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Nut Facts: True or False? "is. 5 il=ifE?

by Thomas Doppke

Over time several stories about fasteners and fastening have been circulated
and, as with most things often told and re-told, they become believed. Are they
really true or just tales? Let's look at several of these 'truths” about nuts.

Fact one is the often stated comment that joints must be designed so that
at least two threads protrude B e e
from the joint to insure proper - Bolt Tapered End
joint strength. Statements to '
this effect are found in many
industrial and engineering
documents. For example
The Industrial Fasteners
Institute Specification IFI 124
“...a minimum length of REPT
screw equivalent to two thread pitches shall project through the top of the
nut”. Since most people tend to believe that anything published MUST be true,
this design rule is sincerely followed. Let's see how much strength is lost if
this is not adhered to.

:Nut
—Countersink
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It is known [based upon actual and numerous tests) that the threads of
a bolt are loaded fairly equally along its entire length of engagement while
the threads of an internal member are loaded progressively from the first
engaged thread onwards. When loaded, the first engaged thread of a nut
member supports about 38% of the entire load. As the load increases the
threads begin to bend and the nut starts to dilate at the lower edge (first
engaged thread side). To develop full joint strength as much of the load
as possible must be within the nut geometry. A nut is manufactured with
a countersunk area on either one or both sides to allow for easy access
of the bolt member. Also the nut hole is usually made by “punching” it out
which results in the hole on the side opposite the punch entry being slightly
“blown out” (bell shaped) which causes that section, when threaded, to have
a slightly larger minor diameter (decreased tensile stress area). This is in
addition to the results of the countersinking. On the other side of the joint,
the bolt is made with a chamfered end to also allow for easy entry. This
chamfered area (called a header point] is allowed to be, by specification,
from one half to 1 Y2 thread pitches. A study made in 1977 showed that a nut
can theoretically develop full strength in the joint when it is engaged 0.60 full
diameters. However, to accommodate the “enlargements” mentioned above
the usual rule is to make the nut height about 0.75 diameters thick.

Adding up all the information we conclude that this fact is TRUE. To
summarize, the nuts have a countersink on both ends which allows this
portion of the nut height to have a larger than specified minor diameter,
which in turn, means less than full thread engagement with the mating bolt
threads. Finally, nuts are designed to give the maximum amount of strength
with a minimum amount of material. Too much steel and the part is costly,
too heavy , takes more time to tap, less parts per box (shipping, handling)

, etc. Flush assemblies may work as the designers seldom utilize the full
strength of the parts anyway (other than construction work no one tightens
fasteners to yield, 90% is the normal level]. So while it may be possible to
tighten to a flush a condition, two threads out is a safety measure more
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than an absolute requirement. When
considering that most designs will
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edge” of tolerances of the various
parts of the joint and fasteners

could cause an minimum stack up of
tolerances, the idea of the extra two
threads sounds like good engineering
practice. Fact two below will explain
this in a bit more detail.

Fact two. To increase the strength of the nut it should be made thicker. |t
has been calculated that the countersunk area of a nut contributes only about
40% of what a full thread in that area would. As we discussed above, an internal
thread member carries about 38% of the load at the first engaged thread, the
next threads are loaded with about 25%, then 16%, 9%, 5%, 3% , and 2% of the

remainder of the nut/joint
load. These figures are
approximate but close,
with the additional threads
carrying less and less
loading.

rE%

These additional
threads would only carry
less than one percentage
of the load. As has been
reported in numerous
papers, the height
necessary to carry a
normal loading (90% vyield)
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is approximately 0.75 diameters. Illustrating this, let's look at an M10 x 1.5 thread.
At 0.75 diameters thick this is about 6 threads. The nut loading chart shows that the
last thread, if fully engaged, should carry about 2% but with the reductions due to
countersinks and bolt taper end it is really more like 1.2%.This loss of load carrying
capability of the nut is well within the design parameters of the part. Therefore this
factis a false. Increasing the height of a nut above 0.75 diameters does not increase

the strength of the joint any measureable amount.

Fact three. Nuts can be increased in strength by being made
of harder material and/or wider. Making nuts wider and/or
harder retards the dilation when they are loaded to their maximum
load ability as discussed above. However, the additional strength
gained is minimal. Since the threads primarily carry the load, width
increases do little except increase cost and weight. Making the
nut of harder material will increase the strength slightly but again,
the threads carry the load. It is standard practice to match the
nut strength to the bolt being used. Harder bolts are tightened to
higher loads and will increase stress on the nut threads; however,
it is usual for the nuts to be increased in strength as harder bolts
are used. However, the overall strength of the nut will be of a
slightly lower strength than bolt material. If higher loading values
are required they can be best obtained by the use of larger size
fasteners. So technically this is a True fact but barely.

