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IFi Note:

Unified screw threads are the standard for all inch series threaded me-
chanical fasteners manufactured and used throughout the world.

Presented in this Section are the nalionally — and, internationally —rec-
ognjzed ANSI/ASME standards for Unified inch screw threads. Each has
been suitably absiracied to apply to the fasteners covered in this book.

The contents of these engineering documents are technically pracise with
minimal explanation of principles or background rationale. For this reason,
IFI considers it useful to introduce this Section with a “layman™ discussion
of screw thread bagics. ts purpose is to explain in less formal language the
more pertinent features of screw thread design and assist a fuller under-

standing of their proper application.

BASIC FEATURES OF SCREW THREADS

Screw threads give fasteners their ability |

to suppoit and transfer loads.

There are over 125 separate geometrical
features and dirmensional characteristics in
the design and construction of screw threads.
With a familiarity of only about 30, the engi-
neer can become comfortably conversant in
the language of screw threads and gain an un-
derstanding of their performance capabilities.
As these terms are being discussed, refer
ence to the illustrations on pages A-27, 28,
29, and 34 will help.

A screw thread is a ridge of uniform sec-
tion in the form of a helix on the external or in-
ternal surface of a cylinder. External threads
are threads on bolis, screws and studs. Inter
nal threads are those in nuts and tapped
holes. .

The configuration of the thread in an
axial plane is thread form (profile) and the
three parts making the form are the crest, root
and flanks. The crests of threads are at the

top, the roots at the bottom, and the flanks -

join them. The fundamental triangle is the tri-
angle formed when the thread profile is ex-
tended to a sharp V at both crests and roots.
The height of fundamental triangle (H) is the
distance, measured radially, between the
sharp crest and sharp root diameters. For Uni-
fied threads, H equals 0.866025 times thread
pitch. The principal importance of H is in
computation of thread construction values.

A thread having full form at both crests
and roots is a camplete (or full form) thread.
When either the crest or root is not fully
formed, it is an incomplete thread. Such

threads occur at the ends of externally
threaded f{asteners which are pointed, at

thread runouts where the threaded length

blends into the unthreaded shank, and at the
countersinks in the faces of nuts and tapped
holes.,

Thread pitch (p) is the distance, mea-
sured parallel to the thread axis, batween cor-
responding points on adjacent threads.
Unified screw threads are designated in
threads per Inch, which is the number of com-
plete threads cccurring in one inch of threaded
tength, Thread pitch is the reciprocal of

- thraads per inch.

On an external thread, the diameter at
the thread crests is the major diameter, and at
its thread roots is the minor diameter. On an
internal thread, it is the opposite, the diam-
eter at the crests is the minor diameter and at
the roots the major diameter.

The angle between a flank and a perpen-
dicular to the thread axis is the flank angle
and whean both flanks have the same angle
the thread is a symmetrical thread and the
flank angle is termed half-angle of thread.
Unified screw threads have a 3Q° flank angle
and are symmetrical. For this reason they are
frequently referred to as 60 threads.

Pitch dlameter 1s the diameter of a theo-
retical cylinder that passes through the
threads in such a position that the widths of
the thread rdges and thread grooves are
equal. On a perfect thread these widths would
gach equal one-half of the thread pitch. With
anything less than a perfect thread, the actual
pitch diameter, as measured at any point
throughout the length or circumference of the
thread, will vary dependent on variations in
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thread form as manufactured within the per.
mitted limits of size. Consequently, among
screw thread experts, the definition, measure-
ment, and significance of pitch diameter is
controversial. MHowever, it is an important
value for computation and thread design pur-
poses, for production of manufacturing tonls
and dies, and for thread acceplance gages
and gaging. The “perfect” pitch diameter is
the generator of the pitch cylinder, the axis of
which is the thread axis.

The basic thread profile establishes an
absolute boundary between the product
external and internal threads, If either tres-
passes beyond this boundary potential inter-
ference exists and the threads may not
assemble. It is from this basic thread profile
that the actual imits of size are derived by ap-
plying allowances and tolerances.

An allowance creates an intentional
clearance between mating threads. This
means that when both the external and inter
nal threads are manufactured to their abso-

lute maximum material condition there will be

a positive space between them. For fasteners,
the allowance is generally applied to the ex-
ternal thread, which means that its maximum
major, pitch and minor diameters are less
than basic by the amount of the allowance;
the minimum diameters of the internal thread
— its maximum material condition — are at
basic. Tolerances are specified amounts by
which dimensions are permitted to vary for
manufacturing convenience. The tolerance is
the difference between the maximum and
minimum permitted limits. Thus, for external
threads, its maximura material condition less
its tolerances (moving toward the thread axis)
defines its minimum material condition. And
for internal threads, its rmaximum material
condition plus its tolerances (moaving away
from the thread axis) defines its minimum
material condition.

The combination of allowances and tol-
erances in mating threads is fit and is a mea-
sure of tightness or looseness between them.
A clearance fit is one that always provides a
free running assembly and an interference fit
is one having specified limits of thread size
that always result in a positive interference
between the threads when assembled.

When assembling externally threaded fas-
teners into internally threaded nuts or tapped

holes, the axial distance through which the
fully formed threads of each are in contact is
length of thread engagement. The distance
these threads overlap in a radial direction is
depth of thread engagerment. Both length and
depth of thread engagement are important
valies when computing thread strengths

Thread series are groups of diameter-
pitch  combinations  differing one  from
another by the number of threads per inch ap-
plied to a series of specific diameters. For
fasteners, the popular thread series are Uni-
fied coarse, fine and 8-pitch.

Strengths of screw threads -~ ie, their
ahility to support and transfer loads — are de-
pendent on four stress areas. Tensile siress
area is an assumed cross sectional area
through the thread which is used when com-
puting the load a fastener can support in ten-
sion. The tensile stress area is equivalent to
the cross sectional area of a theorstical cylin-
der of the same material and mecharical prop-
erties which would support the same ultimate
load when tested in tension to failure. Thread
root area is the cross sectional area through
an external thread at its minor diameter,
Thread root area is used when computing a
fastener's strength in transverse shear or in
torsion. Thread shear areas — for external
and internal threads — are the effective areas
through the thread ridges, parallel to the

-thread axis and for the full length of thread

engagement, which support the applied load
in shear and resist the stripping out of either
or both threads. The shear plane for the inter-
nal thread occurs at the major diameter of the
external thread, and for external threads at
the minor diameter of the internal thread.

The engineering standard giving terms,
definitions, and symbols for screw threads is
ANSI/ASME B1.7. Page A-1& presents an ab-
stract of B1.7 ligting the technical definitions
of the terms discussed above and all others
applicable to Unified inch screw threads for
mechanical fasteners.

GUIDE TO THREAD SELECTION

Three considerations  influence the
choice of which thread is best suited for a
given application — thread form, thread series
and ctass of thread fit.
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There are literally dozens of different
screw thread forms. However, for inch series
mechanical fasteners, only three have signifi-
cance — UN, UNR and UNJ. All are 860° sym-
rnet‘rical threads with essentially the same
basic profile. The principal difference between
them is the contour at the root of the external
thread.

Prior to 1948, the American National

thread was the standard in North America. In
that year, USA, Canada and Great Britain
agreed to adopt a singte screw thread system
to supplant the American National in USA and
Canada and the Whitworth in Great Britain.
They called this new system Unified and to-
day it is the standard for all inch series fas-
teners throughout the world.
) The Unified thread form ig practically
|deqtical to the now obsolescent American
National. In fact, threads manufactured to
gither are functionally interchangeable. (Refer
to Figs. 1, 2A, 2B, and 3 of ANSI/ASME B1.1,
page A-26.)

