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Abstract 

The two most widespread causes of failure of threaded fasteners subjected to dynamic loads are fatigue and vibration induced 

loosening. This paper presents results of a study on loosening of threaded fastener under transverse loading and change in 

loosening rate as thread pitch is going to change. There are different series of  thread are available, out of these some threads 

shows resistance to rotational self-loosening of threaded fastener. Our aim is to investigate rate of loss of preload for different 

pitch of thread i.e. Course, medium, fine.  A three-dimensional finite element (FE) model is established to study details of the 

rotational self-loosening process. A mathematical model is developed to study the loosening phenomenon. Such processes are 

characterized by either complete or localized slip at the screw head and thread contact surfaces. The computational results of the 

numerical simulation are compared with analytical investigations of the cyclic transverse load–displacement behavior. These 

show that rotational self-loosening can also occur for only localized slip without complete slipping at the head contact surface. 

Keywords: Rotational self-loosening, Finite element analysis, contact behaviors, preload decay curve  

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The bolted joints are subjected to external loading perpendicular to the bolt axis (transverse loading), then joint stiffness 

decreases because of the slip occurring on the contact surfaces. The relation between applied load and transverse displacement 

(transverse load-displacement relation) represents the joint stiffness and is also closely related to loosening, making this 

relationship an important property of a bolted joint. Studies on the joint behavior caused by the slip on the contact surfaces due to 

transverse loading have been performed by many researchers, using Junker's loosening test apparatus. However, it is very 

difficult to experimentally observe the contact and slip states. 

On the other hand, by performing three-dimensional finite element Analysis that considers the helical profile specific to 

threads, the contact and slip states have been clarified numerically. 

We performed FEM analyses of the loosening test using Junker's apparatus and obtained close qualitative agreement on the 

transverse load-displacement relation and the progress in loosening with the analytical results. Previous studies showed that 

complicated behaviors on the contact surfaces cause the properties of a bolted joint such as the transverse load-displacement 

relation. However, the analytical mechanism that connects the joint stiffness to the behavior of the contact surface has remained 

unclear. To derive the slip displacement quantitatively, we aimed to analyses the contact force distribution more precisely and to 

connect the contact force to the slip displacement. In the present study, we formulated the behaviors of a bolted joint subjected to 

transverse loading on the basis of mechanical behaviors of the contact surfaces obtained by FEM, and we investigated an 

analytical model to reproduce the load displacement relation. 

II. FINITE ELEMENT MODEL 

 Model Description 

The most widely used apparatus for experimental study of loosening under dynamic shear load is the transverse vibration test 

apparatus developed by Junker. The finite element model developed in the present study models the joint in such a test system. 

The test specimen (Fig. 1) clamps the top movable plate to the rigid fixed base through a threaded insert. Roller bearings are 

placed between the top plate and the fixed base to prevent galling. The top plate is subjected to a cyclic shear load through an 

arm connected to an eccentric. The fastener preload and the applied shear load are measured through load cells. In addition, the 

displacement of the top plate is measured using an LVDT. The FE model of the test joint was developed using ANSYS 14.5, 

which is general-purpose finite element analysis software. A typical finite element mesh of the model used for the study is shown 

in Fig. 2 a. It consists of a bolt, which fastens the top plate through a threaded insert. Now we are investigate the loosening rate 

by changing the thread profile. We are using metric thread, Buttress thread, and square thread while modelling the threaded 
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assembly. The geometry is simplified to include only the essential features of the system. Since the base is assumed to be rigid, 

only a small region around the threaded insert is modelled, and the nodes on the external surface of this region are constrained 

(see Fig. 2c). Also, only a small region of the top plate around the screw is modeled and its end surfaces are constrained to 

remain plane to model the behavior of a longer member (see Fig. 2b). Since the friction at the interface between the top plate and 

the fixed base is negligible due to the roller bearings, the bottom and side contacts are simply modeled by nodal constraints at the 

bottom of the top plate in the z and y directions. 

