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1.

11

1.2

2.1

211

2.1.2

Scope—This SAE Standard provides a comprehensive list of requirements for the selection, identification, and
control of metric and inch sized fasteners for use in shipboard applications for both shipbuilder installed joints
and for use in shipboard components. The fastener selection requirements include the following:

Plati

Fast
Iden

@~0ooo0 oy

Materials
Thread selection

ng, coatings, and surface treatments

Locking devices and elements
Screw thread fastener inserts

ener part or identifying numbers
tification markings

Purpose—The purpose of this document is to assist the designer in selecting a fastener.an
what fastener options should be specified for a particular application. This document (isyinténded to provide
uniform requirements for the shipboard use of threaded fasteners and their associated hargware. It is also
romote the use of standardized fasteners and to minimize the variety of\fastenerg used.

intended to

DoD Requi

when specifically invoked.

References

Applicable
herein. The
If an effectiv
date of the

In the even
equipment
requirement;
an equipm
applicable |

SAE PuBL

ements—Appendix A lists additional requirements that apply to ®ilitary ships

Publications—The following documents form a part of this specification to the
documents are those issues in effect on the date specified in the invitation for bid
e date is not specified in the invitation for bid er, procurement, the effective date §
pplicable invitation for bid or procurement document.

of a conflict between the text of this document and the references cited h
pecifications and fastener part standards), the text of this document takeg
related to fastener selection. The text of this document shall not supersede the
nt specification or fastener_part standard. Nothing in this document, howe
ws and regulations unless(a;specific exemption has been obtained.

CATIONS—Available frem SAE, 400 Commonwealth Drive, Warrendale, PA 15096

1—Decarburization in Hardened and Tempered Threaded Fasteners, Recommer
2—SurfaceDiscontinuities on Nuts, Recommended Practice

3—Surface,Discontinuities of Bolts, Screws, and Studs in Fatigue Applications
9—Mechanical and Material Requirements for Externally Threaded Fasteners, St
81—Materials for Fluid Systems of Marine Vehicles

in determining

nd other ships

extent specified
or procurement.
hall be the issue

erein (excluding
precedence in
requirements of
ber, supersedes

0001.

ded Practice

andard

70~-Ship Systems—Fasteners—Test, Inspection and Installation Requirements

Series)

SAE J2271M—Ship Systems—Part Standard for Studs—Continuous and Double End (Metric Series)
SAE J2295—Ship Systems and Equipment—Fasteners—Part Numbers
SAE AMS 5732—Steel Bars, Wire, Forgings, Tubing, and Rings, Corrosion and Heat Resistant
SAE AS478—Identification Marking Methods
SAE AS7468—Bolts and Screws, Cobalt-Chromium-Nickel Alloy, Corrosion Resistant Forged Head, Roll

Threaded After Aging, Fatigue Rated

AIAA PusLICATIONS—AVvailable from AIAA, 1250 Eye Street NW, Washington, DC 20005.

NAS 1283—Fasteners, Male Threaded, Self-Locking
NAS 1351—Screw, Cap, Socket Head, UNRF-3A Threads
NAS 1352—Screw, Cap, Socket Head, UNRC-3A Threads
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2.1.3

ASME PuBLIcATIONS—AVvailable from ASME, 345 East 47th Street, New York, NY 10017.

ASME B1.1—Unified Inch Screw Threads (UN and UNR Thread Form)

ASME B1.2—Gages and Gaging for Unified Inch Screw Threads

ASME B1.3M—Screw Thread Gaging Systems for Dimensional Acceptability, Metric Screw Threads
(M and MJ)

ASME B1.12—Class 5 Interference-Fit Thread

ASME B1.13M—Metric Screw Threads—M Profile

ASME B1.15—Unified Inch Screw Thread, UNJ Thread Form

ASME B1.16M—Gages and Gaging for Metric M Screw Threads

ASME B1.21M—Metric Screw Threads—MJ Profile

ASME B - e Beks-and

ASME B18.2.2—Square and Hex Nuts (Inch Series)

ASME B18.2.3.1M—Metric Hex Cap Screws

ASME H18.2.3.2M—Metric Formed Hex Screws

ASME B18.2.3.3M—Metric Heavy Hex Screws

ASME H18.2.3.5M—NMetric Hex Bolts

ASME B18.2.3.6M—Metric Heavy Hex Bolts

ASME B18.2.3.7M—Metric Heavy Hex Structural Bolts

ASME B18.2.4.1M—Metric Hex Nuts, Style 1

ASME B18.2.4.2M—Metric Hex Nuts, Style 2

ASME H18.2.4.5M—Metric Hex Jam Nuts

ASME B18.2.4.6M—Metric Heavy Hex Nuts

ASME B18.3—Socket, Cap, Shoulder and Set Screws—lich

ASME B18.3.1M—Socket Head Cap Screws—Metric

ASME B18.3.5M—Hexagon Socket Flat Countersunk Head Cap Screws—Metric

2.1.4 ASTM PusLICATIONS—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, HA 19428-29509.

ASTM A 194/A 194M—Carbon and,Alloy Steel Nuts for Bolts for High-Pressure and Hjgh-Temperature

ASTM A 307—Carbon Steel Belts and Studs, 60,000 psi Tensile Strength

ASTM A 325—Structural Bolts, Steel Heat Treated, 120/105 ksi Minimum Tensile Strength

ASTM A 325M—High-Strength Bolts for Structural Steel Joints [Metric]

ASTM A 354—Quenched and Tempered Alloy Steel Bolts, Studs and Other Externally Thr¢aded Fasteners

ASTM A 449—Quenched and Tempered Steel Bolts and Studs

ASTM A 453/A453M—Bolting Materials, High-Temperature, 50 to 120 ksi [345 to $27 MPa] Yield
Strength, With Expansion Coefficients Comparable to Austenitic Steels

ASTM A 490—Heat-Treated Steel Structural Bolts, 150 ksi Minimum Tensile

ASTM A563=CarbormandAttoy-SteetNuts

ASTM A 563M—Carbon and Alloy Steel Nuts [Metric]

ASTM A 574—Alloy Steel Socket Head Cap Screws

ASTM A 574M—Alloy Steel Socket Head Cap Screws [Metric]

ASTM B 446—Standard Specification for Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625),
Rod and Bar

ASTM B 633—Electrodeposited Coatings of Zinc on Iron and Steel, Standard Specification For

ASTM B 637—Precipitation Hardening Nickel Alloy Bars, Forgings, and Forging Stock for High
Temperature Service

ASTM B 695—Coatings of Zinc Mechanically Deposited on Iron and Steel, Standard Specification For

ASTM B 805—Standard Specification for Precipitation Hardening Nickel Alloys (UNS NO7716 and
NO7725), Bar and Wire

ASTM F 467—Nonferrous Nuts for General Use
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2.15

2.151

2.15.2

2.153

2.154

2.155

ASTM F 467M—Nonferrous Nuts for General Use [Metric]

ASTM F 468—Nonferrous Bolts, Hex Capscrews and Studs for General Use

ASTM F 468M—Nonferrous Bolts, Hex Capscrews and Studs for General Use [Metric]

ASTM F 568—Carbon and Alloy Steel Externally Threaded Metric Fasteners

ASTM F 593—Stainless Steel Bolts, Hex Cap Screws and Studs

ASTM F 594—Stainless Steel Nuts

ASTM F 738M—Stainless Steel Metric Bolts, Screws, and Studs

ASTM F 835—Alloy Steel Socket Button and Flat Countersunk Head Cap Screws

ASTM F 835M—Alloy Steel Socket Button and Flat Countersunk Head Cap Screws [Metric]

ASTM F 836M—Stainless Steel Metric Nuts

ASTM F 837—Stainless Steel Socket Head Cap Screws

ASTM F83AM—Staintess-Steel-SecketHead-Cap-SerewsMetrie]

ASTM H879—Stainless Steel Socket Button and Flat Countersunk Head Cap Screws

ASTM H879M—Stainless Steel Socket Button and Flat Countersunk Head Cap Screws [Metric]

ASTM H 1077—Standard Guide for Selection of Committee F16 Fastener Specifications (¢ontains marking
requirements)

U.S. GOVHRNMENT PuBLICATIONS—AVailable from DODSSP, Subscription Services Desk, Bujlding 4D,
700 Robb|ns Avenue, Philadelphia, PA 19111-5094. Industry standards-that have been|adopted by the
Departmenpt of Defense (DOD) can be ordered by DOD activities only fron this address.

Department of Defense Publications

DODISY—Index of Specifications and Standards

Federal [Specifications

QQ-N-286—Nickel-Copper-Aluminum Alloy, Witeught (UNS N05500)
Federal [Standards

FED-STPD-H28—Screw Thread Standards for Federal Services
FED-STPD-H28/2—Screw Thread Standards for Federal Services Section 2 Unified Inch Screw Threads—
UN gnd UNR Thread Farms
FED-STP-H28/6—Screw, Thread Standards for Federal Services Section 6 Gages and Gpging for Unified
Scrgw Threads—UN and UNR Thread Forms
FED-STP-H28/22—Screw Thread Standards for Federal Services Section 22 Gages |and Gaging for
Mettic Screw Threads—M and MJ Thread Forms
FED-STPD-H28/23—Screw Thread Standards for Federal Services Section 23 Class 5| Interference Fit
Scrgw Threads

Military Hardbooks

MIL-HDBK-57—Listing of Manufacturers' Identification Symbols
MIL-HDBK-131—Ildentification Markings for Fasteners
H41/H42—Commercial and Government Entities

Military Specifications

MIL-S-901—Shock Tests, H.l. (High Impact) Shipboard Machinery, Equipment and Systems,
Requirements for

MIL-S-1222—Studs, Bolts, Hex Cap Screws, Socket Head Cap Screws and Nuts

MIL-F-8961—Fastener Element, Self-Locking, Externally Threaded, 450°F and 1200°F

MIL-F-18240—Fastener Element, Self-Locking, Threaded Fastener, 250°F Maximum
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2.15.6

2.1.5.7

2.1.6

2.1.7

DOD-P-24648—Primer Coating, Zinc Dust Pigmented for Exterior Steel Surfaces (Metric)

MIL-N-25027—Nut, Self-Locking, 250°F, 450°F, 800°F, 125 ksi Fy,, 60 ksi F, and 30 ksi Fy,

MIL-N-25027/1—Nut, Self-Locking, Heavy Hex (Non-metallic Insert), 250 Degrees F, UNJC-3B, 1/4
through 2-1/2 Inch Nominal Diameters, Nickel-Copper Alloy

MIL-S-46163—Sealing, Lubricating and Wicking Compounds: Thread-Locking, Anaerobic, Single
Component

MIL-C-87115—Coating, Immersion Zinc Flake/Chromate Dispersion

Military Standards

MIL-STD-438—Schedule of Piping, Valves, Fittings and Associated Piping Components for Submarine

Sen

oo
TCT

MIL-STI
Shi
MIL-STI
MIL-STI
MS 159
MS 178
NicK
MS 209
MS 335¢
MS 335
MS 336
for

Comme

A-A-590
Con

NAVSEA |
Arlington,

0908-LH
0941-LK
isC
0948-LH
0924-LH
Prog

OTHER Pu

D-777—Schedule of Piping, Valves, Fittings and Associated Piping Componenptsf
s

D-965—Parts Control Program

D-1689—Fabrication, Welding, and Inspection of Ships Structure

B1—Fastener, Externally Threaded, Self-Locking Design and Usag€ Limitations fg
P8—Nut, Self-Locking, Hexagon, Regular Height, (Non-Metallic Insert) 250 °F (No
el-Copper Alloy

D5—Wire, Safety or Lock

l0—Safety Wiring and Cotter Pinning, General Practicesfor

B8—Nut, Self-Locking, Aircraft, Reliability and Maintainability Usage Requirement
D2—Bolt, Self-Retaining, Aircraft, Reliability and Maintainability Design and Usad

cial Item Descriptions

04—Anti-galling Compound, Thread-‘Lubricating, Seizing Resistant, and Ca
faining

PUBLICATIONS—AVvailable fromche Naval Sea Systems Command, 2531 Jeffersor
VA 22242-5160 (Request from appropriate Contracting Officer.)