A BB AR A ORI BT AR 2 KRS T (%)

ERIREM - FL(Flush A HSIFZATHMAZGEERIR REASH
X EHRIER S BI90% 2 ERHIAKE] o TS AT AR 21 F SRR AT - B8
ERFBAZE— ML 2R MAZANUERNER  HEEH KRS HHLIT
WMBRHE MEXNSFNELTHMEE M HMELE "VE L BRI X
BRIREFFERRO A EZHIE NS HFARBANES WERMZZZRFH
ITRERSZ -ETHNER_HERMEAFMA—~-

s EIENENERYSE B B
ERRE—R - -BABTEL HE5RT
SR LE A LR AYIE - MBNERT IR L X
AT R ARL040% - NHTATINIE * —
NARHBAAE T EE - EERE
4 _ERTAZ 24938 % R0 1a & 0 #E TR AYHE
L R25% » AR BIMRIE/ 3 Sk S e R
F916% ~ 9% ~ 5% ~ 3% FN2% © X Lb 2 A8
BBEERSEIIT B IEL S K
=B DR E -

X LEFRSNIR AL 1% R 2 F /N
TARDZ KRR - — T £ HAET
REH REAZ EE R E(90%MERA)H
BE KRAZERZM0.75E - ATIHAX
N HAREFR—IMI0 x 15024 7
0.75EZR BEMARL6KIRL - FHIZNE
TENERET RE—FBL EHE
TEREGHE  NIZRARE 2% ER
[ £82 Sk AR R A% 4R 48 s B JR B TORL A B
KPR _ERTRE = RIAZIA1. 2% - 4218 A
Rk AERE N BEETHIRIT
SHZRNEZH -FTNX—F KA
ENEENSEBIERN0TME
IEIMER AR RSB E -

e = RS ER TR kA S BRI
S8 - R AN BAER MR 20 L AT - RTEEA1K
ZHREAGTEERSMAREYT K- AT ATHBAZEE
AZEER RTEMAAMERN  TENENSR
TUT A HY » BUOMND SR 1 o AR /N D © PR B4
FHZMER BN — s MEE  2BAUKRT
o 2 - AR ERISR S5 SRR R EL & P ARV IR 12 - EAE B9
B SERETERNE  XHEINIER A EIFE
QERRS AW SR TREBNZEN BESFER
=08 E RUIRNESREC & © 2AM - MR A £ 4R58 E SR ie
MRR—R - BEZEXRENTEEN  ENRFATHE
AERARSTHRE G RIKG - Bt SRAKE  X—%F
KSR AE



i ¥ 3
Technology

Fact four. Locknuts increase the strength of the joint.
Locknuts are designed to and work by retarding the loosening
action in joints. Nuts loosen when an external load is cyclically
applied and released during service. After numerous applications
of vibrational impacts the nut begins to turn off. If the nut is
tightened to instill a preload greater than the actual service load
that the joint will see the joint will not loosen. Proper torque will
prevent this from happening most of the time but the real life
conditions are such that severe events (rough roads, jolts and
impacts) happen. These forces often exceed the maximum joint
load capability momentarily. Enough impacts and the joint loses
preload; enough loss and the parts loosen. Locknuts do not
contribute anything to the strength of the joint. They only dampen
the vibrational forces to slow down the loosening. Enough and
harder impacts will eventually loosen any joint. Also, since the
locking feature is usually located at the top end of the nut, they
must be threaded onto a full dimension thread to fully engage. This
extra height of the added locking feature should be added to the
total nut height. This is a case where two threads protruding is a
must condition. It is false that locknuts improve the strength of a
nut.

Fact five. Thread adhesives help nut joint strength better than
lock nuts. Again adhesives retard vibrational loosening and nothing
else. While they can keep a part from coming off, if the joint is
moved the adhesive bond breaks and loosening may occur. The pros
and cons of adhesives over locknuts are that the adhesive joint will
require a much higher force to start loosening (“break-away"] than a
lock nut does. However, once started, adhesive joints loosen faster
than locknutted ones. The metal feature locknut is reusable and is
not affected by the things that deteriorate adhesive joints, such as
time, humidity, and temperature. However, adhesives, when applied
to internal threads, saves height that a locking feature added to the
nut height would require. They are also cheaper to manufacture as a
standard nut can be used with just the adhesive applied as needed.
Fact five is false.
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Fact six. Fine thread nuts are stronger than coarse thread ones. Fine threads ME7 AT EERETRES - 4

