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Practical Method for Determining the Thread Fillet Loading
Capacity in a Tapped Hole Threads.
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SUMMARY:

In the last few years, in the automobile industry, the
use of tightening methods have popularized such as the
yield point control tightening and the tighten controlled by
torque X angle up to the plastic zone that, due to its
precision, they can extract from the fastener up to 100% of
its tensile strength creation capacity. This generated
strength increase during the tightening has as an side effect
to overload the fillets from the internal thread of the
threaded hole, which can provoke a loss of pre-loading by
relaxing and in the utmost point, stripping of the counter
part fillet.

The objective of this job is to suggest a practical
method for determining the thread fillet loading capacity in
a threaded hole. There have been done several torque X
angles curves up to the plastic zone, with angle
measurement of plastic deformation through generated
graphs and with plastic deformation direct measurement of
the bolts with the help of a milesimal micrometer.

It was developed a method for determining the
internal thread fillet loading for threaded holes in this job,
through a test of easily reproduction, which relates the
torque angle X angle curve plastic deformation with the
intern thread fillet deformation of the counter part.

INTRODUCTION:

Controlled tightening by angular rotation - Basic
concepts.

The tightening by angular rotation control is indirectly
an elonging measurement method. During the tightening of
a threaded element it is generated a clamp load, which
provokes an elonging on the bolt and a shortening of the
plates under compression, that according to the Hooke’s
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law it is proportional to the applied loading. For the bolt to
be tightened it is turned around its axle, moving angularly
in relation to a fixed reference. In each angular moving of
360°, which is equal to a complete turn the addition of the
elonging and the shortening corresponds to the thread pitch,
which is expressed by the equation (1):

360
a:T(§s+5p)FM (1)

where:

o = rotation angle.
ds = bolt resilience
dp =joint resilience
p = thread pitch

Fum = assembly force

By the expression (1) we can notice that the clamp
load Fy, is obtained by rotation «, being related only to the
pitch and the bolts and plates resiliencies, these largeness
are of despicable variations in a bolted joint. This fact
allows the acquisition of junction strength, with high
accuracy, during the assembly, when compared to the
tightening traditional methods by torque control

When we tight by torque control, the tensile strength
to be generated during the tightening process will be
dependent on the thread friction coefficients (ug), on the
bearing surface (uk) and on the friction radius dg,, the ones
which have a great variation from hole to hole. By the
equation (2) we can see the relation of torque versus force:
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where:
Ma = Torque

Fum = Clamp Load

p = Thread Pitch

d, = Pitch Diameter

uc = Thread Friction coefficient

ux = Bearing Surface Friction Coefficient

dwm = Bearing Surface Friction Radius.

The analysis of the expression above leads us to
conclude that tightening joints with torque of constant value
takes to produce clamp load with high level of scatter, by
varying the factors pg, pk € dm.

The tightening by angle rotation, by its elonging
indirect control allows us to use the bolt on the plastic zone,
without damaging its mechanical properties, allowing the
creation of high tensile strength, what is not possible if the
tightening is by torque control, by the impossibility of
maintaining the plastic deformation under control. In
process of tightening by torque control it is recommended
not to use more than 80% of the bolt proportionality limit,
while for process by angular moving control we can reach
110% of Rp0,2 (proportionality limit).

By the exposure, through the tightening method
changing the tensile strength generated during the
tightening can be raised in 30 % or even more, without any
changing of the fasteners mechanic properties. Another
relevant aspect to be considered is the present stage of the
applied technology to the superficial coating, such as
phosphate, zinc, or organo-metallic, that reduce and
maintain the friction coefficients with low dispersion,
improving what we call fastener efficiency. The efficiency
is expressed by the equation (3):

3)

n =Efficiency

Fum =Clamp Load

Ry = Tensile Resistance

A = Resistive Area of the Bolt

We call efficiency the relation between the resistance
in the stress combined state and the resistance in the
uniaxial state. During the assembly the bolt is submitted to
axial and torsion stress, that reduces its capacity of
generating tension strength, when compared to its capacity
of being axially tractional, as for example in a tensile
machine. The efficiency depends on the friction coefficient
on the thread and it is expressed by (4)
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where:

Ly — Friction Coefficient on the Thread.
d,— Thread Pitch Diameter.

ds;— Thread Internal Diameter.

p — Thread Pitch.

The current technology stage produces fasteners with
an average efficiency of 0,85, against average of 0,75,
which were usual not a long time ago. This result is that,
mainly for bolts tightened by torque X angle, the strength
was even higher, if compared to bolts also tightened by this
tightening method, but without friction control.