-000-3010—Shock Design Criteria for Surface Ships

-041-3010—Submarihe Material Certification Design Review Procedure Manual
bnfidential, distribution restricted)

-045-7010—Material Control Standard (Non-nuclear)

ram (FerOfficial Use Only)

BILICATIONS

br Naval Surface

;
hmetallic Insert),

5 for
e Requirements

cium Hydroxide

Davis Highway,

U)—(Document

-062-0010=~~Submarine Material Certification Requirements Manual for the Slibmarine Safety

Ross, R. W. Jr. and Tuthil, A. H., Practical Guide to Using Marine Fasteners, MATERIALS
PERFORMANCE, Vol 29, No. 4 pp 6569 (1990) April
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3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

Definitions

Allowance—The prescribed difference between the maximum material limits of mating parts. The allowance
is the difference between limiting dimensions on mating parts which are to be assembled either loosely or
tightly, depending on the amount allowed for the fit.

Alloy Steel—A type of steel containing significant quantities of alloying elements (other than carbon and the
commonly accepted amounts of manganese, silicon, sulfur, and phosphorus) that are added to obtain specific
mechanical or physical properties, such as toughness, hardness, strength at elevated temperatures and

corrosion resistance.

Anaerobic
threaded fa

teners against loosening in service.

used to secure

Anode—In a metallic couple, the metal that corrodes.

Bearing Fage or Surface—The surface of the fastener that is at right angles 10, the fastengr centerline and
that bears agjainst the part or parts that it fastens; the area under the nut or head of a bolt.

Body—The [body of a fastener is the unthreaded portion of the shank of-an externally threadefl fastener.

Body Bounfl Bolt—Another term for fitted bolt. (See "fitted bolt.”)

Bolt—A bol{ is a threaded fastener with an integral, usuallychéxagonal, head on one end integnded to be used
with a nut. (Sometimes incorrectly called a cap screw.) (See"'cap screw.")

Bolt-Stud—See "stud."

Bottoming-{-Bottoming is the process of screwing a fastener into a threaded hole until it contakts the bottom of
the hole. The resulting stresses can lead to sui¢h things as cracked castings.

Breakaway [Torque—Breakaway torque“is the torque required to start the rotation of al fastener. The
magnitude df this torque is significant when checking the bonding of an anaerobic locking ¢ompound. The
term is alsg used to describe theitorque required to start the rotation of a fastener when loosening it or
restarting it rotation when tightening a group of fasteners in successive increments. Breakiaway torque will
generally be| higher than that required to continue the rotation.

Cap Screw--A cap screw is a threaded fastener with an integral, usually hexagonal, head o one end that is
intended to be used-iha tapped hole. It has stringent controls on its dimensions so that it cap be more easily
screwed int@ a tapped hole. Because of dimensional differences, cap screws may be used |n place of bolts;
however, bojts’ean not necessarily be used in place of cap screws.

Cathode, Cathodic Protection—In a metallic couple, the more noble material which is protected against

corrosion.

Clamping F

orce—Clamping force is the force created by tightening a threaded fastener.

Class of Thread—The class of thread is an alphanumeric designation to indicate the standard grade of

tolerance an

d allowance specified for a thread.

Cold Heading—Cold heading is a room temperature metal forging process using high forces to form a head

on bolts and

SCrews.
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3.17

respect to each other.

3.18

Fastener—A fastener is a mechanical device that holds two or more main bodies in definite positions with

Fit—Fit is the general term used to describe the range of looseness or tightness of two mating parts when they

are assembled. This is the result of the application of a specific combination of allowances and tolerances.

3.19

Fitted Bolt—A stud or bolt that has been fitted to its mating hole so that the clearances between its

unthreaded shank and its mating hole are extremely small. Normally, the hole is drilled and reamed true and
square with the bearing surface and the bolt machined to fit the hole. A fitted bolt should not be confused with

interference

3.20
improve the

(lead added]).

3.21 Functional
having a sp
(pitch), flank
3.22 Galling—A
microscopic

Free Machim

fit.

exal

machining characteristics. Common mples are 303 stainless (sulfur added)

Diameter—The diameter of an enveloping thread with perfect pitch, lead and fl
pcified length of engagement. This diameter includes the cumulative effect of \
angle, taper, straightness and roundness. Variations at the thread-crest and root

condition on any of the rubbing surfaces of one or both~mating parts where
high spots causes localized welding, resulting in spalling, further roughening

followed by more severe localized welding.

3.23 Grip Length

3.24 Hardness—
resist abras
Vickers scal
3.25 Head Type-
3.25.1 COUNTERY

bearing sU

(Usually W
3.25.2 FILLISTER
surface.
3.25.3 HEXAGON
surface.

on and indentation.
S,

Hardness is usuallyzdefined quantitatively using the Rock

-The specific geometry or form of\a fastener’'s head. Common head types are:
UNK HEAD—A head design jusually characterized by a flat top surface and 82
rface (as opposed to a 180 degree or flat-bearing surface found on common hex
ith a socket or slottedidrive.)

HEAD—A cylindrical head design with rounded or dome top, cylindrical sides

HEAD—A~head design with flat top, six sides used as wrenching surfaces, ar

—Girip length is the distance between the bearingysurfaces of a bolt head and nul.

iberately added to

and 836 bronze

ank angles, and
ariations in lead
are excluded.

friction between
of the surface,

A property of metals which relates strength, “elasticity, and toughness to the material's ability to

vell, Brinell, and

or 100 degree

head fasteners).

and flat-bearing

d a flat-bearing

3.25.4 PAN HEAD-

with a slotted drive.

3.25.5
cylindrical

SockeT HEAD—A circular head design with a hexagonal or splined recess socket.

or countersunk head designs.

3.26 Hot Heading—The hot forging of heads on fasteners.

L l (] - i) W4 (- (N (] (] o | L bl L -
—Ahead—desigmwithaftat-topracdtused-mtorounded—srdes—and—=frat-bearing surface. Usually

Commonly used on

3.27 Interference Fit—An interference fit is the fit between mating assembled parts that provides an interference at

their minimu

m material condition.
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3.28

3.29

3.30

3.31

3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39

3.40

3.41

3.42

Internal Wrenching Bolt—An internal wrenching bolt is a bolt having a large cylindrical head with a flat top,
flat-bearing surface and hexagonal socket. Internal wrenching bolts of a similar design, except that the head is
a truncated cone (indicates a large radius between the shank and the head requiring a countersunk washer),
are often used in aerospace applications.

ksi—ksi is the abbreviation for 1000 pounds per square inch, the "k" representing kip, which is 1000 Ibf.

Length of Thread Engagement—Length of thread engagement is the axial distance over which the complete
external thread is in contact with the complete internal thread, measured at the pitch diameter.

Machined Threads—Machined threads are threads that are formed by cutting away material.

Magnetic Permeability—The relationship, expressed in Oersteds, between magnetie| induction and
magnetizing| force. Absolute permeability is the quotient of a change in magnetic inductiop divided by the
corresponding change in magnetizing force. Relative permeability is the ratio of abselute pgrmeability to the
permeability| of free space.

Major Diampter—On a straight thread, the major diameter is the diameter ofrthe’crest of the external thread or
the root of the internal thread.

Maximum Material Condition—Maximum material is the conditiofy where a feature of size contains the
ount of material within the stated limits of size. Forexample, the crest and roo{ of an externally
threaded fagtener are at their maximum diameter, or the crest and.root of an internally threaded fastener are at

terial Condition—Minimum material is the.condition where a feature of size cpntains the least
amount of rmaterial within the stated limits of size. tkFor example, crest and root of an externally threaded
fastener are| at their minimum diameter, or the crest and root of an internally threaded fastgner are at their
maximum dipmeter.

Minimum

Minor Diamgter—On a straight thread, the minor diameter is the diameter of the root of the ekternal thread or
the crest of the internal thread.

MPa—The @bbreviation for Mega<Pascals or 1 000 000 Pascals, the standard unit of gtress for metric
fasteners.

Nonstandairld Fasteners>—=Nonstandard fasteners are fasteners which differ in size, length, material, finish or
other controjled characteristic from established and published standards such as military spdcification sheets
or industry standards.

is-the distance, measured parallel to the fastener's axis, between corresponding points on
; i i f iven in threads per

inch (TPI). Metric threads are designated using the actual thread pitch.

Pitch Diameter—The pitch diameter is the diameter of an imaginary cylinder whose surface passes through
the threads at the point where the width of the thread groove is the same as the width of the thread ridge,
roughly halfway between the top and bottom of the thread.

Preload—Preload is the amount of clamping force exerted by a fastener on joined members that is solely
attributed to tightening of the fastener.

Prevailing Torque—Prevailing torque is the torque required to rotate a nut or bolt where the fastener is
applying no clamping force to the parts being fastened. The torque required to bring mating parts together is
not considered prevailing torque.

-10-
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3.43

3.44

3.45

3.46

3.47

3.48

3.49

3.50

3.51

3.52 Stud—A stu
entire length
3.52.1 BOLT STUI
3.52.2 CONTINUO
assembly

3.52.3 DOUBLE E
the functig

using an g

3.52.4 DOUBLE E
threads or]

3.52.5

3.52.6

Prevailing-Torque Locknut—A prevailing-torque locknut is a locknut that maintains a prevailing torque or
resistance to rotation even with no clamping force present.

Proof Load—Proof load is a specified test load that a fastener must withstand without any indication of
yielding or permanent deformation.

Roll-Formed Threads—Threads formed by rolling the fastener blank between grooved dies.

Root Diameter—The root diameter is the diameter of an imaginary cylinder or cone bounding the bottom of
the roots of a screw thread. Root diameter is the more common term for the minor diameter of an external
thread or the major diameter of an internal thread.

Self-Lockin
annular nylog
depend upo

Socket Heal
recessed, hd

Spalling—§

Standard Fasteners—Standard fasteners are fasteners which-conform in all respects to

published st

Standard P

recognized and published industry or military fastener standard.

j Fastener—A fastener having a self-contained locking feature, such as a-nut
N ring or a bolt with a nylon pellet, that resists rotation by gripping the mating-thre
n the applied load for locking.

d Cap Screw—A socket head cap screw is a headed, externally .threaded
xagonal or spline socket.

palling is the breaking or chipping off of material, usually by-impact forces.

hndards such as military specification sheets or industry standards.

N—A standard Part or Identifying Number (RPIN) is a part number designatio
d is a cylindrical rod (headless fastener) threaded on either one or both ends
. Some of the more common types.are defined below:

—See continuous thread stud and double end stud (clamping type).

s THREAD STuD—This stud is threaded its entire length with conventional
bf nuts on both ends.5(One end may be set in a tapped hole using an anaerobic g

ND STUD (CLAMRING TYPE)—This stud has conventional threads on both ends of th
n of clamping two bodies together with a nut on either end. (One end may be set
naerobic compound.)

with an integral
ad and does not

fastener with a

recognized and

n identified in a

br throughout its

threads for the
ompound.)

e stud. It serves
in a tapped hole

ND STUD (INTERFERENCE THREAD TYPE)—This stud has conventional threads on the "nut" end and
the"stud" or "tap" end that will give an interference fit in the hole in which it is ingtalled.

STUD BoLT—See double end stud (clamping type).

TAP END STuD—See double end stud (interference thread type).

3.53 Tensile Strength—Tensile strength, also called ultimate strength, is the maximum tensile stress (in pounds
per square inch or Mega Pascals) a material can sustain without tearing apart.

3.54 Tensile Stress Area—The tensile stress area is the circular cross-sectional area of a theoretical unthreaded
rod whose cross-sectional area is such that it would fail in tension at the same load as a patrticular threaded

fastener.

