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1.

2.3

PURPOSE - This ARP provides general information on the

design and installation of threaded fasteners in high

strength, high temperature applications. Some of the more

common definltions of fastener terminology are also provided..

FATIGUE CONSIDERATIONS

Stress Range - The stress range (i.e., the difference between
Ll be as small
8 practicable. In tension applications the 'sfress range can
e made a minimum by preloading the fastener-s¢ that the
joint cannot separate under load. For optimum|fatigue
erformance the preload should be no greafter than that
ecessary to fully assure that the Joint will not separate.

n tension applications a preload valGe of 1204 of the load
ausing Jjoint separation has been vsed, but in|no case should
t exceed 90% of the yileld strength.

> Q

fde () pot ™ HY o

psetting and Cold Work - Where practicable use forged or
pset heading and cold work to provide optimum|grain flow and
urface conditions at polnts of high stress; elg., form the
astener by hot or cold upsetting; produce threads by roll
orming; cold roll the shank-to-head fillet.

L s Y B el W oo

tress Raisers - Undercyclic loading, large vanpiations in
ross section and \sharp internal corners act ag stress
aisers. They can reduce fatigue performance dqonsiderably.
here it is netipracticable to avoild such featyres, minimize
heir effect by providing generous transition padii. For
xample, radii should be provided at changes in cross-section
unctiondof head. and shank and by use of the cgntrolled root
adius. thread form specified in MIL-S-8879. Ndte that
achining flaws, scratches, and similar imperfgctions are
1so.-8tress raisers, If the fastener must perflorm with high
elfability, specify maximum limits on depth, number and
extent of these Imperfections.

H O Heod o= Qlrtn

IMPACT CONSIDERATIONS

Preload - Keep preload stresses in the fastener as small as
practicable (see also paragraph 2.1). In general the smaller
the preload stress the greater the impact load the fastener
can sustain without failure.

Cosyright 1965  uy Sodtety of Automotive Engineers, inc. Printed in U. 8. A.
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3.2 Reduced Cross Sections - For fasteners in tensile
applications, Impact resistance can be improved by making
the cross-section area of the shank smaller than the cross-
section area at the minor thread diameter. Theoretically,
the smaller the shank cross section the greater the impact
energy the fastener can dissipate wlthout fracture.
However, because of static load requirements and the stress
concentration effects assoclated with large variations in
cross sectlon, shank cross-section area 18 seldom made less
than 80% of area at the minor thread diameter.

3.3 StreBs Ralsers - Large varlations in cross sectilen| and sharp
Internal corners also act as stress raisers undép impact
loadlng. Consider the recommendations made in paragraph 2.3
when|designing for impact loads.

b, MATERIAL COMBINATIONS

| Modulus of Elasticity and Coefficient “6f Thermal Expansion -
In cases where the thermal growth of.the fastener Ls less
than|that of joint be sure that modulus of elasticlity of
the fastener 1is low enough to accommodate the growth without
overstressing. On the other hand, where the thermal growth
of the fastener 1s greater than that of the Joint,| be sure
that|the growth of the fastener will not reduce the preload
beloy the desired value. Generally, it has been gopd practice
to choose joint materials that have coefficients of thermal
expansion within 10% of\each other.

4,2 Galvgnic Action - Consider the compatibility of materials
from|the standpoint of galvanic action, not only at room
tempgrature but'‘@lso at operating temperatures. Galvanic
effedts can change considerably with temperature.

5. THREAD CONSIDERATIONS - Most thread failures can bé¢
attributed to thread seizure and thread galling. |[The most
commgn-methods of preventing or reducing the frequgncy of
such fedllures—are—the folltowine:

5.1 Clearance - Provide clearance between the internal and
external thread. The unified thread form per MIL-S-8879 has
a controlled root radius and clearance is provided by
increasing the elements of the internal thread. If threads
are plated, clearance values apply after plating. As a
general rule, clearance, 1f used, should be provided for these
threads whenever they are intended for use above 700 7.
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Caution - On prevailing torque type self-locking nuts,

the locking feature must be altered to accommodate modified
thread elements. To assure that such nuts will function
properly, they must be mated only with the threads for
which they were altered. The nuts should be properly
identified to avoid thelr misuse,

Bolt Threaded Length - For proper engagement of nut and
bolt, the bolt should extend beyond the nut a minimum of one
and one-half threads plus the maximum chamfer To minimize

oxldation and contamination of the threads whilch can cause
galling and subsequent seizure, 1t is recommended that the
protrusion of the bolt through the nut should|be held as

close to the minimum as possible,.