As a result, the average clamp load normally created
nowadays, mainly in the automotive industry, are much
more superior than the average strength obtained in the
recent past, this way causing, a great increase of pressure
on the internal thread.

Loading on the internal thread

The complete use of the tightening joint is associated
to its capacity of receiving loadings up to the point the
fillets non engaged, or a section of the bolt reduced area
starts a estriction. That can only be reached if the bolt
thread engagement length on the internal thread has an
adequate depth, depending on the material resistance of this
internal thread.



The condition for the failure occurs on the non
engaged region is that the engaged thread resistance is at
least higher than the free thread resistance. In cases the
internal thread resistance is lower than the non engaged
external thread, the internal thread suffers an initial plastic
deformation, followed by a fracture by stripping.

The tension distribution on the internal thread is
variable depending on the geometry. For the bolts
assembled against normalized nut, the first engaged fillet
requested by approximately 35% of the total load of the
bolt, due to this type of assemble counts on 6 engaged
fillets

For internal thread, excepting the nuts, the number of
engaged fillets normally are dimensioned based on tables,
done from empirical equations, as the ones showed on VDI
2230,determining the minimal engaged length depending
on the bolt resistance class and the material resistance.
These tables were done taking into account that the bolts
were tightened on the elastic zone, not considering that the
bolts tightened on the plastic zone, generate tensile strength
much higher, and in many times even with inevitable safety
factors, introduced in the calculation, they do not prevent
the mentioned zones from suffering plastic deformation or
even the strip when tightening.

Therefore, in a reasonable number of applications
mainly the ones that are suffering an up grade, it is
necessary for the project steadiness, a safety verification
that the plastic deformation does not occur, even under the
highest loads applied by the fastener.

Analysis of a Torque X Angle curve

During tightening by torque X angle distinct phases
occur, as it can be observed in the picture (1).

Torque

v

< Angle / elonging

Picture 1 — Torque x Angle curve / elonging
1) Threshold Torque
2) Tighten Angle

The threshold torque, known as moment of junction is
chosen to guarantee that the interfaces are completely
closed.

On this curve region there is no proportionality (zone
1), that only happens when the sheets are perfectly together.
From the beginning of the proportionality, (zone Il) The
rotation angle is measured, so the equation (1) is valid,
when the angle increment is composed of elastic
deformation by the bolt tension and by elastic deformation
by the joint compression. From zone Il the angular
development is composed of the bolt plastic deformation
and even the curve becomes flat by the joint elastic
deformation. On zone IV the angular moving will be
generated only by the bolt plastic deformation. In this
region The bolt reaches its higher capacity of generating
tensile strength, that must be hold up by the sheets, which
must work with superficial pressure inferior to its
proportionality limit.

This way from the proportionality point on Zone Il, all
the angular moving must be attributed to the fastener, that
must plastically deform, however it is not admitted
permanent deformation on the plates (junctions) under
compression. In picture (1) we can observe the plastic
deformation angle (¢) that generates on the bolt a certain
permanent elonging according to (5):
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where:

¢ = Plastic Deformation Angle Taken From the
Torque X Angle Graph

p = Thread Pitch

Al = Bolt Linear Plastic Elonging Due to Angle ¢

Admitting that the joints are not plastically
deformed, we can write that:

Al = (D—D (6)
360

This way the expression (6) is a useful tool in the
gauging of the internal thread capacity is able to hold up the
extremely high tensile strength created by high efficiency
bolt tightened on the plastic zone through comparative
measure of the angular plastic deformation in a tightened
joint, and to compare to the linear plastic deformation of the
bolt

TESTS PROCEDURES AND ANALYSIS METHOD
Tighten wrench Torque x Angle

The tests were done through the use of a MTA
electronic tightening wrench, manufactured by Metalac,
able to measure concomitantly the moment (torque) and the
angular rotation of the bolt, through a potentiometer. By an
analogical output the wench was connected to a graph
register X — Y to make it possible the generation of
Torque x Angle curves (picture 2).

Picture 2 —General view of the device used.
Tests procedures

The tested bolts had preliminarily their edges grinded to
make it possible the correct measure of their length before
and after the tests through the digital micrometer with a
definition of 0,001 mm (picture 3)

Picture 3 — Micrometer to measure the length of the grinded
bolts.

Compound devices were constructed by two plates,
separated by a load cell, calibrated between 10KN e 70KN,
for the determination of a applied tensile strength (picture
4).



Picture 4 — Load cell.

In order to eliminate the possibility of any plastic
deformation on the bearing surface under the point the
superior sheet was constructed in a stell4340,quenched and
tempered with 44HRC (picture 5)

Picture 5 — sheet in 4340 wrenched and tempered for
the bolt point bearing.