 
Fig. 1: Junkers vibration test machine 

First, geometry from CAD software (Pro-E) is imported to ANSYS-13. Before going to going to create finite element model, 

the geometry is simplified to control the mesh on parts. If we go for meshing without simplifying geometry then we only able to 

make tetra mesh on the parts which will unnecessarily increase the number of nodes and elements which will increase time 

required for analysis and reduce accuracy of simulation. Due to the presence of thread geometry it is very difficult to make hex 

mesh on bolt and base plate. So it is necessary to divide that single volume in to plenty of swappable volumes.  There is no need 

to divide clamped part because we easily make hex mesh on it. So, the swappable body chunks are created in Ansys Design 

Modular. 

 Geometry Simplification of bolt 

A bolt is not a swappable. To make it swappable we have to divide the body into certain volume chunks so that we easily mesh 

with hexagonal element to control the number of nodes and elements.  

 Creating Finite element Model 

After creating swappable volume chunk, next is mesh the parts or assembly. So all the parts are mesh with second order hex 

element. We need to fine mesh on the surface of thread so that’s why we mesh thread surface as a separate body and define 

bonded contact between them. 

 Contact Formulation   

Contact modeling is of great importance for self-loosening simulation because of the effects associated with local stick– slip 

behavior of the contact surfaces. The most common algorithms for solving contact problems are the penalty approach and the 

method of Lagrangian multipliers. Other procedures, such as a combined method called the augmented Lagrangian technique and 

the perturbed Lagrangian method can also be applied. The contact condition is not fulfilled exactly in the penalty approach. In 

contrast to the penalty formulation, the Lagrangian multipliers method ensures exact satisfaction of the required contact 

constraints. The multipliers can be interpreted as contact forces. However, it increases the number of variables in the numeric 

simulation with the introduction of Lagrange multipliers. 

A contact is defined in the model as given. The coefficient of friction for contacts at bolt head and thread flanks are measure 

on multi-channel assembly test stand for identical bolt clamped part and nut thread component as being used for vibration test 

(similar to DIN EN ISO 16047)  These contacts are defined in ANSYS mechanical. Due to the presence of the contact and 

significant rotation from screw turn the problem requires nonlinear solution 



An Investigation of Optimal Pitch Selection to Reduce Self-Loosening of Threaded Fastener under Transverse Loading  
(IJSTE/ Volume 3 / Issue 01 / 032) 

 

 All rights reserved by www.ijste.org 
 

188 

 
Fig. 2: Junkers vibration test machine 

III. PRE-PROCESSING OF MODEL 

   
Fig. 2(a): Thread Contact Fig. 2(b): Meshing of assembly Fig. 2 (c): Loading Condition 

While applying loading to mesh model, the base plate is completely constrained. The clamped part is constrained in Y direction 

and preload is applied to bolt shank.  

 Specifications 

Bolt size     : M10 

Thread Profile       : Metric Threads 

Pitch   

Course Series   : 1 .5 mm 

Medium series   : 1.25 mm 

Fine Series    : 1 mm 

Transverse load  : 5 KN 

Preload Applied  : 25 KN 
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No of cycles    : 10 

Material      : Steel 

 Contact Formulation: 

Contact modelling is of great importance for self-loosening simulation because of the effects associated with local stick– slip 

behavior of the contact surfaces. Friction based tangential contact is considered at the bolt head surface, thread flanks and the 

interface between clamped part and nut thread component. The friction coefficients at bolt head (Coe of friction 0.15) and the 

thread (Coe of friction 0.2). This nonlinear behavior of sticking and slipping in the absence of slip can be made exactly zero with 

the use of a Lagrange multiplier formulation. This procedure seems to be attractive because of the exact sticking condition for 

self-loosening simulations. Disadvantages are the increase in analysis cost due to additional Lagrange multipliers; the presence 

of rigid constraints tends to slow or sometimes prevent convergence of the Newton solution technique used in ANSYS. This is 

likely to occur in contact areas where the contact status changes. 

IV. ANALYSIS RESULT 

After creating FE model, it is then solved to check the system behavior under transverse loading. 

 Contact Status: 

Contact status is to be seen in ANSYS directly. We are applying dynamic load to clamped part. Due to time dependent loading 

contact status is going to vary as per the time. Initially at time is 1 Sec, both the contacts, head contact region and thread contact 

region are in closed condition. As transverse load is going to increase, the contact status is changing suddenly. Head as well as 

thread contact is going to complete or partial slip based on preload applied preload to the system. Due to slip is occurring at the 

thread surface, transverse stiffness of the assembly is going to decrease during this span of loading. After 1.5 s, direction of 

transverse load is going to change, due to that the contact forces also changes the direction. Due to that the region which is going 

to slip region is going to stick region. This will increase transverse stiffness of the system.  

