FEA SIMULATION OF THREADED CONNECTION FAILURE
1. INTRODUCTION
Mainstream Engineering Ltd (MEL) were engaged to investigate the behaviour and stresses
within the support columns of a large bale press following the failure of a column at the threaded
end connection to the end frame. Figure 1, illustrates the press arrangement with four solid
round columns that are threaded at each end where a large nut secures them to the end frames.
The columns are fixed between the end frames and are subject to large cyclic tensile forces as
the press operates. The failure occurred over a long period (years) where at least one of the nuts
fixing a column to an end frame had become loose, eventually resulting in fracture at the
threaded section of the column. The purpose of the study was to identify how the members
were loaded in various situations and validate the suspected cause of failure. This paper
summarises some important considerations for bolted connections and describes the method
and results of using Finite Element Analysis to analyse the failure and propose a solution to
prevent recurrence.

Failure location

Column nut

Column

End frame

Figure 1 – Representation of bale press arrangement
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2. BOLTED JOINTS
Connections between machinery parts are often subject to dynamic or cyclic loading conditions
where bolted or threaded fixings are common methods of connection. Unfortunatley loosening
of threaded fixings and/or fatigue failure of fasteners in bolted joints under cyclic loading
conditions are not uncommon modes of failure. In most situations where the bolted connection
has failed through fatigue both effects may occur in one joint with fatigue being the consequence
of a loose connection. Suitable pretensioning of fasteners or threaded connections is critical to
avoid loosening or fatigue failure of the joint.
2.1. Influence of fastener pretensioning1
The fatigue performance of a fastener under dynamic loading is decisively improved by
pretensioning (preloading) of the fastener. If an applied cyclic load, “FA” in Figure 2, acts on a
fastener that is pretensioned to load “FV”, the cyclic fatigue-relevant force ‘seen’ by the fastener
is the considerably smaller force “FSA”. Therefore, the existence of a pretensioning force in the
fastener is of crucial importance, to ensure the cyclic forces ‘seen’ by the fastener are lower than
the endurance limit of the fastener material for satisfactory fatigue behaviour of the fastener.

Figure 2 - Anchor pre-tensioning load1

Fastener preload is a function of many variables, including fastener type, material, finish, and
joint stiffness. For rigid steel parts, the conservative practice is to tighten the fasteners to 75% of
yield. Lower preloading should be considered for flexible joints, joints with gaskets, or assemblies
subject to high temperatures. Over time, however, fasteners can lose some pretensioning force
for various reasons. As a result after a considerable time if no counter-measures are taken the
fastener pretension can reduced down as much as 30% of the initial pretension force. Depending
upon the application, checking and possibly retentioning of the fastener after a short period of
operation and then every 1 to 3 years should be considered.
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2.2. Bolt & nut thread load distribution2
Threaded connections are not perfectly rigid, but elastacilly stretch slightly under load and
therefore the load distribution along the engaged threads is not uniform. Figure 3 illustrates an
example of load distribution along the threads of a standard bolt and nut connection. The first
three threads take almost 75% of the load, and the first six threads essentially support the whole
load. Therefore where there are more than six threads engaged, there is essentially no load being
carried beyond the first six threads of a standard threaded connection.

Figure 3 – Example of bolted joint thread load distribution2

3. FEA ANALYSYS OF THREADED CONNECTION
Finite Element Analysis (FEA) is a computational method for predicting how a body or assembly
reacts to forces, vibration, heat, fluid flow and other physical effects. Simply, FEA works by
breaking down a simulated model of a body into a large number of smaller elements, then uses
mathematical equations to predict the behaviour of each element with respect to neighbouring
elements. The program then adds up all the individual behaviours of the elements to calculate
and predict the behaviour of the entire body.
Mainstream Engineering Ltd utilise SolidWorks and SolidWorks Simulation Premium for 3D
modelling and finite element analysis. FEA analysis is a very powerful analytical tool, however for
bodies with many small features, i.e. a threaded connection, extremely large numbers of
elements are required to provide an accurate result. If there are also complex mating
constraints, i.e. non-bonded/non-penetrating constraints, the analysis of large numbers of
elements is computationally intensive and requires significant hardware and time to complete
the calculations.
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To analyse the press column threaded connection, MEL utilised 2D axisymmetric analysis
techniques to complete a practical analysis of the threaded connection within the requested tight
timeframe. Axisymetric analysis can be utilised where bodies and loads are uniform about a
central axis, and the behaviour of the body can be assumed as uniform about the axis. MEL
meshed a section of the column model with flat 2D elements, then utilised special equations
within the software to replicate the full 3D response. The number of elements required to
produce a suitably accurate and converged result was significantly reduced along with the
computational time when compared with a full, 3D helical thread analysis.

Figure 4 - SolidWorks Simulation 2D Axisymmetric analysis mesh of thread form

The material from which the tension member was manufactured was AISI 1020, having a yield
stress of 350 MPa, and fatigue endurance limit being determined as 189MPa. The review of the
tension member loading conditions found they varied as expected depending upon the
preloading of the fixing nut. The tensile stress in the uniform straight section of the tension
member for this study was 50 MPa.
4. FEA THREAD ANALYSIS RESULTS
The calculation time for the 2D axisymmetric analysis was five minutes, which was significantly
shorter than if a full 3D body analysis were performed. The results from the 2D analysis were
also found to be practical and consistent with researched threaded connection loading
performance. Figure 5, below shows the stress results from the 2D axisymmetric FEA study and
the stress concentration at the root of the threads. The results show the stresses in the roots of
the first five threads of the connection between the nut and tension member all exceed the
material endurance limit of 189 MPa. Figure 5 also shows the first 6 threads are taking the
majority of the load in the threaded connection. It should be noted this was a linear FEA study
and does not take into account any non-linear localised yielding of the material. Therefore, some
localised stress results may show as exceeding material yield stress.
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Figure 5 - FEA stress result for threaded connection of press tension member

Thread No.
1
2
3
4
5

Column Thread Root Stress (MPa)
398
316
281
250
220

Nut Thread Root Stress (MPa)
180
126
113
105
-

Table 1 - FEA stress results

5. DISCUSSION
At least one of the column fixing nuts had worked loose in the press assembly, preventing that
column from supporting its share of the load, subsequently causing alternative columns to
become overloaded.
The 2D FEA analysis results were consistent with the understanding that the first six (6) threads
of a bolt assembly take the majority of the load.
Failure of the supporting column occurred at approximately the third and fourth threads. The FEA
results confirmed column thread root stresses of 281MPa and 250MPa at these points.
Subsequently, these induced stresses in the threadform roots were above the endurance limit of
189MPa for the press column and nut material.
The FEA study complimented the findings of a metallurgical failure analysis that identified fatigue
as the failure mode. The study also identified that stresses sufficient to cause fatigue failure at
the root of undamaged threads can occur.
Preloading of the column threaded connection would induce static stresses above the cyclic
stresses caused by the pressing action, therefore reducing potential for fatigue failure initiation.
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