-11-
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3.55

3.56

3.57

3.58

3.59

3.60

3.61

3.62

4.1

41.1

4.2

4.3

Through Bolt—A through bolt is a bolt that passes completely through both members to be fastened and has
a head on one end and a nut on the other. (See "bolt.")

Tolerance(s)—Tolerances are specified amounts by which dimensions are permitted to vary. The tolerance is

the differenc

e between the maximum and the minimum limits permitted.

Torque—Torque is a turning or twisting moment exerted on a fastener.

Torque, Bre

akaway—See "breakaway torque."

Torque, Prevailing—See "prevailing torque."

Ultimate St

Washer-Fad
surface is sr

Yield Strength—Yield strength is a mechanical property that represents the ‘maximum teng

material can|

Fastener Sq
specified he

Fastener Pa
fastener pa
Identifying N
for use ove
associated V

ength—See "tensile strength.”

ed—A bolt or nut configuration where the fastener has a raised bearing-surfad
hooth and has a round outer diameter, and acts as an integral washer.

sustain without causing more than a specified amount of permanent deformation

lection—Unless otherwise specified, fasteners shall e selected based on t
ein. The materials and other fastener options selected shall be suited to the app

rt Standard Selection —After determining the réquired materials and other fas
t standard that defines those requirementssshall be selected. Fasteners th
umbers (PINs) associated with an industry<0r'government standard or specificati
f fasteners identified by company standards and drawings. The applications
hith fastener Part or Identifying Numbers’are outlined in Section 10.

ORDER OF|PREFERENCE FOR PART STANDARD-SELECTION—Fastener part standards shou
according [to the following list. The order of precedence is in descending order.
a. Fasleners with a Part or Identifying Numbering system developed by a nongovernmen
(NG[SB).
b. Government issued Commercial ltem Descriptions with part or identifying numbers.
c. Fasfeners with a Parter Identifying Number based on a federal or military standard.
d. Fasfeners to drawings complying with ASME Y14.34M part identification requiremen

nongovernmentstandards.

NOTE—Part ideftification numbers for many fasteners to industry and military standards
SAEJ2295. Many additional part identifying numbers are identified in individual 4

e. The bearing
ile stress that a
e requirements

ication.

tener options, a
ht have Part or
bn, are preferred
and limitations

d be selected

| standards body

fs and based on

are identified in

ASME, NAS and

i - Y ! !
SI"\E 1ASLCTICT PJdadit Staliuarus.

Bolting for Shock Resistance—Requirements for selecting fasteners used in shock-qualified equipment are
provided in Appendix A.

Panel Fasteners and Welding Studs—Fasteners that do not normally require replacement or logistic
support, such as captive or panel fasteners, may have nonstandard or proprietary configurations. The fastener
materials shall be selected in accordance with Section 5. There are no part standards for captive fasteners.

Some milita

ry part standards have been developed for welding studs.

The length of welding studs after

installation can vary with the size of the weld stud and the welding process. If length is critical in an application,

drawings sh

ould specify after weld length requirements.

-12-
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4.4

Washers—Washers are normally used under the fastener being tightened. Washers may be used to provide
load distribution, a hardened bearing surface, locking assistance, or some combination of these functions.
Washer material should be compatible with the threaded fastener materials. If the washer material does not
have the strength level of the threaded fasteners, the fastener may relax or loosen in service. Washers are
recommended under bolt heads and/or nuts in the weather or in wet areas. Washer faced fasteners may be
installed without washers.

Performance Requirements for Fastener Material Selection—The basic criteria for selecting a fastener
material are the required strength of the fastener; the material of the component, equipment or structure in
which the fastener is to be located; and the application. Table 1 shall be used as a guide in determining an
appropriate fastener material for a particular application. Appendix A provides requirements for military
applications fer-better-corrosion-controbwhich-may+esui-r-higherrital-materal-cosis-buteyer maintenance
costs. For fastener compatibility with nonmetallic materials, consult the paper by Ross-ang Tuthill listed in
2.1.7. This|paper also indicates that bolt holes in aluminum structure both below and~aboyve the waterline
should be packed with a graphite-free, water repellent lubricant. This helps preventthe’loss pf aluminum and
enlargement of bolt holes to the point where the joint may be jeopardized.

-13-
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TABLE 1—MATERIAL SELECTION GUIDE FOR FASTENERS

_V'[_

Metals Metals
Metals Metals to be tobe Metals
Metals to be to be Joined Joined to be
to be Metals Joined Joined Copper Nickel Joined
Joined to be Steel to Aluminum and and Alloy t Titanium
Sieel to Steel Joined Aluminum Aluminum Copper, Nickel to
Application CRES to Steel CRES to CRES Alloys Alloys Alloys Alloys Titanium
1. Submerged and MP35N CRES 660 or CRES 660 or  Titanium NiCu NiCu Titanium
intermittently Titapium Alloy A286 Alloy A286 CRES 660 or Alloy 400/405 Alloy 400/405  Alloy 625
submerged NiCdi Alloy 400/405 Titanium Titanium Alloy A286 NiCUAl NiCuAl Alloy 625+
NiCYAI QQ-N-286 MP35N Aluminum QQ-N-286 QQ-N-286 Alloy 725
CRHS 660 or Alloy NiCu Alloy 400/405 MP35N Alloy 265+
A28p NiCuAl QQ-N-286 Alloy 725
Carlpon & Alloy Titanium
Sted| (with coating)

. Wet spaces, Matérials listed Materials listed Materials listed Materials listed Materials listed Materials ligted Materials listed
bilges or where aboye above above above above above above
exposed to the Wedthering steel CRES 304 CRES 304 CRES 304 Naval Brass CRES 660 pr  Alloy 718
weather or salt (with) coating) CRES 316 CRES 316 CRES 316 Alloy 625+ Alloy A286
spray CRHS 304 Alloy 718 Alloy 718 Alloy 718 Alloy 625

CRHS 316 Carbioh & Alloy 725 Alloy 718
Alloy steel
(with coating)

. General Purpose Matgrials listed Materials listed Materials listed Materials listed Materials listed Materials ligted Materials listed
(not involving aboye above above above above above above
submerged, Cafbon & CRES (300.series) Carbon Alloy 718 Copper Alloy Alloy A286
bilges, wet Allpy Steel & Alloy steel Aluminum (Naval Brass)
spaces, or CRHS (300 Series) CRES 300 606176 Alloy 462
weather Alloy 718 series Alloy 464
conditions) Copper Silicono

Alloy 651
CRES 660 or
Alloy A286

96ddV panss| 08¢¢r VS
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51

511

51.2

513

514

5.2

NOTE—Standard installation preload tables are normally based on bolt yield strength. Verify that preload
requirements of nut and bolt/stud combinations or stud and set end material combinations will not
exceed nut stripping strength. If necessary, specify acceptable torque or preload information on
drawing.

Nonmagnetic Applications—Fasteners required for nonmagnetic applications, such as minesweepers, shall
be of nonmagnetic materials. Unless special requirements exist for sensitive instrumentation or equipment, a
value of 2.0 Oersteds maximum is normally adequate.

NickeL ALLoyS—Not all nickel alloys are magnetically acceptable (relative magnetic permeability of 2.0 or
less after fabrication). Ni-Cu-Al, but not N| Cu is magnet|cally acceptable The magnetlc permeability of
nickel-copp often within the
temperatufe operatlng range of the equment

TITANIUM ALLOYS—Titanium and titanium alloys are considered totally nonmagnetiq regardless of
temperatufe or amount of hot or cold work. Titanium alloys have a relative magnetic permeability of 1.0001.

CRES—Npt all corrosion-resistant steels (CRES) are acceptable for usecn‘nonmagnetic gpplications. All
400 serieq CRES is magnetic. Some 300 series CRES is acceptable, while other 300 serfes are not. The
relative magnetic acceptability of commonly used 300 series CRES materials is shown in Tgble 2.

TABLE 2—MAGNETIC ACCEPTABILITY OF
CORROSION RESISTANT STEEL (300 SERIES)

Good Poor Bad
305 3021 301
310 304M 309
3161 347
321

1. Magnetic after heavy (extreme) cold
work.

MAGNETIC|PERMEABILITY TESTS<Fasteners used in nonmagnetic applications may rgquire magnetic
permeability testing. SeetSAE J2270 for information on specifying test requirements, if reqyired.

Corrosion Resistange+Selecting a fastener material that is the same or similar to the interfdcing parts of the
system ensyres that:galvanic corrosion will be kept to a minimum. When a fastener material fust be selected
that is diffefentsthian the respective components or structures to be joined, choosing the gpecific fastener
material thaf iS-the least susceptible to degradation is critical. In general, it is best to select a fastener material
which is lightly , to the materials
being fastened. Consider both the materials compatibility with the envwonment (inherent corrosmn resistance)
and with the materials to be joined (galvanic corrosion resistance). For further guidance on determining what
materials are cathodic to the materials to be fastened, as well as general corrosion control guidance, consult
SAE J1781.

-15-
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521

5.2.2

53

531

54

5.5

INHERENT CORROSION RESISTANCE—Inherent corrosion resistance refers to the materials compatibility with
the environment and includes the following: uniform corrosion, localized corrosion (pitting and crevice
corrosion), and stress corrosion. Localized corrosion is of special concern since fasteners have inherent
crevices and partially enclosed voids which can trap moisture. General corrosion attack is most prevalent for
carbon and alloy steel fasteners in the form of rust. The corrosion resistance of carbon and alloy steels can
be improved by coating, such as zinc plating or galvanizing. Aluminum and other materials can experience
significant attack in certain environments. The corrosion resistance of aluminum can be improved by
anodizing.

GALVANIC CORROSION—Galvanic corrosion occurs between dissimilar metals in mutual contact with a liquid,
either under immersion conditions or in crevices where moisture has collected. Corrosion is accelerated at

atorial (tlha A\ A o Ao raacn at ha cath

the less n

the surfad
corrosion
most pror
surroundir
corrosion

High-Streng
strength gre
evolved by

use coatings
fasten comp
the use of h

type).

STRESS-C
cracking,
cracking, i

Minimizing
contact pres

used with Ni
minimize gal
also affect tk

NOTE—Sta
requ
EXCE

rble-materta-the-anodey—and-s-decreased-atthe-merenoble-materat-{the-caths
e area of fasteners is small compared to the other materials in the system:
s accelerated for large cathode to anode surface area ratios and since fasténers
e to failure if corrosion occurs, fastener materials should be cathadic’ (morn
g materials. Surface treatments such as anodizing and passivating may help to
bf certain fastener materials.

th Fasteners—Some high-strength fasteners such as Ni-Cu-Al|(K-Monel) and st
ater than 1034 MPa (150 ksi) are susceptible to hydrogenh embrittlement, inc
athodic processes. Not all high-strength materials are Susceptible but, as a ger
containing sacrificial material on high-strength fasteners, and do not use high-str
onents whose surfaces are very anodic to the fastener material. For submerged

DRROSION CRACKING—The combination. of stress and corrosion can result in
vhich is a problem generally associated with high-strength materials. To avoid
is good practice to use lower strength materials whenever possible.

Galling—Galling can damage thread surfaces and may be caused by a lack of

CuAl bolts, screws, and 'studs to minimize galling. An appropriate thread lubrican
ling. (See SAE J2270 for information on the selection of fastener lubricants.) Th
e tendency to galFwhen mating materials are the same (see Section 6).

hdard installation preload tables are normally based on bolt yield strength.
irements~of nut and bolt/stud combinations or stud and set end material coml
bed nutstripping strength. If necessary, specify acceptable torque or preload on d

de). In general,
Since galvanic
hre generally the
e noble) to the
reduce galvanic

pel with a tensile
uding hydrogen
eral rule, do not
bngth material to
systems, avoid

gh-strength fasteners in the vicinity of cathodic protection anodes (sacrificial or impressed current

stress-corrosion
stress-corrosion

lubrication, high

sure between the mating threads, and heat. Galling can occur, especially with stainless steel and
NiCu, if the mating fasteners are fabricated from the same alloy. For example, Heavy Hex NiC

U nuts should be
may be used to
b class of fit may

Verify preload
inations will not
rawing.