The inferior plate that contains the internal thread was
manufactured in commercial aluminum and in steel 4340,
wrenched and tempered with hardness of 44 HRC (Pictures
6e7).

Picture 7 — Threaded part in steel.

Ten bolts were tightened by Torque X angle control,
Which 5 of them against threaded plates manufactured in
steel 4340, with 12 engaged thread fillets (18 mm). These
bolts were tightened up to reaching the plastic zone, being
the test interrupted, in any moment the tensile strength
stopped increasing and the curve became flat, parallel to the
axle x.

Other 5, samples were tightened against the threaded
sheets manufactured in aluminum, also with 12 engaged
thread fillet Differently from the samples assembled against
the threaded plates manufactured in steel, the samples
assembled against threaded plates manufactured in
aluminum, had their tests interrupted when a tensile
strength previously determined was reached.



Analysis method / results

The angular plastic elonging results, were taken from
the Torque X Angle curves and the linear plastic elonging
results through the measure of the bolts length difference
before and after the test. The results were arranged in
columns and compared making the correct correlation
between both of them using the equation # 6. The tables (1)
and (2) present the results.

the measured elonging in the micrometer must be
similar to the elonging calculated in theory from the
developed angle on the plastic zone, extract from the
obtained curve on the graph register.

strength | Linigiar | Lfina AL 0] AL graph D
KN mm | mm goit | degrees | mm | thread
mm mm

40,5 |62,283|62,283| 0,000 | 3,84 | 0,016 | 0,016

46,5 |62,280|62,282| 0,002 | 528 | 0,022 | 0,020

49,9 |62,290|62,294 | 0,004 | 7,20 | 0,030 | 0,026

54,9 162,282 |62,297 | 0,015 | 10,56 | 0,044 | 0,029

59,5 |62,282 (62,373 | 0,091 | 29,28 | 0,122 | 0,031

Strength | Linitiar | Lfina AL [0) AL Dihread
KN mm | mm bot | degrees | oo mm
mm mm

59,2 62,282 (62,437 | 0,155 | 37,20 | 0,155 | 0,000

58,9 62,278 | 62,364 | 0,086 | 20,96 | 0,087 | 0,001

59,4 62,282 (62,380 | 0,098 | 23,58 | 0,098 | 0,000

58,2 62,289 (62,379 | 0,090 | 21,62 | 0,090 | 0,000

57,9 62,281 |62.401| 0,120 | 29,47 | 0,123 | 0,003

Table 1 — Bolt fastened against steel devices.
Linitia (Mm) — Initial Length of the Bolts

Lfinas (Mm) —Bolt Length After Tightening

AL vt (mm) —Plastic Elonging of the Bolt.

¢ (degrees) — Plastic Deformation Angle Taken From
the Torque X Angle Graph.

AL gpn (mm) — Plastic Deformation Calculated
Through Formula (6)

Dinread (Mm) — Plastic Deformation of the Internal
Thread.

Table 2 — Bolt tightened against aluminum devices.
Result Analysis

We can observe through the obtained results that the
bolts assembled against steel threaded plates, showed
angular plastic deformation similar to the linear plastic
deformation which indicates that the internal thread held up
the maximum solicitation of the bolts without plastic
deformation.

The obtained results in the bolt tests tightened against
threaded plates manufactured in aluminum, showed plastic
deformation on the internal threads for the solicitation from
40,5 KN, always increasing the plastic deformation, as the
tensile strength increases, As we can observe in picture (8).

Conclusions

a) We can establish with this paper a practical and
safe method to determine the capacity to hold up
loads of the thread fillets in threaded holes.

b) We also established, through this method an
adequate procedure to determine the engagement
minimum length, so that in the presence of a
tensile strength, of pre-established amplitude,
there is no occurrence of an unwanted plastic
deformation of the fillets, this way allowing the
constructions of thread depth safety tables for
several materials common in the mechanical
construction.




BIBLIOGRAPHY REFERENCES

Systematische Berechnung Hochbeanspruchter
Schraubenverbindungen Zilindrische
Einschraubenverbindungen. VDI 2230 Blatt 1, Juli
1986.

Cioto R.: Joint behavior rigidly fastened by bolts.
Research and development department Metalac
Industrial LTDA,1995.

Cioto R.; Collares A.; Barboza J.; Garcia R.: Fastener
True Elongation Threshold as Function of Thread
Length and Tensile Strength. SAE Technical Paper
Series 2001-01-3826,2001.



Deformation (mm)

0,035

0,030

0,025

0,020

0,015

0,010

0,005

0,000

Thread deformation in Aluminum x Asemble Strength

Strength (KN)

Picture 8 — Strength Curve x Internal Thread Deformation of the aluminum