Lubrication - Provide some form of thread lubwricant. This

can be oll or grease or any of a number of "amti-seize
compounds", dry film lubricants,. 6r electropldtes. The
cholce depends on the environment and the comgatibility of
the lubricant with the threaded parts. Plating for coatings
tend to be preferred as lubricants because of |[greater
permanence, uniform coverage and convenlence ¢f assembly;
anti-seize compounds and.dry film lubricants gre normally
used only where plating 1s lmpractical or as g supplement

to plating. Table I establishes some guide lines on the

use of plating for anti-selze and anti-galling purposes.

DEFINITIONS OF FASTENER TERMINOLOGY

Clamping Foree - Residual load or preload as |effected by

relaxation.

Cold Working - Deforming of metal plastically |at =

temperature lower than its recrystallization flemperature
[?xamples: fillet rolling, thread rolling, sHot peening,
cold upsetting (below the metal's recrystallatiion

tcmyclatuLC) hrot—upsetting; trot=cold—upsetting, wire
drawing, extruding].

Creep - The time/temperature dependent non-reversible

plastic deformation which occurs in metal when subject to
stresses below normal yield.

Creep Rate - The creep rate 1s always measured at a

specified temperature and stress and is the rate at which

creep deformation occurs. It is classified in four stages
and can further be expressed as the slope of the creep/time
curve (see Figure 1).
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SECOND THIRD FINAL -
STAGE STAGE STAGE

/

CREEP DEFORMATION ——=

INITIAL
STAGE

TIME —»

FIGURE_1

Four gtages can be, distinguished in the creep-time nelation.
These [stages are: (1) an initlal stage in which the total
deformatlon 1s partly plastic and partly elastic; (3) a
second| stage vwhere the rate of creep deformation decreases
with time indicating the influence of strain-hardening;

(3) a [thirdistage or the effect of strain-hardening |is
counteracted by an annealing influence which resultg in a
stage |0f)constant minimum creep rate; and (L) a findal stage,
or the reductIon In the cross section of the specimens, leads
to higher stress at greater creep rate and eventual fracture.

Decarburization - The loss of carbon from the surface of a
ferrous alloy as a result of heating in a medium that reacts
with the carbon at the alloy surface.

Elastlc Deformation - The changes in dimensions of items,
caused by stress, provided a return to original dimensions
occurs when stress 1is removed.
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Elongation - Change in dimensions per unit of dimension
and expressed as a percentage.

Fatigue - The tendency of a metal to break under repeated
cyclic stressing under load, the highest of which must be
below the metal's ultimate tensile strength.

Fatigue Life - The number of stress cycles that can be
sustained under given load conditions.

Flow Lines - The Texture revealed by etching-a metal surface
or section showing direction of metal f1low.

Heading - The upsetting of wire, rod or bdr stock in dies
to form parts having some of the crossisectional area
larger than the original.

Modulus of Elasticity - The ratio<of unit streéss to unit
strain within the elastic limit,

Notch Sensitivity - A measure of the sensitivéness of a
material to the presence of stress concentration caused by
notches in the form of thpeads or grooves, scrpatches and
other stress railsers., Materials with low notch sensitivity
are selected for the high fatigue, high stress |applications
in aircraft primary-structure and in aircraft |engines.

Plastic Deformation - The changes in dimensiorls of items,
caused by stress, that are retained after the|stress 1is
removed.

Preload = The final installation load expressqd in pounds.

Relaxation - The relief of stress with regard [to time,
temperature, and a specific strain.

Sdze Effect The—conditions—which prevent—+he direct
application of the same strength criterla over a wide
range of size considerations.

Stress

Residual Strecss - The stress present in a body that 1s free
of external forces or thermal gradlents which is usually

the result of fabrication methods. In fastener fabrication,
the stresses resulting from heading, forming, machining,
grinding and rolling are residual stresses and may be
desirable or not depending upon their location and type. In
centerless grinding, the residual stress is usually tensile,
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