UN Threads

~ The UN thread form, as originally de-
mgneg, provided for either a flat or rounded
form in the root of the external thread. Each
country made its choice in its own naticnal
standards. USA opted to permit flat roots,
even though it was well recognized that stress

concentrations in screw threads could be
alleviated by rounding their roots. However,

economics dictated. Thread roll dies and
ihread cutting tools were expensive and pro-
ducing them with rounded crests to form ra-
diused roots in the fastener threads added
appreciably to their cost. Also, it was argued
that new tools wear and within a few hundred
pleces their crests round and product threads

1l?egin to take on the more desirable contoured
orm.

UNR Threads

During the 1950s, fastener performance
demands escalated, particularly for safety-cri-
tical fasteners subjected to fatigue-inducing
Ioads.l It became imperative that fatigue-
b.ehavmr improvements be explored. One ob-
vious opportunity was to require controlled

radiusing of the external thread root form.
This led to the design and introduction of a
modified thread form, designated UNR, with
the single difference from UN being a man-
datory root radius with limits of 0.108 t0 0.144
times the thread pitch. The minimum radius
of 0.108 p is the largest radius than can be
fitted into the UN profile without violating the
minimum material condition of the external
thread. The maximum radius of 0.144 p is the
largest radius that can be accommodated
without causing theoretical interference with
an internal thread at its maximum material
condition.

When firgt introduced, it was necessary
to specify UNR to assure delivery of fasteners
with rounded roots. Today, however, virtually
100 percent of fasteners in nominal sizes 1 in.
and smaller are manufactured with UNR
threads, whether UNR is specified or not. This
is because the threads on these sizes are nor-
mally produced by thread rolling, and thread
rall dies with rounded crests are now the
standard. For larger size fasteners, beyond
thread rolling capability and whose threads
areé cut, when radiused roct threads are
needed, UNR should be specified, otherwise
UN will probably be supplied.

UNK Threads

Shortly following the introduction of
UNR threads came a further modification,
designated UNK.

UMK threads are merely a more precisely
engineerad UNR thread, with exactly the same

thread profile and the same root radii limits.
The difference is that the minor diameter of
the extarnal thread is toleranced and inspec-
tion of the root to assure its radiusing is
within specified limits is mandatory. UNK
threads becarne the standard for socket head
cap screws and socket set screws.

When thread acceptance gaging sys-
tems were developed in 1979 (ANSI/ASME
B1.3, page A-53), UNK threads bacame obso-
lete. The reason was that UNR threads
inspected using Gaging System 22 accom-
plished essentially the same objective.

LUN. Threads

The design of UNJ threads grew out of a
search for an optimum thread form — one that
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would have superior fatigue resistant be-
havior without sacrificing static strength
properties. in other words, just how generous
could the root radius be.

The answer was a new thread form, des-
ignated UMJ, having root radius limits of 0,150
to D180 times thread pitch. With these en-
larged radii, minor diameters of the external
thread increase and intrude beyond the basic
profile of the UN and UNR thread forms. Con-
sequently, to offset any chance of interfer-
ence between mating threads, the minor
diameters of the UNJ intarnal threads had to
be increased. This means a slight reduction in
depth of thread engagement hetween mating
UNJ external and internal threads. However,
any strength loss is compensated for by re-
guiring <¢lass 3A/3B thread tolerances (stan-
dard for UNJ threads) which maximizes the
minirmum material condition of both threads,

UNJ threads are now the standard for
aerospace fasteners and have some usage in
highly special industrial applications.

Thread Mating

UN internal threads assemble correctly
with UM and UNR external threads. In fact,
there is no UNR internal thread.

Theoretically, UN internal threads will
not assemble with UNJ external threads.
However, this combination has been used tor
years by some major fastener users and they
claim trouble-free  experience. Computer
studies also substantiate that the risk of ac-
tual interference between manufactured parts
Is negligible. Even so, this practice is not rec-
ommended, especially if the fasteners are
plated.

UNJ internal threads assemble correctly
with UNJ external threads, and also fit both
UN and UNRB. However, this latter mating
should be used with a degree of caution be-
cause the increased minor diameter of the
UNJ internal thread reduces the stripping
area {and stripping strength) of the external
thread.

Some Additional Thoughts on Root Radiusing

For UN threads there is no mandatory
root radius, the thread root can be flat. For
UNR threads, the minimum root radius is
0.108 p, and for UNJ threads it is 0.150 p. It is

difficult to believe that such modest differ-
ences could be important, but they are,

Radiusing the root of the external thread
adds slightly to a fastener’s static tensile
strength. The reason is one of simple geom-
etry. As root radius increases, minor diameter
increasaes and the cross sectional  areas
through the thread grows. However, the
amount of area increase is 50 small that it is
ignored and in stress computations the same
tensile stréss area is used for all thread
forms.

The prime purpose of root radiusing is
io ephance a fastepers fatique-resistant
behavior.

It is a rare asgembly joined by mechani-
cal fasteners that isn't exposed in some de-
gree to dynarmic loading during its service life.
Extremely few remain static and totally in-
sulated from some form of fluctuating stress,
vibration, stress reversal, impact, or shock.
Fortunately, in only a small percentage of
joints are the faligue properties of the
tastener itself the primary design considera-
tion. Buf, when they are, no opportunity for
improvement can be ignored. It is here that
root radiusing really counts, The larger the
root radius, the better the fatique properties
of the fastener.

Fatigue failures of stressed paris gener-
ally occur at locations of high stress concen-
tration — such as notches or abrupt changes
in cross sectional configuration. Screw
threads, with their variations in cross section
and with thread roots acting as notches, are
particularly susceptible. The highest stress
concentrations in threads ocour at their roots.
The magnitude of the stress concentration
factor relates directly to whether the root is
radiused, and if so, to what degree.

Gornputing thread stress concentration
factors is an extremely complex exercise. The
answers are not always reliable. Conse-
quently, physical research programs, includ-
ing photoelastic siudies, have been con-
ducted to investigate the fatigue-behavior in-
fluence of thread rcot radiusing. A gener-
alized conclusion is that when all other
variables — such as, fastener size, thread
pitch, material, manufacturing methods, etc.
— are wniform, with the only variable being
root radius, stress concentration factors can
be reduced from about 6 for sharp or flat UN

A-4
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threads to less than 3 for UNJ threads. This
means & possible doubling of fatigue life due
to root radiusing. Research has further dem.
onstrated this potential applies to all fastener
strength levals.

Roots of internal threads are not nor-
mally rounded. Mandatory oot  radiusing
would mean taps with rounded crests. The ad-
ditional expense would not be cost effective.
Fortunately, in a properly designed bolt/nut
combination, the nut is the stronger member
of the team with the intent that if failure
should occur it will always be tha externally
threaded member. Refer to the bolt/nut com-
patability discussion, page B-26, for fuller in-
formation on this point,

THREAD SERIES

Thread serieg are groups of diameter/
pitch combinationg that differ by the number
of threads per inch applied to a series of
diameters. In the Unified screw thread system

“there are 11 standard thread series. Just 3
have any importance to mechanical fasteners
— coarse (UNC), fine (UNF), and 8 thread
(8-UN), ‘

Today's Unified coarse thread series is
patterned on the thread series introduced by
Whitwerth in the mid 19th century. The rela-
tively coarse pitches he selected were prob-
ably chosen as muech in recognition of the
limited manufacturing skills at that time than
for any other reagon. Over the years, as
production capabilities improved, it became
economically feasible to produce threads to
greater degrees of accuracy and with finer
pitches. Many special purpose threads were
developed and the one now known as the Uni-
fied fine thread series enjoyed considerable
popularity. As screw thread technology ad-
vanced, it became evident that just two thread
series — coarse and fine — were inadequate
to efficiently satisfy all engineering applica-
tions. Consequently, a nurmber of constant
pitch series were added to the system —
8-UN iz one of them, Such serles have a
single thread pitch which is common for all
diameters in the series.