came into being when the need for greater and finer adjustment of machinery
was needed. Also, it was reasoned that fine threads are stronger since tests
showed a higher failure value for finer pitches. This is, in fact, not true as the
determining factor is not the tensile stress area but the amount of metal that
is engaged to support the load. Fine threads have less thread height, which
means that there is less thread flank to support the load. As the nut is loaded,
the part begins to dilate which enlarges the nut inside diameter and lessens
the amount of thread flank to support the load. As the illustration shows, the
coarse thread (here a %2 inch diameter part) is formed with a more obtuse
angle, meaning longer flanks, which equals more support for the loading. This
makes them more resistant to stripping. The observed difference between
coarse and fine thread tensile strengths is due to the number of threads
engaged. Using this 2" example times the 0.75 diameter value; the coarse
thread part (13 threads per inch) has 9.75 threads for its height. The 20 threads
per inch part (standard fine thread) has 15 threads. As we mentioned before
little is added for additional threads, but something is! These extra threads can
take up a bit more loading (the amount varies slightly with diameter but is about
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11-15% more). Since design parameters allow a margin for safety, this
amount is negligible consideration for most designs. An individual thread
to thread comparison would show that the one fine thread is weaker than

one coarse one.

1E2(360°)
Is this “Fact”
true or a false?
There is some
weight to both Ly B

sides of the fact.
They are slightly
stronger but
why they are is

a question of the
mechanics of the
geometry. We
leave this one in
your hands- True
or false?
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Fact seven. Nuts should fail before the externally threaded
member. This idea was based on the relative cost of the bolt vs the
nut and upon the possible consequences of a component failure if
the joint failure was unnoticed during assembly. The nut is usually
a very inexpensive part while the bolt costs many times more.
Good design practice dictates that the bolt should fail first. This
is because a stripped bolt will be more readily observable on the
production line and elsewhere than would a stripped nut. Nuts may
strip at or near the set point torque of the joint and the operator will
assume that the joint has been successfully attached when, in fact,
the nut had stripped. While there may be reasons that an engineer
would want the bolt to strip first, in most assemblies the nut is the
member designed to fail. This fact is False.

Fact eight. Flanged nuts are a better than nut/washer assemblies.

While there are arguments for both sides of this question, the answer
lies with the joint mechanics. One piece flange nuts are stronger, being
of one piece construction, and will resist failure when used in joints
subjected to bending modes. High loads and bending fatigue are the
prime problems in critical attachments. Nut and washer assemblies
are seen most commonly on sheet metal applications. The washer can
be made much wider than the flange of a flange nut can be formed. The
purpose of nut and washer assemblies is to hold sheet metal together
without the washer embedding; the spread of the washer being the
object that does this. These applications generally have wide torque
ranges and are quickly assembled with inexpensive tooling.

Flange nuts are the members that hold together solid, robust
attachments, those will not move around. They are inexpensive as
opposed to the two piece nut/washer parts but require a special set
up for each differing configuration. The nut/washer assemblies can
be made with a standard nut base and differing washer diameters and
shapes added with little engineering.
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Flanged parts are used to span slots and oversized holes and
the flanged nut variety is usually insufficient in diameter for most
conditions. The question of the verity of this fact again is left to you,
the reader.

Fact nine. Today’ s heavy coatings for corrosion resistance require
undersizing the nuts. Industrial standards allow for a certain amount of
tolerance in the fit of bolts to nuts to compensate for manufacturing variations,
dimensional plus and minus, and other factors. If these allowances are
exceeded than the parts will not fit together well, if at all. To allow deviations
from the set dimension for both bolts and nuts would create an unmanageable
situation. Therefore, the industry has decreed that the allowance be applied
to the external member only to accommodate the various processes including
plating. Since the coatings are applied to both joint components, nuts are often
overcoated and cause problems in assembly. Since few fastener makers make
both bolts and nuts they are left with a problem. If the nut is to meet quality
control standards (thread fit and function) he must overtap the part. But by
overtapping he also decreases the strength of the nut. The overtap amount is
not strongly controlled by the industry [ASTM A563 only specifies a minimum
amount but no maximum amount). Many European metric nuts of class 8 are
made to a 0.8 diameter thickness (See above comments on thickness) and
have been found to be inadequate in thickness to prevent thread stripping
when overtapped. Users have been cautioned not to use any class 8 nuts
because of this.

The plating, measured on flat surfaces, is not especially thick, but when it
is added to a thread the totals can be alarming. This is because the thickness
is added to a rounded surface and at an angle. The illustration shows that the
total for a plated thread is approximately 6 times the flat surface dimension.
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The following chart is a short list of how thick plating is allowed to be for
various thread pitches on bolts. Remember, nuts have no allowance.

Threads Maximum Since most new, heavy coatings average at
per Inch Thickness least 0.00100" (flat surface measurement] a

thread could be as thick as 0.00400 to 0.0060"

szorless 000015 on a bolt. Again, there is not allowance on
30to 13 0.00020 nuts!!
10t05 0.00030 Overtapping? No answer. Too thin and the

part will be rejected for corrosion insufficiency;

GiEatefdiEnsN [0100050 too thick and it will not pass gaging.
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