Temperatur
for a given
temperature

trmits—Temperature—shat-beconsitered-whendetermming-therequired-stren
application.
limits for some fastener materials are provided in Table 3.

Material tensile strength reduces as operating temperature increases.

gth of a fastener
Maximum
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TABLE 3—MAXIMUM TEMPERATURE LIMITS FOR FASTENER MATERIALS

5.6 Material Stz
(MS sheet o

Material Temperature  Temperature
Standard Material Grade (Alloy) °C °F
ASTM A 193  Grade B16 (Alloy steel) 540 1000

Grade B7 (Alloy steel) 480 900
ASTM A 194 Grades 4 and 7 (Alloy steel) 540 1000
ASTM A 354  Grade BD (SAE Grade 8)
(uncoated or black oxide) 345 650
ASTM A 449  Type 1 (SAE Grade 5)
(uncoated or black oxide) 345 650
(zinc coated) 150 300
Various CRES (300 Series passivated finish) 315 600
(if submerged in sea water) 50 120
ASTM A 453  Alloy 660 (May be higher for A286 materials
to SAE AMS specifications) 540 1000
ASTM F 467  Alloy 400, 405 (Nickel-Copper) 230 450
& Alloy 500 (Nickel-Copper-Aluminum) 150 300
ASTM F 468  Alloy 19 (Titanium) 220 425

ndards—Fastener materials shall be in-accordance with the applicable military part standard
[ specification sheet) or industry standard for the fastener, as applicable.

5.6.1 NI-Cu-AL (K-MoNEL)—The processing of NI-€u-Al alloy (K-monel) material for fasteners in pccordance with

QQ-N-286
5.6.2 POWDER-M

5.6.3 INDUSTRY
materials
majority of
standards
standards
standards

configurat

provides better controls on.thesmaterial than do ASTM F 467 and F 468 Alloy 500 requirements.

ETALLURGY—Fasteners fabricated by powder-metallurgy processes shall not be used.

FASTENER MATERIAL-AND DIMENSION STANDARDS—Table 4 provides a list of sglected fastener
and dimensional Standards which may be suitable to identify fasteners for ship systems. The
the dimensional standards have been developed by the ASME and have been gdopted as ANSI
For matérials, these national standards usually refer to ASTM standards. Thg ASTM material
usually-reference the ASME standards for fastener configurations. For mapy fastener part
the-fll material requirements are identified in the fastener procurement specifigation. For other
oh-fasteners, such as set screws, refer to a more complete listing of ASME and ASTM standards.

5.6.3.1 Use of Table 4—Table 4 is a listing of some of the more common material and dimensional standards.
When the fasteners types or materials needed are not covered by the preferred parts identified in Section
10 or other industry and government standards, Table 4 can be used to identify applicable standards to
refer in order to develop fastener drawings.

5.6.3.2 Coating for Fasteners to Industry Standards—Table 4 also contains recommendations as to coatings for
the material types listed.
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TABLE 4—SELECTED INDUSTRY AND FASTENER MATERIAL STANDARDS

Typical
Material Dimensional
Standard Recommended Type Standards
(ASTM) Material Type Coating Fastener (ASME)
A 193/ Gr B7 (Alloy steel) None Screws/Bolts B18.2.1
A 193M Gr B16 (Alloy steel) None B18.2.3.1M
B18.2.3.2M
For standardization B16 is preferred B18.2.3.3M
to B7 B18.2.3.5M
B818.2.3.6M
SAE J2271
SAE J2271M
A 194/ Gr|7 (Alloy Steel) None Nuts B18.2.2
A 194M B18.2.4.1M
(Can be used in place of ASTM A 563 B18.2.4.2M
Grades C, D and DH unplated nuts) B18.2.4.5M
B18.2.4.6M
A 307 Grfde B (carbon steel) None or Zinc Bolts B18§.2.1
A325& Type 1 (medium carbon steel) None or Zinc Heavy Hex Structural Bolts  B18.2.1
A 325M Type 3 (weathering steel) B18.2.3.7M
A 354 Gr|BD (Alloy Steel) or SAE J 429 None Screws/Bolts B18§.2.1
Grade 8 Studs SAE J2271
A 449 Type 1 or SAE J 429 Gr 5 None 'ar Zinc Screws/Bolts B18.2.1
Studs SAE J2271
A 453/ Gr|660 (Heat & Corrosion Resisting Steel)/~ Passivate Screws/Bolts B18.2.1
A 453M B18.2.3.1M
Hept and Corrosion Resisting socket head B18.2.3.2M
cap screws of higher strength than Grade B18.2.3.3M
660 covered under NAS 135%:and NAS B18.2.3.5M
13p2 B18.2.3.6M
Nuts B18.2.2
Other configurations_(particularly UNF B18.2.4.1M
thrpads) of higher’strength are covered by B18.2.4.2M
M$§ and SAE partystandards. (Typical B18.2.4.5M
mdterial - SAESMAMS 5732 for chemistry with B18.2.4.6M
higher strength) Socket Head Screws NAS 1351
NAS 1352
Studs SAE J2271
SAE J2271M
A 490 Type 1 Alloy Steel (1/2 to 1-1/2 D) None Heavy Hex Structural B18.2.1
Type 3 Weathering steel (1/2 to 1-1/2 D) None Bolts
A 563 & Gr A (See ASTM A 563 for nut and bolt Zinc Hex & Heavy Hex Nuts B18.2.22
A 563M Gr C bolt suitability guide.) None or Zinc B18.2.4.1M
(See ASTM Gr DH Zinc or None B18.2.4.2M
A 194 for GrC3 None B18.2.4.5M
alternatives)  Gr DH3 None B18.2.4.6M
A574 & Alloy steel (No alloy designation) Cadminum or Socket Head Cap Screws NAS 1351
A 574M Black oxide (See NAS 1352

6.2.3.1.d)
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TABLE 4—SELECTED INDUSTRY AND FASTENER MATERIAL STANDARDS (CONTINUED)

Typical
Material Dimensional
Standard Recommended Type Standards
(ASTM) Material Type Coating Fastener (ASME)
B 446 Alloy 625 (Nickel base) Barstock As required
B 637 NO7718 (Formerly 718) (Nickel base) Barstock As required
B 805 Alloy 625+ (UNS 7716), Alloy 725 Barstock As required
(UNS 7725) (Nickel base)
F 467 & Same as F 468 Same as F 468 Nuts B18.2.2
F 467M B18.2.4.1M
F 468 & 606176 Aluminum Anodize Screw/Bolts B18.2.1
F 468M Allpy 400/405 Nickel-Copper None B18.2.3.1M
Allpy 500 Nickel-Copper-Aluminum None B18.2.3.2M
Titanium, Alloy 19 Anodize, Dry B18.2.3.5M
Film Lubricant Studs SAE J2271
SAE J2271M
F 568 Cafbon, Alloy, and Weathering Steel None or Zinc Regular & Heavy Hex Cap B18.2.3.1M
Screws/Bolts B18.2.3.2M
B18.2.3.3M
B18.2.3.5M
B18.2.3.6M
Studs SAE J2271M
F 593 Allpy 304, 316 (Cond CW recommended) Passivate Hex Cap Screws, Bolts, B18.2.1
Studs SAE J2271
F 594 Allpy 304, 316 (Cond CW) Passivate Nuts B18.2.2
F 738M Allpy 304*, 316 (Cond CW) Passivate Metric Screws, Bolts & Studs B18.2.3.1M
B18.2.3.2M
*Npte: In alloy group 1, 304305, 384, & B18.2.3.3M
XM7 are interchangeable-and marked the B18.2.3.5M
same B18.2.3.6M
SAE J2271M
F 835 & High strength.alloy steel Black oxide Flat Countersunk B18.3
F 835M Head Cap Screws B18.3.5M
F 836M Allpy.304 Cond CW (See ASTM F 738M Passivate Metric Nuts B1j13M
NoteyAttoy316CormdCwW B138.2.4.1M
F 837 & Alloy 304 (See ASTM F 738M Note) Passivate Socket Head Cap Screws B18.3
F 837M Condition CW recommended B18.3.1M
F879 & Alloy 304 (Cond CW for F 879) Passivate Flat Countersunk B18.3
F 879M (See ASTM F 738M Note) Head Cap Screws B18.3.5M
AS 7468 Cobalt-Chrominum-Nickel Alloy (Alloy None Bolts & Screws As required
(SAE) MP35N)
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Fastener Thread Selection Criteria—When selecting a fastener thread, the requirements of the application

such as strength, fatigue, temperature, and use of coatings, platings, or anaerobic locking compounds shall be

considered.

6.1

6.2

Fastening—Through bolting for fastening applications is preferred where this is an option.

Thread Form—uUnless otherwise specified in the equipment specification or fastener part standard, threads for

fasteners shall be of the Unified Series in accordance with FED-STD-H28/2 or ASME B1.1. Metric threads
shall be in accordance with ASME B1.13M or ASME B1.21M. When the thread form is not specified by a
reference to a thread standard in the fastener acquisition document, the designer shall specify threads in

accordance

with one of the standards listed previously.

6.2.1 CONTROLL
UNJ threa
requireme
toleranceg
6.3 Thread Seri
used unless
thread types
Series (8UN
(Note—See
6.3.1 UNIFIED C
44 UNC (
materials
including ]
the followi

a. Eas
b. Les
6.3.2 UNIFIED FI
(1.5 in dia
size faster

a. Len
b. Asn
c. Wal

6.3.2.1  UNF thr

FD ROOT RADIUS SCREW THREADS—When controlled root radius screw threads \ar
s may be selected. MJ threads shall conform to ASME B1.21M. UNJ threads sh3
hts of ASME B1.15. Screw threads for fasteners whose applicatian:“involv
for extremely critical applications shall have a controlled root radius.

es—The Unified Coarse Thread Series (UNC) or the Unified Fine-Thread Serie
there are unique component or equipment design features thatrequire other thr
that may be used to meet unique design requirements include the Unified Const
), UNR, and UNJ thread series. Table 5 highlights the_differences among thes
Table 5 for assembly limitations between different series))

DARSE THREADS—The coarse thread series extends'from 1-64 UNC (0.0730 in di

4 in diameter). UNC threads are recommended for general applications and f
pf a lower tensile strength. Coarse threads<are recommended particularly for fas
| in diameter. Coarse threads are used more often than fine threads in shipboard
g reasons:

er to assemble
likely to cross thread

NE THREADS—The fine, thread series extends from 0-80 UNF (0.0600 in diamets
meter). Fine threads_provide a larger tensile-stress area than coarse threads of th
er. Fine threads may’/be used in shipboard applications for the following reasons:

pth of thread-engagement is short
hall lead angle is needed for adjustment applications
thickness demands a fine pitch

bads’are commonly used in preference to UNC threads in applications involving

e needed, MJ or
Il conform to the
PS very precise

5 (UNF) shall be
pad types. Other
ANt Pitch Thread
e thread series.

meter) to

r threading into
eners up to and
applications for

r to 1.512 UNF
e same nominal

socket head cap

SCrews,

where the fastener strength is to exceed 160 ksi. The use of the UNFE threa

prevent the inadvertent substitution of lower-strength fasteners in these applications.

series helps to
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TABLE 5—THREAD TYPE COMPARISON

Thread Thread Thread Gage and
Form Series Standard Gaging Standards Characteristics
Unified inch UNC ASME B1.1 ASME B1.2 Used for general purpose applications
and provides more thread clearance for
plating than UNF
UNF ASME B1.1 ASME B1.2 Used where wall thickness is
inadequate for UNC, thread
engagement length is short, and for
adjusting screws.
UNJC ASME B1.15 ASME B1.2 Covers internal.and)external threads.
UNJF Provides a mandatory foot radius which
increases fatigte resisfance.
UNJ internal threads should be
assembled’only with UNJ external
threads.
UNRC ASME B1.1 ASME B1.2 No”UNR internal threagls.
UNRF FED-STD-H28/6 Root radius increases [atigue
resistance.
8UN ASME B1.1 FED-STD-H28/6 Used as a substitute fqr UNC threads
for fastener diameters [L in and larger.
Provides 8 threads pelfinch regardless
of diameter.
National Class 5 FED-STD-H28/23 ASME B1;12 Provides an interferenge fit.
FED-STD-H28/6 Used where high tempgratures prevent
the use of an anaerobif thread locking
compound.
Metric M ASME B1.13M ASME B1.3M Used for general purpgse applications.
ASME B1.16M
FED-STD-H28/22
MJ ASME B1.21M ASME B1.3M Used for fatigue resistance.
ASME B1.16M
FED-STD-H28/22

6.3.3 CONSTANT|PITCH THREARS—The 8UN Pitch Thread Series are recommended for use in applications with
fasteners greater than<I"in in diameter, particularly those involving pumps, valves, and pip[ng components.
The thread pitch is‘constant at 8 threads per inch. Fasteners with 8UN threads shall have a nominal diameter
of at least|1 in.<Ihe scarcity of 8 UN self-locking nuts may require the selection of a different thread form in
some applications.