Fine vs. Coarse Threads

Few aspecis of fastener engineering
have been debated more vigorously than the
merits of fine vs. coarse threads.

Proponents of fine threads point out —

-They are stranger in tension because of
their larger tensile stress areas,

~Their larger minor diameters develop
higher torsional and transverse shear
strengths.

-Fine threads tap better into thin-walled
members and more easily inio hard materials.

~Because of their smaller helix angle,
they permit closer adjustment accuracy, they
require less torque to develop eguivalent bolt
preloads, and they offer more resistance to
ioosening when subjacted to vibration.

In this latter argument, the first point (ad-
justment accuracy) is valid. The other two
points (less torque and resistance to loosen-
ing) are not cogent because of the very small
differentials between coarse thread perform.
ance coupled with other factors having much
greater influence.

Advocates of coarse threads cite these
advantages —

-Stripping strengths of coarse threads,
particutarly the internal thread, are generally
greater over the same length of engagement.

-Because stress concentration factors
at thread roots decrease as thread piteh in-
creases, coarse thread products should ex-
hibit a better fatigue resistance behavior.

-They are more tolerant to abuse during
handling and shipping.

-They have less tendency 1o cross
thread. They assemble and disassemble
quicker and easier.

-They are more protective against dele-
terious logs of thread overlap due to nut di-
lation under load, and strength loss due to
corrosion.

-Larger thread allowances in their class
2AJ2B fit allows thicker coatings and platings
before thread adjustments need be made.

-Coarse threads tap betier into brittle
materiais that bave a tendency to crumble or
spall,

The debate has continued for years with
no overwhelming support being generated for
either series — a reasonably good indicator
that merits and deficiencies are shared
equally. The once noticeable trend during the
past 20 years, however, has been a gradual
shifting in popuiarity toward coarse threads.
It is suspecied the primary motivation has
been the favorable economics of simplifica-
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ticn rather than for any reason of technical
sSuperiority.

In North America, fine thread fasteners
are virtually nonexistent in sizes smaller than
No. 0 {0.190 in.) and larger than 1 in. Coarse
thread fasteners are popular in the full range
of eizee from the smallest to the largest. And,
& thread series shares an equal popularity to
coarse threads for fasteners larger than 1 in.

CLASSES OF THREAD FIT

Thread fit is a measure of looseness or
tightness between mating threads, Classes of
fit are specific combinations of allowances
and tolerances applied to external and inter-
nal threads.

For Unified inch screw threads there are
3 thread classes for external threads — 1A,
ZA and 3A, and 3 for internal threads — 1B, 2B
and 3B. All are clearance fits, which means
they assemble without interference. The
higher the class number, the tighter the fit.
The designator ‘A’ denotes an external
thread, ‘B’ denotes an internal thread. The
mating of class 1A and 1B threads provides
the loogest fit, the mating of class 3A with 3B
the tightest,

Additionally, there is a class 5 thread fit.
Class 5 is an interference fit, which means
that the external and internal threads are so
toleranced that a positive interference occurs
when they are mated, Class 5 interference fits
are standard only for coarse thread series in
sizes 1 in. and smaller. Refer to ANSIASME
B81.12, page A-75.

Classes 1AHB

Classes 1A and 1B are very loosely toler-
anced threads, with an allowance applied to
the external thread. These classes are ideally
suited when guick and easy assembly — and,
disassembly — are a prime design considera-
tion. They are standard only for coarse and
fine thread series in sizes % in. and larger.
These classes are rarely specified for me-
chanical fasteners. In fact, it is doubtful if
more than one-tenth of one percent of all fas.
teners produced in North America have this
class of thread fit,

Classes 2A/28

Classes 2A and 28 are by far the most
popular thread ¢lasses specified for inch ser
ies mechanical fasteners. Close 1o 90 percent
of ail commercial and industrial fasteners
produced in North America have this class of
thread fit. Class 2A external threads have an
aliowance, class 2B interpal threads do not.
Classes 24 and 2B, for most engineering ap-
plications, offer the optimum thread fit that
balances fastener performance, manufactur-
ing convenience and economy.

Classes 3A/3RB

Classes 3A and 3B threads are suited for
closely toleranced fasteners such as socket
cap and sel screws, aerospace bolts and
nuts, connecting rod bolts, and other high
strength fasteners intended for service in ap-
plications where safety is a critical design
consideration. Classes 3A and 3B have re-
strictive tolerances and no allowance.

Some Additional Thoughts on Thread Fits

One of the misconceptions about mat-
ing threads is the belief that the tighter their
tolerances and the closer their fit, the higher
the quality of the assembly and the better its
service performance. However, like an optical
illugion, what appears to be an obvious truth,
is frequently false. Designers giving selection
priority to closer fit threads may unsuspect-
ingly create assembly probiems and add un-
necessarily to costs. And, for a number of
reascons.

Fig. 1 illustrates the tolerance and allow-
ance retationships for ¥2-13 UNC threads. For
external threads, clagses 1A and 24 have an
allowance, class 3A does not. Class 1A toler-
ances are 50 percent larger than those of
class 2A, class 3A just 75 percent. For internal
threads, none of the 3 classes has an
allowance. Class 2B tolerances are 30 per-
cent greater than those of class 2A. Class 18
are 50 percent larger than those of class 2B,
class 3B 75 percent,

