used In areas where pas- | sistance.
senger comfort is a con-
sideration. Bonds fabrics,
feit, cork, wood, Buna-N
rubber, glass, metals, &
vinyl plastics.
A two component Poly- Gif-white, brush- A tough rigid adhesive. Resistant to BMS
siifide-Epoxy, room able syrup. Used where BMS 3-11re- | 3-11, oil, and
49 BMS 5-34 temperature curing ad- sistance is required. fueis. Poor water
hesive. & sait spray
resistance.
A one part, non-solvent, },A colorless, Tough, quick setting ad- Poor resistance to
tapid setting, room tem-  f slightly milky, hesive for soft rubber water & salt spray.
perature curing adhesive. | low viscosity (BMS 1-28) & for bonding | Resistant toc BMS
50 BMS 5-36 Lguid. strain gauges. Very ex- 3-11, oil, and fuels.
pensive. Use on small
parts only.

Figure 26.711-2 (Continued)
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26.711 SKLECTION OF ADHESIVES (Continted)

o ANDHESIVE PROPERTIES {Conlinued )
;3.:\(' .r)(r)ll z\ppli‘Ldllun Flash 180° Shear Temperature Drawing
Uype No. & Cure Point Feel Strength Limitutions Callout
Strength
Brush or spray. 30°F 15 Ibs/in; MIL- | 175 psi; MIL- 200°F BAC 5010
Cure by solvent W-5665 (cotton | W-5865 (cotton TYPE 40)
evaporation. webbing) to webbhing) to
10 May be reacti- aluminum. aluminam.
vated with
methyl ethyl
Ketone up to
24 hours after @ @
application.
Knile, spatula or Above 20 Ibs/in; see 278 psi; P g BAC 5010
4 pressure gun. 80°F BMS 5-19 #luminum to TYPE 44
Cures by vulcan- aluminum.
ization at room
temperature or at
temperatures up to
180°F. Reguires ) @
contact pressure
during cure.
Knife or spatula. Above Very low peel 135 psi; - 70°F to
Cures by vulean— 80°F strength. aluminum to 300°F 2%3;2;0
ization al reom aluminum.
4a temperaturc,
Requires contact
pressure during
cuTe. @
[ ]
i Brush, Cures by 60-90°F EME 11—122 :\[r_ﬂ [,AW—.5‘6’65 ~65°F to 400°F BAC 5010
46 | polymerization 283 :T 30 5 y(pfo tltldnbldss TYPE 46
at room t?mperd—— aluminum. webbing)
ture. oes not 7 8lbs/i pt
require clamp- 7.8lbs/in 3834EL}§U
Ing. aluminum.
@ 281 psi @
. : 70° K- 1. 51bs/in; 2024-T3 - 65°F to 600°F BAC 5010
gzt‘zz‘n‘e’; ind 100°F | MIL-W-5665 | aluminum to TYPE 47
by N to aluminum. aluminum
a7 ¥ sol\.e?_t 10 psi
evaporation. @ ' @
B11‘u5h or spray, 30°F MI1L-W-5665, 100 psi; MIL- 300°F BAC 5010
Cures by solvent Type 11, Class W-5665 to TYPE 48
48 evaporation. 3, (cotton aluminum.
Muy be reacti- webbing)
vated with bonded to
methyl ethyl Ke- aluminum
tone up to 24 17 lbs/in @ @
hours after ap-
plication.
Knife or spatula. Part A, Rigid adhesive. 200 psi; MIL- 160°F BAC 5010
Cures by poly- 472°F Very low peel W-5665 to TYPE 49
merization at Part B, strength. aluminum. )
49 room temperature. 277°F @
Requires clamping
during cure.
. Brush or swab. 176°F BMS 1-11, BMS 1-11, 180°F
50 Cures at room Grade 40, Grade 40, to
temperature by Neoprene aluminum.
molsture ab- rubber bonded Also alum-
sOrption. to 2024-T3 inum to
aluminmm aluminum.
30.6lbs/in (2) | 100 psi )

Figure 26.711-2 (Continued}
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ADHESIVE PROPERTIES (Continued)
Manufacturer’s Deseription Visustl
Designation Appearance Physical Propertics Resistunce

ovr BMS No.

& Primary Uses

To Liquids

A two component poly-
sullide base room temper-
ature curing adhesive.

A translucent,
brownish-green
paste.