6.3.4 MJ, UNR, AND UNJ THREADS—MJ, UNR, and UNJ external threads have mandatory rounded root radii and
experience much lower stress concentrations than other thread types. These thread types provide an
increase in the fatigue life of the threaded fastener.

6.3.4.1 MJ (metric) or UNJ (inch) threads are recommended for use in fatigue or strength sensitive applications or

6.3.5

where physical size and weight are critical. Thread rolling after heat treatment provides the maximum
increase in fatigue strength.

NONSTANDARD THREADS—When an application requires the use of a thread type not listed herein, the

fastener shall be submitted to the customer for approval by the customer.
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6.4

Thread Class—Thread class is used to specify fit which controls the looseness or tightness between mating
threads. With the exception of Class 5, which is an inch standard interference fit, all thread classes covered by
this standard are clearance fits. For inch standard, the higher the number, the tighter the fit; i.e., Class 3 is
tighter than Class 2. For metric threads, the converse is true. To identify external threads, the designator "A" is
used in inch standard and lower case letters, such as "g" or "h," in metric standard. Internal threads are
identified by the designator "B" (inch standard) and upper case letters in metric standard. Coated fasteners are
produced to one of the "looser" fits (such as 2A for an inch standard) and then coated so as not to exceed the
limits of the tightest fit which enables them to assemble with dimensionally correct mating parts. Unless
otherwise specified in the equipment specification or fastener part standard, fastener threads for general
applications shall be Class 2A/2B, 3A/3B, or a combination thereof. Class 5 threads may be used in

accordance with the requirements specified herein.

6.4.1 METRIC TH
a Class 2/
fit would b
by the exts
6.4.2 SELECTION

to provide

accuracy of lead angle are important, such as for adjusting devices and long thread engags

Class 2A

fit is required.

Class 24
or to util
particula

6.4.2.1

The usd
prevent

6.4.2.2

6.4.3 CLASS 5—
using Clag
The proble
upon the

Also the u

often lacki

Class 5
length o
ONF ha|
torque t

6.4.3.1

READS—The M profile threads with a tolerance class of 6H/6g may be used in &
/2B would be appropriate. A 4H5H/4h6h may be used in metric applications/wh
b appropriate. (For metric threads, the fit is indicated by the internal threadytoleran
prnal tolerance class separated by a slash.

CRITERIA—Class 2A/2B fits may be used for general applications.‘Class 2A threg
a plating allowance. Class 3A/3B fits may be used in applications where closene

pr 2B threads have been plated. Class 5 threads are forduse in applications wherg

\, 2B, 3A, and 3B fits on external and internal camponents may be mixed to achie
r fit or to use standard fasteners.

of mating fasteners of similar material for Class 3A/3B and Class 5 fits shou
palling. If necessary for use, ensurge that proper thread lubricants are used.

Class 5 threads are used for.the'setting of studs. The set-in portion of the studs ar
s 5 interference fits. ASME B1.12 and FED-STD-H28/23 define Class 5 thread
m is that there are many variations of class 5 threads and their fits. The thread s4
btud material and thesmaterial into which the stud is to be driven and the length
5e of rolled versus ‘cut threads may be a factor. Experience and guidance for threg

hg.

Fits Length of Engagement—The NC5 CSF and NC5 ONF threads are identica
f engagement, the CSF having a recommended length of engagement of 1.25 di
ving.a{recommended length of engagement of 2.5 diameters. At 2.5 diameters
D drive the fastener may exceed the fastener capability. In most applications theg

:

plications where
e a Class 3A/3B
e class followed

ds are designed
5s of fit and high
bments or where
b an interference

Ve a particular fit

ze standard fasteners. Similarly, the tolerancecelasses for metric threads may be rpixed to obtain a

d be avoided to

b locked in place
and their uses.
tlection depends
of engagement.
ad selection are

except for their
ameters and the
engagement the
1.25 diameters

engager

- ST e " Ot H ! Loiaed " " dopal Lo, H
ICTIC W UE SausiaLtiury. Uty T LdSTS WITCTE THYIT SUTTIYUT StUUS alc Urivelt 1

1to low strength

materials may a longer engagement be necessary to develop the full strength of the stud. Studs per SAE
J2271 and SAE J2271M have a minimum set end thread length of 1.5 diameters.

6.4.3.2

Recommendation for Class 5 External Threads—External threads shall meet the requirements in ASME

B1.12. In order to promote standardization of studs and to facilitate installation, NC-5 HFS in accordance
with Appendix C of ASME B1.12 external threads are recommended for all initial installations in all
materials. This thread form meets all the basic ASME B1.12 requirements but the tighter tolerances will
facilitate installation. In addition, it should permit the use of the same thread rolling dies and gages for all
materials.
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6.4.3.3

Recommendations for Class 5 Internal (Tap Hole) Threads—Internal threads shall meet the requirements

of ASME B1.12. For stud standardization purposes and to facilitate installation, the following thread
selection recommendations should be followed.

a.

Installation in Harder Materials—When installing interference fit studs in materials with a Brinell

hardness of 160 or higher, the use of NC-IFS threads in accordance with ASME B1.1 Appendix C is
recommended. Materials with a Brinell hardness of 160 or higher include, Nickel-Copper-Aluminum,
Titanium, and steel metric grades 8.8 and higher, and steel inch type fasteners with a tensile strength
of 85 000 psi or higher. The NC5-IFS threads minimize the maximum interference and minimize
installation problems.

6.4.3.4 Alternat
ASME B
where tq
be cons

exceed
addition
6.5 Thread Len

6.5.1 TapPED-H

6.5.1.1 Thread

engaget
The thrd
material
provides
to the af
avoid bg
6.5.1.2 Shoulde
can rest

6.5.2 THROUGH-

6.5.2.1 Design
protrusig
plastic ir

ThreadRrotrusion—In selecting the length of fasteners for designs, the length sha

ves to Interference Fits—Before selecting an interference fit, the designer_should
1.12 and be aware that problems may be encountered in obtaining the required f
mperatures do not exceed 230 °C (450 °F), the setting of studs with anaéerobic ¢
dered as it can generally be accomplished at lower cost. Temperatures above
the limits where an anaerobic thread locking compound or selfsloeking element
used although there are compounds which have been satisfactorily. used at higher te

bl information, see Section 8 on locking devices.

gth

LE INSTALLATION

Fngagement—When threading into a tapped hole, specifying the proper leng
hent is critical to ensure that the minimum specified tensile strength of the fasten
ad engagement length is customarily.stipulated as a function of fastener diam
5, this value is typically given as a-minimum of 0.8 times the fastener diameter.
detailed guidance in determining-the thread engagement length. The designer

ttoming out of the fastener"and to prevent damage to bottom-tapped holes.

ring—The length of _thread engagement shall be adequate to preclude material
It from shouldering:

HOLE INSTALLATION

n of at least one full thread and preferably no more than five threads beyond the

Installation |n Softer Materlals—Use NC5-INF internal threads per ASME B1.12 for installation of

less than 160.

be familiar with
t. In applications
bmpound should
230 °C (450 °F)
can normally be
Imperatures. For

h of the thread
er is developed.
pter. For ferrous
FED-STD-H28/2
should also refer

plicable fastener and fastener'material standards. The proper fastener length shdll be specified to

distortion which

Il provide for the
top of the nut or

threads

s€rtlas applicable. (Since the first thread is often incomplete this will help ensure t{hat the engaged
mmmmmmmmmﬁmmm-lo limit protrusion

to five threads shall not override the use of standard length fasteners. Particularly, for small diameter
fasteners with fine threads, the use of standard lengths may require the selection of fasteners which result
in protrusions greater than five threads. Washers shall not be added to reduce protrusion except as
specifically required by design drawings or technical manuals.

6.5.2.2

Thread Protrusion at Installation—Thread protrusion at installation may be different than the thread

protrusion determined during the design of the joint. When specifying installation and tightening
requirements for fasteners, the assembly instructions should include the following requirements:
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When installing and tightening fasteners, the protrusion of the male threads shall have, as a minimum, a
protrusion equivalent to one thread pitch above the top of the nut or plastic locking element, as applicable.
In any application where the thread protrusion exceeds ten threads, verification shall be made that the
proper length fastener was installed.

6.5.2.3

Stud Standout—The stud standout, the distance the stud is to protrude when installed, or the depth to

which the stud is to be driven, shall be identified on assembly and installation drawings. These dimensions
must be selected so that bottoming or shouldering are avoided. Shouldering, which is the practice of
driving the stud until the thread run-out engages with the top threads of the hole, may create excessive
radial compressive stresses and bulging of the material.

6.6 Fasteners fp

e afat
T IJUl

6.6.1  DEFINITION

criteria:

a. Bas

a simgle fastener thread failure will result in one or more of the following:

@
@

@3

NOTE—A
wi

b. The
6.6.2

REQUIREM
feasible.

6.6.2.1 Thread
contract
6.6.2.2 Approva

the cogn

approval:

A Oovitioal A
arctyorroacarry

PPt

OF "SAFETY CRITICAL" THREADS—A safety critical thread is one that meets both

bd upon Failure Modes & Effects Analysis, Engineering Analysis or_éxperience it ig

Loss of ship propulsion or a ship control surface (steering, @iving planes, but not
A failure which jeopardizes ship or personnel safety: (Example: Cargo or w
where the load would be dropped as a result of failurey)
Loss of hull integrity.
| cause an overload and failure of additionalthreads.
primary joint failure mode is tension in@,cyclic application.
ENTS FOR SAFETY CRITICAL APPLIGATIONS—Safety critical threads shall be av
Form—Thread shall be of an’ UNJ or MJ configuration unless otherwise approved
ng activity.

| Requirements—-lIf’a thread falls within the criteria of "safety critical" its use shall
izant contracting ‘engineering activity. The following information should be provid

a. Co
b.

C.

of the following

determined that

fin stabilizers).
eapon handling

single fastener thread failure includes cases in a'multiple thread design where faillire of one thread

pided whenever

by the cognizant

be approved by
ed in requesting

pletelidentification of the application.
Jusffication as to why it is necessary for the design to be dependent upon a single thiea
thmummﬂmmw i

d.

ineering justification

for not using them.

d.

Complete thread inspection requirements.

Platings, Coatings, and Surface Treatments—The following requirements are intended to be general

guidelines for the selection of proper fastener platings and coatings, and to prevent problems associated with
plating and coating interactions. For some applications, fastener platings and coatings should not be used.

The use of corrosion resistant fastener materials rather than reliance on a protective coating usually results in
the lowest life cycle costs.

7.1

General Guidance—Use of coated fasteners to obtain corrosion resistance is often attempted but often leads

to unsatisfactory results. While it may minimize initial costs, life cycle maintenance and repair costs may be
high. With care, coated and plated fasteners are satisfactory for some installations.
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7.1.1 DRrY AppLICATIONS—Coated fasteners generally perform satisfactorily in dry spaces inside the ship. In these
applications zinc coatings (and cadmium where permitted) will perform satisfactorily.