Strengths

Strengths of mating threads are depen-
dent on having adequate depths and lengths
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of thread engagement — depth being the dis- I W el ;
tance of overlap in a transverse direction, L
length being the number of threads in longi- ey — 4585 ’
tudinal contact, 185% [ : P
e . af 2 [247 e T =L
Viewing the different classes of thread -t Zis
fit, it would appear that the load supporting /ﬂﬁ a7 S E E
ability of the closer toleranced class 3A/3B fit e T l = N
would be stronger. But this is not necessarily P g .
true. Actually, gnc: tensile strength difference FiTen D'ﬂﬂ:ﬁ:"“‘ff“““ﬂ:ﬁ_ﬁm; cadd i 2o
can be assumed between the loosest and 20N N - R
tightest fits. The reason is that a large portion ) o 0 1. sam3 HE
of the permitted tolerance zone for each class weal2y B3
is cammon. Therg is no assurance that the =l 555 4435 Tolerance Range
threads of one class, as actually manufac- is shown by the
tured, contain more material than those of 410 shaded areas
another. FlG. 1 RELATIDNSHIPT%F EQENHC[E).IE‘.ANFA(E;EH
In the early 1940s, working as a consul- ALLOWANCES AND / L
tant to IFI, Prof. E. A. Buckingham, Massachu- CLASSES OF FIT ON ¥:-13 UNC THREAD
setts Institute of Technology, conducted a
series of tensile strength tesis of fasteners of of Buckingham’s findings, none seriously
different sizes and materials. The isolated var- challenges the validity of his observations.
iable was ihread fit. He concluded, While different thread fits may not ex-
“As far as these tensile tests show, hibit any aceountable differences in their ten-
class 1 is as good as class 3 fit. With sile strengths, there is a difference in their
bolts of ductile materials, nothing can ability to resist thread stripping.
be gained by using tolerances closer When an external thread strips off, it
than those of class 1.” generally strips at the cylindrical plane gener- ’
Of course, at that time, Prof. Bucking- ated by the minor diameter of the internal
ham was studying fasteners threaded with thread. Similarly, the failure location when an
the now obsolete American National thread internal thread strips out is at the major diam-
form. However, their classes of thread it par- eter of the external thread.
allet those of the Unified system. He then Thread shear areas are cumputed using
added, minimum material conditions. Consequently,
R ‘s the no allowance and cioser tolerances of
This ‘F"t"ess. knows Ef no dEf'”'ttﬁ test class 3A/3B threads means more material to
qata ol any kind Whlc- Supports e no- resist stripping. The difference between class
tion that tight thread fit on diameter and o ;
smalf diameter tolerances give a stronger 3A/3B and class 2A/28 threads can be signifi- |
bolt and nut assembty.” cant. For example, %2-13 UNC 2A has a thread
And he continued shear area of 0.779 sq. in. per inch of engaged
“Sometimes' ihe looser fit shows a length; ¥2-13 UNG 3A has 0.854 sq. in., an in-
; s crease of nearly 10 percent over class 2A. For
higher elastic limit load than does the Ve13 UNC internal threads. class 98 has a
tighter fit. This might be because the 2 . . :
i : i shear area of 1.12 sq. in. per inch of engaged ;
additional clearance of the looser fit per lenath: cl 3B has 1.16 ! ; !
mits the two members to position them- englh; class 1as 1,10 5q. in, an Increase
; ; of 3.6 percent. This pattern is typical through ‘
selves in relation to each other so thal the full range of fastener sizes, both coarse {
the load is more uniformly distributed. It p g T Saes, 1
iS5 surprising at times, when nature is and fine threads. (See Table 1)
given & chance to have its own way, how While the possibility of thread stripping :
mechanical parts will position them- as a failure mode should be avoided, there i
selves to relieve excessive stresses.” may be isolated applications when the im- :
That was over 40 years ago. Other studies provemeant in stripping  strengths  available :
have been completed since. All arg supportive from class 3A/3B threads could be important. i
b & ;
¢ [
A7
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Table 1 Thread Stress Areas — Unified Inch Screw Threads

A A, As, AS,
Nominal Size, Thread Stripping Areas
Threads perinch | Tensile Thread N
an?'] Strass Root sq. in, per in. of engagement
Thread Series Area Ared External Thread Internal Thread
*9- . 54-1n- Class 2A | Clasg 3A | Class 2B | Class 38
0-AN  UNF [ 0.00180 000151 0.0673 00740 0108 AT
1.64 UNC 0.00263 0.00218 0.0835 00913 (.133 0144
1-72  UNF 0.00278 0.00237 0.0831 0.0922 0.130 0.142
2-56 LUNC 0.00370 0.00310 0.101 0,709 0.162 0.174
2-64 UNF 0.003094 0.00339 0.1%1 0.110 0,155 0.170
3-48 UNG | 000487 0.00406 0.118 0.127 0191 0.204
3-56 LNF 0.00523 0.00451 Q.18 0.130 0185 0.2
4.40 UNC 0.00604 0.00496 0,138 0.147 0321 0.235
4-48  UNF 0.00661 0.00566 0.140 0151 0.218 0.232
5.-40 WUNG 0,00796 0.00672 0.181 0.172 0.248 0.263
5-44 UNF | 000830 | 000716 | 0.162 0.173 0.245 0.263
§:32 UNC 0.00909 0.00745 0.180 0.189 0.281 0.296
§-40 UNF 0.0115 0.00874 0.182 0.197 0.274 0.292
8-32 UNC 0.0140 0.0120 0.226 0.239 0.334 0.353
- B-36 UNF 0.0147 0.0128 0.227 0.244 0.331 0,350
10-24  UNC 0.0175 0.0145 0.263 0.277 0.4 0.420
10-32 UNF 0.0200 0.0175 0.275 0.289 0.389 0411
12-24 UNC 0.0242 . 0.0206 0312 0,327 0.458 0.478
12-28 UNF 0.0258 " 0.0228 0.317 0.335 0.450 0.474
174.20 UNC 0.0318 D.0268 0.36a 0385 0.533 {0.563
14 -28  UNF (L0364 0.0328 0.373 0.403 0,521 0.549
5M16-18 UNC 0.0524 0.0454 0.470 0.502 0.682 0710
5M6.24 UMNF 0.0580 0.0524 0.479 0.520 0.663 0.696
JB-16 UNC 0.0775 0.0678 0.576 0.619 0.828 0.860
MB-24 UNF D.0878 0.0809 (.578 0.644 0.800 0.837
7THE-14  UNG 0106 0.0933 0677 0.734 0.981 1.01
TH6-20 LUNF 0.119 0.109 0.685 0.76% 0.908 0,991
12-13  UNC D.142 0.126 0.779 0.854 1.12 1.16
2.20 UNF 0,160 0.149 0,799 0.887 1.08 1,13
9M6.12 UNC D.182 0.162 0.893 0.974 1.27 1.32
91618 UNF 0.202 0.188 0.901 1.02 1.23 1,29
58-11 UNG | 0226 0.202 0.998 1.08 1.42 1.47
E/8-18 UNF | 0.256 0.240 0.998 1,13 137 1,43
J4-10 UNC | 0334 0.302 1.21 1.34 1.72 1.78
3M4-16  UNF 0.373 D.351 1.23 1.38 1,66 1.73
7I8-9 UNC 0.462 0.419 1,43 1.58 2.03 2.09
7iB-14 UNF 0.509 0.480 1.44 1.63 1.96 2.03
1-8 UNG 0.606 0.551 1.68 1.82 2.33 2.40
1-12 UNF 0.663 0.625 1.66 1.87 2.27 2.35
1-14 UNS 0.680 0.646 1.67 1.89 2.23 231
1-1/18-7 UNGC 0.783 0.683 1.68 204 2.65 272
1-1/8 -8 U 0,790 0.728 1.89 2.07 2.63 2.70
11147 UNGC 0.969 0.890 2.1 2.30 204 3.02
1-114- 8 UN 1.000 0.929 2.12 2.33 2.92 3.00
1386 UNC| 118 1,05 2.54 2,52 3.27 a.as
1-318-8 U 1.23 1.16 2.34 2.58 3.21 3.30
1-32.6 LINC 1.41 1.28 2.58 2.77 3.57 3.65
1-142-8 UM 1.49 1.41 2.57 2.84 3.50 3.61
1-5/8. 8 LN 1.78 1,68 2.80 3.10 379 391
1-3/4.5 UNG 1.80 1.74 3.04 3.24 420 4.30
1-3/4-8 LN 2.08 1.88 3.03 3.35 4.08 4,21
1-7/8.8 LN 2.41 2,30 325 3.63 4,37 4.50
See Note — 1 2 K 4,6 5.6 |
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Table 1 Thread Stress Areas — Unified Inch Screw Threads
A, A AS, A5,
Nominal Size, . Thread Stripping Areas
Th“‘-'ad:ni"e" Inch 1;':::: Tg::;d sq. in. per in. of engagement
Thread Series Area Area External Thread Intarpal Thread ]
5q. in- Q.10 [T es2A | Class3A | Class 2B | Class 38
2-4-4/2UNC 2.50 2.30 3.63 372 4.83 4.93
2-8 UM 277 2.65 3.48 3.86 4,66 4.81
2-1/4 - 4-12 UNG 385 3.02 4.02 4,23 5,44 5.55
2-1/4-8 N 3.56 3.42 393 4.37 5.24 S.iq ]
2124 UNGC 4,00 3.72 4.50 4,70 §.07 6.20
2-12-8 UN 4.44 4,29 4.38 4.87 .01 5.00
2304 . 4 UNG 4.83 4.62 4,99 h.22 6.68 6.82
234 -8 N 543 5.26 4.83 538 6.39 6.60
3-4 UNG 5.87 5.62 5.48 5.74 7.29 T.44
3-8 UN 6.51 632 5.28 5.89 6.95 7.20
3114-4 UNG 7.10 6.72 5.97 6.26 7.80 B.06
3-114-8 UN 7.69 7.49 5.73 6.40 7.53 7.79
32-4 UMG 8.33 792 6,47 6.77 8.561 3.68
31/2-8  UN £.96 8.75 6.18 6.90 8.10 8.39
334-4  UNG | 966 9.21 .95 7.29 9.11 9.31
394-8  UN | 1034 10.11 6.61 7.4 8.67 8.98
4-4 UNG | 11.08 10.61 7.44 7.81 9.71 9,92
4-8 UM 11.81 11.57 7.07 7.91 9.24 9.57
See Note — 1 2 3 4.6 5 6
NOTES:

h

3 A

In the Unitied screw thread system, 112 UNF is the standard for ingh series fine threads.

114 NS is considered a special diameter/pitch combination. Mowever, the praponderance
of all 11in. fine thread products manutactured in North America are threaded 134 UNS,

. Ay = 0.7854 (D

where A,

T

where A

AL, = 31416 - ke« Knmax *n [% + 0.57735 (Es min - Kn max)]

where AS,

Kn max
E=x min

_AS, = 31416

where AS,
Le

[

n

nnn

097432
=)

_ _13,)y2
= 0.7354(0 : )

Ds min
En max

[n}
n

Iunn

n

F I

H

n

tengile stress area, sq. in.
nominal thread diameter {Basic major dia.), in.
threads per inth

area at minor diameter of external thread, sg. in,

nominal theead diameter (basic major dial), in,
threads per inch

thread stripping area of external thread, sq. In.
length of thread engagement, in.
threads per inch

maxImum minor dizmeter of internal thread, in.
minimum pitch diametar of axtarnal thraad, in.

sle-Dsmin-n [2—1~ + 0.57735 (D5 min - En max)]
n

thread stripping area of internal thread, sq. in.
length of thread engagement, in,
threads per inch

minimum major diameter of external thraad, in.
maximum piteh diameter of intarnal thread, in.

. For vaiues of Kn, Es, Ds, and En refer to Table 4 of ANSI/ASME B1.), page A-38,
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Platings and Coatings

A large percentage of all fasteners are
plated or coated 1o give them corrosion pro-
tection or to enhance their aesthetic appear-
ance. Platings and coatings have thickness
and add to the size of the part.

The accommodation of platings and
coatings on threaded fasteners is discussed
in great detail in a later section. Suffice it to
say here that the allowance on class 2A exter-
nal threads — which normally is permitied to
be consumed to accommodate a plating or
coating — is usually adequate to accept com-
mercial thicknesses of platings and coatings
without special processing of the thread,
Because class 3A threads have no allowance,
there is a distinct possibility that threads
after plating may not assemble. Conse-
quently, preliminary attention must be given
during thread manufacture to assure later as-
semblability of plated or coated class 3A/3B
fasteners,

Elavated Temperatures

For fasteners exposed to elevated temp-
eratures, generally above 500°F, it is desir-
able to provide a positive allowance between
mating threads to furnish a space for lubrica-
tion to minimize thread galling and seizing.
This is particularly important in any applica-
tion requiring occasional fastener removal
and reassembly.

High cycle wrenching, such as occurs
on vehicle assembly lines, creates heat dur-
ing fastener assernbly because of friction be-
tween the mating threads. The closer the fit,
the greater the friction.

Handling and Shipping

Most fasteners experience considerable
abuse during handling prior to thefir actual
use. External threads are easily nicked or
otherwise surface damaged. While strength
properties remain unaffected, their ability to
freely assembie may be impaired. Threads
with an allowance can absorb more punish-
ment than those without.

Ductility

Fasteners of low and medium strength
materials having good ductility are advan-

taged by having class 2A threads, The reason
is that the allowance, coupled with their more
liberal tolerances, provide breathing room be-
tween the maling threads to accormmodate lo-
cal yielding, thread bending and other elastic
deformations. When stressed, the threads ad-
just to each other and the Inad iz distributed
more uniformly.

Conversely, fasteners of very high
strengths and having low ductility should
have close fitting threads. When the service
load is applied, the close fit containg the
thread and minimizes the degree to which it is
able to deform. This is a principal reason why
aerospace fasteners have class 3A/3R
threads.

Vibration

it might appear that closer fitting threads
could survive vibration without loosening bet.
ter than those with an allowance and more
generous tolerances. All else being equal,
this is probably true. However, there are many
other more’ reliable and less costly tech-
nigues for preventing loosening than depend-
ency on thread fit.

Cost

Suffice it to say, the closer the toleranc-
ing, the higher the cost.

PLATED AND COATED THREADS

Platings and coatings added 1o strew
threads increase their size. When the plating
or coating thickness becomes excessive, in-
terference between mating threads occurs,
and sorme adjustment in thread sizes prior to
their plating or coating must be made to pro-
vide assernblability.

In North America, certain principles re-
lating to plated and coated screw threads are
generally recognized —

1. Except for heavy platings and coatings
— for example, hot-dip galvanizing and mg-
chanically deposited zinc coatings — exter
nal and internal threads, following plating
or coating, must net transgress their basic
profile,

2. Unless the fastener purchaser speci-
fies in advance to the contrary, the allowance

A1
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specified for class 2A external threads may
be used to accommodate piatings and coat-
ings. This means that, following plating or
coating, the maximum diameters of the
thread are basic, i.e. the same as those speci-
fied for class 3A.

3. In certain applications it may be desir-
able to retain the class 2A allowance after
plating or coating. In such instances, the
thread class symbol is modified by adding the
letter ‘G". Class 2AG threads are plated or
coated threads with the-sams limits of iz
specified for non-plated or non-coated class
2A threads.

4. The allowance for class 1A extéernal
threads must be retained following plating or
coating. Thus, the limits of size for class 1A
threads are the same whether the fastener is
plated, coated, or not.

5. Class 3A external threads and all
classes of internal threads have no
allowance.

This means that the maximum diameters
of classes 1A, 2AG and 3A external threads,
and the minimum diameters of classes 18, 2B
and 3B internal threads must be adjusted be-
fore plating or coating to provide the neces-
sary space to accommodate the plating or
coating thickness.

6. When the thickness of plating or coat-
ing is greater than ¢an be conveniently ac-
commodated within the allowance andfor
“madestly” adjusted tolerances, the preferred
practice is to overtap (increase) the internal
thread rather than undercut (reduce) the exter-
nal thread. This means the after plating or
coating maximum material condition of the
external thread is permitted to transgress be-
yond its basic profile. ‘

On 60® threads, the effect of adding a
uniform plating or coating on the thread
flanks is to increase the piteh diameter of the
external thread by four times the thickness of
the plating or coating. On an internal thread,
its pitch diameter is decreased by a like
amount, (See Fig. 7, page A-49.)

Commercial plating and coating thick-
nesses are rmost commeonly specified as a
nominal or minimum value, rarely as a maxi-
mum. Also, mast processes do not apply ptat-
ings and coatings uniformly. Consequently, it
is customarily assumed that the dimensional
effect of plating or coating on a thread's pitch

diameter is six times the specified nominal or
minimum plating or coating thickness. With
this margin, any plating or coating having a
specified nominal ot minimum thickness
equal to or less than onesixth the thread
allowance can be accommodated on a class
2A throod without requiring it to be manutac-
tured to adjusted size limits.