A tough flexible ad-
hesive. Used pri-
muarily to bond Ny.won

Resistant to water,
fucl, & oils. Poor
resistance to BMS

51 BMS 5-31 & Mylar to themsel- 3-11 & salt spray.
& other materials,
Should be used when
resistance (o vibration
and fuel is a factor,
52 A two component Epoxy, Clear amber, Quick setting, Good Resistant to BMS
low viscosity, quick set- low viscosity electrical properties. 3-11, oil, & fuel,
BMS 5-60 fing, room temperature liguid. Used for honding Poor resistance to
curing adhesive. phenolie, laminated waior & salt spray.
sheet & metal-clud,
Gaco N-29 A two component, Neo- Medium viscosity | A tough, flexible contact Resistant to water
Cold bond prene base, room temper- syrup. Olive adhesive. Used for bond- and oil. Poor re-
- T ature curing adhesive. drab to black ing and splicing Neoprene | sistance to fuels.
53 Gaco N-39 coler. rubber and Neoprene Not BMS 3-11 re-
Acecelerator rubber coated fabrics 1o sistant.
Gaco N-15 themselves & with a
Primer primer to metals.
5 5.2 TR A rigid adhesive high in Resistant to BMS
54 (I;EI.T;L.—’I a Red paste tensile & shear strength, 3-11, oil, and fuel.
Grade 1 but poor in peel strength, Poor resistance to
Used for bonding inctal to | water and salt spray.
A two cumnponent, alum-- meta‘l il'l.nunAslruclLlI_‘il]
inum filled, room temper— applications where high
ature curing, Kpoxy resin strength is required.
base adhesive. Bonds metals, plastics,
wood, glass and fiber-
54 glass laminates to them-
Grade 3 | BMS 5-25 Gray paste selves & to each other.
Grade 3 1o not use for bonding
copper & hrass. Good
filling properties.
Epon 828 A twe cormponent, high Canary yellow ﬁ-, :é%lglsil:ui;lgl:cg%h Sﬁﬁlﬂﬁn}ﬁ)\: wer
_ N temperature curing, Epoxy | syrup. . Ah. but poor 1 sgistin fuels
56 Pyromellitic resin adhesive. strength, but poor in resistance to fuels.
Dianhydride peel strength. Used for Not BMS 2-11
Accelerator bonding Teflon to metal. resistant.
Good at high temperatures.
A one component, Light tan, Synthetic rubber contact Resistant to water
58 ) room temperature brushable syrup. | cement. Good flow re- and oil. Poor
EC-880 setting synthetic sistance, heat resistance, resistance to fuels.
rubber adhesive. Synthetic rubber to metal, [ Not BMS 3-11
wood, & most other sur- resistunt.
faces,
59 A two compoenent roem Dark gray paste | A rigid Epoxy resin system,| Resistant to fuel,
temperature or heat high shear strength. Bonds | oil, BMS 3-11, &
Epon 913 curing Epoxy resin base metal, Buna-N rubber, water. Not re—
adhesive. acrylics, wood, & glass sistant to salt
to themselves & to each spray.
other, Good bond
strength to oily metals.
Q-3-0121 A one component room Creamy, white Cures to a white rubbery Resistant to water
80 temperature vulcanizing paste. salid. Kxcellent peel and ozone. Poor
Silivone rubber. strength and good elec- resistance to oil.
RTV 1200 trical insulating properties. | Fair resistance o
Primer " Good adhesion to Silicone BM3S 3-11. Not fuel
rubber and most other resistant.
materials,
68 A two compoenent room Heavy black Cures (o a teugh black Resistant to water
93-046 temperature vulcaniz- paste. rubbery solid. Very high and ozone, Poor
ing Silicone rubber peel sirength. Adheres resistance to oil.
RTV 1200 adhesive. well to glass, cured Fair resistance to
Primer Cl: Silicone rubber, cork, BMS 3-11. Not fuel

Figure 26,71 13 E‘(—‘-(J:li-nucd]

phenolic, Epoxy,
Silicone resin lami-

nates and most metals.