7.1.2 WET APPLICATIONS—INn wet spaces, bilges, and the weather, most coated fasteners do not perform
satisfactorily without some sort of supplemental treatment. Supplemental treatments for steel fasteners are
covered in SAE J2270.

7.1.3 SUBMERGED APPLICATIONS—In general, coated fasteners do not perform satisfactorily in submerged
applications.

7.2 Selection Criteria—An appropriate plating or coating shall be selected from those identified herein. Selection

shall be baseg-enthefasterermaterals-and-the-appheationreguirements:

7.2.1 THREAD FIT—The type of thread fit shall be considered when selecting a plating or coating

ckness affects the fit of the threads and can be scraped from the fastenerduring i
bner part standard to determine the thread fit of a particular fastener before and a

N—The process of applying a plating or coating to a partictlar fastener t
e with the part standard for the fastener.

NGTH STEEL FASTENERS—High-strength steel fasteners with a tensile strength gre
cial coatings may be subject to hydrogen embrittlemént and stress-corrosion cra
hclude, but are not limited to, zinc plating, cadmium plating, and metallic-q
lity to stress-corrosion cracking is dependent uponythe following factors.

ng Material—Zinc plated fasteners are ofteh.susceptible to stress-corrosion crac
half the stress levels at which cadmium plated fasteners are susceptible.
Strength of the Steel Fastener—Fasteners with a tensile strength less than 11
ect to stress-corrosion cracking.

heter—The larger the diameter the-more susceptible to stress-corrosion cracking.
5s level which will initiate cracking in a 25.4 mm (1 in) diameter screw is only al
5s level required to initiate €racking in a 6.35 mm (1/4 in) diameter screw.

Stress Level of the Application—If the stress applied due to load, torquing and po
stress-corrosion cracking will not occur.

Presence of Moisture—This need not be salt water; condensation on a plated
aged coating may-be sufficient.

ns on Plated High-Strength Alloy Steel Fasteners—The following limitations app
teners«with a tensile strength of 1034 MPa (150 ksi) or greater with the excep
h resistant steel (ASTM A 453 Gr. 660 or Alloy A286) fasteners.

since plating or
nstallation. Refer
ter plating.

ype shall be in
ater than 150 ksi
cking. Sacrificial
eramic coating.
King at less than

0 ksi are rarely

For example the
bout 50% of the

5sible bending is

fastener with a

y to the use of
tion of heat and

fasteners—stattnotbeusedmsubmergedntermittentty-submerged-{mctodimg it
spaces, or where exposed to the weather or salt spray.

e) applications,

Zinc-plated internal threaded fasteners should not be mated with the ASTM A 354 Grade BD (or SAE

J429 Grade 8) uncoated fasteners in applications prohibited in 7.2.3.1.a. The plated nuts can result in
stress-corrosion cracking of the higher strength externally threaded fasteners.

coating thi
to the fast
7.2.2  APPLICATI(
accordang
7.2.3 HIGH-STRH
with sacrif
coatings i
Susceptib
a. Plat
one
b. The
subj
c. Diar
stre
stre
d. The
low,
e. The
dam
7.2.3.1 Limitatig
steel fag
corrosio
a. The
wet
b.
C.

Although not recommended, ASTM A 354 Grade BD (SAE J429 Grade 8) fasteners may be used to

replace lower-strength steel zinc-plated fasteners for general purpose applications (see Table 1).
These fasteners shall not be used in the applications prohibited in 7.2.3.1.a. The torque of the Grade
BD fastener shall not produce a stress in the Grade BD fastener that exceeds the stress of the properly
installed lower grade fastener being replaced.
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7.3

7.3.1

7.3.1.1

7.3.1.2

7.3.1.3

7.3.1.4

7.4

7.5

Socket head cap screws of alloy steel (ASTM A 574 or equivalent) shall not be zinc plated because of

susceptibility to stress-corrosion cracking in nearly every size. Cadmium plated socket head cap
screws may be used, when not prohibited for environmental reasons for diameters through 38 mm (1-
1/2 in).Black oxide coated socket head cap screws are not subject to stress-corrosion cracking but are
subject to corrosion unless protected by paint or other supplemental coating.

Zinc and Cadmium Plating—Zinc plating may be used, and is preferred for use over cadmium plated
fasteners since the processes associated with cadmium plating create environmental concerns. For new
designs, cadmium plating shall only be used when an applicable part standard for a fastener with zinc plating is
not available or permitted.

aTOoloTIoNG

USAGE RE|

Temperd
200 °C

B 695 d
(300 °F)
where th

Applicat
fastener
exposed

Mating N
(such as
and zing
which is

Fluid Sy
contact

petroleu
products
does ng
systems

Metallic-Ce
Several con

The
and
The

a.

b.

DTIRTCTTONS

iture Limits—Cadmium plating shall not be used in applications where temperaty

r ASTM B 633) shall not be used in applications where the temperature may
Immersion zinc flake (typically in accordance with MIL-C-87115) shall Aot be use
e temperature may exceed 340 °C (650 °F).

on Restrictions—Cadmium plating and zinc plating shall net be used in applica
may be submerged or wetted, such as in the bilge, ofr the weather deck, or
to salt spray. These platings have little corrosion resistance for use in direct expo

flaterials—Cadmium-plated steel fasteners shall ‘fiot be mated with zinc-plated
in bolt, nut, and washer combinations) at temperatures exceeding 150 °C (300 °f
platings interact and increase the susceptibility of the steel fastener to hydroge
a cause of fastener failure.

5tem Restrictions—Cadmium or zinc plating shall not be used in applications whe
with petroleum-based products. TFhe cadmium and zinc produce a catalytic ty
m-based products that can_have detrimental results on system operations. |
include fuel oil, lubricating oil, and grease or hydrocarbon based hydraulic fluid
t prohibit the use of cadmium or zinc plated fasteners in locations that are €
, if there is no dangefef'internal or working fluid contamination.

amic Coating<—Metallic-ceramic coatings are not recommended for use as fg
Cerns are:

required-coating thickness cannot be applied within the conventional coating thic

coating is subject to chipping and accelerated corrosion can occur at the point wh

res may exceed

400 °F). Cadmium can create toxic fumes at these temperatures. Zinc plating (typically per ASTM

exceed 150 °C
d in applications

itions where the
vhere it may be
sure to moisture.

steel fasteners
F). The cadmium
n embrittiement,

re there may be
be reaction with
Petroleum-based
. This restriction
xternal to these

stener coatings.

kness allowance

therefore threads have to be manufactured undersize. This increases cost and material lead time.

ere chipped.

The
due

C.

d.

coating-shoutd ot e usedonfastenerswithartensite-strengthrof 1034 vPa(15
to concerns for hydrogen embrittlement and stress-corrosion cracking.

In-service problems in disassembling the fasteners have been reported.

0 ksi) or greater

Inorganic Zinc Primer—DOD-P-24648, type |, class 1, composition B covers an inorganic zinc primer which
is similar to metallic-ceramic coatings in performance but is less expensive. A coating thickness of 3 to 5 mils is
recommended. However, it is limited to outside applications where the temperature does not exceed 50 °C

(122 °F).

-26-



https://saenorm.com/api/?name=4e646d37e152cfdf6c7c23bff2cd2330

SAE J2280 Issued APR96

7.6

7.6.1

7.7

7.8

7.9

8.1

8.1.1

8.1.2

8.1.3

8.1.4

8.1.5

8.1.6

Black Oxide and Black Chemicals—Black-oxide coatings on steel fasteners provide very limited short-term
protection against rusting. Generally, an additional oil preservative or wax coating is used to provide increased
protection. Even with this increased protection, rusting may occur within a year. The coatings are also used on
various nonferrous fastener materials to cover the shiny metal surface to prevent detection of military vehicles
and equipment. If the fastener is to be subsequently painted, an oil or wax coating is not recommended since it
will prevent good paint adherence.

UsAGE RESTRICTIONS—BIlack oxide and black chemical coatings shall not be used to provide a corrosion
barrier after installation. These coatings are generally provided to prevent corrosion during storage and
handling only. (See SAE J2270 for guidance on providing corrosion protection for these fasteners.)

Silver Platir
only be speq
Alloys 625,
contact with

Solid Film L
SAE J2270

Surface Tre

ified for fasteners that are more noble than silver such as NiCu (Alloy 400/405),
625+, and 725. Silver plating shall not be applied to titanium fasteners and-sha
titanium structures.

ubricants—Solid film lubricants may be used as a fastener coatihg in some a
or more information on the selection and use of solid film lubricants-)

atments—Passivating is required for corrosion resistant steel fasteners. Anodizi

aluminum and titanium fasteners.

Locking De
use of self-Ig
general desi

Usage Crite
be used. M

cking fasteners shall comply with industry or military standards. MS 15981 and M
gn and usage recommendations and limitations, for self-locking fasteners.

ria—When a suitable self-locking fastener is not available, an anaerobic locking
bchanical thread-locking devices anddnethods, such as lock washers, safety

washers, may be used when a self-locking fastener is not suitable for the application or whe|

separate typ

SPECIAL A
applicatior

FASTENER
be secure
the compg

THREAD FI
place or W

les of locking devices is specified.

PPLICATIONS—Threaded fasteners used in foundation bolting and hull integrity p
s are often required to _be, self-locking. (See Appendix A.)

b SUBJECT TO TAMPERING—Hand-adjustable threaded parts that may be subject td
y locked by safety-(lock) wiring or safety cable, self-locking nuts or other method
nent specifieation.

T CONSIDERATIONS—For temperatures below 150 °C (300 °F), where fasteners ar|
here disassembly is unlikely, Class 2A/2B (Inch), 3A/3B (Inch), 6g/6H (Metric),

(Metric), o

I combinations thereof, may be used with the appropriate anaerobic thread-lockin

#ver plating should

ind nickel-based
| not be used in

pplications. (See

g is required for

vices and Elements—Unless otherwise specified.in‘the equipment or system specifications, the

S 33588 provide

compound may
wiring, and tab
h the use of two

iping for military

tampering shall
5, as specified in

b to be locked in
and 4H5H/4h6h
j compound.

HELICAL INSERTS—AnNaerobic locking compounds may be used with helical inserts. A self-locking insert is
preferred to the use of a male fastener with a self-locking element.

INACCESSIBLE FASTENERS—Fasteners that are accessible only by disassembling a component should be self-

locking or

installed with safety wire or safety cable.

FASTENERS USED IN REASSEMBLY—Each bolt, nut, screw or other type of fastener whose application requires
removal and reassembly shall incorporate two separate and different types of locking devices or elements, if
its loss could endanger the ship's mission or crew safety. This requirement does not apply to applications
where loss of multiple fasteners are required for safety to be endangered.
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8.2

8.2.1

8.2.11

8.2.1.2

8.2.2

8.2.3

8.23.1

8.2.3.2

8.2.3.3

Selection Criteria—Locking devices and elements shall be selected according to the following criteria.

SELF-LOCKING FASTENERS—EXternally and internally threaded self-locking fasteners may be in accordance
with applicable industry or military standards. Externally threaded self-locking fasteners may be in
accordance with MS 15981 or MS 33602 or industry standards such as NAS 1283. A fastener with either
MIL-F-8961 or MIL-F-18240 locking element may also be used. Internally threaded fasteners, as applicable,
may be in accordance with MS sheet standards such as MS 17828 for which MIL-N-25027 is the
procurement specification.

Temperature Limits—Polyamide plastic ring self-locking nuts in accordance with MIL-N-25027 or

equivalent shall not be
nuts in 3

(450 °F

. The polyamide inserts may be subject to deterioration from ultraviolet exposur

locking muts of the distorted collar or spring beam type in accordance with MIL-N-25027 9

at tempg

Self-Loc
accorda
fastener
in accor

ANAEROBI
material 3
anaerobic

MECHANIC
Safety V]
accordal

20995. |

Tab Wa{
means.

ratures exceeding 425 °C (800 °F).

king Fastener Test and Inspection—Self-locking fasteners shall _be, tested ar
hce with their applicable specification. Self-locking fasteners thatare not procured
standard or specification, such as those manufactured by shipyards, shall be teste
lance with SAE J2270.