For example, commercial electrode-
posited zinc plating has a nominal thickness
of 0.00015 in. Therefore, any class 2A extarnal
Lirad willl @ speuilied alvwanos of G.ovod .
or greater (8-32 UNC, 10-32 UNF and all larger
sizes) can accept this plating thickness.

Conversely, dividing the specified thread
allowance by six indicates the nominal thick-
ness of plating or ¢oating that can be accom-
modated without need for special thread
manufacturing atiention.

When plating or coating thicknesses on
class 2A threads exceed those which can be
accommodated within the available allow-
ance, and for all other classes of thread, ex-
ternal and internal, the before plating or
coating limits of size need adjustment. De-
tailed recommendations are given in Section
7 of ANSI/ASME B1.1, page A-48.

When inspecting for “after plating or
coating” dimensional  acceptability, all
clasaes of threads, both external and internal,
are gaged using the same gages and gaging
requirements specified for the non-plated or
non-coated threads of the same class — with
two exceptions. The first is class 2A external
threads. After plating or coating, class 2A
threads are subject to acceptance using a ba-
sic class 3A GO gage and a class 2A NOT GO
gage. The other exception is for threads with
very heavy platings or coatings.

As mentioned earlier, when accommo-
dating heavy thickness platings and coatings,
North American practice is to overtap the in-
ternal thread rather than undercut the exter-
nal. There are two good reasons.

Both overtapping and undercutting re-
duce the strength of mated threads. However,
because the nut is usually designed 1o be the
stronger member of a boitiut combination, it
is better able to accept some strength loss
without sacrificing the strength of the assem-
bly. When the bolt thread is undercut, the
mated strength of the combinatian 15 irrever-
zibly compromised.

;

A-1



Foles 0

_
SCREW BASIC ELEMENTS OF IFI
THREADS SCREW THREAD DESIGN

I

The second reason is one of pure eco-
nomics. Most hotdip or mechanically gal-
vanized fastenars are taken from a finished
goods inventory of non-plated or non-coated
products. Seldom are bolts or nuts manufac-
tured with the imtent a heavy plating or coat-
ing will be subsequently applied. Quantities
rarely justify such special manufacture and
customer specified thicknesses of platings
and coatings vary. Stock bolts are generally
threaded with class 2A tolerances, stock nuts
are either left blank (to be tapped later) or are
class 2B. It is considerably less expensive to
plate or coat stock bolts and tap or retap
stock nits to fit the plated or coated bolts
than to attempt to recut the bolt threads to re-
duce their size.

Guidance on the accommodation of
heavy platings and coatings on fastener
threads, and their inspection for dimensional
acceptability is presented in ASTM AS563,
page B-108, for imternal threads, and ASTM
A307, page B-58, Ad449, page B-63, and A354,
page B-68, for external threads.

THREAD AGCEPTABILITY

Screw threads have two functions. They
must assemble and, once together, they must
support a load. A thread's ability to assemble
depends exclusively on its dimensional char-
acteristics. Its strength capabilities are a
combination of its dimensions and the me-
chanical properties of the fastener material.
Obviously, an oversize thread cannot be
assembled. Equally apparent is that an under-
size thread may not support Its intended load.

Screw thread acceptability is the deter-
mination that dimensional conformance is
satisfied. It is done by inspecting the thread
with gages and other measuring devices, of
which there iz a great number, ranging in
sophistication from those which examipe the
entire thread as a single attribute to those
that measure with exceptional accuracy each
individual element.

Identifying the extent of needed inspec-
tion to establish a thread's acceptability is
the responsibility of the purchaser. And for
the simple reason that he (engineer, designer,
etc.) is the one most familiar with the perform-
ance the fastener must deliver when instalied

and functioning in its service application. He
knows how the fastener will be stressed, the
environmental exposure, the magnitude of
the applied loads, the safety criticality, and
how the fastener interrelates with the other
components in the total design. This is the in-
formation which dictates the level and inten-
sity of inspeclion needed to assure that
fastener threads are within their specified
limits of size,

To assist in this decision, standard gag-
ing systems have been structured and are pre-
sented in ANSI/ASME B1.3, page A-53. Each
gaging system comprises a listing of those
thread features which must be examined, and
it details the gages and other measuring
devices having the capability to establish
whether a particular feature is within its per-
mitted limits.

B1.3 carefully avoids naming which gage
or device should be used, even for referee pur-
poses. The choice is the option of each pro-
ducer and purchaser. The standard merely
states that if the charactéristic being ex-
amined is found acceptable when any of the
permitted gages or devices is used, then that
characteristic is acceptable,

In B1.3 there are 3 gaging systerns for ex-
ternal threads, and 3 for internal threads. The
3 systems are designated Systems 21, 22 and
23. The difference between them is the level
of inspection considered necessary to satisfy
that dimensional conformance has been
achieved. The higher the system nurber, the
more dernanding its requirements.

All 3 systemns, for both external and inter-
nal threads, require functional size examina-
tion of the maximum material condition to
assure asgemblability. The principal differ-
ence in their other requirements relates to in-
spection of the minimum material condition.
System 21 examines using functional gaging,
i.e. all elements are inspected as a single at-
tribute with the gage or gaging device saying
yes or no. Systems 22 and 23 require actual in-
spection of individual thread elements with
System 23 being more imclusive and, eon-
geguently, more demanding.

System 21 is considered adequate for
most low and medium strength externally
threaded fasteners intended for use in gen-
eral engineering applications. System 22 is
frequently specified for high strength exter-
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nally threaded fasteners and those with class
3A threads, where the severity of the applica-
tion indicates a need for closer inspection of
the threads. System 23 is suited primarily for
fasteners with UNJ threads.

System 21 is suitable for practically all
intermally threaded fasteners, except those
with UNJ threads which should be inspected
using System 23. While System 22 for internal
threads is included in B1.3, rarely would there
be a need for its use, When the application is
50 demanding that additional ingpection of
the internai thread is deemed necessary, the
designer should give thought to specifying
Sysiem 23. ‘

Most fastener product standards now
specify which of the gaging systems is con-
sidered appropriate  for that particular
product. In the absence of alternative instruc-
tions from the purchaser, that system be-
comes operational. However, the purchaser
always retains the prerogative, and properly
=0, to specify a different system or to modify
the one specified in any way he fegls best o
provide him the required level of confidence
that dimensional conformance has been
attained.

THREAD STRENGTH FEATURES

Assembled threads can fail in six ways —

=the externally threaded fastener frac-
tures in tension,

-the external thread strips off,

-the internal thread strips out,

-the externally threaded fastener shears
perpendicular to its axis,

-the externally threaded
twisted off, and

-the. internally threaded fastener splits
axially through its threaded section.

Tensile failures, thread stripping, and
axial splitting of nuts can occur gither during
assembly or later in service. Torsional failures
occur when the fastener ig overtightened dur-
ing its instatlation. Shear faflures happen only
after the service loads are applied.

fastener is

COMPUTING FASTENER STRENGTHS

The four critical stress areas which give
mated threads their load carrying capabilities
are —

2} the tensile stress area which is the ef-
fective c¢ross sectional area through the
threaded section and which resists bolt frac-
ture in tension.

by the thread root area which is the cross
sectional area through the threaded section
at its minor diameter. It is thie area which ig
used in computing the bolt's resistance to
transverse shearing and also its resistance to
being twisted off during tightening.

¢) the shear area of the external thread
which resists the stripping off of the bolt
thread, and

d) the shear area of the internal thread
which resists the stripping out of the nut
thread.