resistant.
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ADHESIVE PROPERTES (Continued)
BAC 5010 Application Flash 180° _ Ainimum _ Temperature Drawing
Type No. & Cure Point Peel (1 Shear (1) Limitations Callout
Strength Strength
51 Knife or spatula. Above 10 lbs/in 40 psi - B5°F to 160°F EA(‘ :’)Ql()
: Cures by poly- 150°F Mylar to Mylar to TYPE 51
merization at aluminum. aluminum.
reom temperature. 5 lbs/in, 150 psi,
Requires contact Nylon to Nylonto
pressure during aluminum,. aluminum.
cure. @
52 Brush. Room Rigid ad- 500 psi, 250°K BAC 5010
temperature curing hesive — BMS 820 TYPE 52
Requires conlact very low (phenolie
pressure during peel strength. laminate) to
eure. BMS 8-2(.
Cures upon sol- Base, 34°F; 7 MIL-W-56653, MIL-W-5665, 200°F BAC 5010
53 vent evaporation Activator, Type 11, Class Type II, Class TYPE 53
by room temper- 83°F. 3 (cotton web- 3 (votton weh-
ature vulcanization. bing) bonded bing) bended to
to 2024-T3 2024-T3
aluminum aluminum,
12.9 1hs/in 267 psi
54 Knife or spatula. 150°F Rigid adhesive— { 1000 psi, 160°F . BAC 5010
Grade 1 Cures by poly- very low peel aluminum to - TYPE 54
merization at strengih. aluminum. . GRADE 1
room temperature @ :
or at temperature
up to 200°F. Re- J
quires contact pre-
ssure during cure.
Knife or spatula. 150°F Rigid adhesive~ | 1100 psi, J00°F BAC 5010
Cures by poly- very low peel aluminum to TYPE 54
merization at a strength aluminum. GRADE 3
54 . temperature of @
Grade 3 200°F to 350°F,
Requires contact
pressure during
cure,
Knife or spatula. Rigid adhesive- 2024-T3 350°F | BAC 5010
56 Cures by poly- very low peel aluminum . TYPE 56
merization at strength. boended to !
350°F under 5 to aluminum
15 psi. 1863 psi ()
53 Brush or spray. MIL-W-5665 MIL-W-5665 - 20°F to 250°F BAC 5010
k Cures upon sol- Type II, Class 3 Type 1L, Class 3 TYPE 58
vent evaporation (cotion webhing) | (coiton webbing)
at room temperature bonded to bonded to
aluminum aiuminum
361bs/in (2} | 410 psi ©)
Knife or spatula. Rigic adhesive 2024-T3 alumi- 180°F BAC 5010
Cures by polumer- very low peel mum to alumi- TYPE 59
ization at room strength. mum
temperature or at 404 psi. @
59 temperature up to
180°F. Requires
contact pressure
during cure.
Knife or spatula. BMS 1-22 Sili- | BMS 1-22, - 85°F to 400°F BAC 5010
Cures al room cone rubber sandwiched TYPE 60
60 temperature by bonded to between
moisture absorp- 2024-T3 2024-T3
tion. Requires aluminvm. aluminum
contact pressure 30 Wos/in lap shears.
during cure, 234 psi @
Spatula, trowel T0°F to BAC 5018
68 oE sealant gun. 00°F TYPE 68
Cures at room
temperature,

Figure 26.711-2 (Continued )

tan,
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2. Bonding vinyl
METHOD 1.

38, SPECIAL METHOD 1L

METHOD IL

tions.

@ Refer te minimum BMS requirement.
@ Refer to the average test results of T6-31:33.
@ I Wouod flyaway application: BAC 5010, TYPE 19, METHOD L
2. Wood non-flyaway application: BAC 5010 TYPE 19, METHOID 11

3. Bonding wood & Buna-XN rubber to metals: BAC 5010, TYPE 19, METHOD
1L

(@) 1. General application: BAC 5010, TYPE 34, METHOD L

or polyurethane feams to metal: BAC 5016, TYPE 34,

(5) 1. General application: BAC 5010, TYPE 38,
2. Bonding to metal surfaces: BAC 5010, TYPE 38, SPECIAL MTTHOD 1.

3. Nonstructural metal to metal bonding.  Using glass scrim:  BAC 5010, TYPE

(6) 1. General application: BAC 5010, TYPE 50, METHOD L.