LOCKING CoMPOUNDS—When a thread-sealing or-thread-locking compound
nd its application shall be in accordance with, MIL-S-46163 or equivalent.
locking compounds shall be selected and inspegted in accordance with SAE J22]

\L THREAD-LOCKING DEVICES
/ire—When the use of safety (lock) wifing is required, safety wiring shall be ay
hce with MS 33540 and shall be selected and identified, when possible, in accd

IS 20995 provides part identification numbers for various sizes of several wire mg

hers—Tab washers may (e*used if a locking problem cannot be solved by m
When tab washers are used, provision shall be made for locking to a keyway or ad

used in temperatures exceeding 120 °C (250 °F). Polyamide plastic ring self-locking

cceeding 230 °C
2. All metal self-
hall not be used

d inspected in
to a self-locking
bd and inspected

s specified, the
Fasteners with
0.

plied in general
rdance with MS
terials.

bre conventional
jacent structure.

Tab washers shall not be uset-where breakage of the tabs would endanger the system.

Lock Washers—Lock washers are dependent upon proper torquing to be effective. In applications where

lock waghers are used;.the following guidance and requirements are applicable.

a. Lock washers shall be of a material similar to the threaded fasteners used in tHe application to
minimize_eorrosion.

b. Heligal-split lock washers have greater compression than toothed washers and are generally preferred
in nometectricatapptications—Hthe—same—torque—ts—appiedto—aheticat=splitfock—washer as to a flat
washer, the helical-split lock washer will produce a greater stress level in the bolt because the surface
area in contact with the bolt is smaller for a helical-split lock washer than for a flat washer.

c. Tin-brass or phosphor-bronze tooth type lock washers are preferred for use in electrical applications
since the teeth maintain a larger area of contact.

d. External tooth lock washers provide greater locking efficiency and should be used in preference to
internal tooth lock washers in most applications. Internal tooth style lock washers may be used where
the teeth must be hidden under the screw head or nut or where finished appearance is a factor.

e. External-internal type lock washers are for use where a larger bearing surface is desired or as an

insert between two adjustable pieces where the adjustment must be maintained after the original
setting. Because of extra biting teeth, these washers are ideal for electrical connections.

f.  Countersunk type lock washers with 82 degree or 100 degree countersunk angles are for use with
fasteners having 82 degree or 100 degree head angles, respectively.
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9.1

9.2

9.3

9.3.1

9.4

9.5

10.

Screw Thread Fastener Inserts—These requirements establish selection criteria for screw thread fastener
inserts. Screw thread fastener inserts are required only where their use is necessitated by design concerns.
The documents listed herein identify specific preparation and installation requirements, as well as other

instructional

limitations, for each specific insert style.

General Requirements—When threading into a low-shear material such as aluminum or composites or when
the restoration of damaged threads is necessary, the use of helical coil, solid wall bushing or thin wall bushing
type inserts shall be used to improve the holding strength of the joint. For high-shear materials, above

345 MPa (50 ksi), inserts are not normally required when adequacy of design is verified by calculations.

Insert Selection—Inserts of helical coil, bushing type, or thin wall type shall be selected based on the

~_~f OAALHAC—D- A

requirement

Insert Mate
thread inser

The use o

Insert Leng

fastener to 4
reduced if 9
associated g

aftha faoll bha
p-OT thCTONToO Wiy paragiapTs:

ials—The material selection guidelines in Section 5 shall be considered when g
material.

CRES inserts with CRES fasteners may increase the susceptibility of the fasteng

th—The insert length selected for the joint shall allow the-minimum specified
e developed. When a helical coil insert is used with a fasteper, thread engageme
pace constraints limit the insert length and the full tensile strength of the f
ssembly torque) is not required.

electing a screw

rs to galling.

strength of the
nt length may be
hstener (and its

Temperaturie Limits—The temperature limits of screw thread fastener inserts are determined by the insert
material, plarlting, and lubricant. Recommended temperature limits are available from the insgrt manufacturer.
Where no other installation guidance is provided, the temperature limits listed in Table 6 may e used.
TABLE 6—RECOMMENDED TEMPERATURE LIMITS FOR SCREW THREAD INSHRTS
Recommendgd
Ifsert Type Material Plating or Lubricant Temperature Llmnits
Thin wall insert CRES 660 Passivated, silver plated or 650 °C (1200 °F)
(Alloy~A286) dry film lubricant
With solid film lubricant 340 °C(650 °F)
CRES Passivated 480 °C (900 °F)
With solid film lubricant 315 °C (600 °F)
Alloy steel Cadmium plate with solid film 230 °C (450 °F)
lubricant
Helical coil inserts CRES Passivated 425 °C (800 °F)

Fastener Part or Identifying Numbers

10.1 Scope and Purpose—These requirements establish guidelines for the use of Part or Identifying Numbers
(PINs) to identify fasteners. The use of fastener Part or Identifying Numbers aids in the development of
equipment acquisition specifications, enhances availability and documentation procedures, and streamlines
logistic and supply system cost.
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10.2 General Requirements—Fasteners shall be identified using standard industry or government PINs where
available. When not available, Part Identification Numbers (PINs) shall be developed using the guidance
provided herein.

10.2.1 When a fastener is needed that does not have a standard industry or government PIN, a PIN shall be

assigned to the fastener based on the Commercial and Government Entity (CAGE) code and drawing dash
number. The fastener shall be approved by the contracting activity.

10.3 Detailed Requirements

10.3.1 PART NUMBERING SYSTEMS—MIlItary part standards and speC|f|cat|on sheet part standards for fasteners

10.3.1.1 Part or Idlentifying Numbers—Part numbering systems for fasteners areusually compose[d
number [that identifies the controlling military or industry standard,» and alphanumeric| characters that
identify [the engineering parameters of the fastener. These characters or dash numlbpers specify the
charactgristics of the fastener. Some dash numbers only indicate diameter and leng
indicate| size, material, platings, coatings, and locking features. Size options are generally specified
numericplly. Material, plating, coating, locking featurés, and other options are us
alphanumerically.

10.3.1.2

have a paf
part or ideptifying numbers |dent|f|ed in the standard However, most of the fastener stapda
ASTM which cover fasteners needed for ship systems and equipment do not have part identification
numbers. |In order to provide part or identifying numbers for these fasteners;»SAE J2295 has been
developed. In addition the Appendices to SAE J2295 list recommended industry ‘and militany part standards
for a large|number of fastener types that may be used in ship systems and equipment.

tegtions also have
ds developed by

of a document

h, while others

ually specified

Types of Part Numbers—Part numbers covered by:industry and military standards fall into[two basic types.
In the fist type, a dash number is used to identify the fastener and it is necessary to always refer to the
standard to determine the characteristics.Iln"'some standards, the part number consists
significant fields. By knowing the order, of the fields and the codes for each field it is @ften possible to
determine the characteristics of the fastener without frequent reference to the standard. Hasteners without
an indudtry or military part numbenmust be identified by a drawing part as discussed in c.|as follows:

of a number of

Most MS sheets use a_noensignificant dash number. For example, MS17828-16C is| a nickel-copper

Many industry standards utilize significant characters to identify the various featureq of the fastener.
For e , [ i i , ad, thread class,

e PIN assrgned
to the specrfrc |tem provide a unrque |dent|f|cat|on In thrs case 53711 is the CAGE for the Naval Sea
Systems Command and 6673969 is the drawing number. If multiple items are detailed on a drawing, a
dash number suffix can be used to identify the specific item. The preference is for fasteners to be
detailed on separate drawings rather than on drawings detailing other nonfastener parts.

11. Identification Markings

11.1 Scope and Purpose—These requirements establish guidelines for specifying the identification marking of
fasteners. These guidelines are intended for use when a fastener part standard requires marking in
accordance with the fastener acquisition document or when specifying marking requirements on the drawing of
a nonapproved fastener.
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11.2 Fastener Marking—Fasteners shall be identification marked in accordance with the applicable specification,
standard or part drawing. When the fastener part standard requires marking in accordance with the fastener
acquisition document or when specifying marking requirements on the drawing of a nonapproved fastener (see
Appendix A for Government use), the fastener marking guidance identified herein shall be used.

11.3

11.3.1

11.3.2

11.3.3

11.3.4

11.4

12.

12.1

Fastener Marking Guidance—Fasteners shall be identification marked with the material/condition symbol or
PIN as identified on acquisition specification or drawing, manufacturer's symbol, and lot number (when
required). When there is not enough space available on the fastener for the identification marking, the marking
shall be applied using the following order of precedence: material/condition symbol or PIN, manufacturer's
symbol, lot number. The material/condition symbol or PIN is mandatory for all fasteners except those so small
that marking is impractical.

MILITARY—
contains i
fasteners
additional

COMMERC
conformin
material p

LExtensive information on fastener marking can be found in MIL-HDBK-131
hformation regarding the marking requirements, the material, and the meehani
conforming to specific military and industry specifications and standards.’ Apps
marking requirements for Level | fasteners.

AL—Information concerning the marking and material properties of comm
j to industry standards can be found in ASTM F 1077 and*SAE J429. Additio

MARKING

concernin}i
stress stal

SELF-LOCHK
externally
fastener h

Manufactur
Those many
symbol, Cor

MIL-HDBK-5
Defense Ind
Attn: DISC-H
700 Robbing
Philadelphia

threaded self-locking fasteners shall include a minimum of six dots, raised, or dg
bad.

pr's |[dentification—An extensive-list of manufacturers’ marks can be found i

hmercial and Government(Entities (CAGE) code information found in CAGE doc|
and a company address and telephone number to the preparing activity (listed as follows) for

operty information for fasteners can be found in the applicable ASTM fastener sp

ETHODS—Fastener marking shall be permanent and.may be raised or depres
fastener marking methods can be found in SAE AS478. Stamping shall be n

p.

This document
cal properties of
ndix A contains

ercial fasteners
nal marking and
pcifications.

5ed. Information
ade with a low-

ING IDENTIFICATION—If the part standard ‘does not require marking, marking fequirements for

facturers not listed and who desire to be listed in MIL-HDBK-57 should submit t

7 (Preparing Actjvity)
Lstrial Supply Genter
ESA

Avenue

, PA 193-11-5096

Application rlequests for a CAGE code, for the purpose of symbol listing in MIL-HDBK-57, sho

/

bpressed, on the

MIL-HDBK-57.
eir identification
iment H41/H42,
nclusion.

ild be submitted

to:

Commander

Defense Logistics Services Center
Attn: DLSCWXA

Federal Center

Battle Creek, M1 49017-3084

Notes

Marginal Indicia—The change bar () located in the left margin is for the convenience of the user in locating
areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left of
the document title indicates a complete revision of the report.
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12.2 Implementation—This document may not be applicable to programs in the experimental, developmental,
exploration, prototype, demonstration, or validation program phases where the advantages of the standard will
not be realized.

12.3 Military and Government Applications—Requirements specific to military fastener applications are provided
in Appendix A. This appendix also provides guidance for contracting officers in determining what data should
be submitted. For other users the requirements of Appendix A are for information and guidance only unless
contractually invoked.

12.4 Keywords—Nuts, bolts, screws, threads, studs

PREPARED BY THE SAE SHIP SYSTEMS AND EQUIPMENT COMMITTEE
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A.l

APPENDIX A

SUPPLEMENTAL MILITARY REQUIREMENTS

Scope—This appendix provides requirements which supplement those in the standard for the proper selection

of fasteners used in components and systems in military and other applications when specifically invoked. In
addition, fastener requirements for Material Identification Control Level | systems, hull integrity, and shock
applications are addressed.

A.2

A.2.1 Fastener

herein.