Table 1 gives stress area values for Uni-
fied coarse, fine and 8 thread series. Also in
the footnotes to Table 1 are the formulas for
these areas.

BOLT FRACTURE I3 PREFERRED FAILURE
MODE

In selecting fasteners, designers should
strive to assure that it a failure should ocour
- from overtightening during installation or
overtoading in service — that it be bolt frae-
ture and not thread stripping. This is an ex-
tremely important point because recent
trends have been to tighten bolts to high
levels of preload — frequently and inten-
tionally to or beyond their yield strengths. If,
during tightening, the hoit breaks, it's sudden,
it's visible, replacement is easy and the oper-
ator is alerted that some correction to the in-
stallation procedure is needed.

On the other hand, thread stripping is an
insidious type of failure. It starts at the first
stressed thread and gradually, the remaining
threads peel off through the entire length of
engagement. It's a progressive failure, fre-
quently taking several hours before the nut
completely disengages from the bolt, A
thread stripping failure can be initiated un-
suspectingly. Visually the assembly appears
satisfactory, there is no warning that the
tightening practice needs correction.

PREVENTING THREAD STRIPPING

The keys to preventing thread stripping
are to provide sufficient length of thread en-
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gagement, to minimize nut dilation, and to
select mating fasteners with appropriately re-
lated sirengih properties.

Length of Thread Engagement

A seemingly obvious way to increase the
resistance of mated threads to stripping is to
lengthen their engagement. It definitely
helps. However, there is a limit beyond which
lengthening the thread engagement adds
nothing but cost.

When a boltinut assembly is axially
loaded, the bolt is stressed in iension, the nut
in compression. With rigid materials and
threads of perfect form, the load would be djs-
tributed uniformly between the mated threads
with each taking one full and equal share.
However, fasteners are made of materials
having elastic properties. And, it would be the
remotest of coincidences if both the internal
and external threads had perfect form.

An axially applied load streiches the bolt.
This lengthens the effective lead of its thread.
Simultaneously, the nut compresses and its
thread lead is shortened. These deformations,
while discreet, must balance each other both
locally and through the entire length of thread
caontact. This results in a disproportionate dis.
tribution of the total load. The first engaged
thread assumes a higher than average load,
the remaining threads successively lower
loads with the last or top thread the lowest.
Analytical studies have shown that the load
carried by the first thread can exceed twice
the average for all threads with the load on
the last thread less than one-half. This is the
reason that bolt tensile failures usually occour
at the first thread within the nut or tapped
hole. These same studies further showed
that, for the same length of thread engage-
ment, the fingr the thread pitch, the higher the
average load on the first thread,

Increasing the length of thread engage-
ment much beyond 1.0 times the nominal bolt
diameter is self-defeating. The reason ig that
with this number of engaged threads the por-
tion of the total load carried by the top
threads is low and can only increase if the
first threads so grossly defarm that their ex-
cessive ‘share of the load is relieved and
transferred to successive threads. At this
point, failure is quite probably imminent.

Nut Dilation

Asg an axially applied load increases, the
bolt elongates, the nut compresses, and the
nut walls begin toc spread oul, or dilate, be-
cause of the radial wedging action of the con.
tacting threads. This radial force is resisted
by hoop stresses in the nut, the lower the
strength of the nut material and the thinner
the nut wail section, the greater the dilation.

Controlling nut dilation is important be-
cause dilation occurs at the nut bearing face
which is the location of the most highly
stressed thread. If the nut moves radially, the
depth of thread engagement is reduced. This
in turn decreases the thread shear areas of
both the bolt and nut threads and unit shear
stresses increase. The finer the thread piteh,
the more the situation is aggravated.

Hex nuts with widths across flats at least
1.5 times their nominal thread diameters will
generally be found adequate. Thoze with
smaller widths across flats should be viewed
cautiously. Flanged nuts are superior in resist.
tng dilation. For tapped holes, the surround-
ing material is comparatively so massive that
dilation as a strength reducing factor may be
ignored,

Fastener Material Strengths ‘

When the relative strengths of the bolt
and nut materials are approximately the
same, as the axial load increases the threads
of both bend, nut dilation intensifies, and the
effective shear areas of hoth threads de-
crease, If a thread stripping failure happens, it
is difficult to identify whether the bolt thread
or that of the nut failed first.

If the strength of the bolt material is sig-
nificantly greater than that of the nut material
— the majority of all boit/nut combinations —
the bolt threads will not distert as readily and
will constrain the nut threads from bending,
even though the nut material may have a
much lower yield strength, If, under these cir-
cumstances, a thread stripping failure oceurs,
the nut thread will strip out cleanly on the cyl-
indrical plane generated by the major diam-
eter of the bolt thread.

Similarly, when the strength of the nut
material exceeds that of the bolt, thread bend-
ing and distortion of the bolt threads are con-
strained by those of the nut. If the assembly
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fails by thread stripping, the bolt threads will
strip off at the cylindrical plane generated by
the minor diameter of the nut thread.

Generally, the cloger the nut and bolt
material strengths are to each other, the
lower the thread stripping failure load regard-
less of which one stripe. If there is a2 gtrength
disparity, the failure load will be slightly
higher. This is a reason why nuts tested using
hardened mandrels usually exhibit slightly
higher failure loads than when tested using
bolts of compatible strength properties.

Uszing the stress area values in Table 1 it
is reasonably easy to compute the needed
lengths of engagement and minimum strength
properties {tensile/shear ratios) of either the
externally or internally threaded fastener. The
objective in selecting fasteners should be to
make certain that the load the threads can
support in shear (thread stripping area times
length of thread engagement times material
shear strength) safely exceeds the load the
fastener can support in tension (tensile stress
area times material tensile strength).

INFLUENCE OF EXPOSED THREADS IN THE
GRIP

The total thickness of material to be
joined by a fastener is known as the grip. Fol-
lowing fastener installaiion, the stressed
length of the bolt essentially equals the grip,
plus possibly one to two threads into the nut.
The number of bolt threads included within
the grip has a significant influence on the fas-
tener's ultimate tensile strength — the load at
which it fails.

. When a bolt/nut combination is tensiie
tested to failure, if the nut is positioned any-
where along the length of the bolt thread so
that at least four complete threads are ex-
posed between the nut bearing face and the
bolt thread runout, the tensile strength of the
bolt remains unchanged. When the nut is
brought closer to the thread runout, the ten-
sile strength of the bolt indreases, and could
be as much as 20 percent greater when the
nut is advanced against the thread runout,

While the boit’s apparent tensile strength
increases with fewer threads exposed within
the grip, the stripping strengths of the boit
and nut threads decrease. The reason is that
bolt vielding — the prelude to fastener failure

— is now occurring in the threaded length en-
gaged within the nut. This reduces depth of
thread engagement and increases the thread
unit shear stresses in both threads. Conceiv-
ahly, it is poseible to change the failure mode
from bolt fracture to thread stripping just by
redicing the number of exposed holt threads
within the grip.

The standard method for tensile testing
externally threaded fasteners (ASTM FG06,
para. 3.4, page B-147) specifies six complete
threads be exposed within the grip. The one
exception is high strength structural bolis
which, because of their shorter thread lengths,
require only four threads 1o be exposed.

in joint design, when the fastener length
is properly compatible with the thickness of
material being joined, thread lengths on stand-
ard fasteners assure a reasonable length of
exposed threads within the grip. For other cir-
cumstances, prudent design suggests an ab-
solyte minimum of one complete thread —
preferably, considerably more — be left with-
in the grip.