     
1s 1.1 s 1.4 s 1.5 s 1.51 s 

    

 

1.6 S 1.7 s 1.8 s 1.9 s  

Fig. 3(a): Head Contact Status 

  
1 S 1.3 S 

  
1.8 S 1.9 S 

Fig. 3(b): Thread contact status 
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 Transverse Load displacement Relationship 

The transverse load displacement relationship shows the behavior of the system in transverse loading.  Initially, when load is 

going to change from 0 to 5 KN, the slip occur at thread and head contact surface, so that the transverse stiffness is reduces 

during that span of loading. When load is going to neither change from 5 KN to 0 KN, the contact status shows that the contacts 

are nor remain in slip. So that there is increase in transverse stiffness of the bolted assembly. When load changes from 0 KN to – 

5 KN, contacts are undergoing slip so that transverse stiffness of the bolted assembly is going to decrease. From fig we got four 

different slopes which indicate the behavior of the assembly in transverse loading. Hysteresis Curve for Pitch 1mm, 1.25mm, 

1.5mm. 

 
Fig. 4: (Hysterisis Curve) 

 Preload Decay Curve 

Preload decay curve shows that the preload is going to decrease gradually as number of cycles goes on increasing. Rate of loss of 

preload is maximum at the initial stages of loosening, and going to decrease as preload going to decrease. 

 
Fig. 5: (Preload Deacy Curve) 

V. ANALYTICAL METHOD  

An analytical model for the mechanical behavior of bolted joints subjected to transverse load has been theoretically formulated. 

When a bolted joint is subjected to external loading perpendicular to the bolt axis (transverse loading), the joint stiffness 

decreases because of the slip occurring on the contact surfaces. The relation between applied load and transverse displacement 

(transverse load-displacement relation) represents the joint stiffness and is also closely related to loosening, making this 

relationship an important property of a bolted joint. Studies on the joint behavior caused by the slip on the contact surfaces due to 

transverse loading have been performed by many researchers, using Junker's loosening test apparatus. However, it is very 

difficult to experimentally observe the contact and slip states. On the other hand, by performing three-dimensional finite element 

analysis that considers the helical profile specific to threads, the contact and slip states have been clarified numerically. Authors 

performed FEM analyses of the loosening test using Junker's apparatus and obtained close qualitative agreement on the 
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transverse load-displacement relation and the progress in loosening with the experimental results reported by Yamamoto et al. 

Previous studies showed that complicated behaviors on the contact surfaces cause the properties of a bolted joint such as the 

transverse load-displacement relation. However, the analytical mechanism that connects the joint stiffness to the behavior of the 

contact surface has remained unclear modeled the contact force acting on the thread surface and estimated the slip direction. To 

derive the slip displacement quantitatively, we aimed to analyze the contact force distribution more precisely and to connect the 

contact force to the slip displacement. 

In the present work, we formulated the behaviors of a bolted joint subjected to transverse loading on the basis of mechanical 

behaviors of the contact surfaces obtained by FEM, and we investigated an analytical model to reproduce the load displacement 

relation. Here we propose a model that considers the slip displacement on the thread and bearing surfaces in addition to the 

bending displacement of a bolt axis, as considered by Yamamoto et al. We also analyze the load-displacement relation obtained 

by FEM in order to construct an analytical model. We note that the transverse displacement is affected by five factors. Regarding 

the reaction moment, we examine the relation between the moment and the applied load by FEM and formulate a model of that 

relation.  

 
Fig. 6: (Hysterisis Curve) 

 
Fig. 7: (Preload Deacy Curve) 
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VI. VALIDATION OF RESULT 

The result of finite element model and analytical model is correlated with each other. The result shows very close relation with 

each other. 

 
Fig. 8: (Preload Decay Curve) 

 
Fig. 9: (Hysterisis Curve) 

VII. CONCLUSION 

From simulation it is clear that bolt is undergoes loosening due to transverse loading. The bolt having pitch 1mm shows the great 

resistance to loosening under transverse load and 1.5 shows the maximum rate of loss of pre load. 
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