A.2.2

A.2.3 Fastener

A.2.3.1 FASTENH
equipme
addition
a. C
b.

c.
d.
e. A
f.
st
A.2.3.2
A.2.3.2.1

Threads—
Fasteners
replacems
thread cle
preferred

interferend

General Requirements

aalaectad

A

nent as modified

ot o atibioina tha ovitaria ~Ff tha bhocoins Adon
STICCTC OOy otz gt~ Ot o e~ oasSTio—aoT ot

-Class 5 threads shall be in accordance with the recommendationscef’the

nt for Class 5 interference fit threads in applications where the lockingycempound
rance and temperature of the application. Similarly, the use of an ‘ahaerobic lock
to interference fits for metric threads as metric thread standards often do
e fits.

Materials and Coatings
R MATERIALS—Fastener materials for applications*unless specifically authorize

nt, or ship specifications shall be selected from Table 1 of the basic document v
| restrictions:

rbon and alloy steel shall not be used.J&’ submerged or intermittently submerged
Aluminum fasteners shall not be used.in"application categories 1 or 2 without specifi
cdntracting activity.

Fgr applications in wet spaces,(hilges, or where exposed to the weather, CRES

Silicon bronze fasteners are not to be used for new design. (See Table A.2 for alterrn
inimum elongation.6f\10% shall be required for ASTM A 574 and ASTM A 574M
sgrews. (Additional testing of finished screws is not required for verification but the ]
shall apply to any.machined specimens.)

enever Ni-€U:Al material is required it shall be in accordance with QQ-N-286

5(0 per therapplicable ASTM standard. When the manufacturing process consists
hgading, erother forming operations, the starting material shall be in the annealeg

asic document.

of thread classes 2 and 3 installed with an anaerobic locking compound maly be used as a

S suitable for the
ng compound is
not provide for

i in component,
ith the following

Applications.
C approval of the

B04 shall not be

atives.)
socket head cap
0% requirement

ather than Alloy
of thread rolling,
condition. After

all forming procedures are completed, the fasteners shall be reannealed and age hardened per QQ-

N{286° When the fastener manufacturing process consists solely of machining

heat treatment required.

FASTENER COATINGS

designs without approval of the contracting activity.

a.
b.
c.

Cadmium coatings
Metallic-ceramic coating

operations, the
supplementary

Fastener Coatings Requiring Approval—The coatings described as follows shall not be used for new

Any coating on brass fasteners or nickel-copper nuts 6 mm (1/4 in) diameter or larger which have

8UN, UNC, or metric threads

-33-



https://saenorm.com/api/?name=4e646d37e152cfdf6c7c23bff2cd2330

SAE J2280 Issued APR96

A.2.4

A.2.5

A.2.6

A.2.7

A2.71

A.2.8

A2.8.1

A.2.8.2

A.3 Requirements for SUBSAEE;Level |, and Hull Integrity Applications—For these applicati

A3.1

A.3.2

Fluid System Fasteners—Materials for fasteners used in fluid systems shall be in accordance with the
fastener material requirements of the shipbuilding specification or MIL-STD-777 (surface ships) and MIL-
STD-438 (submarines), as applicable. Fastener configurations selected shall be in accordance with fastener
standards and requirements identified in the basic document and herein.

Structural Fasteners—Structural fasteners shall be in accordance with the material and strength
requirements for mechanical fasteners in MIL-STD-1689.

Fitted Bolts—For new designs, fitted bolts should be selected in accordance with this document. Fitted bolts

are not interchangeable after installation.

Thread Lyb

reant raad

ITh Labvicoante 1 oooordoanan aanth I A A LCQONONA
T ac iooTrcaritsS i oactorganrc vt T i 7 v 7%

d for use and

especially

IDENTIFI
technica
design

lubrican

Use of Lal
specificati

USE OF
detailed

USE OF
may be

a.

b.

accordance
government
A.6.2. Nicke
applications

ara_ onr o
JTIUUT alrc apPpPTov

recommended as a replacement for red lead and graphite in mineral oil.

CATION OF LUBRICANTS—Lubricants shall be identified for maintenance personnel
| manuals and/or in information books. Where controlled pre-stress of\a thread
consideration and specific preloads are identified on technical .documentation
shall also be identified.

ter and Earlier Revisions of Fastener Documents—This fequirement applies
bns and standards permitted for use and where a specifi¢revision is not invoked |

| ATER DOCUMENT REVISIONS—Later revisions of DoD. adopted documents may
justification.

FASTENERS TO EARLIER REVISIONS—Fasteners*already in stock to earlier revision
Lised subject to the following restrictions:

F-or fasteners with military or industry part numbers, the part number is the same
Fevision.
For fasteners without military,*or industry part numbers, an engineering and
conducted and technical jUstification provided that the fasteners to the earlier ri
Suitable for use and appraval of the contracting activity is obtained. (For Navy sh
from the applicable Supervisor of Shipbuilding is acceptable.)

with MIL-S=1222 may be selected in preference to similar fasteners to in
specifications. However, if a standard PIN does not exist, approval is required in
-coppet-self-locking nuts in accordance with MIL-N-25027/1 are particularly appli

on drawings, in
ed fastener is a
, the applicable

b those fastener
y date.

be used without

s of documents

as for the latest

lysis has been
Pquirements are
ps, concurrence

bns, fasteners in
dustry or other
accordance with
cable for Level 1

Material Controt—tevettsystemfastenersshattbecontrottedimaccordancewittrivtatertat-Control Standard
0948-LP-045-7010. The Material Control Standard establishes a Material Identification and Control (MIC)
program to ensure that the correct material is installed in Level | piping systems and component installations
aboard ship. Criteria for determining MIC/Level | system boundaries, testing, marking, and certification
requirements are provided in the Material Control Standard.

Fastener Insert Usage Restrictions—Screw thread fastener inserts shall not be used in MIC/Level |
applications unless specifically approved by the contracting activity.
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A.3.3 Uniform Strength Fasteners

A.3.3.1 UsaGE CRrRITERIA—Threaded fasteners exhibiting essentially uniform strain (uniform or constant strength)
over their entire length will be subject to slightly lower stresses in shock and therefore improve shock
resistance.

A.3.3.2 SELECTION CRITERIA—ESssentially uniform strength in fasteners may be achieved by selecting fasteners

that have the following attributes (listed in order of preference):

a. Using studs (bolt-studs) that are continuously threaded with roll-formed or cut threads (roll-formed
threads preferred).

b. Ustng-stuas{bel-stadsiwithroli-formed-threads-whese-unthreaded-shanldiameteris approximately
edual to the pitch diameter.

c. Using studs (bolt-studs) with cut threads whose unthreaded shank diameter is~appfoximately equal
to|the root diameter.

d. S¢rews and bolts are less desirable than studs for obtaining essentially tniform strength. However,
significant changes in cross-section between the threaded and unthréaded portion jof the shank are
to|be avoided.

also’ meet the follo
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A.3.5 Fastenerg
A.3.5.1 MATERIA
fastener
is requir
(See A3
A.3.5.2 MOUNTIN
exceed
Table A

Irity Piping Joints—Hull

integrity bolted joints shall
hts:

r Surface Ships—Hull integrity bolting materials for. strface ship piping shall be in
L-STD-777 or the shipbuilding specification, as@applicable, and the requirements
r Submarines—Hull integrity bolting for submarine piping shall be in accordanc

cordance with A.3.3.2.d and use ofa stud or bolt-stud is not practical.
for Shock Applications

Ls—Where corrosion-tesistance or nonmagnetic criteria govern the selectio
5, CRES 660 (Alley-A286) or Ni-Cu-Al fasteners are recommended where relativ
ed. The strength and ductility of the fasteners shall be considered during the de
.5.3.3 for requiirements when the material used is not the material subjected to sh

G BoLw-HOLE DIAMETER—Unless otherwise specified, hole diameters for mountir
hose‘diameters produced using standard size drills as identified in Table Al. The
| (do' not apply for applications where mounting holes of greater clearance h

8 or the shipbuilding specifications, as applicable, and the requirements herein, a
Ited sea water connections up to and including the inboard flange of the backup
r services involving integrity of the hullagainst the sea, essentially uniform strength fasteners shall
specified. Fasteners such as headed bolts and screws are acceptable provided

wing additional

accordance with
herein.

e with MIL-STD-
nd shall apply to
alve.

the design is in

h of hold-down
ply high strength
sign of the joint.
ock tests.)

g bolts shall not
requirements in
fve successfully

passed Shocktests:

TABLE A1—MOUNTING BOLT HOLE DIAMETER

Bolt Diameter

Maximum Standard Size Drill

20 mm and smaller
Larger than 20 mm
3/4 in and smaller
Larger than 3/4 in

Nominal bolt diameter +1 mm

Nominal bolt diameter +1.5 mm
Nominal bolt diameter +1/32 in
Nominal bolt diameter +1/16 in
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Improved resistance to shear forces can be achieved by beveling the mating surfaces of the bolt holes.

For bolts 20 mm (3/4 in) diameter size and smaller, the recommended bevel is 1.6 mm (1/16 in) by 45
degrees. For bolts larger than 20 mm (3/4 in) diameter size, the recommended bevel is 3 mm (1/8 in) by
45 degrees.

A.3.5.3 SHock TesSTING—Hold-down fasteners used for shock testing of equipment shall suit the equipment hold-
down fastener mounting holes. MIL-S-901 defines shock test requirements.

A.3.5.3.1
fasten

A.3.5.3.2
mater

A.3.5.3.3
streng
utilize

a. The
thog

or

NAV
fastd
fastd

A.3.5.3.4 Threa
the sh|
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A.3.6 Submarin
shall be st

A.4 Fastener THg

A.4.1 Fastener
drawing)
standards
that faster

A.4.2 Fastener

ers under shock loads.

al yield strength unless a specific torque value is provided on the drawing.

Fastemers used for shock tests should be identical to those that will be used aboard sk

th of the fastener used during shock testing cannot be determined or'if the ship
a different fastener, the following requirements apply:

mounting or hold-down fasteners selected shall possess strength characteristics
e of the fasteners used during the shock test.

SEA 0908-LP-000-3010 or other approved critena shall be used to verify by
bners to be used are satisfactory. The analysis shall be approved by the contrac
bners selected have lower strength than thoseused in the shock test.

pboard installation. However, the fasteners may be reused when measurements
e no permanent deformation of the-fasteners.

e Safety (SubSafe) FastenerRequirements—Fasteners used in specific submg
bject to the requirements 0 NAVSEA 0924-LP-062-0010 and 0941-LP-041-3010

st Requirements
hnd procurement specifications. When testing is not specified in procuremer

and documentation, the requirements of SAE J2270 shall be followed. This dg
er tests be specified on the fastener drawings that are submitted for approval.

nspection—To ensure fastener quality, the following tests and inspections shall b

NAVSEA 0908-LP-000-3010 shall be used for analysis of surface ship equipment and foundation

Fasterers—shat-rot-be-torgquedto-a—vatlue-where-thefastenerstress-s—greaterthan—2f3 of the fastener

ip. If the type or
builder wants to

at least equal to

nalysis that the
ng activity if the

ed fasteners used to hold down equipment during shock tests are not recommended for reuse in

and inspections

rine applications
as applicable.

Testing—Fasteners shall be tested in accordance with the applicable fastener part standard (or

t specifications,
cument requires

P invoked unless

the applicable procurement specification invokes an essentially equivalent inspection;

a.

accordance with SAE J123.

b.
c.
in

accordance with SAE J121 Class B method.

Nondestructive inspection for surface discontinuities in bolts, screws, and studs shall be in

Nondestructive inspection for surface discontinuities in nuts shall be in accordance with SAE J122.
For externally threaded and heat-treated carbon or alloy steels, decarburization inspection shall be

NOTE—This test does not apply to ASTM A 574 and ASTM A 574M socket head cap screws which contain
adequate decarburization tests. Decarburization examination is not required for fully machined

fasteners where the depth of total decarburization is removed during machini
treatment is performed after machining.

ng and no heat
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