DESIGNING SPECIAL THREADS

For maximum economy in fastener sel-
ection, first consideration should always be
given standard size products with Unified
screw threads of coarse, fine, or 8-thread
serles. This approach is basic and holds true
for all engineering applications. The reason
is quite simple. Standard diameter/pitch
Unified screw threads are proven, they're
completely standardized dimensionally, man-
ufacturing tooling and thread gaging equip-
ment are abundant commercially, and there is
a broad choice of manufacturing facilities
and suppliers.

Qccasionally, however, for valid techni-
cal reasons, no standard diameter/pitch com-
bination is suitable and the engineer must
design a special thread. Consequently, it may
be of some help to trace through an example,

Let's assume that In the design of a ma-
chine 13mm - 11 steet bolts must be used to
connect oneg of the component parts to an
aluminum base: The tapped holes in the base
can be up to 1 inch deep. Because of the
severity of the service exposure the bolts
must be furnished with an especially heavy
electrodeposited zinc coating having a mini-
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mum thickness of 0.0003 in. The threads will
be of Unified form and have class 2A/2R toler-
ances and the external thread allowance
rmust be maintained after plating. The service
load fluctuates, with the computed tensile
load on the bolt reaching a maximum of
10,000 Ibs. Initiafl bolt tightening wili preload
the balt beyond this service lpad.

Determine the limits of size of the exter-
nal and internal screw threads and check the
strength adequacy of the fastener for the
application,

Far 13mm - 11 screw threads,

D =13mm = 05118 in.
n = threads per inch = 11
p =thread pitch = 1/n = 0.0910in.

For the external thread, referring to 8.3, page
A-51,

Basic majordia = D = 05118 in.,
Basic pitchdia = E = 0 — hy = 0.5118
— 064952 x 0.0910 = 0.4527 in.

And, referring to 5.8.1, page A-37,

Pitch dia tolerance, class 2A = 0.0015 /D
+ 00015 /Lo + 0015 Yp? = 0.0055 in.

(Note: Lg = length of thread engage-
ment, assumed to be 1.5 D = 0768 in, to be
checked later)

Major dia tolerance, class 2A = 0.060 3/p?
= 0.0121 in,

Allowance, class 2A = 0.300 class 2A
p.d. ol = 0,0016 in.

Consequently,

Major dia, max = 05118 — 0.0016 =
0.5102 in.

Major dia, min = 05102 — 0.0121 =
0.4981 in.

Pitch dia, max = 0.4527 — 0.0018 =
U._451'l in. ‘

Pitch dia, min = 04511 - 0.0055 =
0.4456 in.

But, these limits must now be adjusted
80 that the class 2A allowance is retained
after plating the external thread with a
minimum coating thickness of 0.0003 in,

Referring to 7.5.2, page A-50, these are the
“before plating” limits,

Major dia, max = 0.5102 — 3% 0.0003 =
0.5093 in.

Major dia, min = 0.4981 - 2 x 00003 =
0.4975 in.

Pitch dia, max = 0.4511
0.4493 in,

Pitch dia, min = 04456 — 4 x 0.0003 =
0.4444 in.

- 6x00003 =

For the internal thread, referring to 8.3, page
A-51,

Basic minor dia = K = D ~ 2h, =
05118 — 2x0.54127 x 0.0910 = 0.4133in.
Basic pitch dia = E = 0.4527 in.

And, referring toc 5.8.2, page A-42,

Pitch dia tolerance, class 2B = 1.300
class 2A pd. tal = 0.0072 in.
Minor dia tolerance, class 2B = Q.25 p

— 0.4 p2 = 00194 in.

Consequently,

Minor dia, min = 0.4133 in,

Minor dia, max = 04133 + 0.0184 =
0.4327 in. .

Pitch dia, min = 0.4527 in.

Fitch dia, max = 04527 + 00072 =
0.4599 in.

Now that the timits of size of the screw
threads are known, fastener strength capabili-
fies can be examined.

‘ Referring to the stress area formulas
atven in the footnotes to Table 1, page A-9,

Tensile stress area =
A_ = (0.7854 (b — 0.9743)°

= 0141sq.in. N

Stripping area, ext thd = Asg
= 31416 X Lo x K, max x

n [ETH__ + 057735 (E¢ min — K, max)]

= 31416 x L x 0.4327 x

A-16
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1 [ 1 4 057735(04444 — o.aazn]
2x 11

= 0.781 Lo

Stripping area, int thd — AS,
= 3MNBX Lox Dy minx

n [21T+ 0.57735 (Ds min - E, max)]

= 31416 % Lo x 0.4975 x
11 [ 1 + 0.57735(0.4975 - 0.4599}]
2x M ‘

=115 L,

The boit, when carrying 10,000 |bs, is
stressed 10,000 — 0.141 = 70,000 psi. Refer-
ring to Table 2, page B-12, the most suitable
stee! would be SAE Grade 5 with ils specified
proof load stress of 85,000 psi and minimurm
tensile strength of 120,000 psi.

As emphasized earlier in this article, it is
important that if a failure should occur
through overtightening during instaliation or
overstressing in service, that the failure mode
be bolt fracture and not thread stripping. Con-
sequently, the length of thread engagement
needed to provide sufficient strength against
thread stripping must be calculated. Both ex-
ternal and intermal threads must be studied.
And, to be completely safe, the load which
must be resisted in thread shear is the max-
imum load the bolt could support in tension
not its specified minimum.

The specified max hardness of Grade 5

steel bolts is Rockwell C34. Referring to Table
1, page B-7, a hardness of G34 equates ap-
proximately to a tensile strength of 153,000
psi, which means a possible bolt breaking
strength of about 21,500 Ibs.

The minimum shearing strength of
Grade 5 steel may be assumed as about 60
percent of its minimum specified tensile
strength, say 70,000 psi. The thread stripping
area is 0.781 Lg sq. in. and computing for L —

Le = 21,500 = 0.393 in.

70,000 x 0.781

A reasonable minimurm shear strength
for aluminum is 25,000 psi. The stripping area
of the tapped hole is 1.15 L, and selving for
Le,

Le = 21500

_

25,000 x 1.15

= 0748 in.

As a length of thread engagement equal
ta 1.5 D (0.768 in) was assumed earlier, this
length is adequate and fits within the depth of
tapped hole which the aluminum base could
accommaodate.

ENGINEERING STANDARDS

All mecessary information, data and re-
quirementg for Unified inch screw threads are
covered in a package of b separate standards.

ANSIVASME B1.1 “Unified Inch Screw
Threads (UN and UNR Thread Form),” page
A-26, specifies tables of dimensions, thread
form, thread series, tolerances, and designa-
tions.

ANSIASME B1.15, now under prepara-
tion, will provide similar information for UNJ
threads,

ANSI/ASME B1.2 “Gages and Gaging for
Unified Inch Screw Threads,” page A-62,
covers gaging devices used for the inspection
of Unified threads and includes descriptions,
design tolerances, calibration of gages, and
correct use.

ANSIJASME B1.3 “Screw Thread Gaging
Systemns for Dimensional Acceptability,” page
A-53, presents screw thread gaging systems
suitable for determining the acceptability of
Unified inch screw threads on externally and
internally threaded fasteners.

ANSI/ASME B1.7 “Nomenclature, Defini-
tions and Letter Symbols for Screw Threads,”
page A-18, establishes uniform practices par-
ticular to screw thread nomenclature and
ferms relating to types of screw threads, size
and fit, geometrical elements, and dimensions.

Copies of these docurnents are available
from The American Society of Mechanical
Engineers, United Engineering Genter, 345 E.
47th Street, New York, N.Y. 10017.
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