2. Primer application only, for bonding thin rubber gaskets, comiplicated parts and
where one highly plasticized surface is involved: BAC 3010, TYPE 30,

@ Required on non-silicone rubber surfaces,

NOTE: When the design of nonstructural jeinis approaches any of the limitations
shown here, consult the Materials Technology organization for recommenda—

Figure 26.711-2

26712 SURFACE HEQUIREMENTS FO#R
NON-STHUCTURAL BONDING

A ALODIZED ALUMINUMSURFACES. No bonding
restrictions when alodized per BAC 5719,

B ANODIZED ALUMINUM SURFACES. No bond-
ing restriction: when anodized per BAC 5019,

C. CHROMADIZED CLAD ALUMINUMSURFACES.
No bonding restriviions when chromalized per BAC 5798,

Do BAIS 10210, TYEE L PRINER OR BAS 1-33 PRI-
MER. No bonding restriviions when BMS 10211 Type 1
Primer or BMS 10-33 Primer s applicd per BAC 53736
or BAC 53745,

B ZINC CHROANTE PRIMEDSURFACES. Bonding
to zine chrumare prived surfuces is ullowed only:

t. When the Booded parts are completely and mechuni-
cidly =upported by means other than adhesives { Note
- muechanival bolding walved Tor vverbaul and repair ).

2. Where batts, lining materials, paper, ot felt are to be
bunded.

3. Where the adhesive is used primarily to facilitote as-
sembiy.

Zine chromate primer should be vmitted trom banding
areas on the o o design or may be removed prior
to bunding. whicthever is mare teasihle,

[ ORGANTC PAINT FINISFHES, Bonding is allowed,
but pot desirable. over epoxy enamel. Bonding is not
aliowable uver:

Lo Alkyd Enamet

2. Acrylic Fnamel

3. Vinyl Paint

4. Nitrocelhdlose Lacquers

Alborgunic finishes should be omitted frombonding arvis

tinctuding vpoxy voamely i the originad design or the
may he removed lates if this is more feasible

G, CADMIUM PLATED STEFL. No bonding restric
tiong on cadmium plated steel which meets the rerqurce-
ments of Federal Specificution QO-1=-4146, Tvpe 11 or
BAC 5718 and BAC 5701 wHich specify chromity post-
plate treatment. See the applicuble moddl finish spectfica:
tion for proper finish callout, Where the chromate pe
plate treatment is not allowed, contivt the Materiais Toch-
nology organization tr bonding instructions.

H. CADAMIUN TEATED TITANIUM. No honding re-
stricilons on cadmium plated titioium which meets the
requirements of BAC 3804 and specifies chromite poat
plate treatment. See tne applivathle modi] fini=h ~poecifica-
tion for proper finish cail-oun Where the ciromate post
plate treatment is not adlowed, contact the Materiads Toch-
nology vrganization for vonding instructions.

. POLYTETRAFLUOROETHYLENE (TFE - TER
LON). Teflon must be surliwce treand prior e
There are no bonding restrictions on surkce i
lon (purchased ws ““bondable”™ one _sides or on
etched per BAC 5451 o HAC 3350 O

@ Where etehing fadilities exist.
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26.713 COST INFORMATION

Comparative costs of adhesive bonding are given in Fig-
ure 26.713-1.

COST OF NON-STRUCTURAL ADHESIVE BONDING

8.00

7.00 Zl - %

2 6.00 _

& ]%’

A=)

- 5.00

=}

g o Y -

g .00 X A

y

A 3.00

£ ‘ | 8

3 2.00 H—/HAH . :

I N | AN
1.00

5 9 1217 19 30 34 38 40 44 45 46 47 48 49 51 52 53 54 56 58 59 60 68
Adhesive Type Per BAC 5010

Costs are for bonding two flal, non-porous surfaces one
foot square and include all manufacturing costs, includ-
ing primer where necessary. Malerial, labor and overhead
costs were included. Data reverified in August 1966,

Figure 26.713-1

26.714 DRAWING CALLOUT Example: BOND PER BAC 5010, TYPE 38, SFECIAL
METHOD 1.
To obtain the proper drawing callout for nonstructural

adhesive bonding follow the steps outlined in the {ootnote The callout shall be referred to by flags in the appro-
to Figure 26.711-1 and use the appropriate BAC 5010 priate place on the field of the drawing and in the ma-
Type number as indicated in Figure 26.711-2. The call- terial column of the list of materials for both details and
out shall appear on the drawing as: their assemnblies.

BOND PER (Drawing callout from Figure 26.711-2). NOTE: For drawing callout of specific processes and/or

materials, see the references in 26.022,
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